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INTEODUCfl’IQN* 

TO the akticles TSn'A'ob'oanio chemistbt. 


It has been tbonght advisable to inoinde in an AsnstmA brief aeeoante of 
(he ohief work done in descriptive inorganio obemistry since the publication of 
Vols. I., n., and III., and the printing o^ the final proo& of Vol. IT. 

Nothing bearing on organic obemistry has been included in the AnnilCDA, 
as to give an account of what has been done in this department since the Tarious 
volumes were published would occupy many hundred pages, 

Dat^ ^e attached to the references made to original memoirs in the 
Addigida; and references are frequently rpfde to abstracts of (he memoirs in 
the Journal afVu Chemical Society. 


M. M. Pattison Mum. 



INTRODUOnON 

A THE iBTIOLES BELi^TINa TO OBOAMIO nHBMT Hntf. 

Teb names* need to denote ring formnite are given balbw for Vonvenienee 
reference.* 

, Since the publication ^the last 'Mnme I have been usisted in the work ot reading 
and making qj^straots of originaf mei^ira by Drs. T. Gcfksey, T. A. Lawson, Samnel 
Bideal, Messrs. J. Wilkie, Q, N. Hnntly, and JT T. Kdman. I^ve also l^n fisted 
by Mr. Arthur G. Green and Mr. Ceoi^l^. Cunfcington in the work of revinlg the 
proof-sheets. I have great pleasu% itf thanking these gentlemen f^ the energetic and 
Rfieient manner in which thgy have oarried cot their share of the work. 

H. Fobsibb MoClbt. 

Homenolatnre of Bing foramla. 

Eydrocarbotu. 

TetramethmyL 
Pmtamtthmyl hyiridt. 
Indona^hthmt. 

Nitrogen compounds. 

^h/rroU. 

NH<0H:0H 

^^OnioH, HetapyrasoU. 

OsotriaioU. 

Tetraioh. 

PyrrodianAi, 

OA<g^OH IndoU. 

Indasine. 

Pssvdo-tndasMe. 
ieridini. 

0 A< i >OA ^*«*>o**'fc 


Pyridannt. 

^Pyronna# 

N<Ch; S TriasolUte. 

* N Osotstraicii. 

- gnwwMse. 
^m'AauAmt, 

<VflKH:CH eM*«»o«i»#. 

0 *°‘<N-L Q^AmoK-Une. 

• • 

OfanoKae. 

Phmtricudn*. 

°*^< 0 (NH). 0 H:Sm 5 >°'*°**{ 


Trimethykne. 

TetramethyUne. 

Ptntamethylme. 



0^2^, Ao-oeofoti or lioxatol*, 

0 <S* 

Coumanms. 

Indoxa^im* 





dinyitiji flrtiiijibiwiifii 

^ 00 <|h OarHrini. 

o<oh;ot>°®- 

■ PyfoJtrUdim. 
Qui^oxaHy. 

i'* 

StUphur compomSt. 

OiailhioU. pdoUaioU. 
Penttiofol*. 

O.H,<|>S, PioitMph. 


l-mer- 



■INITIALS OF SPiOIAL OQNTkmJTOBS. 


8. A. fifVANTE AtflRHENroS, ru.Lnyi'ro/ejsor 0 / Ohemistrv in StoekTvAm. OonVlbntet 

SOLDTIONS I. 

« 

C 

J, W. 0. J. W. CAFSTIOE, D.So, M.A., Fc#ciw 0 / Jrini^ 'College, and DemonstrXdF in 
Phyeice in the Vnivereil^ Coftbmdge, Cou&ibutes OiPiuai^T, ustbodi bued 

OB; and YniaosiiT or liooids. 

• 

0. 0. • OBORGE QIiADSTONE, Es?. J}oil^ibates Ornoaii aaiHons, eeetion Eefraotloa «na. 
Diaponion. 

W. D. H. W. B. HALLIBURTON, M.D., F.R.S., Professor of Physiology at King’s College, 
tondon. Contributes Pkoteids. 

W. N. H. W. K. HARTLEY, P.R.S., Professor of Chemistry in the Boyal College of Science 
Dublin. Contributes OwiciL meihAdb, sectionfiyeettosooyie methoda, 

E. A. L. E. A. LETTS, Ph.D., Professor of Chemistry at Queen’s College, Belfast, Contributes 
FaosraiNss. 

R. M. RAPHAEL MELDOLA, ETI.B,, Professor of Chemistry in the Kj/isbtery’Technical 
College. Contributes PHOioonipmo, ohemistkt, 

W. 0. WILHELM OSTWALD, Ph.D., Professor of Chemistry in the Universittpof Leiptig. 
Contributes ELncTiticAi, aniTSODs. 

0. 0*8. CORNELIUS O'SULLIVAN, FJS.S., Bnrion-on-Trent. Owitributes Stabcb and 
Booiib. 

8. U. P. SPENCER PICKERING, M.A,, F.R.S. Contributes Sonmoits Q. 

B. R. SAMUEL BIUEAL, D.So. Contributes Tin»im. 

W. A. X. WILLIAM A. XILDBN, D.So., F.R.S., Professor of^hemislry at the Boyal College 

of Science, South Kensington. Contributes Tanrainu. 

X. E. X. X. E. XHOBPE, D.So., Ph.D., FJt.S., Head tht Qovemment LeAoraloriee, Somerset 

Souse. Contributes Ssaomo Tonuuss. 

AiHolea by Mr. MUIR are initialed M. M. P. If. 

CnvaNSD ABTifus ate^Jiy Dt. MORLEYt oxoapt .tboso In ih« Addenda, whiok are %j 
Mr. MUIR. 



ABBBEVIATIONS 


1. ilOOBNifiS JINS 1500K8.' 


o - > 

When an aathor hat Mtm mmlioned in an artUU, he it uamUy refirrti la theriafltr 
^ in that article by hu init^if^ only. 


^ A**»’ • 
^Oh. i’. 

Am. . . 
Ann. M.. 
Am.r8. . 
A. CCj. . 
Ath. Oh. 
Am. J. 
a Pharm. 
An. . . 

A. Ph.S. 
Ar.N. . 
Aaad. . 
Ar. Ph. . 
Ar^Se. . 

B. . . . 
B.A. . 
Bl . . 
B.B. . 
B.O. . 

jB.J.. . 

B. M. •. 

C. lk Mem. 

a/Vroc. 
a.B. * 
a.% r 

O.6.. . 

D. p. j. 
iV. . . 
Q.. , . 
O.A.. . 
H. . . 

r.. . . 

. 

j:a. 1 .. 

i.M. . 
i.iePh. 
J.Ph. . 

A : 

. 

1%: 
u. . . 
flr. A jj. 

JOa. S 


Liebig's Annale^ der Chemie. ^ 

Annales de la Scoiedfid Cisu^Spa Argentina. 

Annates de Ohimie et de Physique. 

Frooeedings of the Ameifioan Aoad<%iy ol Arts and Beisnees. 

American Chemical Jtfurnai. 

Annates des Mines. 

American Jonmal ot ScienodI 

doomal of the American Chemical^Societj, 

American Chemist. , 

American Journal of Ffcarmaoy. 

The Analyst. 

Proceedings of the American Philosophical Sooieiy. 

Archives nderlandaises-dThe Hague. 

Mdmoires de I’Acaddmie des Soieucea 
Arohiv der Pharmacie. 

Archives des Sciences phys. et nat. 

Beriohte der deutscllen ohemisAien Cesellsohaft. 

Beports of the British Association. 

Bnlletin de la Socidtd ohimiqne de Paris. 

Berliner Akademie-Berichte. 

Biedermann's Oentralblatt tiit Agrioultur-OheiaiSk 
BerzeMus’ Jahresberichte. 

•Beryner Monatsberichte. 

Memoirs of the Chemical Society of London. 

Journal of the Chemical Society^ London. 

Proceedings of the Chemical Society ol London. 

Ohegiioaraews. • 

*Comptes-renduB hebdomadaires des Sdanoes de I’Aoaddmis des Seienoss— 
Paris. , 

Obemisches Central-BIatt. 

Hingler’s ^otytechniscl)ps Journal. 

Fresenius’ Zeitsohrifi>fihranalytisohe Ohemis. 

Oaszetta ohimica italiana. 

Gilbertls Annalen der Physik nnd Chemie. 

Hoppe-Seyler’s Zeitschrin fiir physiologische Chemie. 

Proofings of the Boyal Irish Academy. 

Jahresbericfat iiber die Fortschritte der Chemie und terwai 
anderer WiSBen|ahaften. 

Jahresbmeht ffir Cnemische Xechnologis. 

Jahrbuch ffir Mineralogie. 

Jonmal deJPhysique et des Sciences aooessoires. 

Journal da Plumaoie ft dp Chimie. 

Journal tar praktiscbe Chemie. 

Jahresbericht dber Thierohemle. 

Jonmal of the Busslan Chemical Society. 

Jenaische Zeitschrift far Uedicin nnd Naturwissensohafl. 
Landwirthschoftliaha Tersuchs-Stationen. 

Ifonatshefte tBr Ohanlla nnd verwandte Theile andetsi linsee ns |) » a ft ia 
Le Moniienr SoientiSqoe. 
lUmoires da la Soddtd d’Arsueil. 

Ktewites eoaronnds par t’Auiddmie de Brtuelles. 




'.B.'A iliaii^apertoriumnTdiePluiinad*. 


N.J.T.. 
P.M. . 
P.. . . 
P.B.. , 

Pt.m. ' 
Vk. ^ 
PKO. 
Pr.*. 
P.R.I 
P.g. 

B.T,a. 

B.P. . 

Schtr. J, 
8 . 0 . 1 .. 
SiUi.W. . 
r. or IV. 
T.M. 

W. . 
W.J. 

Z. . 

. Z.B. 

itatnr. 
wias. 
Z.K.. 
Z.P.O. 
Bn. . . 
E.F. . 
a.p. . 
Om. . . 
Clm.-K. . 
Oerh. . 
K.. . . 
8 . 0 . . 
Shu. 

Btch. 
Shu. 
Nmv. B. 
Th. . . 


Ntnta {oomal ran TrommBioilf. 

“ "—'lioal Magazine. 

_irfl’a Annalen dor Phjiik nnd Ohemie. 

%e^Uitter an den Annalen der Ft^eili and Ohemia. 

Ffldger'a ArebiT iiir Fh^eiologie. * 

Frooee^ga ol the Boyalfiooiet; of Sdinbotgh. 

Fharmaeentioal JonnuS and Traneaetkaa, 

Fhamacentiaohes (kntraltBlatt. , * 

Froeeedinga o( 4he Boyal Society, . 

Froceedinga ol the Boyal ^titution ol Great Britob. 
PhaiidhcentiBche ZeiAi^rilf 10r Buasland. 

Becneil dea |gaTaui ohimiqnea des Faya-Eaa 
Bepertoriugi Idt die Fhartnacie. 

Quarterly Journal ol Boienoe. a . 

Sohweigger'a Journal der Fhysik. 

Seberer’a Journal der Cheinte. 

Journal ol the Sooit}y ol Jlbftnical Indnatry. 

Bitzungaberiohte der K. ^ademie zu Wien. 

Tranaaotiona d the Koyal Society.* 

Tranaaotiona ol theaBoyal Society ol Edinburgh. 

Wiademann'a Annalen der Bhyaik nnd^emie. 

Wagner'a Jahreaberioht. * 

Zeitaohrift llir Ohemie. 

Zeitaohrilt Idr Biologie. 

Zeitachrilt Idr die geaammten Katur^asenaohalten. 

Zeitaohrilt Idr Eryatallographie nnd Mineralogie. 

Zeitachrilt Ifir phyaikaliaobe C^emie. 

Handbuoh der organiaohen Chemie: von t. Beilatein, 3te Auflaga. 
Engliah Patent. 

German Patent. 

Gmelin’a Handbook ol Chemiatry—Engliah Edition. 

Gmelin-Erant: Handbuoh der anorganiachen Chemie. 

^raiti de (^imie organique: par Charles Gerhardt. 

Xiehrbuoh der organiaohen Chemie; von Aug. Keknld. , • 

Orabam-Otto; liehrbuoh der anorganiachen CheAie [5th Ed.] 

Btaa’ Beoherohea, 4o. •* "I • . 

J Aronatein’s German translation ■ 
Stas’ Nonvellos Beoherohea, <ko. J lerred*to as Oltem. froporf. 


Ihomaen’s Ihermochemisohe TJntersuohnngen. 


n. Tibub sin> Qnsircrma, &a., ibbouehtziT ds^. 


Af. . . 



B'B"eto. 


eons.. . 

(W. . . 


Water; e.g. KaOHAq means an aqneons solution ol nanstio soda. 

18 parts by weight ol water, 

Besidues ol mono-, di-, and tri-basio acida^ Thus, in describing the salts 
ol a monobasic acid KaA', CaA'„ Alf, may be ^tten, EA' standing 
for the acid. For a dibasic acid we should write Na^", CaA", AU"| As. 

Stand for bases of the ammonia type, in deBOribing,their salts. IHins ths 
hydrochloride would be B'HOl o%B"2H(B, acoerding as &e base is 
monaoid or diaoid, Ac. 

Conoentratod. 

Dilate. 


g.. . 


mm. . 

mole • 


oil. . 


pp. . 

tOf^t. 



. gram. 

. milligiam. 

.( millimtre. 

. molsct^ 

. liqaid, neatly, or quite, Inaolable in watei. ' 
. piMi^tate. 

. topredpitaie. 

, ptee lpitatin g. 

. pteoi^ted. 



folabli in. 


mioL,' 

f. loU , 
1 n. icL . 
»L»oL 
Ti ll. «oI 
1 ^.'' 


Titty eftiily 
Twy 

moattstel)* 


i 


If:; 

Ki. w. . 
Mol.v.or 

».. . . 


anoor, 

iV. 

V.D. . 

S.G. . 

RG. 

RG. 

8 .G, 

SJi. 


8 .H.p. 
H.O. . 


H.O. T. 

H.O. p. 
HJ'. 


H.f!p. . 
H.V. 4 . 

• 

T.O. 

RV. . . 


8 .V.R . 

E.O. . . 
O.E.(10° 
to20») 

8 .. . . 
8 . (alco¬ 
hol) 

'‘a- • 

asin«- 

B.V. 


TOtjrilightly 
ue. 

oompara. 

aboat., 

a melticg-point. 
a boiling-wint. 

f ardnesa^f mineials). 

tomio we, igbt. 

Uoleoolar weight. 

Density, 
corrected, 
oncorrectitf. 
in Tapoor. 

vapour-density, i.e, denlity o( a gas c(ynpa»d with hydrogen or air 
SpeciSo gravity compared with water. * 

„ „ at 10 ^ oompaAd with water at 0 §. 

iO 

H *1 »i ». tw *»••.*- 

„ „ „ 12 °; compared yith jgater ot which the temperature is 

not given. • 

Specific heat. 

„ „ of a gas at constant volume. 

.. .1 .. „ .. pressure. 

Quantity of heat, in grib-units, produced daring the complete com¬ 
bustion of the mass of a solid or liquid body represented by its 
formula, taken in grams. 

Heat of combustion in gram-units of a gram-molecule of an element or 
compound, whenTgaseous, nSder constant volume, 

The same, under constant pressure. 

Quantity of heat, in gram-units, produced during the formation of the 
mass of a solid or liquid body represented by its formula, tskm in 
grams, from the masses ot its constituent elements expressed by 
•their formulss, taken in grams. 

j^eat of formation of a gram-moleonle of a gaseous compounS from the 
^am-molacules ot its elements under constant volume. 

The game, under constant pressure^ 

Eeqt of vaporisation of a liquid, t.<. gram-units of heat required to change 
a mamsmolecule ot the liquid compound at B. P. into gas at same 
|e • temperature and pressure. 

Thermal conductivity (unit to be stated). 

Specific volume; or the molecular weight of a gaseous compound divided 
by the 8 .G. of the liqpid compound at its boiling-point comyired with 
water at 4°. e 

Speoifio volume of a solid; or the mass of the solid expressed by its 
tormnla, taken in grams, divided by its S.G. 

Electrical conductivity (the unit is stated in each case). 

Coefficient of expansion (between 10° and 20°). 


B. 

Bn 

Mt 


8 olnbility in water 


a gas.. volume dissolved by 1 volume of water. 
Jof 


number of grms. dissolved by 
In both oases the temperature 


a liquid or solid 
alcohol 1100 grms. of water. 

, |.ic stated. 

Index of refraction for hydrogpn line 0. 

„ „ „ sodium n, * 0 . 

Molecular retraction for sodium light, i.e, index of retraction tor line » 
minus one, multiplied by molecular weight, and divided by S.G. at 16* 
compared with water at 0 °. 

The same; S.G. being determined at 16°-20° and referred to water at 4 *. 
The same lor line of Ihfinite vrave-length, index being determlaed tgr 
Cauchy's formula (Brfihl's Ba). 
bSpeoifie rotation for Mmum lighi 

100^ 


UWmm. of 
i^bftanoe in ll 


neutral tint. [s]> 

• pa 

id. ^> 18 . 0.01 liquid. 
l|j«of liqnii 


s>obssnred rotation for 
^-no.«d 8 ramm«e of sotiv* 





la 
Bi 

Oj 
Etc 
M* 

Fb 
Pr t 
9t 

prim. ^ 

MO . 

111,0, J» 

0 . . 

< . . 

( . . 

« . . 

♦ > . 


1,3,8, d:o. 

(«), (fl), 

Aa. 

(B.) . . 


BkXa 



iibmm m moloonlac 

— . A 

ol Ull.'-ol, a-uigls at rotation under magnetio 
of rotitioB ol water onfiv same iafinenoe, aai 
it oi water (Ub 


ilaliwlMr mywMe iotat^.pow« *> 

, ] iMgbtaf 
infloenoei; 

|•’Ao•t)f^,0. 

BensojlOAO. 

PlfanogenON. 

Bthrl 0^ t c 

Hetlij] 0^. r 

Rienr] OA- 0 c in ^tmnlie. 

Normal FropybOHr OH,. OH^ ‘ 
lioptopyl OH(CiH,)r 
Alo^l^ radislee or }!bli, ** 
primary. . ® 

“oondaiy^ * 
tertiary. 
normaL 

meta—ortho—para, 
oonaeontira. 
irregular, 
tymmetrioal.. 
unsymmetrioai. ^ 
paeulo. 

attaohed to nitrogen. ' 

Employed to denote that the aubstitnent ia attaohed to a oarbon atom 
whioh ia next, next but one, or next but two, respectively, to thf 
terminal oarbon atom. The end to be reckoned from ia determined 
by the nature of the oompoundi. Thus CH,.CHBr.CO,H ia a-bromo- 
- propionio acid. 

denotes that the element or radicle which follows it ia attaohed to a ter¬ 
minal oarbon atom. 

ifidicate position in an open oHain, only. • 
indicate position in a ring only. 

Used when a, 1, Ao. are employed in a sense diSorent from the above, 
e.p. (a)-di-bromo-camphor. 

Baeyer'a Nomenolature: 
benzene ring. 

•pyridine ring. ; « 

Thus (S. 1:8) diohloroquinoline, means it:meta-duftloroqmnoh;;s in 
which the chlorine atqms are both in the benzene ring. ‘ 

•While (I^. 1:8) diohloroquinoline, means a similar _body, o^y the 
ohlorine atoms are in the pyridine ring. Tb% numbers arc counted 
trom two carbon atoms whioh are in different ringd; but,bf)th united 
to the same carbon atom. , _ _ 

denotes the central ring in the molecule of anthracene, acridines, and 
azines. c 

means that the element or radicle it pipcedes is in a closed nng. 

„ „ „ „• „ not in a benzene ting, 

denotes isomerism that it not indiwted by ordinary fprmules; thus mslefe 
I acid may be called ailo-fumario acid, 
thio-. . denotes displacement ol oxygen by sulphur, 

aulpho- . „ the group SO,H, except in the word aulphocyanida. 

anlpbydro- „ the group SB. , , , 

I Tribromonitrobenaene sulphonio acid ^3:8:1:6] means that the bree 
bromines occupy positions 1,2, and 8; the nitro- group the position 4, 
and the snlpho- group the position 6. 


M.) 


alio- 


* Seneiet that the formula to whioh it* is Uixed has not been dstenninod by 
aaalysU. Bni it by no meant lollowa tiifit formnlss without this marii ace those 0 
analjwed compounds. . , 

All temperatures are given in degrees Centigrade unleaa when specially stated 
otiierwise. 

Wave-lengths are given ia 10-'nun. 

Fonm^ whw need instead of names of substances, have a f aalitefive w ea njiig 
only. ^ ” 

Thomeen’e potation is osed in tbecmocheinioal data. 
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VEXVTIi-AZOXAZOU 
FotmedVr 


[30-]. 


gH :Nxo 

_Ilia ution o{ 00, on w alkaiinetj 

■oltttiooof^he'zim o( pheByl-glyoxal (Btt|sa- 
notf, B. 24, 8003). Needles, wol. water.. 

PHBHTL . BBNZAMlDnrN ie. 

0,H,C(NH).NHPh or oX-l" ‘ 


Formed from benzonitrile__, 

ehloride at 330° (Bemthsen, d. 184,648; 192, 
83).* Famed also from benzimido-ether and 
aniSne, and bom OPbOIiNPh and NH, (Eoffbert, 

»Atf «oav .1_1 


,.C(NPh).NH, [113°].] (Klobbert, 1.265, 157).-4. H,S at 180° tomu 
and aniline hydnr-] F^OS.N^, dip^nylomine, FhOS^NPl^^altd 


*A. 265, 
water. 


sol. 


Nodules (from aloohoi), si. 
'oms a orystalline nitrate. 
Nsoeftons.—1. Split up by heat into aniline 
and benzonitrile.—3. Dry H,S at 130° foms 
0,H,.08.NHPh and some thio-benzamide.— 
8. 08, at 100° forms thio-benzanilide and phenyl- 
, benzamidine tnlphooyanide.-^. Bednoed by 
Bodinm-amalgam to OA-OH(N^.NHPh.— 
6. Ntbpui aeid foms benzanilide (Uieran, 
d.265,141). 

I The derivatives OAC(N.SO,Ph).NHPh 
p89°] and 0A(S0,N:0(NHPh).0,H.), [196°] 
bare been, prepared>(Wallaah, A. 214, 214; 
JacksAi, Am. 9t S4S). , 

s - Di -fiheayl • benzamidine a 0„H,,N, (a 
O.H,.C(NP y.NHPh. fl44°]. 

FbrmofAb—1. From benzanilide by treat¬ 
ment with P01,*and aniline 4(Gerhafdt, d. 108, 
no; HobSann, «.el86^ 161; Wallaoh, A. 184, 
83).--2. From Ph.001, and aniline with or with¬ 
out ZnOl, (Iiimprioht, A. 135, 82 ; Dsbner, 
B. 15, 338),—3. A. produob.of the aetiqp of 
aniline hydroohloride at 350° on benzoidtrile, 
thiobenzamide, or phenyl-benzamidine (Bemth- 
sen. A, 184,_ 852).—4. Byo beating benzanilide 
with phenyl' oyanaie at 190° (Eiihn, B. 18, 
1476).—5, By heating the hydroohlorlde of 
heasimido-ether in aloohoi with aniline for a 
hug time (Eobbert, A. 265,156). 

Froparruf.—Needles (from aloohollr m. sol. 
b^neae. Its aleohoUe solution is neutral to 
limat. Not afieoted by nitrous aoid. Split up 
Into'anilina and benzanilide when boOenforit 
-^Ung^witb aloohoi. * 

^ - lisiilmmsi-*-!. Dry B,8 at 160° forms thio- 
lMBz)MiUda.-8. 0S,at 140° forms PfaC^NHFh 
aM NFhQA (Bemthaen, d. 193,84).—8. Cone. 
JSCSAuat Mr yields aniline and tonzoio aoid. 


Its aicohalie solutiop turns litmus blue. Ooaa, 
HjSO, gives sisviolet^lne oolour on wamung. 

• Beactioni. —1. Dilute HOldq ah lebMorms 
NFi^z.—3. The bee base and its hydro- 
ohlofids yield benzonitrile and diphenylamine 
on* heatin;9—8. Nitrons aoid forms NFh,Ba 


NH,^S. 

HI^.e 


GS, at 140° forms PhCS.NPb,*4D4 


Salts. — B'HOI. [ 0 . 338°]. HonooNaM 
oiy8talB.o;5:o--629:l:-607i S-86°63'. V.soh 
water, sol. aloohoi, insol. ether.—BhB,Pt0»r- 
B'HNOS. [203°]. YeUow prisms. 

FHZNTI,-BXNZA1IID0E» 
0,Hj.(FN0H).NHPh. [186°]. Fomedbybid 
ing 0X.C8.NHPh with an aloohdio solunon i 
^droxylamine (Mailer, B. If, 1669). Ns^es 
^m water). Yields BVflL 0100,Et forms 
0i.H„N ,O. [167 °]. 

DDFEmm-BXNZAZnaSI 0„B„N, u 
O.H.C(N.NHPh).NH.NHPh. [179°]. |&u4 bjr 
the action of phenyl-bydrasiiie on PhOOl, or . 
on the hydroehlocide of benz-imido-etber dis¬ 
solved in absolute aloohol-(FinDsr, S. 17,. 183 ; 
Mar^wald, 0. G. 1088,1410). Dai^-r^ needles, 
tf EENYl-BBHZXNB v. Diranm. 

e-Di-pbenyl-bsnsens O.As d*- 0,HtFh- 
Mohw.280. [207°]. (0.406°). 

Formatim.—l, A produot of the aotion pt 
sodium on an ethereal solution of p-di-bromo- 
benzene, or, better, of a miziute Of p-^ 
bromo-benzene with brondns (Biese, B. [3] 
6,192, 785; d. 164,168).-3. Tether with & 
isomeride, and other produots, oj passhii <b» . 
vapour of benzene, or of a mixture of beSl^. 
and toluene, through a red-hot tube (Gh'Sdtultl,: 
B. 6, 415; d. 174, 280 ; 308, 118; Oarsoll*#,- 
0. J. 87,713).—8. Together with the isaasridp 
and other produots, by the aotion OlAU^ inV 
mixture of MeOl and diphenyl (AdanvA CQ’ 
49,97;d. OA.[6]15,S4 i5. 

Prqperitee.—Needles (bom benssM), or hi- 
descent lamina (by sublimatioD); insoi. ahiiri^ 

T. al, sol. HOAo. ItssoiutfofrlnbenzesMshliim 
Vue fluareseenoe. Ooao. H,80f gives a db^ 
green solution ehap^ng to ptfr^ Otd, » 
HOAo oxidises it to dubOTlp-egroOSylio [318^ 
and terephthalio voids. Does not fom a eion^' 
pound with piotie add.- Not vols^ with stotint' 
Yields OhCCi on exhaustive dMMiWtloit with: 
SbOlj (Mere a. Wdth, jS*l6,_S^). i 




kJM-ikMiyi-lMum 0|^,. ik. 
lldLVNe^V*^ (AoT6M(j% PomedBW 
tMtopima* bftntiauiU witbf A. al^ 

hoU»irH„or«i}]idi7^(Eiifa£ 0.«, 688:7, 
4^n). Fonstdtlio^lidlimgOjuOjHi-OOiH), 
%th KOH (0«M«1 ». MS«r B. U, 
Ia 07 ).' ' lt it»u9 * V-prodast in tfae of 

teoimnikmt on ditBetojIioillDe in ptearaoe of 


HOAo (HoUin, B. 39, 3683). B; ezhao^ive 
ehlorinatioii with 8h(i, it yields pe|^loro*ri- 
pbenyl-hsnaeBe (Merz a. W|ith, B. 16. 2888). 


Iw^ wnns a disalphonic aeid, vhioh yieJdNthe 
Ba aialt C,,H,S,0,Ba orvatalUaing ioBieedles. *. 

.r FBBirei.-B£j»SNB.aOZ,?HAZIBX v. 
Piuml-kydratide of Bexzxhs wiifbokio acn>. 

M.pnMTL-B£HZ£inrz.-m.v&£d . 
SHPh.CO.NH.CPb:N.CO.NHPh. .[ITJ"]. 

“ Edrnied from beneamidine hydrochloride, phenyl 
.cyanate, and NaOHilq (Pinner, B. 32, 1G07). 
ntediee, Intel, water, v. al. aol. hot alcohol. 

, '^PnVTL-BXVZlKIBO.XIHEB C„H„NO t.«. 

, OPb(NPh).OBt. k product of the action of 
aniline op beneimido-ether (Lossen, A. 266,138). 

! Decomposed by cone, BOlAq into BtCl and 
bwuiuiilide. ■ 

PHBB 71 BBHBOAIE V. Btntoyl ierimtivt 

rfPWKon. 

PKIlfn-BXVZOIO ACn «. Dimzim-CIBB- 
' oxtnio aotn, 

PBnnri-BBHZOPBSHOKE C„H,,Ot.e. [l:d] 
OA OtH 4 -CO.O,H.. 1104°]. VJ).9 0. Formed by 
oxidation of p-Mniyl-diphenyl with chromic 
add (Ooldwhmiedt, U. 2, 487; Edller, M. 13, 
601). Formed alio from diphenyl,‘BzOI, tnd 
Aia, (Wolf, B. 14, 3083). Beales, sol. alcohol.. 
TielasWiophenone.p-oarboxylic aeid on farther 
oration by OrO,. 

■ Oetna p94°]. Needles. When HCl is 
: pdaMd into iis solution in HOAo containing 
Aiify and the mixture heated in sealed tubes 
. H 100°. it it* converted into the isemeric 

« ,.OOa)HO.H. [324°]. The oxim is re- 
sodinm^tmalg am to the correspoodiag 

■ ,iWne OA-OA.CH(NHJ.OA [77°]. 

Beneopi dorivativt of the Oxim [198°]. 
i'''MaadlM (from alcohol). 

PAenpi-Apdrasids. [144°]. Yellow 
npd^ea (ttm mluto alcohol). 

^ U. ^Mnyl • benxophenoae (0A-0«Hj)sOO. 
nM°7, Formed by the action of COCL on 
.slwiM>il in preqenoa of AlOl, (Adam, Bl. m 47, 
'6194 A. Ok'[6] 16,369). Oot also by oxidising 
CBi(GAPt>)t(WsUer,B. 7,1188). White needles,' 
ad. aastane.o.aLioL alcohol. Not attached by 
>^8^ BNO,<n by ASO.and BNO.at 100°. 
Aadllw Na to its sdution in aleohcd-bcnxene 

Potsah-fuian 

i'jdKfmMnylf'earbodUe add [318^. 

CAXBOXnXO 

:dm SMiii-OO-0A 00fi- [<i0°]. Forwod 
[^W'tUikaayt, anhydride, and Al(S| 

ifeedlei,. YieUaaa.oxta,' 


I PHBNtl 

OHBxPh.OOA »»<*¥* dfAerMoA', Kw 
from de.qxybenio!n, dbOEt, and CICOJ 
(Battner, B. 21,1816). Oil, denmnssed by d 
tiUation into OAFhLCAi andff OBx. 

• PHXBTTI-BENZOTt-BVTmO AC1)> 
OHBxPh.aH,.OAOOA (B)-AspI-l»W>K» 
aeieU [186°]. Formed frpm depxybenzo: 
NaOGt, and B-iodo-nropionic ether (Enoevenag 

B. 31, 1844). I^es. Welds MsA' [6< 
and EtA'[84°]. • 

The isomeile add OHBsPh.CHHe,CO, 
[316°], formed from B-bromo-propiMc acid, 
less sol. alcqhoi nod ether. 

• PE£N7][B£NZOYL.4IABBarQL o. Binsoi 
PHEi^BENaDYI-PBOPIOinO ACID 

CHSzPh.OHrCOA [166°]. FormSd from d 
oxybedholn, NaOEt, and ohloro-acetio eth 
^eyer a. OeUcers, B. 21, 1396; Knoevenagi 
is, 31,1344). Small tables (from sleohol). 

Di-phsnyl>bsnioyl-proplonie sdF 
CH.Bz.CPlvCO,H. [188°]. Got bythoaoti<*i i 
alcoMIio potash on the lactone of oxy-tri-pheay 
crotonic acid (Japp a.*Elingemsnn, B. 23^883 
Yields a phenyl-hydrazido C.j,B^,0 ^85° 
and an oxim C,,H„NO, [162°]. 

FEBNT1..BBNZTI, AXCOHOL i. 

CAFh.CI£,OH. GotfromOAI'h.OH.bytreoi 
ment with Br and alooholio potash; the resultin 
syrupy OAFh.CH^OEt being treated with H 
(Adam, Bi. [2] 49,97). Syrup. 

PH£HYI..B£Rm ■ AXIDO -DI- PBZim 
METHANE OJB„N U OHJPh.C,H,NPIuO,H 
Formed by heating NPhA (1 °toi-) 'rith benzj 
chloride (3 mole.) and ZnC4 at 210° (Meldola 

C. ,7.41, 200). Solid;sol, ether, inspl. alcofac 

Tr/\i _ _ “ 


(•asaa suv4>,ws • * ^ 

PEEN7I.-BBNZTL.BHINE v. Biazn-xmi, 
rax. , 

mtrotamint C,Hj(Fh.NO. [6F°]. Needlei 
(Antrick, A. 227, *860), Yield* benzyl-anilini 
and benzylidene-anilins o» ArsatrBsnt witt 
alcoholic HCl (0. Fischer, A. 341, ftS). 

Fheayl.di-beiiyl.aniae v. Di-BSNzn-xKn. 
not. .s' 

Df-ghenyl-ben^l-amine NPh,.CH,Fh. [87°] 
Oct from 0,H,.GSNPh„ zinedust, and EClAl; 
(Bemthsen a. Xrompqtter, B. 11,1761; ef. Wihn 
a. Girard, B. 8, 1196). Needles, U. sol. cold 
slcohoL Yields a green dye on heating with 
HOLAq and ataenio acid (Meldola, B- 14,1386), 
Dl-PEENTL-BI-BENZTL-IXTBAZOn 
NPh(CE^h).N:N.NPh(OHjPh). [109°]. Formed 
from, (a)-phenyl-benzyl.hyMzioe, GH0. and 

rr_A/iV/.t _ «t.*_ _ WXVJti_A ABA <aAA\ 


HgO(iudhaalia a. Philips, A.363,390). Needlea. 

PEENTE-BElRTMAfiBIXOIi aA,0 is. 
Cb,Fh.CH(OHI.OA ThiupimuApdrof*. pro. 
Formed by reduoing deoxybenatdn, and bi' Uw 
aotion of alooholio pOtaMi oh the twacaAody 
(Dimpricht ». Sohwai^, A. IK, 69x 
berg, A. 17^ 883; Zagonmaao, 

Aneoh«ti, A. 361, 398), £» 

the action of nitrone aeid on 
Dea(d»tt,B.n, 1410). 1 
from aloiM), liAoL water. 

■' t YSeldin 


OD^ in rowitea. ’ , 


fepfepSs 

%S 2 Si&.rai.^S 

„^,is ^4 X'SAi««aw,>' 

nnwir^® 1 “* ® m needles.—fiuCI. ©tlurlcarbo^nzoaio *aoid 0.„H. O rinnoi whii^K 
[i07*J • ooloorless Deedfts. Senzene nlids. givasEtA^/ft^Q^af it » h . l . i . \ /o* ** 

«; ‘“1 (is«fi,"i. KJSiiS.ssjf’ira^iiS 

■iJii\r^.,i.^ lun .s«u.. liM'ss^i.SorBriSiSSs^" 


*n4 got also by |^uotioi£:ol phenjl-benzTlJ 
^mtoosam^ (Antriok, A, a2C<61; MichaeUs a. 


v“ 5 of She,-ante ^ ? 0 H in «r 41 %»»foSn^.*?S: 

<^,.ca(NHJ{NHPh). [116°]. Formed by ethane.—6. fa. 

net * 1 “* fi”" 1 “d fl“»IIy tophe^l-benwl^blnol.- 

SmnUorystale.—B'HCl. ^r 224 ^.'' Think 


BUinnE CHPh<^Jh^CjH*[137°]. Formed So^«n^^ yield oxima meUit* aTlOT^^ 


*^^mSf^MMTr^nsir‘i’n4nl^»T^S^' »’'ieMe form benxamarone 0,^„0i flllM 
PJieiidjSS^SnJ^f "• ^i“TP»• Klingemann, B. 21, WiuTef. Zhiln, 

3 s«ii,*sfe.s!“d's.M« 

CHPh(0,^,^),. [268° nnoor.]. Formed from and CSCl, yield golden {OA-C(OSl.cb.O^, 
benxoin aldehyde and 0,H.<S“^CPh (E. (Bergreen, B. 21,860).-ljl. NaOE» tod 

Kiohitr ■,. n 41 iA4i\ ai_j_j-t ^ “yi^ ^i'Ph enyl-ethyl ketone- 


in ®i|S„N M. 13. Sodiim acting on a benaeto eolnUon to 

[1(»°3. Formed* by 2®“““““rlornuO^CJO.CiHiteaA,awry 
heilito S n» j t.. . “wfiinee wmwtSirtoOCL 

gaWfr of di-benxyl into an aoid, whenoe hydroxjiamina fcnna 

Mjpnjilji alooholu HOI (Trenkler, A. 248, CPh :N v/>lonaa 
• yrieM^ il^ hot U^rtdn). CHPb!c»>® P«0»1 (Beobnann (tPia^ /.^ 

ISIOHB AAb <*• wlriohixAerTmUa^en^d^^i^.^!^tS^ 


* 5 :?*^ .., 17 m. fiSo, am 

tod' [ 60 .J 

towauiB. %ab 


iglyioUliIe,wda^ 
b ptomm a. 
B.34,Ua8: Waebler, 
^too^wrt deeantto. 
Fwainc BRflb'lnau 





'A^0« 

T: ««!*»» &a:<3^0(KOH).o^,. [m*]. 

-. Piun^lkSi^i^idt 
i)B^.O(II,^.Fb. •(10«°}. N««aiM (iron 
< @01)1^ A 

i mjrn. >Birm*KR 0 n.o- 0 ABB 0 ZT. 

fjotm o„H„ot».«. o.a,.co.oHr0^rGo^. 

ptocrfuttmc^earboxylio acid. [ 1 ^]. ForiM 
iby Wting iBobenzjlIame-phtholide wthKaOH 
;(0»btlel, VJ?. X8, 3446). Mee^ea, ^ sol. 
(lloohoL Beduosd by sodimn-amslgam to 
ClzB|XIH(OH).OB,C,H,.CO^. Aimnonis forms 
iTCb«ll»lideno.phtbaIimidine. Hydroxylo«me 
bydrotmloride m WcoboUo soInilM at 100° 

0^*<OOr.®N^tl89°i, AgV; pp. 
4nb«d)4ds V. IsdaxazTOOiNX-PHTBiUox. * 
Mcihylamidt CH^z,O.H 4 .CO.NHMe. 
Farmed from isobenzylidene-phtBalide 
^ metbylamine in alcohol at 1(0° (Gat^el, 
'. 20,288iS). White needles. , 

Fbaayl oensyl ketone o-onboxylio aoid 
,lA.OHrOO.O,H,.CO,A> Deorykemointearh- 
^iio acid. (76°}. Formed by boiling lienz- 
ideno'pbthalide with EOHAg (Qabriet a. 
iohael, B, 11,1018). Prisms (containing aq). 
'.^A'; dbrtalline pp. 

Anhydride «. BsHzn.iDENii-PHTiui.iDK. 
Amide OH,Ph.CO.OA.CO.NHy [160°]. 
>rmed from benzylidene-phthalide and alco- 
dlo NH, at 100° (Gabriel, B. 18, 2434). 
^edles, sol. hot watei^ converted into benzj)- 
raene-ph^alimidine by boiling with HOAo. 

Ethylamide OH^h.CO.O.H,.CO.NHEt. 
[140°]. Formed from benzylidene-phthalide 
and alooholio NEt^ at 100° (Gabriel, B. 18, 
1268, 24S4h OoiWerted by boiling HOAo into 

Hydroiylamine 

forms [177°], which ij^Ipo 

formed by the action of hydrozylamine on 
phenyl benzyl ketone carboxylic acid. 

* Fhaayl benzyl ketone diearboxyUo acid 
O^40Ojt).CO.CH,.0,ApCO,a [2B9°]. Formed 
togetner with an isomeride [360°] by heating 
• phenyl-aoetio- 0 -carboxylio acid with phthalic 
anlwdrlde ana NaOAc at 190° (Ephraim, B, 24, 
3831). Needles. Gaseous HCl acting on its 
fdooholio solution forms the anhydride 

amino yields 0 A<caaN>°-®«®-®°«® 
[280°] orystalliitiu in needles. Alooholio NH, 
forms orystollltie 0 , 

FKENTL.BZirZTL.iaTHTl-Al(UIS 
O.A.N NMePhiOH^b. [806°] .(N61ting, 


IssiMtUa NBIilA«uab«A'|lflg;T 

Formed by koDing inslhyl-ti\(oaarbinii«j[m 
.ben^-anUiae in alooholio solnGon (D.)r WIs 
of white prisms, Jk at sol. hot water. • 

FSanyL.Biim-]ORBn..0BU 

C^h.NH.OO.NPhMs.# [84°]. Formed from 
OHiniJlH.COa and naethyl-fiiliae (KOhn a. 
.Biesenfald, B. 24,8817). V. si. alcohol. 

xnzTL.FHnnn,-xnu>8Aiiii[E 
0,H,NPhW0). NH/rosamine o^beneyl-aniline, 
[68V|. Formed from benzyl-aniline (10 g.), 
.alo8hol (126 0 . 0 .), ASO, (6 o.o.), and NaNO, in 
the odd, the proAict beinf poured into water 
(600 ox.) (AntricE, A. 237,860). Pale-yeUowish* 
needles, v. sol. alcohol and ether. 

PHEHTI-BSNZTI.-OEIDE v. fhmyl ether 
of Benzyz. luaBon. 

> FHBim,-BEXZTI-FE08PHl«X?* 

Ciy>hFHPh or <?.H„P,. [17P]., Formed by 
heatipg GA^Clt trilb benzyl chloride and zinc 
(Michselis a. Oleicbnmm, B. 15,1961). Needles, 
converted by successive treatment with chlorine 
*and alkalis into C, Ai^O or [166°]. 

Di-phenyl-benzyl-phosphina diollorids 
0,HJ>C1,(CA)!- (187°]. Formed from (0,H|1,PC1 
and"benzyl chloride at 180° (Ddrken, B! 21, 
1606; c/.Michaelis, B. 18, 2117). Pri^s. •' 
Di-pnenyl-benzyl-pbosphine oxide 
0^,P0(0,H,), [196°]. Formed by decom- 
praiijg the preceding body with water. Yields a 
tri-nitro-derivative [206°]. 

OI-PHENTI D1-BENZ7I..8FC0INIC AClB. 
Nitrile. ■CN.CPh(CH^h).CPh(CH,Ph).CN. 
[236°].* Formed from ON.CNaPh{CH,Fh) and I 
(Ohalanay a. Knoevenagel, B. 26, 290). White 
crystalline powder, si. sol. alcohol. 

PHENYL BENZYL BTILPBONE C,A|80,. 
i.e. O,H.-SO,.0H,Ph. [148°]. Formd from 

C,B,'80.jNa and benzyl chloride (Knoevenagel, 
B. 21,1U4). SI. sol. ether«m.*eol. alooBoI. 

DI-PBUENFL-BENm-IHIOSEXIOAEBAZ- 
IDENPh(CA)-NH.OS.JIHPh. [160°]. Formed 
from phenyl-lwnzyl-hydrazine iir alcohol and 
phenyl-tUiocarbiSiMe iMiohadlis a. Fhilips,.A. 

AfiTA AAAV r% ___1 * 


mixing alcoholicesolutions of benzylamine and 
phenpl-thiocarbimide (Dixon, 0. J. 66, 300). 
Prisms (from alcohol), si. sol. CS|. 

Phenyl-di-benspi-liiio-iirea C 2 ,H„N,S tx. 
NPh(0,H,).OS.NH.O,H,. [108°]. Formed from 
phenyl-tmocarbimide and benzyl-aniline (D.). 
White prisms, v. si. sol. hoi water. 
pminrh-BXNZYi,-j>-mYL-BroBBT 


Jtf.A[8]18i89). 

• fiethyla-ehloride B'UeOIkq. [110^. 
FormsA from di-methyl-aniline and* benzyl 
oUofida' (lliohler, £. 10,2079). Tables, v. am. 
jMtep and alcohol. OonvertM by snccesaive 
L^tihnsni vrf& Ag,SO, and baryta mto a syrupy 
Lirdroxide, wldch is ulit up on distillation into 
alMhol and oIBnethyl-anUine. 
<>^TSikn»mZYL-VB!nnL-TBI0-in8A 

P lfi 4.A »PhMe.08J»HO,H,. . (M"!* 
1 (Mm IMisyl-thiooarbimids and methyl- 
^1^ O, f. 69,668). Ftisms. 


;!I^h.OO.NHOByWi. [168»]. Farmedbyrnix. 
ing nensyl inanata with aniline (Lotts, 0. J. 26, 
448). Neecues, r. sol. alcohol. 

Phsnyl-di-beasyl-am (LELNiO- [128°]. 
Got from (OAiAOOa and anUiDO (Ham- 
merich, 'B..36, 1819). Silky S^es (from 
>lcohol). * • 

p£tNyieSi8inrTBX]B«.vdL £».<». * 

FEEHnnniBn It • 

NHFh.GOJfB.OOJiB. Fotmad ftOm phSByl. , 
stea and PCS. (Weith, AIIL tr^ (hysf£ 



4(ih Ml&M (Bbfuum. 
twylhart, J.pr. £8] M, 97), formad 
®* phwl «T»o»ta on phenyl- 
«»»®®“*-Heaaohel,B.i604). Jf^ei 
n.it, N]Llo.NPh.CIOJJHPh. 

Py J- Qo< trom di-pimyl dioyenate and aloo- 
holw (Hotaann). Prisma, sol. aloohol. 

s-Tri-phenythinret NPh{OO.NHPh)r [WB"]. 
^nned dl.phenyl dieyanaie and aniUoS 
(H,) ^ by Heating phenyl oyansib with di- 
^myl-n^ M 150“. Prisma (from aloehol). 
V ’'“BoVby Sohif((^. 8,*6511 

py oistuling pheD^>oarbaitJ^etber. 

Di-bbomo^di* and Oxr- ^hbwtl- 

BnrexT. 

PHffl^BOaAM CABO, Formed by 
^ting pheno (8 pta.) with B,04(2 pts.), or, 
- tri-phenyl borate with aloohoi 


Km.. 


™ u, mnm mass. 

w.ph«y tonu rO.Hj) AOr FormS by 
boihng phenol with B.(J,. 4lasay maaa,decom¬ 
posed by hot water. 

diborate (0^,),Bj0,- S.G.** 
1'124, Fdnued, with the preceding body, by 
he^g O^JBO, at 860“. Thick oU, quickly de- 
oomposed by water. * 

Phanjl-borlo acid CA-BfOB),. [204®!. 
Forma ^m C,H,BC!, and water (Miohaelis a. 
Becker, B. 16, 181). Needles, sol. alcohol, 
ether, and hot water.. Powerful antiseptic,%ith 
but slight physiological action. With HgCl- it 
FhHgOl. Educes ammoniaoal 
^NO,. forming a mirror. .On heating, it yields 
Ae oxide 0,H.B0 [190“] (above 8«0“), which 
lorms crystals, sol. aloohol. 

Salts.~NaA": dimetrio tables.—CaHJk".; 
crystals.—AgHA": yellow pp. 

Bthyl sfAsrEtjA". (176“). Oil. 
Chl orid $ v. voWi. p> 631. 

PJEJTO BBQllIDX V. BBOKO-BXHSKld!. 

^ PHBSn BEOKO-iUYl CUBE v. Bromo- 
tulyl denvaHve of Phxmoi,. 

FHXinfS, BBOHO-BEHZTL BEIONB 
,H,.0b.0HBrPh. [66“]. Sot by brominating 
len yl bftigy l hsiene (Enoevenagel, B. 21,1866). 
PEENTI BBOXO-BOTTL XBTONB ' 
OA.OO.C^OH,.CH,CH,Br. *[61“]. Formed 
from phenyl oxy-butyl ketone anhydridieor its 
carboxylic acid and cone. HBrAq (W. H. Jerkin, 
1^, 0. J. 61, 782 j B. 19, 2659). sS-sided 
Pj®*®*, soL aloohol. •Converted by warm 
Plooh<dio potash into the parent 

Phenyl di-bromchbntyl ketone 

OaH»CO.CB|.GH^GHBr.OH^r. Formed from 
Wj-»«Jtophenone and Br (Perkin, C. /. 46, 
188)e Oil. Bromine yields G„H„Br.O fl22®l 
•iy rtUljkng fami dUnto aloofld Vpr^. . 

^ PfflniTL BIOMO-STHTL KbAm • * 
Formed from phenyl ethyl 
^ « in 0% (Pampel a. Bohmidt, B. 
I2^h 827)» ^O il wiA piwnto^iir. 

PBa« IBOKO-imB OZIBS e. Bnmn. 
ethy l d s r fciJ K i i s of Pmwon. * . 

Bioxo-XEsn 6Bipm>nt 
^ W,.8 |^ OHMs^ . [60“1. Fomed by boiling 
of dm Na salt of the acid 
g^^£ffl|aite.OO,g nB4^ vriiish is got bx 


BsoiA><ixmfiir«.bAini. 

tBI - SBUNTOBB Cy&.iOiaBr(SO.(]bH) 
[186“]. Formed by broXtioil^ iSe ,S« 
OH(SOJh)(Sp.lt).^J».^884). K 
(from lUoohol} or needlsiftfrora Aq). 

„n«-p^;!J-BiwK4-in*inanri tm; 

roiPHOHBI OBrjSOjPh),. • [966“). Got W 
bromjnating CH(SO,ra), (Laves, B. 9*. 861). 
Amorpbens insoluble pp. ' , ' 

PKBirat BBOHO-HBTBm £R0BS v. 

W-BROMO'ACBTOfiDBNOME. 

^HXNTL BBOXO-innBTL SBLPHOtt 

C^°3* Jormed, together with 
0,H,.SO,dHBr, [76“], from C,H,.SOrOH_CO,H 
andBr(OttOs,7.Fr.™40,642). Bothco^unS 
Lform monooUnio taSles, v. sol. hot^ldthol. 

^ BBOHO (o).HAPHTHra XETOm 

OJ^.OO.C,^,Br. [98°). Formed by btomina- 
ti8n of rtenyl (oj-naphthyl ketone (Bibs a. 
Stelmke, S. 19,1966). Yields a oryatslline di- 
nltro. derivativ. d^mpoeing at about 90“. 

BBOHO-sirBo-xoi,nxiix, 

PBBN Y1 - BBOKO - DI. HITBO. PHBHTL - 
AXINE V^BOUO-SI-tllTBO-DI-FHXma-AlIIMI. 

PHENYL - BBOXO - HITBO - PHBHtl. 
OTDEAZIHB G,H,.NA-0,H,Br(NOJ. [8:1:41, 
phenyl-hydraxlna and 
C,^r(NO,), (Willgerodt, /. pr. [2] 87, 468). 
Bed needles (from alcohol), ' 

I PHBBYL^Ba0X0.PHBHYt.HYBBABI*B 
C,H,.N,^^0,H,Br. [116^. Formed by reduo- 
tion of OgH|.N|.OBH4Br by alooholio ammonium 
anlphid e (Jan ovsky, B. 20, 884). Tiblee. 

PHENYL BBOXO-PHBinrL XETOHl ft 

BBOKO-BXNZaVHXXONX. 

BI-PHSNTL BBOXO-PBOPTLBHB OUHL. 
PHOHE C,a.Br(SOJPh)~ [160“1. Got from 
01|,Br.0HBr.CH^, mS l^aSPfi fa auSbS 
(StuSer, B. 28,1411). Needles. 

PHENYL BBOXO-PBOPYL XBTOHX 
C,H,.CO.OH,.OH,CHJBr. [89“]. Formed from 
‘ benzoyl-trimethyleno osrbozylio ’ aoid and 
fuming HBr (W. H. Perkin, iun., C. /. 47,644). 
Crystalline mass, v. sol. aloohol. 

PHBNYL-BnTAHB o, ButH,.bicbzsbx. 
Di-phsayl-bntaae C£y‘h.OH,.CH,.CH,Ph. 
[82“]. Formed by heating di-nbenyThuMme 
with HI and P at 260“ (Freund a, Xmmerwahr, 

B, 28, 2858). Crystals, v. sol. alcohoL 

Oi - phenyl • butane CHUePb.OHUePb. 
[128'6“J. Formed by the action of xlno-duit oi 
Na on CHMePhBr (Badziszewski, A 7,. 149 1 
Ender, B. 7,1127). Needles (bom ether). 

1)1-phenyl-butane OPhJtbEh fl28°1 
Formed tom CTh,Me.CO.OH,. phoaphoms, and 
HI (Zinoke a. Th6mer, B. 11, IWO). Tablas or 
prisms, m. sol. aloohol. 

I»-pbs|yl-bntans CHrOH(CH^), (800®). 

Formed by heating aeetophenont with HZAo 
and P at 180“ (Graebe, B. 7,1627). Oil. ™ 
Bs/srsncst.—Anmo-, Tbi-ohubo-, and xS. 
cmoBo-ni-inrBo- and Oxi- nm^aDCAins. 

Behffl ether 0.H,.OB-O(CO.BtLX)HMs^jBlt. 
§88® oor.)i B.a% TSSk. ^%60 at 
Fm]d from sodinm-ptopanb, tri-oarboxylls 
ether ai^ benzyl diloride (BiHhot a. Xiati) 



ilw 


pit luptiak 

ipU 

M5\»S«dRhe*ting^,Mc^C0,H), 
FwO^XGabriPl rMiohi^, 
^ l aloLwater—AgJk”! im. 

AMOHOI cXo ” 
W-<W(0H).0A. (SiH??. S.O. M & Got 
aeriT»ti»e {J28“.880^, fotmea 

spooPHlTe treatment With HBr 

^OaO^O^OO-Ph (286<>_288“) at 710 mm. 
OMmne& from allyi^nzoyl-acetio-iifid Md 
boUim alooholio potmh (W. HTPerWn, 
fe’i ■ .9^’ •fMbngilke camphor. 

tS'Jllj?. ■• Br. Exceee of. 

y . w a glsoift! acetic acid solution forms 
wo ato-pnsay l.batsnyl ketone dibromide. ri3B“l 

OPh:CHt. 

n*^^OmUactlyUiM. (202°). S.G. ai •923. 
PoniM from eodium phenyl-aitylehe and EtI 


while ethylamtna, aniuu, b> ana 
and naphtbylamine foim oomponn 


. ''^yl-kattaene e„H„ (186'>-I90°i ^Sot 
and al&hjlio 
(Aronheim,il. 171,231). Liquid. 
,^^*Pto>l-hBtlaene CIIPh:CH.CH;CUPh. 

Obtained by heating 
®*“:Ca(m:CPh.dO.H (Hobuflat, Q. 16,107* 
IM). Isioaoeons platen 
iJe/swncis.—Amno • and Oxt • phbnyi. - 
BUTnrsKxs. 

paBETi. Biranreira dioaeboxtiic' 

ACU) CaPh;OH.OH:0(CO^)r [208°). Formed 
by heating oinnaznio aldehyde with malonio acid 
and HOAo at 100° (Stuart, 0. J. 49, 866). 
Needlea i giveg ofl 00, when melted. 

i)x.pmran,.i)i-BTrii]rTL ketone 
(^(OH:OH.CH:GHPh), [142°]. Formed from 
oinnamio aldehyde, acetone, and NaOHAq 
(DmU a. Ein hom, B. 18. 28251. Needles. « 

PKENTLBinnrn. xxTayx ketone 
CHrCO,OH:CH.OH;CHPh. (68°). Formed from 
(iinnamio aldehyde, acetone, and NaOHAq 
(Dlahl a. Einhom, B. 18, 2821). Plates (from 
fther). • Yields a dibromide [174®] and a phenyl* 
bjdraside nso®] orystallising in plates. 

DLPHBNTMOIONEHE 0„H,r Phetwl 
Bdajlifholimef (101°). (846°). Formed from 
dl-oxy'«thyl-baneene (styrolene alcohol) by 
treatment with H,SO, (16 pts.) and water (9 pts.) 
(Zincke a. Brener, A. 226, 28). Plates, t. sol. 
aleohoL' Oxidised by K,Cr,0, and HOAo to 
PlOTt which crystallises in golden 
seedlsa, m. loL aloohol, and is readily poly¬ 
merised by exposure of its solution to light. 
Jading two polymerides [207°] and [296°-229°J. 
The_ qOinone 0„Hh(X is reduced by SnOl, to 

4ti» kwMWwu«ninA«4A /I 19 //\D\ rAom J _ 


and naphthylasuna fonn oomppunos melujllA 
[180°], (IM^, [Ifisn C166°3. and p48°] remPe. 
, tively. The oonfbund OwH„NO, forms an 
I aoetyl derivative [201°], ^ on treatment iriik 
'■ aqneoos S^atl40°gives fte oxxquinoneanda 
. snlutanoe C,.HaO, [187°]. f 
f • PHENTl-«c.BnTYl.AlCOHOI 0,,H,,0 U 
I C.H,.CHyOHrCH(OH).OHr [6#]. Formed 
by reducing styryl methyl ketone with sodium- 
einalftam (Engler a. I^iist, B. 6, 256). Crystals. 

Phenyl.fert-bnM aleohll C,A.O U. 
0,H,.CH,CMe,.OH: [22°]. (220°-230°). Got 
from phenyl-acetyl chloride and ZnMe, followed 
by water (Popofl, B. 8, 768). NeedlA 

Tri-pheni-fcrt-batyl-aloobOl CPh,CMe,OH. 

' (above 260°). Formed from ce,.C«e.0H, 
j beni^ne,.ond-AIClf (Willgerod^ a..Qeni$eer, 
/.pr. [|] 87.868). ■ * 

I M-PHENYE.M.ISOWTTL.TETEAZOHE 
I (!^Ph.N:N.NPh.C,H,. [107°]. Got from 

phenyLisobutyl-hydrazine in ether bi treatment 
with HgO (Miohaelis a. Philips, A. 262,284). 

! B5KNYl.BFTYLENE0„H,.».e. • 
i C.H..CH,.CH,OH;Cb,. 

I (177“). S.G. “f 'OlO. Farmed from bensyi * 
ohlonde, allyl iodide, and Na (Aronheim, B. 5, 

^ lOdtf; A, 171, 219). The same hydrocarbon 
appears to be farmed by distilling the lactonio 
T'-oxy-T'-phpnyl-s-di-methyl.sucoinio acid 
(PenOe d, A. 216, 126). Oil, yielding a liquid 
dibromid*. KNO, and HOAo form O..H,,N,0.. 
which gives on reduction a base 0„H, NO 
whence B'HOl and B',H,PtCl, (TOnniesia 11, 
1611). 

1 , CiH..OH:OH.CH,.CH,. 

(186 ). Formed by distilling 0„H„Br obtained by 

nlwmtnsidiAn n4 k..4._f _Vww . a ■ . f 


•1i- li:-"i.7. * avuttutjr Aueoiicai 

mth the phenyl-butylei* (187°) ^tained by 
Perkin (0. J. 82, f67: 36. 14q) fSm phenyl- 
angolio acia by successive treatment with HBt 
and Na.CO,Aq or with HI anS KOlfo Perkin's 
phenyl-butylene Aorms a orystblUne dibromido 
by alcoholic potash into oily 
®**7 0,A,Br,. 

OjWhmyl-bntylens O.H,.CH;CMe,. ( 186 °). 

PonilAn hv noiktincr hAnoAvn _.a> . ' 


Moasd by Weona SO, at 120° to tho^nin. 
h^tanw iWI^O, [188*]. On heating toe 
qAjbaoac with KaOHAc it it oonverted into th« 
which gives 

.JtoP,(0An)0, filial a^ may bp reduced to the 
j-qiialijarana 


b^ reduo^ tat^ 
pualijaMna [larn, asd 017- 

gfOiOOM 08 °]. Tha oxy|&no fo 
jM. to afkaluM KUnO, ' to an add 
BaA'-ato,. K|A«, 
and A(|,A*. Aiatodic 


- --- CTSumiijue WIkU BOamZQ 

isobutyratoand ijobufjrio anhydrido for 8 hours 
with inverted condenser (Perkin, 0. J. 86,188) 
and by distilling 8-oxy-phenyl-»alerio acid (Pittig 
a. Jayne, A. 216, 113). OU. Forms an oily 
dibromido converted by alcoholio potash into 
C„Hi|Br, whiofa forms crystalKne 0,.H„Br. 
[es-e'l. Fields bensoio and aoetio aoida «n 
oxidation. Hitrons odd torma 0,3, jf 8), n;i2°1 

(Angali,.B. 26,1962). ^ 

B1.PHENYX.BBTYIBNB C,3„ a 
G,H,.CH:OH.CH,.GH,.C3i. [89^. Formed by 
redaction of too nitrile- of a-pbasyl-A-styryU 
acrylio add (Freund a. Immetwiw^(ill,2t, 2868). 
Cryata{c,v.iol!doohoL Yields a8tb|iMae [88°]! 

Bl-Pf ENYL-BBTYXENMlAma . 
pAfflBPhL • Formed frda^ln^teci & 
broim^ and asiliiie: "■' www 



FontUid hota iMnsil, tldeh' 

NIM? JJ»pp ». Wynne, m /. 491 
; orygtalUni# . 

raXI^lUBXrTTL-BTDB&Zm 

qANPh.NH-1(240‘>*246'>). •Formed l 


aldehyde, and 
/. 49, 468).- 


(Hiohaelis 


liaSa Slendei 

. iutem«» T. at •ob-tea.waUri-'' 

AHBB NHFh.OS.NHJfPh(il^Pr). [Ua"). 
Formed i^om phenyldaobatyl.hydraBine and 
phenyl-thiooarbimide fiflohadli a PBUi*, i. 
942,284). White (oyrtali. < 

PHBirn.-isoBum.iaiO‘nuuL •• 

I NOTj^.CS.NHOA p2“]. Formed from djhenyl. 


* ileetpt der»i(otie«^OiH^Ph.NHAo. 

BBISX KBTOHB 0,H..00.0HjPr. 
Mol. W.J162. (237°) at 720 mm. |^t by boil¬ 
ing propyl-lKuoyl-aoetie e^er with alooholia 
potash (Pe^io a. Oalmian, (J. /. 49, 162). Oil. 

Phenyl iiobnlyl ketone C,H,.COJ3tt,Fr. 
(228°) at 720'mm. 8.CWM?-993. Formed from 

V_«_ 1 __a;_x 1 _/Ta . ^ V i • 


calcium isotalerate (Popoff, A. 162,168). Liquid. 
Does not combine withNaHSO,. Yields benzoic, 
isoontyric, and acetic acids on oxidation. 

* PaKBTL BUTYL BBIOBE CAJSBOZYLIO 
ACID OA-CO.OH,.OHBt.CO,H. EthyUbemayU 
propionie acid. [83°]. Formed by heatinttne 
dioarboxytic acid. Small needles.—CaA', m. 

Ethyl etherBtA'. Oil. 

Phenyl bntyl ketone carbozylio ether 
Cf&.GO.GHPr.CO,£t. Prvpyl - henem/l • acetic 
acid (251° at 300 mm.). Formed fronf benzoyl- 
acetic ether, NaOEt, and PrI at 100° (Perkin a. 
Caiman, 0. J. 49,1^). Liquid. 

Phenyl isobntyl ketcne carboxylic ether 
C^,.CO.OHFr.OO,Bt. (237° at 225 mm.). Formed 
in liM manner, using isopropyl iodide. 

Pfenjl btRyk ketone diearbozylic acid 
0^,.C0.CH2.CBt(Cp^)2. BenIbyl-ethyUisoeuc- 
cinic ether.^ Got by saponifying its other, which 
is formed Soni sodium-malonio ether and »- 
Vomo-acetophenone (Bittridh a.-Paal, B. 21, 
8458). Oiya^hklnass.—(NHJjA": amorphous. 
—K,A": pearly plates, v. sol. water.—CaA" aq.— 
Ag,A":piates. Sydraeint salt. [103°]. 

Ph enyl hydratide am.J<,Or [138°]. 

PHBim BUTYL METHYLEBS DIBKTONE 
O^.CO.CHrCO.CHiFt. Yaieryl-acetoplmume. 
(184° at 80 mm.). Oii Out from acetophenone, 

• Uoralerio ether, and NaOBt (Stylos, B. 20,2181). 

PBEITYL • BUTYL KEIflYL KETOHE 
OABBOXYUO ETHEB 


OHrCO.OEt(OH,Fh).COJEt. (o. 297°). Formed 
iram sodium benzyl-acetoaoetate and EtI (Oon- 
ridb B. 11,1 057). 

PHJUxjb SU.TYl OXIDE p. Bvtyl derivative 
«t PnxBKii,. . , 

: PBtEBYL-ISOBUTYIPBBHYL-TEIO-UBEA 

ffi H.C8^^,.0ByPt. [152°]. Formed from 
. IH|).Cl£^' and phenyl-thiocarbimide 
(Hatnae r'j, 16, 2023). Pikes, sol. aloohk. 
DldPSi^YZi-iaeBrUTYlMIUIEOZALUB 

p44°]. FomM& from 

. . . _ , _ ..... . 


n-XElO-AUOPEAEIO ACT 
I.OR. [188°]. Fanned from 
Isa^dieayl thitMWiiMde,. and 


PEENYL-BUTYL-THIOBYDjjIXOllr 
■ [179° uncor.]. ^Formed 

by fusi^ phenylj^ioca^imide with* leucine 
(Aschan , B. y, 426)^ Minute colourless prisms. 
I s PHEBYL-BUTYHIO ACID 4.#. 

OH.CH.,.CHPhCO,H. [42°]. (27f°) Formed 
by aaponifying the nitrile which is made by 
ties action ^f Btl and solid NaOH on benzyl 
cyanide (Beure, A. 250, 153). Orystalliue 

mass.— CaA', 2a|[; groups of needles.—AgA'. 

Methyl ether UvA’. (228°). ° 

Jli^ile PhOHEt.ON. (245°). 

V-Phsnyl-n-bntyrio acid 
CHJPh.OH,.OH,.CO,H. [47'6^. (290°). Formed 
from oxy-phenyl-bntyrio acid and HI (Buroker, 

A. Oh. [5] 26,459) and from phenyl-isoorotoko 

acid by protracted treatment with sodium- 
amalgam (Jayne, A. 210,107). Long fiat plates 
(from water).—CaA',: amorphous mass. * 

^ Phenyl-iscbntyric acid OH,Ph.CHMe.OOJH. 
.B«»^^^fhy/.aciji4c add. [87°]. (972°). S. 

Formation.—!. By heating bsnsyl-methyl- 
malonio acid (Conrad, B. 18, 588).—2. By 
heating benzyl-methyl-aoetoaoetio ether with 
cone. KOBAq.—3. By reduction M the pbenyl- 
orotonic acid obtained from benzoio aldehyde, 
sodium propionate, and propionic uihydrids.— 
4.,Py reducing phenyl-angelio (methyl-cin- 
naraic) acid with sodium-amalgam (von Miller. 

B. 23,1888). 

F^ertiej.—Plates. Converted by H,SO. at 
150° into oxy-methyl-indonaphthene. 

Salt.—AgA'. S. -248 at 20°. 

Ethyl ether EtA'. (287°). S.O, H 1-06. 
Oil (Conrad a. Bischofl, A. 204,*177). 

Beneyl ether C,H,A'. (820°-825°), S.O. 

1*046. A product of the action of sodium on 
benzyl propionate (Conrad a. Hodgldnson. A, 
193, 312). 

Amide CH,Ph.CHMe.OONEL. [109»1. 
Formed by heating the NH, sAit (Edeleano, S, 
20,618). Needles, v. sol. alcohol and ether. 

Di-phenyl-butyris acid * 

CH,Ph.CMePh.CO,H. [126°]. Got from its 
nitrile, which is obtained from o-phenyl-pro- 
^pionitrile and benzyl chloride (Janssen, A. 250, 
’187). Needles, v. sol. ether and alcohol.— 
NaA'Yaq: long thin needles.—CaA'-—BaAV 
—CuA,'. [78°].—AgA': white buoloMepowdes. 

ArstrfJs 0„H„.roJ. (887°). Oil. 

Iscmeride v. Bt-saxgiirxcxm mo. 

Jfm'<rmcss..fr-BBoiio-. NITXO.J* Nmo-ain^, 
and 0cr|. jUrottn-Bongg xom. . ■' ■ 

PEn^IiOBUTYElO A1 iBBHYD 1>^^ 
f^.€IH(OByPh).OHO. (227°). ‘ Formed Itydls. 
tillmg the cortMpopding lime shit vrith eafotuh) 
formate (Miller a. Bohde. B. 2S( 1080). Otk • 




FH£lfVVBirrTBl(M)AKlK>XmO ACID. 


_ » 

vrBiim-Birmie.o.oAB>oxmo Aon> 

0„H^, C;H,(00,H).OH,.CH,OH,COja. 
[189^. Fotzn^ by heating stl80°>100° the 
doobfe-Iaotone R benzojl-propionio-n-oarboxylio 

with HI 

and P (BoBor,.H. 18, 8118). Small plates. 
‘T. (Ol. aloohol, si. 8hl. cold water.—A"Ba: yerj 
eelaMea hi wa ter._ 

PHXBXL.BUTTB0*LACT02fS e. ZMitotu of 
Oirrmi mfB OTTHro acid. • t 

FHXRn..0AC01>TI v. rol. L p. 320. 
FHIim^lAlIFEOBAIIIO ACID v. Caw- 

fHOBIO ACID. * 

FBra2L4:AIIP>nr.IE10-UHA*e. Caw- 
ranrlHIO-OBDA. • 

PHEVn. OABBAKAT:i^NH,.A),Ph. [14S°I 
Fonned by &e action, in ethereal eolation, oi 
NH, on ClCO(Ph or of MI4GOCI on p^ool 
(Kempf, B. 8, 740; Gattormann, 244,*^). 
Formed lUeo, together with EtjCO,, tby heating 
phenyl ethyl carbonate at 800^ (Bender, B. 19, 
2266^. Needles (from water),sol.%lcoholand ether. 
Decomposed by NaOHAq into NH„*pheno}T and 
NawOOf NHjliq at 150^ forms phenol dfid ulea. 

PHSirrUlASBAllIC ACID NHFh.GO,H. 
Oarbanilic acid. The ethers of this acid are 
got by the Sotion of aniline on the ohloroformio 
ethers OLCO.OR, and also by the action of phenyl 
oyanate on alcohols. They are decomposed by 
•potash into 00,, aniline, and alcohols. 

Acetyl derivative NPhAo.GO^. The Na salt 
Is formed by passing GO, over sodium acetanilide 
in the cold (Seifert, B. 18,1858). It is deoom* 

g ^sed by water into acetanilide and NaHGOt. 

y heating at 140^ under pressure it is converted 
into NPhH.CO.CH,.CO,Na. 

Methyl ether NHPh.CG.OMe. [47®] (Kent- 
sohel, £. 18,978). Prisms. Converted by HNOa 
(8.G. 1-48) into C,H,(NOj).NH.CO,Me [127®] 
and ce:4:2:l]0,H,(NO,),.NH.CO,Mo [192®] 

(Van ^mburgh, li. T. C. 10, 186). 
forms SOaH.CjSa.NH.CO^Me which is converted 
by bromme into CsH,BrjNH.OOaMe [96*6®] 
(Hentsohel, J. pr. [2] 34, 423). Distillation 
with lime at 2G0® gives aniline, metbyl antline, 
di-metbyhaniline, and di>phenyl-urea (N5Uing, 
21,8154). . 

Ethyl ether NHPh.COaEt. [62®]. (238®) 
.(WUm a. Wisobin, 0. J. 21,192). Formed as 
above and also by boiling the product of the 
action of phenyl-urea on aceto-ocotic ether 
wi& cono. HGl (Bebrend, A. 233, 6) and by the 
action of sodium acetanilide on ohloro-fonnic 
ether (Paal a. Otten, B. 23, 2590). Needles 

S rom water). Not affected by boiling oono. 

OlAq, but decomposed ^ HGlAq at 150® into 
OOj, aniline, and EtOl. Boiling alcoholio KOH 
mves aniline and K^CO,. Fields a bromo- 
derivative [61®], a di-nitro- derivative [110®], an4 
a tri*nitro> derivative [144®]. When distilled 
with NaOPh at 220® it gives phenol and di< 
phenyl-una [286®] (Hentschel, J. pr. [2] 27, 
4f8). — NKPh.CO^t. Penned by dissolving 
^0 ether in alooholie potash. 


opio needles, dseompesed by water. 

''Ohlore-tthyl tthtr 
NHFh;00,OBr01%01. [SI']. Formed from 
aniline and 01.00.O(^.ffl (Kemirowsky, J. pr. 
[9] 81, 174; Otto, /.pr. [8144, IS). Needles, 
•L mL hot water. When IraUed alone and aftei- 


warda with conc.KOH it yields 

[124°], which is oonverted byHClAq at 170* wto 

ebloro-ethyl-anilinp. 

. EthyUne ether OM,k". [158*]. Formed 
ethylene glyeoi Fend phenyl oyanate 
(Snepe, B. 18,8480; 0. J. 47,7|8). Prisms. 

Propyl ether PrA'. f 69 °].llonderneodleB, 

T. sol. alcohol (Bdmer, B. 6,1101], 

Isopropyl ether PrA*. [90*] (Gnmpert, 

J. ir. [2] 81, 119; 32, 278); [48^ (Spioa, 
6.17, ICS). Needte (from dilate alcohol). 

Di-ehloro-pjopyl ether (Otto, J.pr. [2] , 
44, 22) 0H,01.CHC1,CH.A'. [74*]. Prisma. 

Isohutyl ether C.H^'. (Stt*). (216“). 
Needles, v. sol. aloohol (Myliua, B. S, 97^. 

Heptetiyl ether 0,H„A'.. (86°). ^Formed 
^y the action of pbinyl i^anste ^^he heptenyl 
aio^ol got by reducing subetone (MssrkownikoS, 
C. B. UO, 466). Prisms (frolh aloohol). 

Qlyeeryl ether 41 Qi,voaBn..iBi-FaENn- 
je^-CAaBAAUTS. 

Phenyl ether NHPh,CO^*. [126*]. 
Formed from phenyl oyanate and phenol 
(Qoiqpert; c/. Hofmann, B. 4,249). Needles (Horn 
benzene). With NN^q it forms phenyburea. 

Phenylene ethere. Theo[166°],)^164°], 
and p [207°] compounds are got by heating pyro- 
oal#chin, resorcin, and bydroquinone respeotively 
with phenyl oyanate (Snape, B. 18,2428). 

Phenylphenyl ether 0,Hj.0,H,A'. 
[110°]. Formed from «.amido-diphettyl. and 
ClC02E^(Zimmennann, B. 18,1965). 

{a)-Naphthyl ether C„H,A'. [178-5*]. 
Slender needles (Leuchart a. Schmidt, B. 18, 
2340; Snape, C. J. 47, 776). Decomposed by 
heat into (a)-naphthoI and phenyl oyanate. ' 
(»}• Naphthyl ether 0|.H,A'. [230°]. 
(L. a. S.): [156°] (8.). •Thick prisms. The 
tetrahydride 0„H„O.CONrt>H [98-<n is 
formed from (8).naphthol ae-tetrahjdride and 
phenyl oyanate. • • 

Di-phenyl-cartemie acid. . * 

ChlorXde NFb,.CGt01. [85^. Fqfmedfroa 
COCl, and diphenylamine ift^HCl, [Michler, 
B. 9, 396). White scales (from alcohol). 

Ethyl ether NPh,.OO^t. [72*]. (above 
360*7. Formed b/beating diphenylamine with 
01C0j«t (Merz a. Worth, B. 6,1511; Hager, B. 
18, 2573). Large prisms (from benzene). 

Phenyl ether* PhA'. [104°]. Formed 
from the obloride and KOPh (Lellmann a. Bon-' 
h6Ber, B. 20,2122). The oomponnd 0,H,(N0,) A' 
[114°], made in like manner from o-nitropbenol, 
may bo reduced to 0,H,(NHi)A' [191°]. The m. 
and p- nitro-phenyl ethers [90°] and [116°] yield 
ffl. and-p- amido-phenyl ethers [133°] and [148°] 
(Lellmann a. Bene, B. 24, 2111). 

• p.ToipJ-etAsr 0,H,A'. [81°]. (L. a. B,). 

References. —Ahuo., Bboho-, Oi-bboko- 
mrso-, Niibo-, Nirao-Ainoo-, Nitbo-obt-, Oil-, 
Orv-Amno-, and Nirao- paBNn..OABSAiao Aoa 
and XTHBB. • 

PHEirn,i!ABXAltm 0,Hm MoI. w. 
103. 7167°). S.V. 131-6 (Lossen” A. 264,78). 
Forpied by d^tilling aniline with oUoroform 
and alooholie potash (HobnanS, A. ll4, 1}7). 
Stinking liqnid, qniokly decomposed by aoiu 
jeinto aniline and formic aoid. Obangea into tha 
isomerio bansonitrile by beating at 2182 
(Weith, BsB, 216). Xietdiipbenyl-taiooaibiAida 



DWHBttnrWjAllfflNOL., . 


•B vitii talphor. Hiz«d with propio- 

Dlt^ tod ether, it Tielda, by saooessive treat- 
mem mth Bodiam and water, the oomponnd 
CPh(NH).OHMe.ON [ST"] Meyer, J. or. 

[Sj 89,189). ^ 

Chloride NPh.C01|# (313°). Formed from 
phenyl-thiooarb^ide and Cl (Sell a. Zierold, 
B, 7, 1338). Pmigent liquid, with nasty smell, 
yielding s-di-shenyl-orea when heated with 
water at 100°. • 

PHEinrL-OABBAZIO ACO. The orystol- 
line salt NfE^Ph.CQ.ON^H,]^ is formed by* the 
action of CO, on phenyl-h^azine and water. 
It is deliquescent, and si. sol. water and ether 
(Fischer, A J90,134). 

Methyrtthtr NHPh.NH.CO,Me. [117°]. 
Short prisms (Heller, A. 363, 381). * 

JSffcpI e»Vr NHPh.N^CO.,Et. [87°](P.)f 
[83°] (N.)« formed from phenyl-bydraeine 
and ClCO^t (E. Fischer, B, 23, 1936), or 
AoO(CO,Et), (Nef, A. 2tf, 107). Needles' Ao,0 
forms 0,aji,HAo.CO,Et [108°] (H.). , 

FHENtlM^i-CABBAZISE C,H.N,0 i.I. 
HHPh.NHSo.NH, [173°]. Formed .from 
potassium cyanate and phenyl.hydrazine hydro¬ 
chloride (E. Fischer, A. 190, 113; Freund, B. 
*31, 3463). Formed also by heating phenyl- 
hydrazine hydrochloride (1 mol.) with urea (3 
mols.) at 160° for 4 bonrs (Pinner, B. 20, 2.^8; 
21, 2329) and by heating di-phenyl-oarbazlde 
with urea (Skinner a. Buhemann, C. J. 63, 660; 

B. 20, 8373). Prisms, t. sol. hot water. Yields 
di-oxy-phenyl-triazole [363°] on heating with 
urea. By beating at 160° it is converted into 
di-phenyl-nrasine 0„H„NA [264°] and other 
products, cool, forms C,H,N,0, [167°]. 

Btfizoyl dtrivative NPhBz-NH.CO.N^. 
[203°]. Formed from benzoyl-phcnyl-hydrazinc 
cyan^ (Michaeiis af Schmidt, A. 262, 317). 
l)Ephenyl-fbmMar])atide 

C, H,NH.CO.N^h. [173°]. •Formed from 
phenyl-hydjazine by combination with phenyl 
cyanate; aiM also by heating pbenyl-hydrazine 
^th phe^l-urea (Eflbp, B.\l, 2881; Skinner, 
0. J. 68, d 5^. ffbedles or plates (from alcohol 
or benzene), si. sol. water. QOCl, in benzene 
forms C„H„N,0, [173°] (Freund, B. 21, 2465). 

Di-phenyl-carbatile CO(N,H,Ph)r fl61°] 
(S. a. K.): [164°] (E. Fischer, B. 22a 1930). 
Formed by heating phenyl-hydrazine (3 mols.) 
with oarbamic' ether (1 nsol.) (Skinner a. Bnhe- 
mann, C. J. 68, 650; B. 20, 3372). Formed 
also from phenyl-hydrazine and OOC4 (Heller, A. 
363,277). Crystalline. Forms with HgCl, a crys¬ 
talline compound B'HgCl, not melted at 186°. 
Alcoholic potash forms a red solution contain- 
jag di-phenyl-carbaton« N^,Fh.CO.N:NPh 
oryatalluing in orange needles [157°]. Benzene 

and C801. form CS<^^y!.N:NPh •[Hr] 

(Freund a. K nh, B. 23, 2833). ' 

PEZNYIpCABBIHISX v.PhenylitocyanaU, 
toL it p. 816.. . 

Sl-FBfim.-DI-0ABBIKI])^0-IETBA.p- 

AX]J>0-mBA.mTI.-l)I-o-8V£PHn» 

«"=c<NH;o&s;oS;Nl>«=»'f‘‘- 

p-tolyl-difhtnyl-di^uaHidine. [0.119°]. Formed 
by neatiig ai-thiosarbonyl-tetra-amida-tetr%. 
4oIyI-^-sn$faids with aniline and HgO (Ttuhlar, 
Bno. 674). Amorobons i t. soL al^hgl. 


si'FREimAiAunroi. o, 

PhrOH(OH). Baiu}iydroi. Hoi. w. 184. [68°]. 
(298°). S. -06 at 20°. InUM vrioeiiy of ttkeri- 
flcation 33 (Menschutkin, /. C.'1883, 168). 
Formed by reducing bensopbenonewith sodium- 
amalgam (Linnemann, Jt. 188, 6; Beckniann, 
B. 22, 916); or by heating bengophsnons with 
zinc and alcoholic EOH (Bagnmenny, A. 184,- 
174). Slender silky needles, T. e. sol-Alcobol 
and Sthqr. Converted into bensopheno^s by 
ozidalion wj^h ohtomio acid. Broime forms a 
dibromo-benzhydrol [163°]. Zn and HOAo 
form benzpinacone. Zn and HCl in acetic acid 
solotion r^nce it to tetra-phenyl-ethane. Dis¬ 
tillation spastly resolves btazhy'drol inft) water 
and benzhydrolio ether. P.S, forms C„H„(8H), 
[161°] and oil> Ph,OK(SH) (Engler, .^11,922). . 

Ethyl derivativi 0„H,,OGt (288°). 
8.^*2 I'OS. From benzhydrm, alcohol, and 
or from Pb^CHBr and alcoholio KOH 
(Friedol a. Balsohn, Bl. [2] 83, 389). Liquid.. 

Isoamyl <fy|t»ofi»eO„H„00,H„. (810°). 

Chloride A,CHCI. [14°]. From benz- 
hydrol^nd HCl (Engler a. Betbge, B. 7,1128). 

Bromide PhjCHBr. [46°]. From di-phenyl- 
methane and bromine at 160° (F. a. B.). Water 
at 150° decomposes it into benzbydrol and 
benzhydrolio ether. Cone. NH^kq forms mono- 
and di-benzhydryl-amine (Friedel a. Balsohn, 
Bl. [2] 83, 687). 

Acetyl derivative Fh,CH.OAa. [43°]. 
J[302°). S.O. >3 1-49. Prisms, v. sot aloobol, 
acetic acid, and ether (Vincent, Bl. [3] 36, 304). 

Beneoyl derivative Ph,OH.OBz. [89°]. 
Non-volatile. Trimetric, 0:6:0 -1: -477: -668. 

Suocinyl derivative 
(P^CH.0),:0,0.,:C,H,. [142°]. Gives, on distil¬ 
lation, sucdnio acid and benzhydrolene C„H,( 
[ 210 °]. 

Anhydride C»H„0 to. Ph,C-CPh,(f) 

• \/ 


[111°]. (315°) at 745 mm. From ben2hydroI 
by long boiling with water or by treatment with 
PCI,, BzCl, _ or diluted H,SO,. Monoolinio 
crystals (from benzene), IMuced by zinc and 
HCl in HOAe to tetra-phenyl-metbane (Zagu- 
menny, J. B. 12, 431), ZinokS a. Thdrner (B. 
11, 1398) obtained this anhydride by heating 
benzpinacone, C,,Hnili> snd consequently 
assume the formula 

Beferenees. —Di-zinoo-, Di-aaoKo-, and Oxx- 
DI-FHEHVL-CZnaiKOI.. 

Iri-phenyl-qprbiaol 0„H„0 to. CPfa,.OB. 
Mot w. 260. [169°]. (above 860°). 

Formation. — 1. By boiling tri-phsoyl- 
methane with chromic acid mixture (Hemilian, 
B. 7, 1203).—2. From CPh,Bt and water.—8. 
By the action of water, on 0Ph,01 got from 
AiOl,, benzene, and C01„ or OCt.WCl (Frieds 
a. Crafts, A. Ch. [6] 1, 499; Hentsehel, J. yr. 
[3] 36, 311).—4. By heating its dimtrbex^ie 
acid with baryta (Hemilian, B. 19, 8073). • 

Bniperfiss.—Six-sided plat^ v. sol. alcoSol. 

AcsfpZ derivative OPirOAn.* [99°]. 
Prisms (AUen a. EdUikft, A. 337,116). * 

Methyl ether CBh~OU». [83°]. Lamina. 

Ethyl ether OPb,OEt [79°] (F. a. 0.)i 
[88°] (A. a. K.). 

Chloride v. CBinac-xu-yBiiiiP-iaTBairf. 
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OUfflOXtUO 

Formrf -by betting 

r ** ^ minutes (Graebe 

fcJmUtra, i. Ma, 288). The eoid epUts ap M 

’di^*B*iS''^ ’»»*«'“d anV 

M . Formed w abore, and also.byredncing 
f-o-oarboxylio-aoid.* Mo^linio 
wetala (^m (aoohol).. On heating, it jielde a 
iSnni*** reoonverted bytreatigent 
ht^il*®®ni,^ “‘® *>>« ♦Tginalan- 

S*:s^(Si 8 *,?ft atr- 

leemtride v. Oxx-BiHari-iBopBiS/uLio aosb. 

tri-oarkoxylio aoid 

o(og){co^)(cja,.co;Br)r * 

Cl^O^.Toimda by 
acid with IfaOSAq 
(4 p,o.) at 112® for 8 minutes (G. a. J.). Minute 

SSftCtf.Sf’"'' •' '“■‘''"■’‘■ 

.nmf»«i4 
b»^e»S? ?*** '® formed 

hJt .1*^ with NaOHAq, 

.-j aoid spUte up on liberation into water 

“ 2M, (Baeyer. 

M-earboxyUo acid. 

S'.K.r s^s,T.ir’ ‘““"r 

(OpMnheim, 3. 19,2028) or of di-phenW^toJyl. 
n*r^ (Hemilian, 3. 7, 121o/ Needlee.- 
®*^7aq. Needles, v. gj. sol. cold water. 

Trl®pA#njl*oarbinol dioarbozyllo aoid. 
hjidridt OPh|^*^^^)>. 

Oi-vheHyl-phthalidt carboxylic acid. r246'’l 
Fomed by oxidation of di-phenyi-w-xylyl- 
mettwe, di-phenyl-tolyl-methane o-carboxylio 
acid, diwpbeoyl-tol^lwcarbinol m-oarboxylio acid, 
Olemiliin. B. 16. 
Viju/' V °'y®*^"* <ol. alootol and HOAo. 
Xi«a benzophenone and terephthaUo aoid on 
(nsion with potaeh. Zino-dust and NaOHAq re- 
dut^l to tn.^enyl.rfethana dioarboxylio acid. 
W-phenyt.carblnal dioarboxylio aoU 

/?'*^??)-.W(CO,H), [1:8:4]. 
2®^® by oxidation of di-phenyl>xylyla 

W.«nd3SO,A,(Hemifi4 
3LhnI*°r?^‘ t. • water), T. e. ^ 

‘J. ^i®''*® »“ amorphone 

illMutt-phenyl-oarsEol—Ag,A" : pp. " 
_1!^phanyl.aaTblaal dioarboxylio aoU 

[1:2:4]. Anhydrid* 
carboxylic acid. 
Fotmod by oxidaUcn of the cibrreepond- 



CHThyNH,, 'B^hydrylaminc. JSxo-amido. 
diphmyl-mtOuua. (289°). Formed, together 
^th tetra-phenyl.di.ealbinyl-amine, by leavidg 
benzhydtyl bromide, CHPhJBr, with oon<^ 
NHjAq lac 48 hours (Friedel aTOalsohn, 31. [2] 
8.H, 687). Oot also by reducing^enzophenone- 
oxim in^dooholio solution by sodium-amalgam 
andmoetio ^id (Goldschmidt, 3 . 19,3233). 
from liquid, absorbing CO, 

[270°]i long needles, si. sol.' 
cold crater.—B'.^H.;PtCl,2aq : lanceUike needles 
(L. a. B.) j B H^tCl,aq (G.).—'B'JLcO,. [91°]. 

<f»»'*»oftoe PhjCaifH.CHO. 
ifl82 ]. (860°). Formed, almost onaetit^ively, by 

m™®/?**®”?"® ammonipm formate 
at 2M-220° (I.enchart a. Bach, 3. 19, 2129). 
Urta Ph,CU.NH.C».NH,. (148°) (T,. a. B.). 
!•« -?®‘'*-P^®®y*-fi-®«rbiayl.amine (Ph,CH).NH. 
rise ]. Prepared as above, crystallises from 
alcohol m slender needles, not affected by Mel 
or ^1 at 100° (F. a. B.). \ 

Tnjhenyl-oarbiyl-amineCPhj.NH,. [lfl3°]. 

Fomed by passing dry NH, through a soigtion of 
TO’sv ViD ^®S®®,"„® (H®“‘lian a. Silberstein, 31. 

V■®' • ®/- Nauen, 3. 17, 442). 

wn mri® ;,®® ■ a'oohol. Yields B'HCI, 

" 25-1^101,7^9, CPh,NHMe [73°], CPh NMe. 

lud^h CPh,UcH,Ph [’lio'l: 

and tha^ acetyl derivative CPh,.NHAo [208°) 

vnn”® oxa'atc [25S»] (Elbs, 3. if 

70y, and the eompounds C„H„NBr„ B'l,, and 

’ FHEBYt-CABBnm, OHIOBIDE «. Cmoao- 
TBI-PBESVLirexHUiB. '.'CMiao 

• CAWWKTL • VAT^xrTn 
KraEB CPh,.CH(OOJStl,. [i33'8°], GoJIrom 

B‘^2rim4““N®‘5f' CPhJJr (Henderson, 

I ■"* Si;} Needles (fmm alcohqi). 

STOPHOCYAN. 

n>E CPh,.NCS. fI37®i Formed fr^ CPh,Jte 
sulpbocyanidl ftill®, 17 7001 
‘ * CABBINYL . TOXiriblMR 

CPhj.NHOyH,, The 0 [142®] and p [177®] com- 
pounds are form^od from CPh,BrVnd o and p 
toluidme respectively (Elbs, 3. 17. 706) Th« 

[US^Tia^f ““™'»mia® 

PHEBYi-OABBIZWE. Formyl deriva- 

ffrsC.H.N<W P20J. (2560,_ 

pheny|.hydra?i,fc of formic aldehyde (Frennd 
'^'1 Needles (from CS.) Br’ 

M ather. Decomposed by hoiiine 

^ Mi’aUehy®?* “'® P^Hydrazid. 

Aettyl deriyativt [940,^ 

J®™?-'* ■“ *5® “““or froi^etioalde- 

Propiohy^ derivative. [68° 

Beneoyt derivative CO< 




.014°]. 

(fro»HOAo). 

Phtayl-Mrbanle acid "4il,H,0,.C0,H, 



agio/ 


BaHium •atf f^.CO^k. Pnptrad b; 
trewng iij Boiiam phen^late in the sold tor » 
nofth with CO. until it w token op the caloo- 
lated qnsntit; of the goa. The prodoot is a very 
hjgroseopio powder. tt 

■ Jieactio?u.—l. WiO^aater it gives off half 
its CO, in gaseous form; 2PhO.CO,Ns+H.O 
-PhONa^PhOH+NaHCO,+ 00,-2. At Wb' 
It splits op into 00, and PhONa.—S. Heated 
rapidly to 1804200° it gives off smaller quanti¬ 
ties of CO, together with phenol, the reqidue 
being sodium salicylate.—4. In a sealed tube, 
at 120°-180° for sefcral hooks it changes com¬ 
pletely to sodium saiicylaft; C,H,O.CO.,Na 
= C,H,(OH)CO,Na (B. Schmilt, J. pr, [2] 31, 
t08[. • 

Di-phenyl earbonate 0„H„0, {.«, CO(OPh), 
78°] (Kdlnp^. or. [2] 1,404; Hentscbel, J. pr-J 
:2] 27, 41; K,»316); [88°] fBiohter, J. i»'.,[2] 
27,41). ( 893 °). Formed by passing GOCl, into 
in aqueons solution of HaOPh, or into (Ihenol 
lontaining AlCl,. Formed also from ClCOjCCI,, 
ihenol, and AlCI,. Needles (from alcohal)f*j 
Ucoholio ^tash forms phenol and K,CO,. 
faSJlt gives NaSPh and (£tS) 2 CO (Seiffert, 
/.pr. [2) 31,464). • 

e flc/crcMcej.—bi-BBOuo- "and Nimo- phenvl 

OIBBONATS. 

DIPHEHYt o-CABBOXraC ACID 0„H„0, 
4.S. C,H,.C,H,.CO,H [1:2]. PhenyUbetisoie arid. 
Mol. w. 198. [111°]. Formed by potash-fusion 
from diphenylene ketone (Fittig a. Ostermaier, 
S. 6, 933; A. 166, 374; Schmitz, A. 193, 115). 
Formed also, together with diphcnylenS ketone 
oxide, by distilling sodium salicylate with tri¬ 
phenyl phosphate (B. Bichter, J. pr, [2] 28, 305). 

, Small needles (from hot alcohol), m. sol. hot 
water.—KA' aq.—Ba A', aq.—CaA',2aq.—Ag A'. 

Mlhyl ether Et^'. (800°-305“). 

Te^ahydnid^ 0,H,.C,H„.C0.,n. Phenyl- 
hexamethylem earboxylte add, [405°]. Formed 
by heating the corresponding dicarboxylio acid, 
and by the hydrolysis ol phonylhezamethylenyl 
methyl ketone Aiarboxylio ether (Kipping a. 
\Vt H. PerKn-iuih,.C. /.‘ST, 319). Bosettes of 
crystals (from ligroln).—AgA': ^orphous pp. 

Diphenyl m-carboxylie acid 
C,H..C.H,.CO,H. [161°]. Farmed by oxidation 
by cnroraio acid and HOAc from [1:3] C,H,Ph,. 
from C,H,PhMe, and from 0,H,Ph.CIl,Br 
(Schmidt a. Schultz, A, 20^ 132; Adam, A, Ch, 
[6] 15, 243), It is also a product ol the fusion 
of benzoic acid with potash (Barth a. Schreder, 
U, 8, 808). Lea&ets (from alcohol), si. sol. 
water. Fields isophthalic acid on oxidation.— 
KaA', 2aq.—CaA', Saq.—BaA', 3Jaq: needles. — 


sfAerEtA'. (above 360°). Oil. 

Diphenyl p-oarboxylie acid C,H,.C,H,.CO.,f^ 

[216°]. Formed by saponidoation of its nitrile, 
which is got by heating potassium diphenyl 
sulphonate with EOy in a current of dry CO, 

(Boebner, A-ili, 109). Formed also by oxida¬ 
tion of [li] 0,H,Ph, or [1:41 OAPhMe 
(Multz, i. tti, 213 i C&melley, 0, /. 87e718). 

It is also a product of the fusion of benzoic acid 
with potlsh. TJgfta of needles (from alcohol), 
r, el. sol. hoFwater, May be sublimed. Fields . 
lercmhthalii^oid on oxidation—BaA',—CaA', a Formed by eaponifioatlon of its nitrile [I68°] 


^Bthyl riAsrEtA'. [41 
[86°], 


Prisms. 

Grysm*. 


11 

Anilide (M4°]. ‘ dot by 

heating 0„H,.C(N0H).0,H, with HOAc, Ao,0, 
and dry BOl at 100° (Xofler, 12, 503).', 
Diphenyl di-o-carboz^lle.Ba|t 0,,H„0, U, 
[2:l]OOJff.Cya,CA-C0kHai:9]. Diphmieaad. 

Mol. w. 242. p^°]. Formeu by the oxidation 
of pbenanthraquinone or phenanthrens (Fittig 
a. Ostermayer, A. 166, 361 •, Sdhmitz, A. 19%. 
116). It is also produced when phenantbra- 
quinone is boiled with cone, alooholio potash 
(Ansohiitt a Schultz, A, 196, 50 p 208,* 97). 
Plateff or pAsms, m. sol. hot water. May be 
sublimed. By exhaustivq oblorination with SbCl, 
it xields perchloro-dlphenyl, together with a 
smdil qtun^ty of perchlmo-benzene (tiers a. 
Weith, B, 16, 28^). Distillation over with 
red-hot CaO wids d^henylene ketone; distilla¬ 
tion with CajOH), gives diphenyl. , * 

Salts, —BaA"4eq: v.sol.water.—CaA" 2Jaq. 
—MlgA"4aq.—Ag.,A": bulky white pp, 
•Methyfethere Me/k''. [73-6°].-MeHA". 
[110°]. Pldtes, m. sol. water. Got by boiling 
the anhydride wi|h MeOH. 

Bthyl ethers Et,A". [42°]. CryJlals, 
ins^.A* (Hummel, A. 198,128).—EtHA". [88°]. 

Anhydride 

Formed by boiling the acid with AsCl or AihO 
(Anscbatz, B. 10, 1884; IS, 1802 : Qraebe, 
B, 20, 848; A, 247, 261). Needles, insol. 
water, sol. alcohol. Decomposed by heat into 
CO, and diphenylene ketone. ELSO, at 100° 
forms diphenylene ketone carboxylic acid [217°]. 
Phenyl-hydrazine forms the orystallinecompound 
C0.,H.C,H,0,H,C0.N,H,Ph [174° cor.] which at 

260°yiBldag<^‘;^N.NHPh[160°]. Benzene ’ 

and AlCI, form an acid [148°]. 

Chloride C,A(C0C1), [98°]. Formed 

from the anhydride and PCI, Fields di-oxy- 
phenanthrene on reduction. 

Amide C„H,{OO.NH,), [212°]. Formed 
by warming the imide with cone. NH,Aq. 

Amic acid 0„H,(C0,H)jC0Nm. [193°]. 
Oot by boiling the anhydride with NH,Aq. 
Plates (from alcohol). Converted by heat into 
the imide. 

Imide c'h'.CO^**®- “ 

above, and also by the action of cone. HGIAq 
on the mono-oiim of piicnanthraquinons 
(Wegerboff, A, 252,18). Needles*(from alcohol), 
si. sol. hot water. Fields an acetyl derivative 
[92°], and forme 0„H,0,(NNa), 0„H,0,(NAg), 
and C,, 


j,H.O(NMo). 

Diphenyl om-oicarboxylic aeld 
[2:l]CO.;H.C,H,CJE[,CO,H[l:3]. Isodiphenie, 
acid, [216°]. Formed by fusing diphenylene 
ketone carboxylic acid with potash (Fittig a. 
Lieppmann, B, 12, 163; A. 198, 155; 200, 9). 
IfeetUes (from hot water). Fields diphenylene 
ketone on heating with lime, dives isopbthalie 
acid on oxidation with OrO,.—BaA" 6aq. Cryt-' 
tallioe.—CaA" 2aq.—Ag,A";pp.,sl.sol.hotwat« 
Methyl ether Me,A". [694°]. 

Ethyl ether EtX- ThiokM 
Diphenyl qp-di-carbo^lic acU 
[2:l]CO,aO,fl,C,H,CO,H[l:4]. [262°]. 


which is mt by Sandmeyer's reaction from Of- 
di-amido-mphenyl (Benland, B, 22,8018). 



u 
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8i|Anylil.m-MurboxTfla mU. [tbove 840*]. I fotmi (O^SOj.O,HJJJH,—7. Alooholie KHS 
Fott&M to th« action of nitions acid on 1 prodacea ( 0 ,H,.ti 02 .C^,),S. [124°]. 


ami^-dlphenji dfcwboxylic acid (Gtiess, B, 
9}, 982). , ’SiliaU ncUlc), almoct insol. cold 
watCT.—fiaA.” S^oq; cip^slline aggregates. 

Mpbcapl di.p.cartoxyllc acid 
t4:l]CO^.OA.O^,.CO^[l:4]. Formed by 
. (wponlflcatlon U its nit^e, and also by oxida. 
tUrn ^ ^ditolyl (Doebner, B. 9i 129, 272; A. 
172, mi). Amorphons powder, nearly* insol. 
mosf solvants.—CaA": insoluble pp.^BaA".— 
Ag^": white pp. ’ * 

Ethyl ethtr Et,h", [112°]. Prisms. 

17«rtJs 0,^.(CNjr [284°). Formei by 
beating potassium 4ipnenyl disulpix^atc with 
XGy. Needles (from mcohod). 

Diphenyl dicarboxylicacid a 
OA'OA(fiO»H), [1:3:6]. [c. 310°]. Formed 
by heating benzoio aldehyde with CH,.CO.CO,H 
and baryta-water [Doebner, B. 23, 2381 e 24, 
1780).' Crystals, T. si. sol. cold H#Ao. Yioida 
diphenyl on distillation with lime.—7BaA"4)aq: 
needles.—CaA".—CuA".. a 

Biphenyl tricarboxylic acid , 

0,AtO< i-s. COAO.H,.CA(COAi. aFotjoed 
by fusing diphenylene ketone dicaiboxylio acid 
with KOH (Bamberger a. Hooker, B. 18, 1036; 
A, 229,169). White crystnlline powder, v. sol. 
alcohol and ether, si. sol. hot water.—Pb,A"',; 
insoluble crystalline pp.—Ag,A"', white pp. 

Be/irenea.~hmi> 0 ; Baovo-, looo-, Nnao-, 
and On- nzPBxmo and pirnxirn, OAaaoxxuo : 
soms. _ ' 

FBBim-CZTTli-AHIHB v. GETn.-xi)iLi»)t. 

FEEKYIrdlHlXIDAiaO ACID o. Ouau- 

DONIO low. 

FHBim-CHIOBO-ACFIIC ACID v. OunoBO- 
{BBnTii-scBiro icm. 

PHXKTI CEIOXO-BENZYL OTONE 
0,H,.00-0HC1.C,H,. [66°]. (Curtins, J. pr. [2] 
44, 647). Formed by reducing phenyl dichloro- 
bensyl ketone with iron and acetic acid (La«ho- 
Titoh, B. 17,1163). Y. sol. alcohol. 

Phenyl dl-ehlcro.bensyl ketone 
CA.OO.CC1,O.H,. [71°]. (Zinin, A. 119,177); 
rei^ (L.). Formed-from benzil and PCI,. 
Prisms (from ether). Beduoedhyzino and BCl 
to phenyl benayl ketone. 

FEENTL SELOBO-BENZTL BDLFHONE 
0,H,.CO.0HC1.0,H,. Formed by heating benzyl- 
idene chloride with C,H,.SO.,Na and alcohol at 
160° (Otto, J. W. [2] 40. 617). Noodles (from 
HOAo), el. sol. not alcohol. 

FBEETL-OELOBO-ETEAirE v. Cblobo- 

XTBtn-BKNZXNX. 

PEXim. OEIOBO-ETHTL OXIDE v. 
.Chloro-tthyl derivative of PHusot,. 

PHENYL OHLOBO-ETEYL 8DLPH0NE 
OA-80rCH,.OH,Cl. [60°). Formed by the 
action of PCI, or PCl on phenyl oxy-ethyl 
sulphone (Otto, /. pr. [2] 30, 197). Six-sided 
tablets (from bmzene), si. sol. water. 

BeacUom.—l. Boiling with alcohol and Ag,0 
^Tsrts it into OA.SOrCAi^H- — 2. By 
noting with QAZO^a in alcoholic solution it 
is converted into (C,H,.S02),G,H4.—3. Sodium, 
amalgam reduces it, in alcoholic solntion, to 
benzene sulphinie acid.—4. Alcoholic NaOEt 
forma CA.SOrC,H,OEt6. Converted by 
heating m sealed tubes with dry Ag,0 and 
(lUMne into (CA-^rCliB<)iO-'-d. Ammmia 


Phenyl ehlorc-ethyl snlphons 
O.H..SOrCHa.CH,. [62°]. Formed by heating 
aqueous CH,.CCIf.CO,Na (1 mol.) with sodium 
benzene sulphinate (2 igpls.) at 100° (Otto, J.yr. 
[2] 40,632). Crystals (from alcohol). 

PHENYL-OHLOEO-IXESASN v. lexTrer. 

PHENYL CHLOEO-METHENYL DI-ETHYL 
TEI.8OLBH0NE CCI(SO,Ph)(S<J,EtV [130°J. 
OotAiy chlorinating CH(SO.,Ph)(SO.,Et ).4 (Laves, 
B. *6, 363). Plates, si. sol. hot water. 

TEI.PHENYL«raOE0»HETHEHYL TEI- 
SDLPHONE CClTS0.Ph),. [200°]. Got by< 
chlorinating CH(SO,Ph), (Laves, B. 26, 350). 
- --^--^I-MBTHYL «EI0KE v. 


PHENYL C: 

w-CuiZ>ItO-ACETOPnzNONZ. 

, PHENYL CHLOBO.EETHYL EHLPEONE 
C.g,.SO,CH,Cl. t63“]. Formtt to boiling an 
aqueous solution of C,H,80,Na (2*mol8.) with 
CHClJ!CO,Na (1 mol.L the yield being nearly 
the theoretical quantity (Otto, J. pr. [2] 40, 627; 
ffi. 21,666). Formed also from 0,H,.8O,Na and 
CH,,C1,. • 

Phenyl di-chlcro-metbyl sulphone , 
C,H,*0.j.CHCIr [09°]. Formed by treafdicnt 
of C,H,.SOj.CH,.CO,H with Cl in diffutwd day* ' 
light (Otto, J. pr. [2]-40, 641). Monoclinie 
prismatic tables, v. sol. hot alcohol. 

•PHENYL-CHLOEO-NAPHIHYL-AMINE. 
Be«zoplderii)afiueCANliz.C|,H,Cl, [152°]. 
Formed from NPhBz.C|„H, and PCI, (Claus a. 
Bichter, B. 17, 1590). Needles, sol, alcohol. 

PHBH YL - CHLOBO - NITRO - PHENYL. H Y - 
DEAZINE C,H,.N,H,.C,H,Cl(NO,) [1:4:6]. .140°]. 
Formed from phenyl-hydrazine and C,H.|Cl(NO.j, 
in the cold (Willgerodt, J. pr. [2] 37, 366). Bed 
prisma (from alcohol and ether). 

• PHENYL TEI. CHLOEO - OXY - PBOPYL 
EETONE C.H,.COCH,.CH(OJI).CH,. [6«°] and 
[77°]. Got fiom acetSphenone, chloral, and 
HOAd (Koenigs, B. 26, 296). V. si. sol. water. 
Converted by 11,80, into C,H,.C(tCH:CH.CCI, 
[ 102 °]. • • ^ * 

PHENYL CHL0B0.*PHENFL HYDEAZIiTe 
0,I1..N.A.C.H,C1 [1:4]. [90°]. Formed by re¬ 
ducing 0,H,.N,.C,H,C1 with alcoholic ammonium 
sulphide (Heumanp a. Mentha, B. 19,1688). 
P^NYL CHLOBO-PBENYL KETONE v. 

CnLOBO-BZNZOPHKNONV. 

PHENYL-CHLOEP-PBOPIONIO ACID v. 
CHWKO-PHUNSL-PnOPtOJBO iCID. 

PHENYL w-CHLOBO-p-TOLYL KETONE 
C,H,.CO.O,H,.CH,C1. Beneoylbemyl chloride. 
[98°]. Formed by chlorination of phenyl p-tolyl 
ketone at 110° (Thdmer, A. 189, 89). Silky 
needles (from dilute alqohol). May be sabliq|pd. 
On further chlorination at 136° it yields phenyl 
diehlorotolyl ketone or benzoyl benzylidene 
fthioAde CA-CO.CA-CHCl, [95°] and, at 165°, 
phenyl tri.chioro-talyl ketone or benzoyl-benzo- 
trichloride CA.CO.CACCl, [111°], which is 
converted by Hll, into C,H,.CC1,.CA.CC1, [80°] 
crystallising in thin plates. ^ 
PXENYL.*CHEY8YL-THI0.DB1A 
0ANH.0S.NH.C„H„. [186°]. Formed from 
phenyl-thiocafbimide and ohgysylanine and 
from chrysyl-thiocarbimide and aniline in benz. 
Uns solution (Abegg, B. 24, 967). Qiyetals. 
r PHENYL-OIHOHOHIO AMD \ Pmxrj, 


qc»onrax,04BBOZiuo la^. 



niENYW)UMINYL.UREA, 
FHBKTl.CMCHoinnfcrB 0 ,A,PhN, 0 . 

Fomed in two modifications (an oil, sol. ether, 

Mufan Wo^hons powder, insol. ether) by heat¬ 
ing oinohonidine with aniline (Gians a. Biitcke, 

B. 18, 2194). Both give B'Ta?PtCl, 2aq. 

• PHSlfn-CimtAJOB ACID 0„H„0j ».«. 
C^,.CH;OPh.CO^. [170°]. Formed by saponi¬ 
fying the nitrile or heating sodium phenyl- 
acetate with banzoie aldehyde and Ac^O at 150° 

(Oglialoro, 0.9, 429). Needles, sol. aicohol and 
ether, T. si. sol. cold water, llednced by sodium- 
amalgam to efi-^-phenyLpropionio acid.— 


IS 


BaA',4aq: micaceous platc^ 
Methyl 'ether MeA'. 
14,114)... 


ff8°] (Cabella, O. 

, Needles {from dilute alcohol). 

Nitrile C^HjCHrCPh.CN. Phenyl-styrjfl 
cyanide. [87"^]. (3G0® cor.). Formed by the 
action of bcaeyl oyanide on benzoic aldehyde om 
benzylideng emorido in y)resence of 
solid NaOH (Bossolymo, P. 22, 12B5; Meyer, 
A. 250, 124; Janssen, .250, 129; Nefire, A. 
250, 155j Frost, A. 250, 157). White plates 
(from alcolml). Yields CHPhBr.CrhBr.CN [IBOtI 
and CHPha.CPhCl.CN. [IGS^J. | 

• Carboxylio acid. Imide 




c(cnph).GO 
NH' 


[174®]. Formed by heat- 

ingthe imide of carbozy*phenyl*acetio acid (vol. i. 
p. 700) with benzoic aldehyde (Gabriel, B. 20, 
1205). Needles. * 

Iteferencea. —Niiao- and On- phbstl-cin- 

NiSinv ACID. 

PHENYI-CINKAMYL-HYDBAZINE 
CHPh;CH.CHj.NPh.NII, [64°J. PorAed from 
sodium phenyl-hydrazine and cinnamyl bromide 
(Michaelis, 1>, 22, 2238). Crystals. 

PHENYL-CINNAUYL KETONE v. Pnxmi, 
HTtatl, KBTONX. 

PHENYL-p-CODKAElC ACID [1:4] 
C.H.(t)H).CH 531100^. [219°]. Formed by 
beating p-oxy benzoic aldehyde* with Ac/) and 
sodium ph^yl-acetatg and boiling the resulting 
acetyl deriwrtivo with baryta.water (Oglialoro, 
V. IS, 17^.- -A^A': nearly iilsol. water. 

Acetyl ^ereitalive. [170°]. 

Methyl ether MeA'. [170°]. 

Ethyl ether IStX'. [152’’]. 

Methyl derivative. [489°]. Vol.iii.p.738. 
PHENYI.CODMAEIN C|,H,„0.,. ,[140’]. 

Formed, together with C.H,(OAo).CH:CI*h.CO.,H. 
by beating salicylic aUehyde with sodium 
phenyl-acetate and Ac,0 tor 8 hours at 150° 
(Oglialoro, O. 9, 428). Prisms, sol. ether. 

Mono-sulphonic acid C„H,0./S0,H) 2)aq. 
[263]. White needles (Curatolo, O. 14, 257). 
—BaA',.—PbA', 4aq: needles, m. sol. hot water. 

Di-tulphonic acid C,jH,0j(80jH), Gaq. 
[89°]. Deliquescent crystals.—liaA', 4aq: 
while prisms.—PbA'j 6eq: needles, v. sol. water. 

PBENYL.CE0T0N1C ACID 0„H,.(3, t.e. 
C,H,.CH;CMe.CO.H. Pheriyl-methaerylie acid. 


action of Ns on beSiyl propionate (Conrad a. 
Hodgkinson, A. 193, 814). 

Transparent plates (from (tloohol), si. soL hoi 
water. When prepared by PerUg,', method A ap¬ 
pears to be aooompanied by an isomeride [7d°J 
0 r;)'ataIlisingin needles, whi^ iauconverted into the 
acid [89°] by frequent reorystalUsstion (BaikoS, 
B. 20, 3396). Yields methrohol (q.v.) when, 
heated with dilute H,80,. Broi&e forms 
CHPI.Br.CMeBr.CO.H[137°](K8rner,B.ft,276). 

S|lti.-^^A',aq: very minute* plates.— 
BaA'j 4aq; uniall white crystals, got by slow 
cooling.—AgA'. 8. •374. Needles. 

Methyl ether Mek'. [89°]. (254°). 

j4«ti4e^28°] (Edeleano, B. 20,619). 

Phenyl-isocrotimio sold 
C„H,.Cn:CH.«H,.C(]^. [S6°] (J.); [88°] (B. a. 
<D.). (302°). Formed by heating ^nJoio alde¬ 
hyde with succinio anhydride and sodium suo- 
cinate (I’orkin), the yield being 2 p.o. (Jayne, A. 
21ti, 100). • Formed also by heating phenyl: 
trimethyleSe trioarboxylio acid 0,H.jPh(CO^), 
in aourrentof atl90° (liuehnera. Dessauer, 

B. 2j, 1155), Prepared by heating benzoio'alde- 
hyde with sodium succinate and Ao,0 at 125°, 
and separated from phenyl-paraoonio acid by 
solution in CSj. Dong thin needles (from water) 
or prisms (from CSJ. When hestodjrith H,60, 
(4 pts.) and water (4 pta.) it changes to Iho 
isomeric phcnyl bulyrolactone and an acid [179°] 
(Erdmann, A. 227, 257). Yields •y-phenyl-n- 
butyrio acid [49°^ on roduotion. Boiling 
NaOHAq converts it into the isomeric 
TD,H,.CH,.CH;CH.C0,H (65°). Split up by long 
boiling into water and (a).naphthol. Alkaline 
KMnO, at 0° forms di-oxy phenyl-butyrio lactone 
(Fittig a. ObermUlIer, A. 268, 44).—BaA*, 8aq.— 
CaA', 3aq.—AgA': bulky pp. 

o-Phenyl-crotonio aoid CH,.CH:CPh.OOJH. 
Methylatropie acid. [185°]. Formed by heat¬ 
ing sodium phenybacetate with paraldehyde 
and Ao,0 (Oglialoro, O. 16, 614). Minute 
prisms (from water), sol. alcohol and ether.— 
AgA': m. sol. hot water. 

Phenyl-orotenio aoid 

C. H,.CH;C(CrgPh).CO,H. [168°]. Formed 

from sodium phenyl-propionate, benzoic alde¬ 
hyde, and Ao,0 at 160° (Oglialoro, Q, 20,162). 
Needles (from alcohol). o 

Reference.—Oir-rBEVTh-onoTOHts acid. 

PHENYL-CEOTONIC ALDEHYDE v. Phkntl. 

METnACaVLIG AliDEHYDE. 

PHENYI-CITMAZONIC ACID. 

C..H„NO. i.e. C.H.(CO,H)<°^p^ (?), 

[220®]. Formed by heating ($i4,l)-ainido-oxypro* 
pyl'benzoic acid with BzCl at 100®-120® (Wid- 
mann,B. 16,2585). White crystaU. Sol. alcohol, 
insol. water.-' HA-'H^SO^ 2aq: thin plates. 

PHENYL-CTyMIKYL'AMINX C,.H„N U 
CgHj.NII.CHj.C.HgPr^ [41®]. Formed by re- 


'a)-Jifethyl’Cinnamteacul. [82®]. Formed by heat- ducing CgH,.N;CH.C,H 4 Pr (Uebel, i4. 245, 289). 

:_V_•.!. _:ai__•_1^ I 


mg benzoin aldehyde with propionio anhydride 
andsodiun^ropionate (Perkin, 0^ J.Sl, 391; 82, 
661). Formed also by heating benzoic ajdehyde 
, with A&O and sodium methyl-malonate; and by 
beatinftwnzoio aldehyde with senium propionate 
and HOAc or Ao,0 (Stoart, C. J. 48, 404; 
Slocum, -4 ^87,57). Obtained also by oxidatiqp 
eot the eorrespondlng aldehyde (Miller a. Ein- 
kAin, B. 19,526). Jt is alro a product ^f the 


Plates or prisms. Yields a nitrosamine 
C,.H„(NO)N [94°1.-B'HC1: white crystals. 

PHENYl-CDMINYL-THIO-lIEEA » 
C,H,Pr.CHrNH.CS.NHPh. ’ [100°-106% 
Formed from cuminylamine and pbenyl-tBio- 
carbimide (Qoldschmidt a. Oessner, B. 20,2416) 

PHENYL-CDHINYL-VEEA C,,H„N,0 ie. 
C,H,NH.CO.NHC.,H,r [144°]. Formed from 
ouminyl oyanate and aniline (Saab, B. 8,1161) 



M ^HENYIrCt)M3NSirt)l^ 


•nd IMIB plien)’] eyuata and oommylambu 
(Ool dichml dt, B. 80, MIS). Small neediei. 

taxm;.!)i.etrK^VAHi])UB 
liyhKJfflaO.^Cyi,)[l:4)), Pomed from di- 
oomTl-ihio-uraa and-amlise (FranokMa, B. 17, 
133«. •Basin. • • 

PBum xBToirx o„h,,o u. 

■OJB,.OO.O.H^e, 0:2!d:6]. (SSO"). From 

BsOl, 4.«umene, OS, and AlCl, (Elba, J. pr. [21 
86, 491! ef. Clans, il. 19, 3881); tba yMd is 
66 p.e. of Ike oaloalated. , 

Reaction.—1. Boiling prodnees*smalI quan¬ 
tises of needles [180“], probably (B. 2,8)- di 
methyl-anthraquinone.—8. Cone, or fneyng 
H-80, at 100^ formskenzoic acid aiad k-onmene 
sulphonic acid C,H.,Me,(SA,H) [1:2;4;6].—8. 
Faming mixed vitjf 11,,S]0, gives two 

isomeric *trianitro-derivatives; one [185'} i^| 
V. el. sol. alcohol, the other [155'] is m. so), 
alcohol.—4. Dilate nitric acid forms benfoyl- 
trimellitic acid, C,H,.CO.C.H,(C3lH), ahd 
CA.CO.C,H,Me(CO,H), 

nsnyl cnmyl ketone •0,H,.C0.C,H,Pr. 
(ddS*} at 738 mm. Farmed from curainyl 
chloride, benzene, and AlCl, (Smith). eViglds 
two oxims [106°] and [1S2°], the latter of which 
forms an acetyl derivative [90°]. 

.Fbenylen-onmyl ketone. 0,H,.CO.0,H,Pr. 
(846° at 716 mm.). Formed from n-cumene, 
BzCl, and AlCl, (Smith, B, 24, 4033). Prisms. 
Yields two oxims [130°] and [104°], which yield 
acetyl derivatives, melting at 116 and 66°. 

PBEBTL-k-OKHTL-XSTHANE CAX30XT-. 
LIO ACID [1:2:4] C,H,Ma,.CH,.C.H,.COJl [1:2] 
[186°]. Got by running C,H,Me.CO.C.U,.CO,H 
with Zn and NH,Aq (Oresly, A. 234, 238). 

DI- PK£irYX,-k-C11HYI,-l[ETAFYXAZ0LE 
imAHYDEIDE C„H,N,m. 

C,H„.CH<:^^^><^, [126°]. Formed from 

2 >>oammio aldehyde and di-pheny]*6thylene°diw 
aihine at IDO’’ (Moos, S. 20,733). Silky needles. 

FHSHT£>i^-CirKn-UBBA C„Hi,N.O U. 
NHPh.CO.NHC,H^e, (211^. Formed from 
^•oami^e ana phenyl oyanate (Goldsohmidt 
a. Bardaoh, B, 25,1361). White needles. 
PKBITTLwOTAHAXIBE v. Tol. ii. p. 316. 
Bi-phenyl-OYanaalde O.iHigN, G(NPh) 2 . 
Carbodiphenylmide, Mol. w. 194. (331'^ cor.). 
Formed by* warming a solution of s-di-phenyl> 
thio-orea in benzene with llgO (Woitb, B. 7, 
10i 1808 ; 9, 810). Syrup, drying up to a 
vitreous mass.* Changes spontaneously into an 
opaque polymeride [170°] resembling porcelain. 

BeocftoM.'-l. xloillng dUuU <^o7tol con¬ 
verts U into <-di'pbenyi;Urea. —2. Aniline yields 
(«)-tri-phenyl-guanidine.—8. H^S passed into its 
solution in benzene forms CS(NHrh),.—4. s-Bi- 
at 150° forms phenyl-thioearb* 
Wde and (a)-tri-phenyl'guaDidine.—5. Di^^ 
phenyUurea at 150° acts in like manner, forming 
phenyl oyanate and tri-phenyl-gaanldine.— 6. 
Phenyl-h^ratifie at 12(!r forms the conipound 
0^}N~0(NHPh), [204°] which gives the salts 
B^Gl, B'AWl. B'H.80„ and is con- 
V6^, by heating with phenyl-hydrazine at 
18^, into [200°], which gives the salts 

B'^GL and Ba2H^t01«. The oomponnd 
P|iM,:0(NHPbk is oonvcrtM by heating with 
ptoyl-thioeubimide at 190° into OkH,N,8 
ll7(°J, and by heating with di-p-toIyl-oyaBamide | 


into OJLJf, [128°], which gives the salts 
B'^H-CCwad B'gSHjPtOL (Wesset. B. 2L 2^2). 
% Huy passed into its solution in benzene forms 
0„H„N| orystalliang from alcohol in prisms 
[137^. A little m its solutiqp in H^SO^ mixed 
with water is coloured^deep blue by NaOH 
(Laubenheimer, B. 13, 2155).—8. Tolylene-c- 
diamine at 135° forms OjoHjoN, [161*] which 
yields [174^ (Bahm % Oasiorowski, 

B, 19,8057). 

(SiaU.—B'HCl. Needles (from benzene). 

^i.phenyl-di-eun-di-amide G^H,„N,. 
Formed from Niy*h.CS.NffO(NPh).NHPh, al 
Gohol, and HgO, and also by heatihg di-phenyl- 
guanidine at 175° (Kathke a. Opnenheim, B. 
23, 1678). Yellow needles (containing £tOH) 
(from alcohol).—B'nCl. Needles,’ insoL water. 
O-B^,PtG).2aq.-^',HjS0,2aq^ • • 

pefer ^ nce . —Oxy-phisnvl-cyanamipe. 

PHENYL CYAHATB o. vol. ii. p. 315. 

FHYim-CYAHIC ACID ti. Cvakio lorn. 

. PHENYL CYANIDE v. Bcnzomitrilb and 
rnKNYL-CAIinAMlNE. , ^ 

Di-phenyl dicyanide C„II„Nj ».e. 

PhC4^>CPh7 [162°]. Formed from bini- 
amidino and benzoic aldehyde (Pinner, 22,* 
1610; 23, 2925). Prisms. Changes at 2C0°> 
27ft? into cyaphenine. 

THENYL-CYANUEIC ACID v, Cyanuric 
acid in the article on Cyanic acid. 

PHENYL-p-CYMYL-CAEBINOL 
CA-CmOH).CA(CH,)(C,Hy) [1:2:5]. (.327° un- 
cor.). Pnrmed by reduction of phenyl p-cymyl 
ketone (Claus a. Elbs, B. 18, 1798; J. 'pr. [2J 
35, 497). Thick colourless oil. 

PHENYL p-CYMYL KETONE C„H„0 U. 
CgH 4 .CO.C.H,MePr [1:2:6]. (224° at 40 mm.); 

(840°) at 760 mm. • 

Fomrtfton.—1. From eymefio by hlating 
with benzoic aKd and (Kollarits a. Merz, 

B. 6, 646).—2. From oyenene, Bz(J, and ziuo 

(Grucarevio a. Merz, B. 6, 546, 3 . From 

oymene, BAJl, CS^* and •AlCl, (Klbs, /, pr. [‘1] 
35,494]. •• • • 

Pfop^r^ies.—Eollowish oil, v. sol. alcohol 
and ether, m. sol. HOAc. Very slightly volatile 
with steam. • 

.Bcttclions. — 1. Bromine and iron powder at 
140° give benzoic acid and bromo-cymone, 

C, H,BrMePr [1:2:5] 8832°].-2. Cone. HSO, 
andKNO,give an amorphousdi-nitro-deriva- 
tive.—4. Dilute HNO, give? benzoyl-tereph- 
thalio acid.—5. Concentrated H^SO, at 100° 
gives benzoic acid and cymene sulphonic acid, 
C,H,MePr(SO,H) [1:4:2]. 

PHENYL-CYSTElNE 0,H„NSO, U • 
CH,.C(SPh)(NH.,).CO,H. Formed by boiling 
phenyj-meroapturio acid with dilute H,SO^ 
(Baumann a. Preusse, 27.5, 837). Plates (from 
NHjAq) or six-sided tables (from wateV), v. sol. 
acids and alkalis, si. sol. cold water. Yields 
phenyl mercaptan on boiling with N|dHAq. 

.Rc/erence.'Y'BnoHo-PHENTz.-o'reTEiNB. 

PKCNYL-DECOIO ACID. NitAle 
C,^,.OH(C,H,y).CN. (828°). Formed from 

bwzyl cyanid^ octyl iodide, adl NaOH (Boe- 
solymo, B. 22,1287). Yellow oU. 

• PHSNTL-DDBYL-OABBnrOL 
[6:4:8:2:110,HMe..0H(0B).O,H,. (above e60°)» 
Formed by seducuon of p^^yl ifo-doiyl keiSae 
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[Bauer •. Oo*»m,’J 5 J. t*] 17 *! 

nel^ tn aettyl itrivativt boiuu) 
•60”%Bia btHMoyl dtrivativt |7*°J- 
»I - FHXBTL DUBTLENE OIKETOITE 
3,1^0, »,«. (0,H,.00).,C,Me,.* [270®]. (above 
180®). Pormed from d*ene, BzCl, and AlCL 
Friedol a. Crafta, A. Ch. [6] 1, S12). Prisms. 

PHEVn, OVBTI KETOEB t.«. 

J.H..CO.C.HM%. [119®]. (343®) at 725 mm. 
Jot from durena, BzCl, and AlCl, (Friedel a. 
’rafts. A. Ch, [6] 1,611). Aoioular prisms, v.® 80 l. 
farm alcohol. Bednoed by MI and P to C„fe. 
60-6®] (310® at 710 mm.), ^.rforms C,,H,ir,0 
226®] and other products. 

Phenyl |^oduryl ketone. [63®]. (300°). 

-'ormod by the action of BzCl and AlCl, on the 
isodmen^ derived from toluene (Essner a. 
Qossin, [2^ 4^, 170). Suipessive treatment 
with HCy 8»d alcoholic potash gives the aaid 
CaHMe,.CPh(OH).COaH, sol. water and alqphol. 
PHEBTLEES. The fedicle C,H^. 
PHEHYIEHE-ACETAMIDHTE 

[170®] (H.)! [175®] (L.). 
Formed by boiling phonylene-o-diamina awith 
feduoing 0.»,(NO,)(NHAc) with 


I VOAc, OT by reducing 0.»,(NOJ(NHAc) with 
tin and»H01 (Badenburg, B. 8, 077; Httbner, A. 
209, 3.53). Needles.-B'HC1.—B'APtCl.an.- 

Phenylene - di - acetamidin e 0,„H„N, ie. 
[1:4] C.H,(CHrC(NH).UH.Jr [182']. Formed 
by the action of alcoholic NII„ followed by 
NaOHAq, upon the hydrochloride of phenylene- 
di-acetimido-ether (Glook, B. 21, 2000). Plates. 
0-PHENYLENE.M.ACETIC ACID C,JI„0, 
,i.e. [1:2] C„H,(CHrCO,H),. Mol. w. 19t. [WO®]! 
Formed by saponification of its nitrile by 
boiling with dilute H,SO, (Baeyer a. Pape, B. 
17, 4411. Slender peedlcs, v. sol. alcohol, m. 
sol. cold water—Ag,A'' f insoluble pp. 

. C.H,(CEL.pN)r [60°]. Formed 

by the aotionSoi! KCy on di*(tf'bromo*o>xyleno. 

m-Phenylenenii.aceticacide.H,(CIi.;.CO.,H).. 

[ITO®]. Fc»nmd IjfWioiling its nitrile with alco¬ 
holic potash (Kipping, C. J. 53,42 ; B. 21, 42). 
Needles, v. sol. water.—Ag,A" : white pp. 

C,H,(CH,.CN)r .[29®]. (308® at 
300 mm.). From^l:S] O.H,(CHBr)j and KCy. 

p-Phenylene-di-acetlcacid C.H,(CH,.CO,H).,. 
[241°]. Got from its nitrilg (Biedermann, B. 6, 
703; Klippert, B. 9, 1706; Kipping, 0. J. 63, 
44). Needles, m. sol. water.—CaA"2aq.— 
CaA''8aq.—BaA"2)aq: needles, v. sol. water.— 
ZnA'.—CnA".—Ag,A": white amorphous pp. . 
AJfAcrs.—MojA". [67°].—BtjA". [68®]. 
Chloride, Oil (Klippert). 

Amide, [above 290°]. Plates and needles. 
mtrile 0^,(CHj.CN), [96°]. Formed 

®'> C.H,(CH,Br)’ 0 ? 
“^dOHgCl), Three-sided prisms (from other), 
^raholio ammonium sulphide at 100° converts 
iLea^ 6Ig^(^!j.CS.NH^, [200®] which crystal- 

Di-ph«ylMiMmeti« aeid §|]^^CH.COjH. 

Bormed^y heating clJfCfOBn.CO.H 
m«i HI and P aUdO® (Priedlinder, . 8 . 10,6.36). 


JBihyl ether ElX', [166®]. 

■Be/c rcnce.— Oii-ppHaKTmni-Aeano acid. 

• p-PHEmiNE DI-AOEipiIOO-ETHEB 
TPhe-hydrochloride 
B 2HC1 [above 240®] fqymed by the action of 
alcohol and HCl on C.H,KHrClf)„ crystallisea 
in needles (Glook, B, 21,2860). It is insol. ether. 

o-PHEHYEENE-DI-AOaiilcr ACID 
C,H4(CH:OH.COaH)2. [above 800®]. Bprmed 
by boiling 0,H,(CH„CCl(CO^t)J. with afioholio 
potash (rerkin, C, J. 63, 14; B, 19,arf35). SI. 
sol. wdter, v.^1. sol. alcohol.—AgA": pp. 

p-Phenylene di-aerylic acid 
CA(OH:CH.CO«H)r [810®]. Obtained by 

sapdhifyiijg tte mono-ethyiether HEtAK[200°] 

, which is got by haating p-aldehydo-oinnamio 
ether with NafiAo and Ao,,0 (I,6w, A. 231,377) 
A Sot also by boiling c!Tl^CH,.CBr(C^)J, with 
I alcoholic potash (Kipping, 0. J, 68,41). Yields a 
tetrahromide crystallising in needles.—Ag.A". 

ffHENYliENE - DI - ALtYL - DI - THIO - DI - 
UHEA C.HjtNH.CS.NHC.H.),. The o- [169°], 
[195°], and p- 1BOO°] oom^unds ara formed 
by heating thpcorrespondingphenylene-diamines 
with algobol and allyl-thiooarbimide (oil of 
mustard) at 100® (Lollmann a. Wfirthner, 

A, 223, 201). The o- and p- compounds decom¬ 
pose when heated. They are all sol. HOAc. 

o-PHENYLEKE- DI. AMIDO - DI - ACEliO 
acid [l:2]CA(NH.CH,.CO,H)r The ether 
EtjA'^ [1S6®] is got from o^phenyleno diamine and 
ClCO;(Et (Zimmormaiyi a. Knyrim, B. 16,616). 
m-Phanylens-dl-amido-di-aeetic acid 

EtjA [78°] IS got by heating m-phenylene- 
diamine with OHjChCO^fEt (Zimmermann' 

B, 15, 618; 18,614). It is converted by cone. 
HClAq into orystalline H A"H,C1, T, sol. water. 

p-Fhenylene-dl-amido-di-aeetie acid. The 
ethyl ether Et,A" [88®] and the hydrochloride 
HjA"H,Cl, are' formrf in like manner from* 
p-ph^nylone'diamine. 

o-PHEHYtENE-DIAMINE [ 1 : 2 ] O.H,(NHJ„ 
Mol. w. 108, [104°]. (252°). Prepared by re^ 
duoing o-nitro-aniline with tin and HCl (Zincko 
q. Sintenis, B, 6, 123; Vignon, Bl, [3] 2, 
676; Sandmeyer, B, 19, 2654). Formed also 
by heating the corresponding di-amido-beuzoio 
acids with baryta (Oriess, J, [2] 8, 148: 
Salkowski, A, 173, 58) and by the action of tin 
and HCl on bromo-o-nitro-aniline (Wurster, 

A. 171, 63; Hiibner, A, 209, 360) and on 
o-di-nitro benzene (Zincke, B, 7, 1874). Plates 
(from water) or tables (from chloroform), y. e. 
sol. hot water, alcohol, and ether. 

Beactions ,—1. FoCl, added to a solution of the 
hydrimhloride forms di-amido-phetiazine hydro¬ 
chloride, which crystallises in mby-red needles 

C, JH„N,HC1 (Fischer, B, 22, 866).—2. Pun. 
catechm at 200® forms phenazine 0,H,:N,:C,H,. 

{$)‘Naphtho^uin<M$ forms naphthophenozinn 
Ci#H8:N,:C,Ha.—4. Cyanogen gu forms OJLNAft 
yellow crptallin^wder [o. 280^, si sol water, 
forming B'.^^tCt8aq and B',H^tCl,aq. 
heating with HCl it is converted toto OyHyN,0 
[280®] and di-oxy-qainoxaline (BlaSn, BL [2] 42, 

104; B. 18, 672).^—6. The aulphocyanide is con 
verted by heat into a mixtnrs of phenyloM 


o^_„ . . 7 ’— Av, v.w;. I uj uoM into B suxtars 01 pbenviene- 

B^l erys^ aloc^l). DeMmposed by itiiio-area and thio-nrea (LeUmann, 4:221,^8).— 
witff soda-luae into COg and dumeno.— 7 0. KNO, added to a very dilute solution of the 
AnitaB ttOfitable pp* l an 1 mVia»a _ 1 _t_• .««««•« 


I s , * * wAAuw Bviuuva gi ine 

folphate fonns ^amidoazophenylene' OgH^Kg^ 
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-.^•.Muwttxrom beftz^ntin pearly white 
noedlei (Ladenburg. B, 9,319).—7. ICy 
fonna wbleh yield* the salt* B"HjCLi 

B"H012W B"2HN0, 2Jaq, and B"H,80*3iaq. 
and the D^nadyl deri^tiw C, 3 „BaN 4 , and is 
oonrerted by nitrous'aonl into 0„H,N.O, (Hflbner, 

B. 9,778; 10, 1716).—8. The hydrochloride is 
MDTeried by benzole aldehyde into dil^nzyl* 
idena<-||^yiene dihmine (C«H,(N:CHPh}, [184®], 
yieldia B'^l*tci„ B'HNO,, B H^O,. B'Mel, 
andTOtl 1313®] (Ladenbnrg, B. 11, WSST. 

Salts.—B''3HC1. Needles, t. tsol. 'n%ter.— 
B"^tCI,.-B"AS0,.-B"H,80,yaq: plates. 

iJi-aeeiyl derivative (J,H 4 (NHAe)^ 
;i 86 ®]. Long silky needles, v. sol. hot ilater 
and idoohol (BlstrzyCki, B, 28, IS?!). * 

Beneoyl derivativ* 0|^(NHJ(NHBz). 
[140®]. 4 Got by redaeiib 0 ,H 4 {N 0 .J(NHB: 5 ) 
with ammAxium snlphlde (Mizter, Am. 6 , 26). 
Minute crystals, eol. water. When the nduc- 
tioa is effected by tin and HCl t|)e product is 
bonzenyl-phenylene-diaraine (q’. v.). • 

Dibengoyl derivative C^HjiNHBz),. 
[c. di^®]. Thin prisms (from ITOAo) (Bistri^oki). 

Bi-p‘toluyl derivative * * 

C^ 4 {NH.C 0 .C,H,M 6 )^ [328®]. Got, ^ogfther 
with tolenyl'benzamidine OgH^tN^HiC.G^H^Mo 
[368®], by the action o/ p-tohiyl chloride on o- 
phenyieneMiamino dissolved in benzene (Hubnor, 
^.310, 838). Colourless needles, si. sol. alcohol. 

m.Ph*nyleae - diamine 0„H,(NH,)j. [63®]. 

(277® i.V,). Prepared by reduction of m-di- 
nitro-benzene or m>nitro-aniiine (Hofmann, Pr. 
11, 618; 12, 639; Zincke, B. 6 , 792). Formed 
also by heating s-di-amldo-benzoio acid with 
baryta (Wurster, B. 7, 214 ; Hilbner, A. 222, 86 ), 
and by the action of tin and HCl on (4,2,1)-di* 
nitro'benzoio acid (Wurster, B. 7, 149) and on 
(l,3,4)-bromo*di-nitro-benzene (Z.). Got also 
by heating resorcin (1 pt.) with ammoniacal 
CaCl, (4 pts. oontiuning 85 p.o. NH,) for eight 
hours at 275® (Seyewitz, 0. B. 109, 814). 
Crystalline, m. sol. water, v. sol. alooho/^and 
ether. Its solutions are alkaline in reaction. 
ENOg added to a solution of a salt of fn-phonyl- 
ene-^amine forms a brown pp. containing 
&H,(NH,),.N 2 .C«H,.NH 2 . a solution in dilute 
^^04 is coloured yellow by a trace of nitrous 
acid. A!dehy4p added to an alcoholic solution 
of »A-phenyleDe'diamine hydrochloride forms an 
orange-red colour, with a green fluorescence. 
From this liquid NHyAq ppts. di-methyl-phenan- 
throline tetrahydride Ci^Hi^N, (Girard a. Koques, 

C. B. 107.1158; Sohiff, A. 253, 828). Benzoic 
aldehyde in dcohol forms with the hydrochlor¬ 
ide the base CHPh(C 4 H 4 (NHj),) 2 . The hydro¬ 
chloride of tn-phenylene-diamine gives a crim¬ 
son colour when boiled with oxygenated water 
(Denig^s); in presence of ammonia the liquid 
becomes blue, but is turned red by NaOHAq. 
Hydrogen peroxide gives a bluish-green tini 

g iazeneuve, Bl. [ 8 ] 6 , 855). PbO, and dilute 
OAoglve a brown colour (Lauth, 0. B.'lll, 975). 
Alkaline NaOBr gives a maroon-redpp.^(I)emg58, 
B. B. 107, 662). CS, in alcohol at 85® forms 

yellow monooSnio prisms of 0 ,H 4 <^g^OS and 

several other bodies (Gucci, 0. 17, 628, 2667). 
The Bubhooyanide is converted by heat into 
0,H.(NH.0S.N^, (Lellmann, A. 23JL, 6 ). 
m-Pheoylene-dimine I* somewhat less poison¬ 


ous than the jx- isomeride ^Dubois a. VignoB] 
O.B. 107,633). 

Salts.—B^'HCI. Needles, v. sol. wai#, si 
sol. cono. H01Aq.-B''2H01.-B"H^tCl; 
needles. — (Gerdemann, Z. [2] 1» 

61 ).-B"H,SnCl,.-B"H^ 04 . 

Sydriodide: Mil^, C. J. 17,163. 
Dt-formyl derivative O 4 H,(NH. 0 HO),. 
[155®]. Small crystals (Tobias, B. 16,3447). 

Mono>>acetyl derivative^ 
OA(Ntt 4 )(NHAc). Crystalline solid, v. sol 
water (Wallach a. Schulze, B. 16, 3020).— 
B'HCl. [280®]. i • • 

Di-acetyl ^derivative C 4 H 4 (NHAo)j.s 
[189®] (Kelbe, B. 16, 1200; ef. BarbagUa, B. 7, 
1267). • 

Mono-hensoyl derivative 
,OJH,(NH,)(NHBz). [125®] (Bell^B.*7, 498); 
[260®] (Huoner, A920B, 298). § 0 ? by reducing 
C,l![ 4 (NO.j.NHBz.-B"HCl.-B"HBO,. Needles. 

Di-beneoyl derivative C.iH,(NHBz),. 
[240®] (Buhem^nn, B.*14, 2651; Hinsberg, A. 
^^54. 255). 'White plates. 

m-Amido-beneoyl derivative 
04 H 4 (NHj)(NH.CO.C«H,Nnj. [129®]. Needles 
(fron* dilute alcohol) (Hugh, B. 7,1268). • 
o-Oxy-bemoyi derivative • 

0,H,(NH,).NH.CO.C,H,.OH. (143'!. tirystals 
(Bell, 0. J. 28,1201). 

•jj-Phenyleiie-diamBH O.H.(NH,). [140']. 
(267°). 

Formation.-^l. By reduction of p-nitro- 
aniline and of p-di-nitro-benzene (Hofmann, 
Br. 11,618; 12,639; Zincke, B. 7,871).-2. By 
reduction of C 4 H 4 .N 2 .CeH,NH.; (Martius a. Gricss, 
Z. 1866,136).—8. By distilling (5,2,l)-di-{;mido> 
benzoio acid (Grtess, B. 5, 201).—4. In the pre* 
paratlon of induline by heating C 4 U 4 .N 2 .C 4 H 4 .NH 1 
with aniline hydrochloride (Witt; Fischer a. 
Hepp, B. 23,839). . « 

Frorasacefftnilide by nitration 
and reduction with tin and HCl. 

Properties. — Plates® (by suljlimation) or 
monoolinig oryatsis (from water) changing in 
the solution to triraetric plates. M«sol. watir, 
V. sol. alcohol and ether. Forila a hydrate 
C 4 HHN 22 aq [80^. With PbO, and aqueous HOAo 
it gives a bright bluish-green colour (Lauth, 
C. B. 111,975). j>-Phenylonq-diamine 18 very 
potsofloua (Vignon, C. B. 107, 533). A mere 
trace of a mixture of m- and p- phenyiene-di- 
amine gives on waning with HO Ac and K^Cr^O, 
a blue colour, changing on boiling to red (Witt, 
0. J. 36, 356; Meldola, C. J. 61,106). 

Beactions. — l. Oridised to quinone by 
H^SO, and MnO,. Quinone is also formed to¬ 
gether with NH, by oxidation of the sulphate 
with K,Cr,0, (Meldola a. Evans, 0. J. IVW. 
6,115).—2. When exposed to air, 0, H,0„ or 
K,FaCy. p-pbenyleno-diamine and its s&Us are 
oxidised to C 4 H,N, a feeble red base with green 
lustre [230®] yielding C«H,AcN, [294'^ {Ban- 
drowski, M. 10,126).—8. CAlortnc bassed Into a 
solution in- HOAo forms tetra-ombro-quinone. 
—4. Fed, added to a solution ei the hydro- 
ohlorfle saturated with H ,8 ppts. Lauth's violet, 
which is V. |ol. pure water, but ppd* by salts 
(Lauth, 0. B. 83, 1441).—6. l%ta*siam nltrit* 
added to a solution of the hydrooUoride forms 
N 34 H 4 (NH, 01 )N 4 C 1 , and in presenoPof a large 
I exciss of HOI it forms C^ 4 (N|C 1 )|.— ^ MixM 



mth anUine (2 mJts.) aad oxidised by K,CriO, 
It yields pheno-satreniDe.—7. ThesMlpiiocyontde 
M ^nwrted by beat iota C^,(NH.CS.NHJ, 
(Iiellmann, A. 221, 8 ).- 8 . Bteachivg-pouxicr 
Bolution added to a solutioa in HClAq ppts 
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yellowisli-white quinon^-cliloro-diiiuide which 
detonates 81124“ (Krause, B. 12, 47).- 9 . Aceto- 
acetic ether et 170 forms C„H„N..O, [176“] which 
a probably C,H,(NH.CO.CH 3 .C 6 .CH,), (Knorr, 
£. 17,5451 19*3303). ’ 

Salts.—it"H,Cl,. Triclinic tables, v» sol. 
water, almost insoj. HClAq.—B"H,rta..- 
B 'HjSnjCl, (Hiibn^r, A. 20!$ 366).—B"lLBr... - 
B"H,S;0, (Bernthsen, A. 251, 02).—B"H,SO,. 
Micaceous plates, si. sol. water (Vignon, Bl. ' 
[2] 50. 162)..-B''1I,CA. S.-15 at 15“ 

Di-formyl derivative C,H,(NH.CHO),. 
[204“]. sAmgrphous mass (Wundt, B. 11,828). « 
Mono-acetyl derivative 
CiH,(NH.J(71HAc). [161“]. Formed b*y reJuc- 
tton of C,H,(N0.J.NH^ with iron 8 nd»actlio 
acid (Nieteki, B. 17, 343). Needles, si, sol. cold 
water.—B'jHjPtCl,. a 

Di-ac_eiyl derivative C,II,(NHAo),. 
^bovo 295“]. Formed by boiling the base with 
HOAc (Biedermann a. Ledoux, B. 7, dSSl). 
dJmall octahodra, sol. HOA* 

Be%eoyl derivative C„n,(NH..,) (NHBz). 
[128“]. Formed by reducing benzoyl-n-nitro- 
amlino (Hubner, A. 208, 295). Plates, si. M. 
water.—B'HCl.-B'Jl,SO,. Needles. 

Di-hemoyl derivative C,|H,(NHBz),. 
[above 300“J. Formed from the base, lizCl, and 
NaOHAq (Hinsberg, A. 254, 254).* Plates, 
yields a nitro- product [251“]. 

o-Oxy-beneoyl derivative 
C.H (NH,HNH.CO.C.H..OH). [1.58“]. Glittering 
ni«d)e 9 (Bell). ® 

HcinAj/drtde ,p,H„(NH,).,. Bi-nmklo- , 
hexanyfthylene.. Formed by reducing the di- 1 
oxim of quinone {etrakydrido ifi alcohol with 1 
Na (Baeyer a. Noyes, £. 22, 2172). I-iquid, 
With faint al^moniacar odour, forming crystal- 
line salts and aa acetyl derivative moJting above 
370“. • • 

Be/ermeel.—Baoito; UnoMo-NiTUo-.CuMno., 
Ntrno., and Oxv- PHKNVLE.VK-i.iAirNR. 

PHErYLENE-DIAMlNEJlOLPHONlC ACID 
». Di-abido-benzkhe snsraosic acid. , 
PHENYLENE-BI-AKYL-DIAMIUE 

H®’]' Colourless crys¬ 
tals (Baeyer a. Noyes, B. 22, 2173) 


DIPHENYIENE-AZONE [156°]. 

together with C,jH,N,o!, [240"] and 
^{sHgNjO [152®] by boiling di-o-nitro-diphenyl 
wi 4 ^ alcohol and svinc-dust (Tiiubor, B. 24 , 
®tl81, 3883). Greenish-yellow needles by sub¬ 
limation, not volotile with steam. Almostinso*. 
water, v. sol. alcohol, m. sol. ether, v. c. sol. 
HOAo. Bedueed by tin and IlCl to C,jII„N ,J1C1, 
which crystallises in white needles, rapidly re- 
ozidised by 4 ir to diphenylcne-azone. 

^’’*®t bronzed prisms.— 
~ P uRiTtClj: yellow neodfes. — 
B HgCr O^—B 'Cjl)N,0,. [194“]. Brown needles. 

MElmKira.BEHZAlDEHYDINE v. vol. 1. 
P- too. I 

PHElTYSBHB-BElfZAlfmilfE v- Behzkittl-| 

SsaHrLENE-DiAioJia. 

foL. I?. 


*7 

PHlirYI.BHiDf.BEHZIDBirE-DIAMINE o. 

Dl-BENZYIgDESa.pHSNYmcHB.BlAMIN*. 

PHEHYlEKE-BENZYL-w-DIAMINE 

0,H,(NH,).NHC,H,. Forlned.bweducing bcuzyl. 
m-nitro-aniline (Meldolq a..Costo,C. J. 55, 5 :( 7 i. 
Oil.-B" 2 HCl; hexagonai tablets. FoCl, colours 
its solution red and gives a white pp. on heating. 

Di-bentoyl derivative ' 

C.H (NHBz).NBz.O,H,. [178“]. Sol.%>hol. 

PBenTleBe-beiisyl.p.diamine. [30“].^ot by 
redudng* benzyl-p.nitro-aniline (iHeldotii a. 
Costi^ C. J.%5, 590) or p-nitroso-benzyl-anilino 
(Boeddinghaus, A. 263, 302). Wai-liko moss of 
er^tals, turning red in air. When mixed with 
th# fn-i|pi^rido it yi^s di-benzyi-amido* 
indamino on oiido(jon.—1I'2HC1. White plates, 
V. sol. water.# FeCL colours its aqueous solu- 
Aion green, ohanginU to rod. After feturation 
with H.jS it gives a blue pp. with FeCl,. 

Si-acetyl derivative. [117“]. Prisma. 

• Di-benaoyl derivative. [124“]. Needl.a. 
^^^Phonyldhe-di-benzyl-diamine v. vol. i. p. 

Phenyleas-tetra-bonsyl-ia-diamine 

^<f^T^it],H,)„)j. [81“]. Formed by heating 

phdhyleno-m-diamino with NaOHAq and benzvl 
chloride. Amorphous powder, sol. lIOAc. 

PhSnylsne-totra-benzyl p-diaminp. n 4 ;i"j. 
White crystalline powder. HOAo and Cio, 
form a blue-violet colouring matter. 

PHEHYIENE - BENZYLIDENE . DI - 
METHYt-DIAMINE C,JI„N, i.c. 
aH,.CH:N.C.U,.NMe,. |93“J (Calm, B. 17, 
*940); [101“] (KShlor, A. 241, 301). Forme.l 
from plienylene-di-methyI-»-diamiiui and benzoic 
aldehyde.-,-B"21ICl. 

PHENYLENE - BENZYI, - DI - METHYL . 
DIAMINE C,II,,CHyNH.C.H,.NMe,. [ 4 .S]. 
Formed by reducing the preceding body in al¬ 
cohol with sodium-amalgam (Kohler, A. 241, 
361). Plates, yields a nitrosumiue (128“]. 

{HENYLENE-BLDE or Lauth’a violet v. 
AMn>0-IHIDO-M-JnENTt.-RHl,l'nIDB. 

PHENYLENE - BBOMO - ACETYLENE - ' 
KETONE v. Brouo-oxv-indohaputiu!ne. 


DI-PHENYLENE-BUTANE . 

— , x 0X1..^ •OiXiOiiJ.x^ 

Biphensnceindene. [ 100 “]. Formed by heating 
(e)-di-plicnyl-Biiccinio anhydrid# with Hf and 
P and 180“ (Boser, A. 217,1.56). White needles. 

PHENYLENE-ISOBDTYL-p-DIAMINE 
C,H„NlI.C,H,.NHj. ]39'’]. Formed by reduc¬ 
tion of p iiitroso-isobntyl-aniline (Wacker, A. 
243, 299). Plates (from benzene-Iigioin). 
PHENYLENE - BDTYLIDENE-o-DIAMlNB 


C.n,<”g>CUPr, 


Formed from 


[233“]. 

phcnylcno-o-diamine and isubutyric aldehyde 
(fiaRsar-Cohn, B. 22, 2724). Needles (by sub¬ 
limation).-B'HCl. (184"]. -B'.,H,PtCl„. 

• The isomerio compound from phonylene-m- 
diainino melts at 216“ while that from phenyl, 
enc-p-diarnino is oily, and yields B',,H,PtCI„. 

DI - PHENYLENE - ISOBDTYL - ttUIHOX,. 

ALINE g'g|;g;’J>C.H,.CH.,Pr. [*47“]. Formed 

from plieoantlir^ninone in HOAc and isobut^^fl- 
phenyiene-diamino in alcohol (Grdzer, li. 20, 
8250). Yellowish needles.—B'HCl; needles. 

o-PHENTLENE-BICABBAKIC ETfiEB 
CaH,(NH.CO.^t)^. [ 88 '^J. Formed by heating 

C 
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FHENYLENE-DIOABBAiOO 


9-plian}l«n«-fi&nUne with ftlCOjEt (Snaps, C. J- 
49,259). l^eedlei (from alcohol). * . 

^-Fheiiylene-d}oail}amio ether. [145°]. 
p-Fbenylen^dlcarKamie ether. [193°]. Got 
by heating p-pheny]fin% dioyanate with alcohoJ 
(GattensaDQ a. Wrampelmeyer, B. 16, 2605). 

' Bi'pheayleae-dicarbamio acid. Ethyl 
ethif CO*Et.mq,H,.C;H..Nn.CO^t. [230% 
Formed from benzidine ana CiCO^Et or by both 
ing di^enyieno dicyanate with alcohol (Sinape, 
C. J, 49, W : Sohii! a. Vanni, A. 25$,^69). 

Di’phenyl ether, [c. 240°f Mane by 
heating diphonylene dicyanate with phenol at 
140" (Bitape). Tabloa, al. sol. alcohol. . 
DI-BH£NYI<£K%CAEBINOL £, j[„0 •i.e. 

Fluorme* alcohol. [153’]. 

Formed 1>y^educing diplftnylene ketone witla 
Boflium-atn^gam (Barbior, A. Ch. [5J 7, oO-l). 
Hexagonal plates (from benzene). Oxidis^ by 
G)0, to diphenylene ketone. Ai|0 at 100° 
forms an acetyl derirative [75°]. When heated 
above its melting-point, dip1|cnylono carbinol 
yields C..gH,sO [290°], a nearly colourless resin. 

o.PHEl^LENE CARBONATE (k^CO,. 
[118°]. (325°-2;)0°). Formed from soiffuni 

pyrocateohin and ClCOj,Et (Wallacli, A. 220, 
64). Foui^sided prisms (from alcohol-benzene). 

m-Phenylene carbonate CuH^<^|^^CO. 


PHx;]r7i£ini.£rHn-o-duxx!nE 
CA(NH^(EHEt). (249°). Formed by'ra, 
dating o^nitro-ethylaniline with tin and XOl 
(Hempel, J. pr. [2J 39, 199; 41, 164). Oil, 
turning red in aimnd light. 

Acetyl derivatim C^^N^EtAo. [104°J. 
Phenyiene-ethyl-m-uamine 
C,H,{NH,)(NHEt). (276°ancor.). Oil, formed in 
like manner (NOlting a. Strieker, B. 19, 546). 
B"ILClg: white powder. • 

JJ^enylene-ethyl-p-diamine. (270°). Oil, 
Bol.«bonzone (Kolting a. Collin, B. 17, 267; 
Schwoizer, B. 194^49; Fincher a. Hepp, B. 
19, 2994; Bernthibn a. Goske, B. *20, 930).— 
B"Jf ,80,: needles or prisms.—B 'HjCl,. Plates, 
V. sol. water. —B"njPtCle. • 

Phenylene-di-ethyl-m-diamine 
ilD„H,{NH,)(NEy. (277°). Formed byrednoing 
>«-nitro-di-ethyl-aiBiine (N. a> Si: uroll, B. 19, 

20 (^. Oil. ♦ 

Phanylene>di-etbyl-D-dianune. (261° an- 
cor.). Formed by reducing nitroso-diethyl 
Aniline or CJI,(NEt.).N,,.CJI,.NEtg (Lippmann 
a. Fleissner, B. 16.1421). Oil.—B'«I.Cl,l*tCh. 
Red crystals. — IV'ZnCl.. 2aq. Converted by 
treatment in •aqueous solution with alami- 
nium sulplmte, and K.,Gr.^QT int(% 

NEtg.C,H,(Nil.,).S.SO; h'[ 2'29°],whence bfdiazo- 

ti^tion C.n,(NEt,)<^» '[107-'] may be got 


F*>rmed by heating resorcin with cyannric acid 
and ZnCI„ and also by tito action of (vOCl, on 
resorcin (Birnbaum, B. 14, 1753). Amorphous 
solid, sol. HOAc. * 

n»-PH£NYtRN£ BICARBOKIC £TH£B 
C^^(O.CO,Et),. (298°-302°). Fosmctl from 

sodium resorcin and 01CO.Et in ether (Wallach, 

A. 226, 84). The p-isomcrido, [100°], (310°), is 
got in like manner from hydroqiiinono (Bonder, 

B. 13, 697). 

FHENYLHNE-CELORO-OXY • ACETTIEKE 
KETONE V. GHLOBO-DI-OXY-lNDONAriIT)lENK.^ 
PHEHYLENE - CINNAMYLIBENE . Bl- 
METH7L BI-AMINE C„H„N, i.e. 
CA-CH:CH.CH:N.O,H,.NMo.,. [111°]. Formed 
from oinnamio aldehyde and phenyleno-di- 
'mothyl-p-diamine (Noth, B. IR, 675). Needles. 

PHENYISNE - COMINYLIBENE . Bl - 
UETHYL-BIAtfINE C,hH,.1T, U. 

C. H,.0,H,.CH:N.CJH,.NMe.; [100°]. Formed 

from ouminol and pbenylene-di-methyl-diamiite 
(Nuth,B.18,67o; Uebel, ^.215,299). Needles. 

m-PHENYLENE DICYANATE C,H,(N:CO).,. 
[51°]. Got by distilling m-phenylene-dicarbamio 
ether fender. Bn. 3,897). Crystals. 

p-PHENYLENE DI-CYANATEO„H,(N:C:0),. 
[91°]. (231° at 745 mm. i.V.). V.I). 5*79 (for 
5*54). Prepared by passing a stream of carbonyl 
chloride COCla through p-phenylene-diamine 
hydrochloride heated to 2(W°-250° (Gatter- 
mann a. Wrampelmeyer, B. 18, 2604). Colooi* 
less noodles. Sublimable. Pungent vapour. 
Beads like pbenyl-cyanate, forming di-ureas with 
amines, and di-carbamic ethers with alcohols. 

PHENYLJNE DI-CYANIDE v. NitnU of 
Pbthalto Aoxn. 

‘ fBEKTLENE EIHTL-ACETAIIIBIIIE 
O.H.<^|‘>C.OH,. [ISO'], Formo i by the 

action of AOgO on phenylene-eihyl-o-diamine 
(Hompel, /. pr. [9] 39,200 ; 41,106). Plates. 


(Dernthsen, A. 251,1). 

I Phcnylenc-s-di-othyl-p-diamine. 
j Nitro.‘(amine C,,H,(Nkt.NO),,. [90°]. Formed 
! from p piienylcno-dianjine by successive treat- 
' nimt with EtBr and UNO., (Nietzki, B. 16,405). 
j Yellowish plates (from ben/.ene-ligroin). 

I Phenylene-tetra-ethyl-p-diamine 
I CJl,(NEt,)„. [52°]. (280° uncor.). Gntbyhoat- 
I ing pnenyionc-di-ftthyl-diaminc DrN,(Cgn^.NEt,)., 
' witli EH (Lippmann a. Fieissngr, B. 16^427 : 
M. 4, 301). Jlanoclinic^lat^s (from dilntealco- 
holh a:b:c ^ -OyH-.l-SHO; 8 = 90 30'.—B’TI.,PtCI,. 
— B''lLIIg,Cl„. Mono<]?inic prisAs. — B"„L: 
black prisisis.—B'i8UT. 

PHENYLENE-ETHYL B55ZAM3BINE • 

CtfH,<^^jJ'^C]Jh. [81°J. Got by ethylation of 

phcnylcne-bonzamidino (Howe, Am, 5, 421).— 
B'IlC]3aq.-B'.,H,PtCl., -B'HNO,aq [15.5°].- 
B'EKjn [136°].— B'Etlaq. - B'ElCi2aq. — 
B'^EUnCI,. B'ElIISO.aq. • 

PHENYIE HE-ETHYLENE-o-DIAHINE 

telrahydride. 

[97°]. (290°). V.D. 4*44 (calc. 4*64). Formed 
by heating pyrooatechin with othylene-diamine 
hydrate at 200°-210° (Merz a. Bis, B. 20,1191), 
Formed also by reducing quinozaline with alo<ffio] 
and Na. Plates (from water). FcCl, colours its 
Silii A aqueous solutions blue or violet. Alkaline 
KjFeCyH oxidises it to quinoxaline.—B"^HCI. 
[above 150°]. Scales.—[184°].— 
B";,2C^HjNgO,. [above 120°]. Yellow orystdl- 
line.pp., b1. soL ether. ^ 

Acetyl • derivative Ctta:N^c^:CitH 4 . 
[144°]. [350°anoor.). Granules,si.sm. cold water 
Di-pbenylane-ethyleae.tetr|iniaa % yoh ii 
p. 491. 

. PHENYLSNE-ETHYLENE-DISCLPEOHI 

1 },H 4 (SOj,) 3 C^. Formed by heatfcg ethylene 
bromide with ^tassiom tenzene m-disulphipm 



(Ott(v /. pr. [9] S6,450) 
cono^ HNO,. 

raEfcTI,EKE DI-BTHTL DIMTOITE 


BlPftENYLENB KETONE OXIpE 
White plates, m. soL 




md/er, B. 19,1850). Nlbdles (from ether). 

PH£NTL£»f£ DI-ETHTL S189IPH0HH 
C«H|(SOjEt)y [142®J. Obtained by heating 
C,H^(SO,K), [1:«] with EtBr at 100® (Otto, /, nr. 
[2] 3G, 449). Colourless plates. 

PHEKYLENB-FUBFUEALDEHYDINE \v. 
▼ol. i. 109. • . % 

t PHENYLEHE-DIOLYCOIHC ACID v, Oxt- 

DIPOKMYLBNK-ACKTIO ACID. 

DlPHEKtLENE-DIHYDKAZIKE 
i.e. [107®]. Formed from 

benzidine* hydrochloride by dineotisalion and 
reduction bj^Na^O, orSnClf(Arhcidt,,^. 2^9, 
206). Small white plates, sol. hot water. Aqueous 
potassium oyanate forp|S the scmicarilhzide 
CuHjjNsOj [307®]. Nitrous acid forms a di- 
Qitro 8 amiaeC,,H,jN 402 [ 112 ®]. Pyruvic acid forms 
7197'^. Acetone yields 
[198^], whence fusion with ZnCL yields *di- 
phenyl-di-methyl-indole [270 ’]. ♦ 

• i2e/;S|^»CS.~Dl-OXY*DI*rulNXI,l!:NB 0I1IY1>UAZ< 
tNE. 

DIFH£NYL£N£>1BIIDE v. Caroizole. 

DIPffiENYLENB KETONE c 
:83°]. -(abovo 300°). ‘ ‘ 

Fonnatmi.—!. By distilling pbcnantlira- 
guinono or diphenyl di-O'Carbosylic acid with 
OaO (Fittig a. Ostermaycr, A. 160, 37ii; 
Anschutz a. Schults, B. 9, 1400).—2. By heat- 
sing anthraiiiiinono with lime (Anschutz, ]J. 11, 
1213).-3. By dry distillation ol the Ag salt ol 
its dic.arboxylio acid, (Bamberger a. Hoo!;er, 
D. 18, €034 ; Af 2‘>d, 156). -- 4. By passing a 
miitaro of phenol aniT CSj over hot copper 
(Carnelley a.^unn, C. ,7. Broe. 4, 53; J). Jl, 
2005, who regMd the product thus obtained as 
isojneride). * • • 

Fropcrffla.^YeHow needles or plates (from 
alcohol). Yields phenyl-bonzoic acid by potash- 
fusion. Distillation ovee zinc-dust gives di- 
phenylene-methane [113°] (Fittig, B. 6, 187). 
Forms a nitro- deriv.ative [220°] and a di-%ilro- 
dorivative [290°] (Spllultz, A. 203, 164). Alka- 
line KMnO, oxidises it to phthalic acid (Anschutz 
a. Japp, B. 11, 213). ICSO, forms at 200° a 
disulphonio acid, whence CaA" (Schmidt a. 
Schultz, A. 207, 345). 

Oxim. [192°] (Spiegler, 3f. 5,195). 

Bc/erenees. —Baono-, Di-ciiloro-, Nituo-, and 
Ox;^ Diphentlese ketoxe. 

DIPHENYIENE KETONE CARBOXYLIC 

ACID [1;2]C^.<;^®>C.H..C0J1[2 6]. [192°].' 

Formed by oxidation of fluoranthene by chromic 
acid mixture (Fittig, A. 193, 149; 200, 0). 
Orange-red n^fmes (from dilute alcohol). 

Jfcocftwu.—1. Potash fusion gijes diphenyl 
nn-dicarboxylro acid.—2. Yields mphenpicne 
ketone^on distillation.—3. Distillation with sine- 
dust givef diphe^ylene-methane (fluorone). 

Salt fl.—BaA'j 4aq.—CaA', 2aq. -AgA’. 

Dipheaylips ketone earboxylio acid, [above 4 
271'']. Formed by heating the dicarboxylic acid ' 
(Barikergor a. Hookey B., 18, 1034, A. 229, 


158). Pale yellow needles, gl. sol. alonhol. 
May he sublimed.—BaA',.—AgA'; yellow pp. 
Dipkenylene kotono cjirboxylio add 


[220°]. Fc^cd from terc- [1-2] 0 H H "12070 eorl 

phtbalio chloride and ZnEt, !n ether (Munch- [227 cor.]. 


Formation (Graebo, S, 18, 1303; B. 20 
846; A. 247, 275).—1. Prom diphenyl di 0 - 
carboiylio acid by heating with 11,80, at 120 ° 
or with Pool, or ZnCl,—2. By beai^g di- 
phenykna dicarboiylio acid with HjSO, for 10 
minut^ at 150°. • 

iVojwrfic*—Yellow neodles, v. sol. hot al¬ 
cohol. Coiic. H.,SO, forms a red solution. 

t lotions. — 1 . Potash-fusion yidds diphenyl 
rboayljp acid.— 2 . Ijpi, (1 mol.)e forma 

I cX'(COCl)^®i’ which may be crystal- 

jalteed from ligroin.—*. PCI, (2 pt*) kt 160° 

yiold^ c'llj(COCl) [ 96 °], which yields 

fluceene carbfcylic acid on redaction with zino- 
^dust and difnte acetic acid.—4. Zinc-dust and 

ommoam reduce if ‘<> ^^“'(^>CH(OH).- 
6 . igid P give fluorouo.- 0. Phenol and 
SnCl, at 120° give ^;;S;(^3;;^;P>C(C.H..OH), 
[1(55°], which yields AgA' anil C.,.H„,Ac.,0, [ 9 . 
130 ’].—7. Resorcin gives rise, on heating, to 

• yollowish-btown 

powder which exhibits green fluorescence in 
alkaline solutions. 

Salts. — K11,A'aq. — NaA' 6 aq: yellow 

needles, v. sol. hot water_AgA': yellow pp. 

Methyl ether MoA'. [132°]. Needles. 
Ethyl ether EtA'. [103°]. Noodles. 
Chloride CuH,C10,. [128°]. 

Amide 0„U,(NH,)0,. [225°]. Silky yellow 
needles (containing JHOEt). Formed from tho 
chloride, and also by heatingphenanthraquinono 
mom 4 oxim with H,SO, at 100° (Wogorholl, B. 
21,23-57). 

Oxim C„H,(CO,H)(C:NOH). [263°]. 
Phenyl-hydra side 

Ci 4 lI;(CO.jl)(C:N,IJFh). [205°]. Brownish- 
yellow prisms, m. sol. alcoho.l. 

Diphenylene ketone dicarbozylie acid 

C,H,<^^^]>C,H;(CO,H),[^ 26 (b]- Formed by 
oxidation of rotene-qninone and of oxyisopropyl- 
diphonyleiie-ketono carboxylic acid (Bamberger 
a. Hooker, B. 18, 1033; A. 229,151). Yellow 
needles (from HOAo). Not molted at 270°, hut 
loses CO, at a higher temperature. Yields di¬ 
phenyl on heating with CaO. Potasb-fosion 

forms diplienyl tricatboxylio acid.—^BaA"__ 

AgA": yellow pp. 

'Methyl ether Me.,A". [184°]. Yellow 

UGScilcH 

• Ethyl ether EtA". [116°]. Needles. 

Oxim 0„HiCO,U),;C(NOH). YeUow pp., 
not melted at 280 °. 

DIPHENYLENE KETONE OXIDE 

CO<p‘ 3 *> 0 . XantJume. [174't. (360°) at 

730 mm. (Graebe, A. 254, 280). 8 . (alcohol) t 
in the cold; 8*5 at 78®. 

Forttiation.~^l, Obtained by oxidation of 

with CrOj ond HOAc (Me z a. 



90 DIPHEIfYLENB KETONE OXIDE. 


Wdth, B.14,192).—2. By the dry diattllation of 
ealioylide; the yield being 35 p.o. of the theO' 
reljcal (Perkin, 16, 330). -8. By distilling 
phenyl phosphate with sodium m- or p*oxy< 
benzoate (Kichter).,—4 By the action of POCl, 
on potassiura-salicylate of ethyl.-5. By dis- 
tilliog neutral or basic sodium salibylate with 
6. In kmall quantities, when salicylic 
acid distilled.—7. By strongly heating sodium 

o-chlorobeiizoate.—8. From sodium o-phenyl- 
benzoate«Qd POCl,.—9. To the amount of 12 p.c. 
of the theoretical quantity, by the action of o> 
chlorobenzoyl chloride on basic sodium salicyl¬ 
ate.—10. By the action of cone. H.,SQ, on 
[l:2]C^n,(OPh).CO^ (Graebo, JL %i, sdS).- 
11. By distilling phenyl* salicjTate (Seiffert, 
J. or. [2] 31, 470).—12« By hiating salicylic 
aold (l*nml.) with PCI, (1 mol.), then addings 
phenol and distilling (Klepl, /. pr. [2) 28,217.— 
13. By distilling calcium ^i-oxy-bcnzoato 4Gold- 
Bchmidt, if. 4,128). -14. A prodiftt of the ^oc- 
trolysis of a solution of phenol ifi KOIlAq at 
200^ (Bamberger a. Borl6, 3212). *' 

PreiKiratum. — 1. Plienyl phosphate ^20 g.) 
and soJic aalicylttto (20 g.) are distilled ^gctlior; 
a violent action ensues; when it is over tlie 
residue is distilled over at 400° best in a current 
of air. %lio crude product is shaken with solu¬ 
tion of NaOIl and distilled with steam. The 
residue is extracted with alcohol, from which, 
on cooling, the ketone crystalli.ses (li. Richter, 
J. pr. [2] 28, 27G).—2. By distilling salicylic 
acid with Ao,0, the salicylide which is first 
formed splitting off GO, when the temperaturo , 
rises (Perkin, (7. J. 43, 35). In this process ; 
there is formed a by-product C,<U„0, [102°J 
which is converted by boiling alcoholic potash 
into an acid 0 ,.H ,04 [276°] (A. 0. Perkin, C, J. 
43,187). 

P« 5 )erfic«.—Long white needles, grouped 
concentrically. M. sol. ether, alcohol and 
benzoline, more sol. benzene and chlor(^orm, 
insol. water. The solution in cone. H,SO, shows 
blue Huoresconco (Graobe, B. 16,1G70). Dues 
not react with hydroxylamine or phcnyl-hydraz- 
ine (Spicgler, B. 17. 808). 

2ieaclicns.—l. Reduced by ziuc-dust or by 

HI to [100‘5°] but no further.— 

2. Potash-ftision converts it into salicylic acid 
and phenol.—3. If the fusion be stopped when > 
the mass is pasty (at about 200°), dissolved in j 
water and ppd. by HCl, di-oxy-benzophenone I 
is obtained, CO(CJI,Oli)..— 4. Sodiiim-amiU \ 
gam reduces the di-phenylcne-kctono oxide I 
(in dilute alcoholic solution) to C,.,H,h 03 [200°]. 
This body orysfollises from GIICI, in prisms. 

It is split up by chromic acid into di-pbcnylene- 
ketone oxide and diphenylene methane oxide, so , 
that it is perhaps a molecular compound of these i 
two bodies. - 6. Bromitie at 200° forms a d^- j 
bromo- derivative [212°]. — C. Fuming H-SO,: 
gives a disulphonic acid which forms BaA^' aq, 
/u-ystallisiog from hot water in needles (A. G. 
Perkin, C. /H3,192). 

Iiomeride C.,H,0,. [91°] (It.); [96°] (G.). 

A product of the action of POCl, on sodium 
salicylate (Richter, J.pr. [2] 28, 294). Formed 
also by heating the sulphate of o-dmzobenzoioc 
acid with phenol (Griesa, B. 21, 981). Needles, 

.V. e. sol. eilier. Yields diphenyl on distillation^ 


with zinc-dust. Dr givoa u„H,BrO, [|9|3^. 
H.,S 04 yields a disulphonic acid, which dvea 
BaA"aq crystallising in needles. * * 

Bixanthone *0,H4^gQ^CBH,^QQ^0gH4. 

[256°]. Occurs in th^productof theactionof 
salicylic acid on resorcin (Kostanccki a. Seid- 
roann, B. 26,1664). It crystallises from HOAo 
in groups of needles, and its sdution in H,S 04 
shows greenish fluorescence. 

tBc/crences. — Di-auido-, Nxtbo-, and Oxr- 

DI«PUJ!NTLBNS KB'^NE OXIOE. 

PHEKYIEHJ* MEKCJtWAir v. Dl-IIlIO-. 
BESOKCIN and Bi-thio-hyoboquinone. 

Diphenylene mercaptan CgH,(^iH).C 4 H 4 (SH). 
[176°]. Penned by diazotising benzidine, and 
treating the product with potussium xanthate 
and alcoholic pgtash succes^vfly (Leuckart. 
/.•pr. *[ 2 ] 41, 212 ; cf. Gabriel,^. 13,300). 
Whi(p plates (from alcohol). 

Di-methyl ethd^ iMo.,A". [184°]. Plates. 
Di-ethyl ether [135°]. Plates. 

oo-DIPHENYLENE-METHAN:* V. Floor. 

£NE. 

• Diphenylene - methane CILc^'^jK 

Methylene-diphenyl. [118°]. (295° uncof.). V.D. 
84 (calc. 83). Occurs, together with the (J)- 
i»meride, among the products of the passage of 
a mixture of benzene and toluene through a 
red-hot tube (Garnclley, C. J. 37, 708), Pearly 
plates (from alcohol), al. sol. cold alcohol, v. sol. 
ether, tits alcoholic solution sliows faint blue 
fluorescence. GrO, and HOAe oxidise it to 
[281° cor.]. Bromine in ether gives 
CjaH^Br^ [ifl'i'']. Picric acid forms a compound 
Cj/IjoC^HaN^O, crystallising in blood-red needles*’ 
[81°J. 

( 8 ).Diphonylene«methlne * [205°1, 

(320°). V.D. ^6-2 (cal*. 83f. Formed as above. 
Pearly plates (from alcohol). Oxidised by 
Grt), iu IlOAc to [28^ cor.] which 

subliincsjii whitf needles. • * 

DIPHENYLENE-METH^iyE ASIDE • 

[100°J, (315’ cor.). Formed, 

to the amount 2 p.o., in the preparation of 
Ph,.0 by heating phenol with AICI, (Merz a. 
Weitb, B. 14, 191). Formed also from di- 
phenyleno ketone oxide by heating with fuming 
HIAq at 160° or by distilling witli zinc-dust 
(R. Riohlcr, J. [2] 28, 280 ; Graebe, A. 254, 
282); and by distilling euxanthone over heated 
zinc-dust (Wichelhaus a. Salzraann, B. 10, 
1399; Graebe a. Ebrard, B. 15,1678). White 
plates (from alcohol). 

Beactions.^l. Oxidised by CrOj or dfiuta 
HNO, to diphenylene ketone oxide.—2. PCI, 
*fonhs HCl and a product whence water at 0° 
produces 0 ,/I»O.PO(OH )2 [2o5°~260°j an acid 
forming Ag.^A" and (NH 4 )..A".—3. Br forms 
C, 5 H,Br.O and C„H,Br,0 [136°]. 

DIPHENYLENE - KEIHAN# SXTLPHIDE 
[128°]. (342°)* Formed by 

reducing with lil and % at 170°; 

and also by passing phenyltolyl suinhido through 
a red-hot tube (Graebe a. Schultess, A. 263, 42 ). 
Needles, yl sol. col^ alcghol, r. a. sol. CHIQ,. 



PHENYLENE-METHYL-DIAMINE. 


pfrHEirn.ElflB ■ MEXHAKB SmPHOHE 

‘]>SOr [170°]. Formed by beating 

CO<p'g<>SO, with HI and,P at 170° (Gracbo 

t, Schultess, A. 263, ¥)• Needles, y. sol. hot 
alcohol. 

PHENTLEKE-HEIHENTL-AKIDIHE 

[107°]. (above SOOf). Formed 

by boiling phonylene* 0 'diatnino with f(^mio 
acid (Wundt, B. 11,826; Fischer,/j. 22, 446)* 
Trimetric crystals (from alcQjiioI).—B'HCI a<i.— 
li'HAuCl^. Yields on methyflttion [33*^] 

(278« at 730 mm.). 

Carboxyfic acid 

Formed d)y reducing the formyl derivative o4| 
(2,l,4)-nitro anndo-benzoio iftid (Zehra, B. 2.3, ' 
.3634). needier, blackening * witiTout 

fusion when heated.—HA'HCl: white ncedle.q. 

m . PHENYLENE “mETHYI . DIAMINE 
[1:3] C,jIIj(NH 2 ).NHMe. . Methyl • phenyhne ^ 
diamine, ^Amido-mcthyl-aniline (20.')‘^-270® 
uncor.). Fonnod by reduction of w-nitro- 
inethyl-aniline (Kdlting a. Strieker, B. 10^.348). 
^ii. Gives a iiicthyl-chr^soidioe with dioso* 
bciizeim chloride. 

pwPhenylene-methyl-diamine 
[l:4]C,H,(NH,)(NHMe). (268‘» uncor.). Fonffbd 
by reduction of j>'nilroso*methyhaQiIine (Fischer, ’ 
n, 10, 2902) or of CJl,(NnMe).N,.C,n^.SO,jtI ' 
(Hernthseii a. Ooske, B. 20, 929). Oil, v. sol. 
water. FeCI, gives a red colour, which* on sue* 
ccs.sive treatment with HCl and H.S becomes 
blue (dimethylthionine). — white 

needles (from water). 

m-Pkenylene-di-methyhdiamine 
ri:8]C,lI,(NII.,)(NaMeJ. (269^) at 740 mm. 
S.O. % *996 (Gsrill. IJ. 19, 200); (258^) (Htaede; 
a. Bauer, B. Ml, Hh/J). 'Fonncdjby reduction of 
m-uitro-di.niethyl*aniline. Oil. With nitrous 
acid it yieltMl a coloiufhg-mnttijr closely resem¬ 
bling Bisinarcli brown. With diazobenzeno 
cRloride itiyields^di-m&thyl-chryso'idino whicli 
dies a somcwtiat rodder shade than chrysoidine. 
PbO, and aqueous UOAc givSs a yellowish- 
brown colour (jiautb, C. R. Ill, 975).—B'HGI. 

Acetyl derivative C,H*(NMe.g)(>yiAc). 
[87*]. 

p-Phenylene-di-methyl'diamine 
fl:4] C,H,(NH.,)(NMe.> [4l«]. (267* i.V.). 

Prepared by reduction of nitroBo-di-methyl 
aiiilinc and of (CgH^NM&dgNgO by tin and HCl 
(Schraube, B. 8, 616; Wurstcr, B. 12, 622; 
Weber, B, 10, 760). Prepared also by reduction 
of CgH^(NMo.j.Ng.C,H<.SOgH (E. Fischer, B. 16, 
22^5). Formed also together with di-ohloro-p- 
phenylene-diamine and di-chloro-p-pheDvIcim- 
di-mcthyl diamine by boiling nitroso-di-mCthyl- 
^iline with HCl {S.G. 1*2) (Mohlau, B, 19, j 

PrqpcrfM^—Iiong white needles or short '■ 
prisms, t. sA. water, alcohol, and ether. PbOg' 
and aqueousCOAo give a magent(f-red solution 
changing to violet-black (Lauth, C.B. Ill, 975). 
Colours fwood, ^nd paper made from wood, 
crimson (Wurstcr, B. 20, 808). 

Rcaeiione .—Yields quinooe on oxidatio% 
w^lh MnO,*and 2. Bromine in HOAc ! 

forme C„H„N,Br, which crystallises from its red I 


alcoholic solution * in green scales [146"J 
(Wurster a. Sendtner, B. 12, 1803).—-8. HgS 
and an oxidising agent (e.g. FeCh) cives 
methylene-blue (t^. vol. iti. p. 2^). ■ Methylene- 

red S 2 <[^“^]]>NMeaCl* ns a by-product 

(Bernthsen. A. 230, 137* ; 261, l).-4. NajS-O, 
and CrOg give C,H,(NMeg)jNHg')S.SO,H, which 
yields methylene-blue on further oxid|tioii. - - 
5. ketones form products of cun- 

donsatio/f, e.q, C.H,(NMc..).N:CHPh jj^S*] (Calm, 
B. 1^, 29lJb). C„H,(NMeJ.N:CH.C,H,OH[l:21 
and C,H,(NMe..).N:CII.C,^,.OMe[l:4J 
[148°] (Noth. B, 18, 674; Steinhart, A, 241, 
34.^. Benzil and alupholio KOJ3 form 
CPhBz:>rGjn,NM% [13^ ; benzoyl-acetone 
forms in likt^manimr Cl{.^Bz.GMe:N.CJ44NMe.j 
4^136°] (Vogtherr, In 25, 636). BeiiZhlin gives 
CHPh(OH).CPh:N.CJI,NMoj [127Ton heating, 
whik deoxybenzoin forms Og 2 Hj,jNg [139®].— 
fj.^Oxalic ^ier forms, on heating, the ether 
C«H,(NMeJ.NH.CO.CO,Et [117®] which yields 
a corresponding tacid [192®] and amide [259®] 
(Sendtner, B. 12, 5.30). 

SaUs.—B"2nCl. Very deliquescent plates. 
-rf'HjSnCl,. Cubc8.-B"H,PtCI,. 

Acetyl derivative GJil 4 (NMeg)(NHAo). 
[130°]. (355°). Small leaflets or noddles. 

;)-FheQyleiie-tn-methyl-diamine 
[1:4] Cj,HdNMe.J{NMeH). (265°). Obtained by 
reduction of its nitrosamine, which is formed by 
the action of nitrous acid on i^-phenylene-tctra- 
methyl diamine (Wurster a. Schobig, B, 12, 
1809). Oil. 

Acetyl derivative. [96°]. Prisms. 

Nitrosamine C,H,(NMeJ(NMo.NO). [99°]. 
Leaflets or tables, si. sol. cold water. 

m-Phenylene-tetra-methyl-diamine 
[l:3]C,.H.(NMeg)g. [-2°]. (266° i.V.). S.G. AS 
•992. Prepared by heating phenylenc-?n-diamine 
with methyl alcohol and llCl at 190° (Wurster 
a. Morley, B. 12, 1814). Purified by distilling 
with AOjO (llomburgh, B. T. 0. 7, 2). Oil, si. 
sol. water. llOAo and nitric aeid givo 
CgU(NO..);,NjMo,NO [132*^]. s-Tri-nitro-benzenc 
forms B"CrtHj{NOg), [121°]. m-Di-nitro-benzone 
gives B"CaIl,(NOj)g [58°] crystallising in needles. 
Bromine forms oily C,aH,,BrjN-. NaNOg and 
dilute HClAq give oily CaH 3 (N 07 (NMe,) 2 , which 
forms a hydrochloride B'iiCI, crystallising in 
dark-red needles (Witt, B. 18,877). 

Salts.—•B"HgC1.2aq: hygroscopic crystals. 
—B"H,FeCyg aq. Pearly plates (Wurster a. 
Boscr, B. 12,1826). 

Methyl iodide [192°]. Crystals, 
V. sol. water.—B"MoHIg. 

Di’meihylo-di-iodidd^h"M.o^* Plates, 
V. sol. water (Hofmann, Pr. 12, 6.39). 

p-Phenylene-tetra-methyl-diamine 
[l;4JCaHdNMe.Jg. [61°]. (260° i.V.j. Prepared 
hy beating p phcnylcne-di-methyl-diamine with 
MeOH and HClAq at 200° (Wurster, B. 12, 526, 
1803, 1827). White leaflets, si. so), cold water, 

V. sol. alcohol. Its aqueous solution beconmB 
violet-blue on exposure to air ar addition of 
oxidising agents. The blue substance appeafs 

only to exist as a salt, e.g. 

(Wurstcr, B. 19,3195; 20. 266; 21. 921). It 
becomes colourless on further oxidation. 

Reactions.^-l, Brmnine in UOAc forms a 




itoinrEBaffi-METJBKfciiMAlDBtlE 


UW 'oolanrin^ taaUer O.JIIhITv which forms 
bias solutions in water and alcohol.—2. K^eOy, 
added to a solution of the sulphate forms 
0„H,|K^E,Fe%i crysUllising in Instrousblue 
needles. — 3. Sodium nitrite and hydrochloric 
acid give 0,H,(KMad(NMeN0) [98°] and 
cfijmMmej.me.m m. 

Sslts.—crystals.—B"^PtCl,.— 
B"2HjJOj.—B''H,Fe^,: white needles. 

Methylo-iodidet B"MeI. [above #70°]. 
Leaflets (W.).—B"Me 2 l, Plates (HofAenn). 

IXejamct,— NiiBO-raiCNn.£NE-i)l-i<n^.ci. 
ISHNE. 

FHEimENE . 01 ■ UETHYL - 01 ■ AHniE 
SOLPHOHIC AOUk C.H,(NH2)itll*B2).8<f,H. 
Got by reduction of p-nitlb-di-mothyl-amido- 
benzone sulpbonic acid (Michlet*a. Walder, B. 
14,2176). diarge rhombohedra, v. sil. water. 
BaA',.—CaA',: plates. 

p-FHENYIEIfE-DI-KEIHTIi-OI-ETXTI- 
OIAKISE 0 ,H.(NMo 2)(NEU. (26fS). Foriflcd 
from [1:4] C,H,(NEt 2 )(NH,), McOH.and HClAq 
at 200° (Lippmann a. FleisXier, M, 4, 791). 
Liquid. Coloured blue by oxidising agcnt» 
Methylo-iodide B"2MeI. [218°]e lipids 
B''Ms,PtCl., B''MejAua„ B"Me 2 CdI„ and 
B"Me,(0,H,K,0,), [236°]. 

• 0- PBlSYlEHE - METHYI. - ETHYLEHE - 


DIAMIKEC.H.<NMo>C2H.. 


V'Mcthyl-quin- 


cxaline teirohydride. (274^). Formed by boat¬ 
ing pbenylene-ethylone-diamino with Mol at 
110° (Bis, B. 21, 3B1). Liquid. Its aqucoiA 
solution is coloured blue by FeCi,. 

Methylo-iodide B'MoI. [above 200°]. 
Crystals.—B jMejPtClg. Ye! low needles. 

BZFHSNTLBinB - UBTHYI. - FOBFURAITE 

c:l::o A- 

C*H* ("^opp a. Klingemann, B. 21, 

2932). *' 

FHENTOENE .01 -HETHTL -01 ■ HALONIC 
AOIOS C.H.(CH.,.CH(CO.,H),,)y The ethers ol 
these acids are formed by the action of zinc- 
dust on the acids 0 «Hq(CH 2 .CCl(C 0 .Ji)t).J^ which 
ore formed f^m sodium chloro-nialonio ether 
Bnd«*-di-bromo-xylene8 (Perkin a. Kipping, C. J. 
63,16; JB. 19, 437; 21, 36). The o- and m- 
others are oily, the p- ether is crystalline [51°j. 
The ethers form deliquescent sodium derivatives 
Na^OssHatOH, and the o- compound of this formula 
is converted by iodine into the tetrahydride of 
naphthalene tetracarboxylic ether. The m- 
acid is a liquid v. sol. water, the p- acid is 
crystalline {lOS'f. The p- acid forma Ag-^A.", 
and when heated splits up into CO, and 
0,H«(CH,.CH,.C0,H), [22.3°]. 

PHBNYLJENE - METHYL - METHEHYL^ - 

AMDHfE [88°]. (278°) at 

J30 mm. Formed from phenylcne-raethenyl- 
amidine, M^, and McOH at 100° (0. Fischer, 
Ji» 22, 644). Prisms.—B^HAuClq. Needles. 
EIPHSKTLEHE-METKYL-FTKAZIKE 

o‘n !c N-CH*- Phenau. 

tfaraquinone and propylene-diamino (Strachc,'| 
-B. 21,2862). White Qie<llea.-B',HJ>tClr 


E.n.SIPHEimE]nt.tEmA.XSTH«l.Bl. 

Got by heating angflcoholio solution of acetonyl- 
acatons (2 mols.) And benzidine (1 mol.) (Pad 
a. Schneider, B. 19, SJaS). Colourless tabies. 
Sol. alcohol, ether,’’beaceae, and Jigrenh. 
VIPEMYLESE-MSIim-QVafOXMnrE 

C 2 ,H^,N 2 ♦.«. Cja.Me<^;§;g*®*.*213°]. Formed 

from (l,3,4)-toIylone.diamine and phenanthra. 
quinone in HOAc ^nsber^ B. 17,323). Yel. 
low hair-like crys!hls, v. sol. benzene. i 

■ DIPHENYIENE - NAPHTHOaHIEOXAI, - 

iNE c,a<n;o:c!p|- *>? 

|*boiling an alcohoUo solution of ( 42 )-fiaphthyl« 
en%diamine with phenanthraqdinone in HOAo 
(Lawson, B. 18, 2426). Small yellow crystals. 
Tlfe snlphonio ac|^, got by mixing a hot 
i|aqueou8 eolation of naphthylenc-o-diamine sul- 
^honio acid with phenantbraquinone dissolved 
in NaHSOjAq with addition of Na^Ac, forms a 
yellow crystalline Na salt, sol. hot water, but 
ppd.fy alkalis (Witt, B. 19,1719, 2791). When 
fused with KOH it yields the insoluble ^hodul ' 

C,2H,<^>C„H,(0II) [2 4 ], which forms a 
scarlet hydrochloride. 

. m - PHENtLENE - DI - (^) - NAPHTHYL . 
BIAMINE C,H 4 (NHC,„n,),. [126^. Formed 
by bending tn-phwiyleno-diamine with ($)- 
naplithol (Ruhemaim, B. 14, 2651). Felted 
needles, sol. alcohol and ether. 

2 >-Phenylenedi-(iS)-naphthyl-diamin 8 
C„Il,(NIIC,pn.)j. [235®]. (over 400® in vacuo). ‘ 
Formed by heating j)-phonylenc-diamine with 
()8)-naphthol at 200® (liurtT, B. 22,1080). White 
plates, almos^ insol. foiling *A]cohol, sol. 
nitro-ben/.ene. KNO^ added to its sciution in 
cone. H-^SOq gives a •greenish-^olet colour, 
changing J .0 bluo.^—B'2C„H,N^(^. *[c. 217®]. 

Acetyl derivaiive C«H 4 (NAc.C,JL) 2 * 
[210®]. Plates (from benzciTdy. • 

Bensoyl derivative [220®]. 

Ueference- — NiTKo-PUj5NYLiiM£-KAPiiinrL-i>i- 

AMINE. * 

I^ENYLENE - NAPHTHYLENE - AMINE 
C„H„N t.e. Phenyl-naphthyl- 

carhazole. [330®]. (454°) (Schweizer, A. 264, 
195). S. (alcohol) *25 at 78®; S. (toluene) *5 at 
111° (Bechi, B. 12, 1978). Occurs in orudo 
anthracene, from which it may be got from the 
residues after sublimation of the anthracene 
(Graebe a. Enecht, B. 12, 341, 2242; A, 20% 1). 
Formed by passing phcnyl-(6)-napbtbyl-amtno 
’IhrCugh a red-hot tube. Colourless plates, v. si. 
sol. HOAo. Its solutions show blue fluorescence. 
Oxidation by K 2 Gr 30 , and IL^SOf forms the 

quinone [307°] wl^h crystallises 

from HOAo in reddish-yellow q^edies, and is 
accompanied by ^ q/ 0 which crystallises 
from benzene in red prisms. ^ * 

Acetyl derivative 0„H|,N0. [121°]. 
Nitrosamine 0|,H,oN,Ot [260°]. 
Tetrahydride OicHuN. Forme^ *by 





Ktootion with HtXq ana F ftt310*< Symp.— 
B'HI. Long needles. 

Vhenjliaa-naphtliylraa-amine 

[225®]. Firmed bjr heating 

with itence'd copper at 240° 

(Kym, B. 23, 2466). Greenish-yellow plates, si. 
so), cdld benzene, v. sol. hot alcohol. 


Piorio aoid oompoand 0|,H,OCJt,N,O,. 
[24°]. Yellow orystalsiQoldsohioiedt a. Schmidt, 
ii. 2,14). 

Beferencet. —Astioa-, BROi&o-.Tiii'nA-CBiiSRo-, 
Di-iodo, Dinitbo- PratsynKN* oiiDBs. 

0 • FHEKYLBNE • X|;CY - BBITZAinBIHE 

Formed by 




[223°J. 


reducing salicyl-o-nitro-aniCne with tin and 


PHEHYlFliB-HAPHTHYLEN&. KETONE I HCl (Mensohing, A. 210, 846). Neddies. - 


B'lICI a<j»—IJ'.n,SO, 4aq. NceiUes, al. sol. Aq. 

o-FH£NTL£NE-FHEHYI-DIAlirNE. The 
sulphonic acid which gives the barium salt 
l)a.\', 2aq may be got from its anilide [1:2:4] 
C.II,(Ni^hWNH,).SO.,NHPh [157°] which is got 


OXIDE CO<^'»5‘>0. [155°]. Formed by 

boiling (a)-naphthyrsalioylao (Graebo a. Facr. B. 

19,2612). Formed also by bating (a)-naphtliol 
with salicylic acid and HOAc; and by distilling 
(l,2)«(a)'aaiAithol carboxylic aoid with salicylic 
aoid (Kostanocki, B. 25,1043). Crystals, si. sol. 
cold alcAol^ Its solution in shows grcct%| 
fluorescence. Converted by^potash-fnsion into 
o-(a)*di-oxy^henyl-Qaphthyl‘ketouo (FhomW, 

A, 257. 02). • 

Isomeride. [140®]. formed in like manner 
from (i8)-napbtbyl salicylate; and by beating 2. From p-nitriiso-diphonylamine by boiling 
.... with alcoholic potash, by reduction with tin 


ich 

b^ roduetTon^t C.UJNilPlf)(Nb.J.Sb,NHPh, aiid 
yields B'HCl tl82*jifFi8cher, B. 24, 8794). 

• p-Phenylene'phsil^l-diamine 
C,H,(NHPh).NH 2 . Arnido-diphenyUtmine, [67®] 
andJ76®]. (354®). 

• f'ornuUi^^. — 1. By re<luotlon of nitro- 
dipheuylaraino (Nietzki a. Wilt, B. 12, 1401). 


(2,l) {^)*na^htbol carboxylic acid with salicylic 
acid. Needles, lieducod by zinc-dust to 

[80°J. . • 

p - f HENTLENE- DI - (S) -NAPHTHYL - DI. 
METHYl-DIAMINE C,H,(NMe.O,„H,),. [180°]. 
Formed trom C.H.INHC,,!!,),, Mel, aiid Me»U 
at 110° [Rueff, B. 22, lOHU). Plates. 

PHENYLENE - NAFHIBYLENE OXIDE 

C I178°h Formed by distilling | mixture 

jf phenol and (Arx, B. 

13, 1726; A. 209, 141). Yellow noodles, si, sol. 
alcohol. ILSO, forms a tetrasulphonic acid | 
which gives Ba^C,|,l[,S,0,,4afi. CrO^ and IIOA.C 
formC.,nA [140®l.-rC,Jl,,O2CJi,N,O,. [166^]. 
iB^moride CiuH)*6. 


and IlGl (Ikuta, A. 243, 279), or by treatment 
witfl pnenyMiydrazine in ether (O. Fischer, B. 21, 
2G15).>-3. Together with azopbenino, by heating 
p-nttroBo-diphcnylaminewith aniline and aniline 
hydrochloride (0. Fischer a. IIopp, Jj. 20, 2480). 
4. By reducing C.n,(NUPh)NAii 4 SO,Na 
(Hess a. Boruthsen, B. 18, 692). 

Profjcrties. —Plates or needles, si. sol. water, 
V. sol. alcohol. Melts at 75® after crystaillsatioii 
Yrom ligroiii. FeCl, added to a solution of its 
salts gives a red colour, turned green by excess. 
Yields quinone on oxidation. 

Salt.-B'.,TI,RO<. Plates. 

//i^rosowina CiJIiiN^Oy [o*13d®]. 
Acetyl derivative CiiHi^NjO. [168®], 
Beneoyl derivative (Ijollmann, B« 15, 


^ [296®J (A.); [300 ^] (G. , 

a. K.). Formed in tike maiyicr from (3}- ■ 826). 
naphthol (A.). Got also by distilling the com- | Sulphonic acid. 
pound C,ttlf,0, (from* pbcnylcne-naplilliylene- fl:f2jC„H3(NnPb)(NII.^).SOaH. Formed by ro- 
amine) with rfne-dust (Gra«bo a. inecht, A. ■. ducing CJla(NHPh)(NOj).SOaH (Fischer, B. 24, 
2fl2,15). ePlatei#^. sol.*toluene. 3800). Yields BaA'j aq and an amdide [171®], 

Be/emtees.—Ui-nuoMO-, Di-cnLORo-, and Di- | which gives B'HCl [215^]. 

NiTiin- PHENTLENE-NAFQTHTLRNit oxiDB. | m-Plienylene-di-phenyl-diami&e 

PHENYLENE OXIDE (;,n,0? [103®]. A C«H,(NHPh)j. [95®]. Formed by heating res- 
product of the distillation of o-oxy-benzoyl-o- i orctn (2 mols.) with aniline (fi mois.), CuC), 


oxj^benzoic acid (Marker, A. 124, 249). * Silky 
needles (from alcohol). HNOa yields tho nitro¬ 
compound C,H,(NO,)0 [150®]. 

Diphenylene oxide C,.^HaO t.e. 

[87°]. (283°) (Galewsky, A. 264,188). ‘ ‘ 
Formation.—!. By distilling Ph.PO, oxer 
lime, MgO, or PbO (Lesimple, A. 138, 375; 
Hoffmeister, Z. [2J 7, 24; A. 159, 2U ; Kreyslcr, 
B, 18, 1720).—2. By distilling phenol (2 pts.) 
with PbO (3 pts.) (Behr a. Dorp, B. 7,* 39«; 
Graebe, A. 174, 190).—3. By distilling Ca(OFh), 
(Kioderhausem, B. 15,1120).—4. By the action 
of red-hot l^e on di-phenylene-ketone oxide.— 
5. One of tjfe product of the action of HCl on 
mudo acid it 160°. • . 

iVqpsrfies.—White plates (from afcohol). 
Converid by i»01 into CH,.CO.C.H,^q 

whioh yielda an oxim [146°] and a phonyl- 
^diazid, fl33°]. H.SO. forma a deliquescent 
oiiclpbonio aoid, whiob yields BaO„H.bl,0, aq. 


(8 mols.) and ZnCl, (1 mol.) tor 3.5 hours at 210“ 
(Calm, B. 16, 2702). Flat noodles, y. sol. ether. 
Oxidising agents give a green colour passing 
to bluish violet. Amyl nitrite and dcohol HCl 
form the |)-nitroao- derivative 0„H,,N,0, crys¬ 
tallising ID brown-red prisma and yielding 
B"2H01 (Fischer a. Hepp, A. 265,145). B"2HOI: 
needles decomposed by wates, 

Acetyl (icfiuatioc C,II,(NPhAo),. [163°]. 
Bemoyl derivative 0,H,(NI’hBz),. 
[184°]. 

I Nitrosamine 0„H,(NPh.NO).j. [102°]. 

Yellow needles, forming a violet solution in 
Hjb’O,. 

p-Phsnylone-di-phenyl-diamlne 
C,H,(NnPh), [182°] (Bandrowski, M. 8, 47#); 
[141°] (Limpricht, B. 22, 2911)); [145°] (0. 
Fischer, B. 21, 261.5); [152°] (Calm, B. 26, 
2803). Formed by heating hydroquinone (5 pts.) 
with aniline (17 pts.), CaCl,j(20 g ), and ZnCI, 
(5 g.) for*18 hours at 210°. Formed also by the 
action of phenyl-hydrazine on nitroso-dipbenyl- 




Si 


PHENYLENE-PHENyL-DIAMIira. 


amlse In aleohol, and from {be hydioohloride 
amido-seliojUo ooid and aniline. Plates, V. 
sol. hot benzene. .HNO, added to its solution 
in gives a blue Kquid, changing to ted.— 
B"2HC1; need®!, decomposed bj water. 

Acetyl derivatii/e C,H,(NPhAc),. [192°]. 
Beneoyl derivative C.H.lNPbBz),. 
[219°]. 

Witro5om»»s'0„H„N,Or [o. 120°]. 
Phfbylene-di-pbenjrl-Uamine , 

C„U|(NH,)^Phr p'ormed bj rednclbg nitro- 
tri-phenyl-amino (Horz, B. 23, 25'ft). Cfystal- 
linc.—B'HCl: silvery needles. 

Acetyl derivative 0,H,(NHAc).NPh3. 

o-p{!EHYLEirE-#HEin!J,.OtrAlBlNE 
C,H,<^g>C:NPh. [19(1). (4«)°-450°). 

Formed ^y heating phenylcneo'diamine with 
di-])hcnyl*cyanamM8 at 215° (Kellor, 24, 
24|}0). White needles (from benze#e) or pnsens 
(from aicoiiol). Phcnyl-oyttnate foritis the ooin- 
pound NPh<;^°>N,(CNPU)(f.H,. [26C°]. — 

B'HC1.-B',H,PIC1..-B'H,S0,: long nccdfes. 
MimO'aeeiyl derivative. [IG0> * 
Di-bemoyl derivative. [171°]. Needles. 
PHEHYIEKE-BI-PHENYL- DIHYDEUZ- 
IlfE. Bexahydride C„H„(NH.NHPli), 
[148°]. Formed by reducing tjio di-phenyl-di- 
hydrazide of quinone with sodium and alcohol 
(Baoyer a. Noyos, B. 22, 217B). Crystalline, si. 
sol. alcohol.—B'H.,C,0|aq. 

m-PHENTtENE DI-PHENYI, DIKETONE 
CtH|(CO.C,H,).j. laophlhalopheiume. [95°] (M.); 
[100°] (A.), (above 300°). Formed from iso- 
phthalyl chloride, benzene, and AlCl, (Ador, Bl. 
(2) 33, 60; B. 13, 320; Miincbmeyor, B. 19, 
1848). Plates (from alcohol). Yields a mono- 
oxim [201°] (Nolting a. Kohn, B. 19, 140), a 
dioxim [70°-75°], and two di-nitro- derivatives 
[200°] and [o. 100°]. 

p-Phenylene diphenyl diketone 
C„H,(CO.C„Hj)„. [100°]. Formed from tere- 

plitbalie chloride, benzene, and AlCl, (M.). 
Yields a dioxim [235°]. 

Diphenylene di-phenyl diketone 
0„H,(CO.Cl,fli,).,. [218°]. Got from diphenyl, 
BzCl, and AKk, (Wolf, B. 14, 2031). Crystals. 
DIPHENYIENE-PHENY1,..METHANE 

C„H„ U. ^'JJ'>CHPh. [145-6°]. Formed by 

tlm action of P.;0;,or AlCl, on a mixture of benz¬ 
ene and dipbouylcnc-carbinol; and also by 
lieating 0PJi,Gl at 200° (Hemilian, B. 11, 202, 
; Bl. [2] 84, 825). Formed also in small 
quantity in the distillation of calcium benzoate 
or phthalate (Kckul^, B. 5, 910; Miller, B. 12, 
1480). Needles, si. sol. other. Yields o-benzoyl- 
benzoic acid on oxidation. 

Beferenee. —Di-brouo-dx*pu£N7lene-phsnxi^ 

KKTIIANB. 

p-m^ PHENYLENB - DI : PHENYL - DI - 
METHYL - DI • PYREOtE DI. CABBOXYLIC - 
ETHER 0„H,0,N, U. 

C0^t.C:CM6N.N p „ >j/CMe:C.C02Et 

[185°]. Obtained by mixing together in acetic 
acid solution acotopbenone-aceto-acotio ether 
(2 mols.) and m-phenylene diamine (1 mol.), and 
Allowing the mixture to stand a long time 


(Faal a. Schneider, S. 1$, lender vliite 

needles. Y. sol. ordinary solvents, ezoept Aq. 

r-jp-Diphenyleae - di - phenyl - di - me&y^ dl- 
pyrrole di-carboxvlic-ether i-e. 

CO,Et.9:CMe>.j:^„^„ «^CMe:Q.CO^t 


[179j. Obtained by mixing together in acetic 
acid solution ocetophenone-aoeto-acetic other 
(2 mols.) and benzidine (1 mol.)^ and allowing 
the raixtufe to stand for a long time (P. a. S.). 
Hai#>Uke needles. Sol. alcohol and acetic acid, 
V. ^1. ether, chlor^orm, and petroleum-spirit. 

p - PHENYLElft - TETRA - PHENYL - DI - 
PYRROLE DICARBOXYLIC ACID 


CO,H.g:CPhs.jj«„ jw.CPh:g.Cg^ .. 


300°]. Formed by saponification of ^ts ether 
•[250°] which is igot from pheiftcyl-benzoyU 
acfdic ether and phenylcne-p-diamine (Paai a. 
Braik^, B. 22, 3095). Small grains. 

jm-PHENYLENE i^-phenyl sdlphone 

lPaH,(SO;,Ph)2. [191°]. Formed by beating 
boiizeno with P^O, and benzene mtdisulpbonio 
acid or di-phonyl sulphone m-suiphonic acid 
(OttqpB. 19, 2421; 20, 185). Minute needles 
(from IIOAc). AlcoJiolic potash at 170° forms 
0(C,H,.SO.,Ph}., [70^] and C«n,.SO,K. • 

Di phenylene di-phenyl trisnlphone 
S«,(C,H,.S0AH5)*. [193°]. Formed from 

S0,.(C„H4.S03lI),^, benzene, and PjO* at 200° 
(Otto a. Itossing, B. 19, 3127). 


PHEN YLENE - DI - PHENYL - DI - THIO - DI- 
DREA €JI,{NH.CS.N]IPh)^ Formed • from 
phcnylene-diamine and phen;^ thiocarbimido in 
alcohol (Lellman a. Wiirthner, A. 221, 28; 228, 
200). The o- and p- compounds are decom- i 
posed by heat into di-phenyl-thio-urea and 
phcnylene-thio-uroa; the^* compound melts 
at 101°, and theo- isomerido qt about 290°» They 
are insol. ethoa * 


»n.PHENYLENEDI-i»HENYL.TIREA 

C,iH,(NH.CO.NIlPli).^. Formed from w-phenyl- 
eim-diainilfc and ^ihenyl cyauate (Kuhn, B. 3^, 
1478). Amorphous. • • * * 

PH EN YLEIiE-PROPEKYL-DI AMINE 
C.H,<^j}^>CUt. ,[109°]. (above 300°). Got 

by bckling o-pheny]cne-diamino with prop[pnio 
acid (Wundt, B. 11, 829), and by reducing pro- 
pionyl-o-nitro-anilinif with tin and HOAo (Smith, 
Am. 0,172). Plates (from water).—^B'UCl.— 
B'HgClj.—B'jTI.PtCl, 2aq.—B'jHjCr.O,. 

PHEHTLENE-DI-PEOPIONIC ACIDS 
Cl.II,(CH..CII.,.CO.jH).^. I'ormod by heating 
C.J44(CHj.Cn(CO.jl)j)., (Perkin a. Kipping, 0. J. 
53, 8. 32; B. 21, 27, 40). The o- acid [1C2»] 
forms Ag.jA". The w- acid [147°) forma Me.A'' 
Er.l»>and KtjA" (200° at 00 mm.). The p- acid 
[224°] forma AgjA" and Mo.A'' [115°]. 

p-PHENYLEHE-PKOPYL-DUMINE 
C.H,(Nm(NnPr). (281°). Ootj4y reducing 
p-nitroso-propyl-auiliue with SnClJ (Waoker, A. 
243. M4). PlAtes—B"2HC1. PlateH v. e. sol. Aq. 

D-FHENYLENE-PBOPYIENE.DIAHINE 
C.H,<^j^>CA. [72°]. (28»°). Fjrmodby 

iaeating pyrocatcebin with propylene-diamine at 
200° (Ria, B. 21, 382). Plates (from ligrofo). 
—BVtllC[,-Ii',2C.U,N,(^. Thin needles.* 



^HiaJTIJEjrE.»I.TOLTL.DIAMINK 


DOHSinxsA-fT^nrK. DihyiHde 

O,*.!*, io. r<?nnaa from 

pheoanthraquisono and ethjlenc-diamine 
(Mason, B. 19,112; 20,267).“B',H^01, 

■ (a).PHENYl.SN£-qiCBIDTI.-KETONE 

“icH- by dis- 

tilling the dicarboxylio acid 
c,H.o 4 -c(eo=H^H^)> pen,- which is 

formed by oxidising ia)-sty^l-(/3)-naphtho^in« 
oline carboxylic acm (DoebiM a. Peters, B. 23, 
1241). Yields a picric acid compound 
The dicarboxylic acid yields Ag.^". 
(j3)-Phe^lene*pyridyl>k6tone 

[129°]. Formed in lik^ 

manner {rpm the corrcspAiding dicarb(>|ylio 
acid [264^j which is got by oxidising (a)-styryl' 
(a) naphthoquiuoline garboxylic aoi^ with 
KMnO^. Needles. Yi^ds B';H.JPtClfl 2aq. The 
dicarboxylic acid forms Ag.A'' as a pp. ^ 
PHENfLENB > (^TJINOLYLENS KETONE 

OWDE C,.H,NO, iji. 0<c;ff'jj>CO. gheno- 

• quinoj^anthonc. [188°]. Formed by distilling 
;>-oxy-quiiioline with salicylic acid. Needles 
(from alcohol).—B'HCl: needles. 

DIPHENYLENE-QUINOXALINE 

* C H* C N^^**^** phenylenc- 

o-diamine and phenanthraquinone (Hinsberg, A, 
*237, B40). V. sUsol. alcohol. • j 

BIPHENYLENE-SXYEYL-OXAZOLE 


alcohol at 100° (Gabriel, B. 10,184). Keedies, 
▼. e. sol. hot alcohol. Yields a nitro- compound 
cya,[NOj(SCN)^fi0^. . 

B&HENTIxra SBXFXrOljp v. Bi^nSvesu 

EKE STTLPmnB. . 

DI-FHENTLEirS SO^^HOHS KETONE 

[185°]. Fopned by heating 

benzophenone with fuming* H,80, (Beckmann, 

B. fi, ^1112; 8, 992), and by olidiaing 

(Graebe a. BchuItAa, A. 208, 

10). Yellowish needles, y. sol. alcohol. 

FHENYIENE BltHIOCABBAMIO BTEEB8 

C, t,(NHC(lSEt),,. Formed by boiligg from 
plicnylone-thiocarUmide with alcohol (Billetor 
a. Steiner, Ji. 20, 230). The m- compound 
i[llG’] and thep- ooifipound [197°) meorystaUine 
and yield Ab..A" as white pps. 

PHENYLENE-Bl-THIO-CABBIKIDE 
0,ii,(NCS)5* Formed from phenyleno-diamine 
and CSCl.qBilleter a. Steinor, B. 20, 231). The 
0 - compound [fi(l°], m- componnd [5S°] (250°), 
and p- compound [130°] all crystallise in needles, 
m-FHENYLENE ■ DI - TBIO - SIQLYCOLLIC 
ACiD C«H,(SCH,.CO.,H).,. [127°]. Formed 

from di-thio-rcsoroin and C!1CH.C0,,H (Gabriel 

B. 12,1639). Miorocrystalline ^wto. 
Diphenylene-di-thio-di-glycollio Mid 

C„H,(S.CH,.CO.,H),. [262°]. Formed frott 

C, , 11 ,( 811 ) 2 , NaOHAq, and ohloro-acetio aoid 
(Gabriel, B. 13, 390). 

o-FHEHYLEKE.THIO.UBEA 

C.H,<^y>CS. [298°]. Formed by heatin. 


CH'cN^‘^ ‘^bI:CnPh. [172°]. Formed from 
phenanthrncluinonc, cinnamic aldehyde, and 
alcoholic Nllj at ino° (Wadsworth, 0. J. 57, 
11). aYellow needles. 

p.PHE5YLENE •DI8BIPKIDB CJI,8.,. 
Formed by^oxidising^dithiohydroquinone with 
an alkaline fcrricyanido solution (Leuckart, 
jf pr- [2j 'll, 500). Chars lvithout»melting at 
300°, inA)l.^or(V»ary solvents. Is reduced by 
fusing with potash to dithioby^roquinone. 
Diphenylene sulphide [97°]. (333° 

r.V.). Formed by passing Ph^S throiigl^ a red- 
hot tube (Stenhouso, .4. 150, 332; Graebe, A. 
171, 185). Needles, m. aoh alcohol. Yields on 
oxidation the sulphooe Ci^IlgSO, [230°]. 

Diphenylene - disulphide CgH,<^g^C„H, 

[154°]. (366°). A product of the distillation of 
sodium bonzone sulplionaie (Stenhouse, Pr. 
U, 02 ; A. 149, 252). Formed also by lioating 
phenol with P.,S» (Graebe, A. 174, 185 ; 179, 
176), by heating benzene with S and AlCl, at 
80° (Friedel a. Crafts, A. Ch. [C] 1, 63t); 14, 

439), and by heating C,H 4 <^g^N (Jacobson a. 

Elloy, B. 1 ^, 910). Prisms (from CSJ. Cone. 
H.BO 4 forms a purple solution. CrO, in HOAc 
gives the tnlphone {^25°J and the 

iulphoxide Oi^H^S^sO, [241°], si. sol. cold benz¬ 
ene. €r fomiB Gt^gS^rg crystallising from 
CS. in small black prisms. 

rn-PHEimEHE 80LPHOCTARIDE ^ 
^^Hg{SCN)^ [54°]. Formed by heating the 
\M salt of di-th^ resorcin wifih ICy and 


o-phenylene-diamino hydrochloride with am 
monium sulphocyanide and water at 180 
(Lellmann, B. 15, 2146; A. 221, 9). Formed 
also from o-phenylcne-diamine and CSCl. 
(Uilleter a. Steinor, B. 20, 231). Plates (from 
dilute alcohol, si. sol. water). The orystallim 
m-^omeride is got by heating m-phenylene-di 
ammo with CS^ and some alcohol at 150° (Gucci 
Q. 17, 624). The p-isomeride melts at 271°. 

Phenylene-di>thlo-di-ureas 
C,JIg(NH.CS.NH.,),. m. {215°]. p- [220°] 
Formed by heating phonylone-diamine hydro 
chloride with ammonium sulphocyanide (Lell 
mann, A. 221,11; B. 15, *2840^. The p- com 
pound is also formed from p-phenyfeno di- 
thiocarbimide and alcoholio NH, (Billeter a. 
Stoincr, B. 20, 230). 

Diphenylene - thio - urea c*H* 

[238°J. Formed by heating di-op-amido-diphenyl 
with alcohol and CS^ (lleuland, C. /. 58, 167; 

B. 22, 3014). 

o-FHENYLENE-TOLEKYL-AHIDINB 

[268°]. Formed from 

o-phcnylcne-diamine and p-toluio chloride, and 
also by reduction of p-tolnyl-o-nitro-aniline 
(ilubner,.^. 210, 328; c/.Briickner, A.205,115j. 
Prisms (from alcohol).—B'HCl.-B'gH^tCL— 
b'HNO,. —B'jH^SOg: slender nobles. 

PHBKYI.EK£.DI-p.TOLYL.m>DIA]UVE 

C. ^H„N, i.e. CgHg(NH.C^gMe),. [187®]. 
Formed by heating resorcin with p-toluidine, 
ZnCl.^, and CaCl, (Hatschek a. Zega, J. pr. [2] 
33, 218). Needles. Yields a di-nitrosamine 
Ca,H|gNgOa [c. 150°J, a di-acetyl derivative 



M PHENYLENE-DI-TOLYL-DtALMINa 


and& di-benaoyl derivative 
fl62»].-B"2HCl; crystalline 
poi^cr, decomposed by water. 

nienyleae-U-o-toljl-jp.dismine [135°]. 
(420°). Forme" by helping hydroqninone with 
o-toluidine and CaO[„at 200° (Philip, J. pr. 
[2] 84, 65). Plates (from HOAc). Yields a di- 
nitrosaniine [140°j. Yields [23o°] 

and a,^,.Ac,N, [18!)°].—B"2HC1: needles. 

Fhniyleiie-di-p-tolyl-p-dUmitte. [IS2°], 
Formed bj^heating hydcoquinone or (Jhenyl-p- 
amido.plienol with p-toluidine aiffl at 

220° (H. a. Z.): Calm, 73. 16, 2810). Plates. 
Yields a di-nitrosamine [152°], a di-aectyl de¬ 
rivative, [178°], and a di-benzoyl dcrivatve 
[222°].-B"2HCl. • * 

PHBNYLBNE-TOLYL^E.KBrOirK OXIDE 
C,H,<['^]]>C,H,Me. Methyl-xanllione. [105°].* 

Formed by boiling p-tolyl salieylate (Grae1|s a. 
Feer, 73.19, 2612; cf. Scilert, J.priK] 81,478). 

Iiomeride C.n,< °,>C.IVdo [fl]. [176°]. 

Made by heating C.H,Me(OH)COjPh 613°] 
(Weber, B. 25, 1745). Crystals (from ulfobd). 

0-?HEKYLENE.|j.TOLYL-GirANIBINE 
0,H,<;™^C:N.C41,Me. [209°]. Formed by 

heating o-phcnylone-diamine with di-^-tolyl- 
cyanamide at 210® (Keller, B. 24,2500). Tables. 
Yields a mono-acetyl derivative [152®], a di- 
benzoyl derivative [191°], and a nitrosamino 
C|tH, 2 (KO)Ns [150°-160®]. Phenyl cyanate forma, 

OAN <^^N.(C.HJ:C:NC.H,Me [254°] crys¬ 
tallising from benzene in small needles. Dl-;>- 
tolyl-cyanamide at 210® forms the compound 
(NHC,Hy),C:N,(aHJ:C:N.C„n,Me [188®]. 

DIPHENYLENE-TOLYL-METHANE C.,jr,a 
l-e.§*g<>CH.O.H,Me. [128°]. Formed by^he 

action of on a mixture of diphenylone- 
oarbinol and toluene, or of Aid, on diplieiiylonc- 
oarbiuyl chloride dissolved in toluene (Ilcmiliau, 
B, U, 208; Bl. [2] 34, 825). Silky needles. 

PHENYLENE-BI-n-TOLYL-DI-METHYL-m. 
BIAMIKE OeH 4 (NMe.C«H,Me)^ (o. 400°). Got 
by heating pbenylene-di-p-tolyl-m-dhunine with 
Mel and KOH at 150® (Hatschok a. Zega, J. jpf. 
[2] 33,223).. Liquid smelling like geraniums. 

The isomeric phenylona-di-o-tolyl-di-methyl- 
jp-diamtne /3B5®-390®) and phenylene-di-p-tolyl- 
di.jnetbyl-diamine [153®] may be prepared in 
like manner (Philip, i7.^. [2] 34, 57; II. a. Z.). 

o.PHElfYI,EirE.DEEA C,n,<™>CO. 

[308°]. Formed by heating c-amido-phcnyl- 
carbamio ether at 90° (Eudolph, 73.12,1290), by 
heating o-omido-di-phenyl-urea (Lellmonn a.' 
Wilrthner, A. 228, 220), by heating its ethyl 
derivative vrith HCl (Sandmeyer, B. 19, 2664), 
and by the action of COCI, in toluene on a 
Bolhtion ot o-phenylenc-diamine bydroohlorido 
at 100° (Hartmann. B. 23, 1046). Leaflets, si. 
sol, water.—B'HGL Decomposed by water. 

Ethyl dsricattce C,Hj<^™^C.OBt. 

[160°]. Formed from o-phenylene-diomine and 
N^O(0£t),. Plates. 


m-Pli6iiyleiie.«roa. [aoove aou”]. Formed 
by similar methods (Michler a. Zimmermsnn, 
73. 14, 2177', L. a. W.). Insoluble powdfa. 

p-Fhenylene-urea. [tbove S20°], Oot by 
heating p-amido-di-phenyl-utea (L. a. W.). 

Isomeride. [130°]. ,Pot by boiling an alco¬ 
holic solution of ory-phonyl-tbio-urea with HgO 
(Bendix, 73.11, 2264). Tables, sol. water. 

Phenyleae - di - ureas CjH,(NH.CO.NHJr 
0 - [290°]. • m- [above 300°]. Formed from 
phenglcne-diamine hydroehloride and potas- 
siunt cyanate in cold aqueous solutions (Warder, 
B. 8,1180 i Lellms^n, A. 2A, 13; 73. 16, 692). 

The p- compoufid can be heated to oarbonisa 
tion without melting. 

Beferettces. —AsoDO- and Nirao- ♦bihxIiShis- 
oimx. 

• PHEHYL-ENHOIC ACID. 

Nitrile C.H..(91(C,H,,,).CN. (32'7°). Formed 
from CnJPh.CN, heptyl iodide, and waOH (llos- 
solyraofyi. 22, i237;. Yellow oil. 

DI-PHENYL-ENinrE TEICYANIDE 
^oH„0,N,Phj. [c.*38®]. (c. 29.3® at 15 mm.;. 
Formed from decoio chloride, benzdhitrlle, and 
AlCl, (Krafft a. Koenig, B. 23, 2384). 

PaENYL-ENNYL.THI0-IfBEAC,„H^N,3¥.«. 
NnPh.CS.NHC„H,j,. [60®J. Formed from #nnyl- 
thiocarbimidc and aniline (Freund a. Sclioufcld, 

B. 24, 3359). Tables, v. sol. alcohol and ligrom. 
%HENYh.ENNYL.irBEA C„H,,oN.,0 i, 6 . 

NHPb.CO.NHCjlI,;. f03®]. Formed from 
phenyl cyanate and aniline in alcohol (Freund 
a. Schonfeld, B. 24, 3358). Long prisms. 

s-DI-PHENYL-ETHANE C„Hi, U. 
CII.Ph.CILPh. ZHben^ifL Mol. w. 182. [63°]. 
(277°). S.V.S. 174-2 (Schiff, A. 223,261). H.P. 

- 31,200. II.C.V. 1,828,300. H.C.p. 1,830,200 
{Berfcliclfit a. Yieillc, Bl. [2] 47, 806). 

Formation. —1. By the. action of Na on 
benzyl chloride (Cannizzaro a. •Rossi, At 121, 
250; Fittig, A.* 137, 25?).-2. From ethylene 
chloride, benzene, and AJCla (Silva. C. H. 89, 
COO; A.Ph. S. 18, 345).—3. From OlIBnCHBr, 
benzene, and AlClf (Ausohiitz, %. 235, 155).~ 
4. From acetylene, benzene, a«d Alhlj^Varet a. 
Vienne, BL [2] 919).—6. By beating benzyl 

chloride with copper powder (Onufrovitch, D. 
17, 833).—6. A prc^uct of the action of Na on 
o-brony-benzyl-broniide (Jackson a. White, Am. 
2,390).—7. By adding sodium (70 g.) to an alco¬ 
holic solution of phenyl'cianamonitril© (Freund 
a. Bcniso, B. 23, 2859). 

Properties. —Ljng colourless needles, iol. 
alcohol, ether, aud CS;;. 

Ileaciions.—’l. Yields toluene and di-phenyl- 
ethylene when passed through a red-hot tube 
(Otto, Z. [2] 6, 22; A. 154,176; Barbier, 0. k 
78,1769).—2. Cblorioo passed into fused s-di- 
phenyl-ethane forms first CHPh:CHPh and then 

C, H,Cf.CH:CH.C.H,Cl (Kade, J.pr. [2] 19,466 . 

’ In presence of I, chlorine forms jp-di-chloro-di- 
phenyl-ethane in the cold. Exhaustive chlorin¬ 
ation yields 0,01^ and C^Cl, (Merz % Weith, J5. 
16,2877).—3. forma a disulphonic acid 
Cj 4 Hi..(§OaH) 5 ^aq, which ‘yields* 2aq, 
BaA" |aq, and PbA” aq (Kade, J5. 6, 953). A 
tctra-sulphonio acid, C, 4 H,j(SO,M )4 3aq,*ia also 
formed. 

0 tt-Di^phenyl-ethaae CHg.CHPh.. (270°) (0.); 
(286°) (H.). ^ - ^ 

JFomofion.—1. From ^l,.GHPh„ aleoEbl, 
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and Na (Goldschmiedti B. 6| ISOl).—3. From 
CILPb.CH^r, benjene, and sSnc-dast (Badzii- 
z^kifB. 7,140)_8. From paraldehyde, benz¬ 

ene, and HjSO. (Baoyer, B. 7, 1190).-4. To- 
gether with ethyl-benzene and di-methyl-anthra- 
oene dihydride by hen^ing ethylideiia chloride 
with benzene and AlCl, (Silva, Bl. [2] 41, 448; 
Ansohiitz, B. 17, 160).-5. By distilling its 
dicarbozylio wid (Haiss, B. IS, 1481). 

Properliesf— Oil, with bine lluorcscenoe. 
Solidifies in a freezing mixture. Yields b«nzu- 
phenone on oxidatmn. J’uming HNO, added to 
its solution in HOAo folkns benzoplieuone, 
CPh,(0H).CI40.N0j [107°?, diphenyl-vinyl 

nitrite [87°], and a body [118“] wliicli yieWs di- 
phenyl-aceftnilrilo on reduction (Ansohiitz a. 
llomig, A. 2S8, 329). 

Tri-Pheayl-ethane CHJ’h.CHPh,. (abov# 
360°). Formed from CH^Cl.CHCl.O^t, bpiiz- 
ene, and AlCl, (Waaa, B. 15, 1128). Liquid, 
with violet 6uorescence» InSoI. cold alcShol. 

s-Tetra-phenyl-ethane i.e. ^ 

CHl>h..CHPh,. Mol. w. 334. [210°]. S. (benz¬ 
ene) 14 at 80°. S. (95 p.o. alcohol) -8 on boil- 
in& _ 

Formation. —1. By distilling benzoyl- and 
•succiu^l- di-phenyl-carbinol and by distilling di- 
phenyhcarbinol with succinic acid (Linncinann, 
A. 133, 24).—2. By distilling benzophcnonoijjith 
z.inc-dust (Staedel, B. 6, 1401).—3. By reducing 
bcnzpinacone CPh.j(OH).CPhy(01I) with HI and 
P (Oraebe, B. 8, 1055).—4.’ From di-phenyl- 
carbinol, glacial HO Ac, cone. HClAq, and zinc 
(Zagumenny, A. 184,176; Bl. [2] 34, 520). -6. 
By reducing (/3)-benzpinacolin CPhj.OO.OsHj 
with HT and P (Zincke a. Thorner, B. 11, 67).— 

' 6. By boiling (CUPh..).,S] with alcohol and 
copper powder (Engler, B. 11, 926).—7. By re* 
ducing CPhy.CPhj (Fi-iedel a. Balsiihn, Bl. [2] 
33, 3re).—8. PAom OllPhiCl and Na (Engler). 
-3. By the action oi benzen^ and AlCl, on 
CBr,.CH^%onClIBr~CItBrj,onCPhIIBr.CHlir,, 
on CPhBryCPljBr„ and on CUPhBr.CUPhlir, 
Uie yield in the last ciwe bling eiffellent (An¬ 
schutz, jf. 235, K»). -10. BydistilUng CPhjHCl 
(Anschutz, A. 235, 220). • 

p’roperjies.—Needles (by sublimation), si. 
sol. alcohol. Crystallises from benzene with 
C,H,. Yieldsacrystallinetetra-nitro- dorirative, 
a crystalline tetra-sulphonic acid, which gives 
Ba^‘* and Cj.n„(OH), [348°]. 

u-Tetra-phenyl-ethane CPh,.CIljPh. [140°]. 
Formed from CPh,K and benzyl chloride 
(Hanriot, 0. R. 108,1119). 

Referencis. —Amioo-, Bhomo-, BnoMO-ASimo-, 
Dt-BEOuo-ni-snao-, Cnnoao., Pksta-ciilobo-di- 
Mtrao-, Nrtao-, and Oiv-, Pukhil-etiunks. 

PH£im.-ETHANE DIOAEBOXYtlC ACID 
e. CAKB0XT-puBiiYi,-eB07iaNic Acm and PAenA.- 

SnCCZNIO ACID. 

Phenyl-ethane tricarbozylic add 
CHPh(COJ[i).CH(CO,H)r [171°]. Got by sa 
pooifying itS ether, which is made by the action 
of a.ohloro*oi a-brt)m6- phenyl-atetio c^er on 
sodium malonio ether (Spiegel, A. 219, 31; 
Alexander, A. g&8, 71). Small tablets, v. sol. 
hot water. Decomposed on fusion into OOjand 
d‘Buccinic acid. Salts.—CajA'",10aq.f- 
' ' -f: ppd. from aqueous solution by aloo- 
A"': orystalline pp. 


Ethyl tther Et^"’. [46°]. (202° at 

10 mm.). Needles (from dilute alcohol). 

Di-phenyl-ethane o-earbozylle add OuH,,0- 
t.s.-C,Hj.CHj.CH.;.C.H.,.CO.H: 031°]. Fofmod 
by the action of HI jina P R 200° on iso- 
bonzyfidene-phthalide, mid on deoxybenzoht 
carboxylic acid (Gabriel,!?. 11,1019; 18, 2446), 
Tablets (from dilute alcohpl).—AgA': pp. 

Isomerides ». Dr-piiENyL-raoMOKlc Aqn. 

Diiphenyl-etbane di-o-earbozyUo ads 
C„H*0/ i.c. CO..H.CJl,.CH,.CH,.t!,H..CO,H. 
[186T(H.)f[229°]'(D.). 

1 Formation. —1. By heating diphthalyl with 

; HI and P (di-acbo, B. 8, 1056).~2. By the 
action d U1 and pho^horua on t^e acid 

CO<;®“q'>CH.CH.,.CJI,,CO., n (Wisllccnus, 

,B. 17. 2181; Hasselftich, A. 243, 254), and on 
diphthalylic acid (Dobteff, A. 239, o6). 

FroiKrties .—Small needles, v. sol. alcohol 
aao dilute l|OAc. KMnO, in alkaline solution 
forms diphtliulylic acid [263°]. Distillation 
over soda.limc f^rnis s-di-phenyl-ethyleno. 

Salts.—(NH,).A'' (dried at 100°).-CaA' 
(at *100°). ~ BaA". — CujA"0. — Pb,A''0. — 
Zn?A"0.-AgHA". 

Methyl ether MojA". [101°]. 

Ethyl ether Et,A". [71°]. Converted 
by alcoholic NH, into the afiiie ether 
CjH,(C.H,.COJRt)(C,H,.CONHj) [o. 67°]. 

Di-phenyl-ethane dicarbozylio add 
C.H..CH,-CH(CO,ll).C.H,.CO,lI [1:2]. [164°]. 

(above 300°). Formed by beating the nitrile 
‘with cone. HCl at 220° (Bichelbaum, B. 21, 
2682). Small prisms, sol. alcohol, insol. ether. 

Nitrile C,1I,.CI1,.CH{CN).C,1I,.CN. [110°]. 
(above 300 "). Formed from benzyl chlorjda 
and [::-2] C.H,(CN).CI1,.CN. Plates, insol. 
- water, alkalis, and acids. 

I Amide. [221°]. Formed by the Action of 
' cone. H..SO, on tho nitrile. Converted by none. 
' IIQ] (S'.G. 1-19) at lOO’ into the imido 

C.U.<co1?NH 

Di-phenyl-ethane di-earbozylio add 
CH,.CH(0.1I,.CO.,H).,. [275°]. Got by heating 
the tri-carboxylio acid (Haiss, B. 15, 1481). 
Long needles. May be subliinoj.—CaA". 

Isomeride v. Di-ruBNyL-BUCoixta acid. 

Di-pheayl-ethane tri-carboxylio add 
CO.H.CMc(C.H,.CO,,H).,. [255°]. Formed by 

oxidation of di-o-tolyl propionio acid with 
KMuO, (Haiss, B. 16, 1479). Sol. alcohol and 
ether.—AgjHA'".—Ag,A'". 

Di-phenyl-ethane tri-carbozyllo add 
C,,H,.0. ».s. CHPh(CO,41).CPh(CO^U 

Amide CHPh(CO,H).CPh(CO.,H).CONH, 
[190°]. (lot from CHEh(COjEt)i3Ph(CN).CO.Et 
[105°] is got by heating tt'OlUoro-phenyl- 

|•acetic ether with alooholio KCy on a water-batb 
(Poppe, D. 23,114). 

MonO’nitriU 

COjH.CHPh.CPh(CN).CO*H. The ethers Me^'' 
[101 and EtjzV' (v» supra) got from a* 
chloro'phenyl-acetic acid ana ECy in MeOH or 
EtOH. Cono« H^SOi converts into 

CO Et.CHPh.CPh(C02Et).CONHj [167°j crystal- 
lising in aggregates of needles. 

Ueferencss, —Kirao- and Oix* Di-fHainir- 
xxoAna oaasozrLic acxo. 



S8 PnENyL-ErHENYI/-AMmmE. 


FHBVYL-XTHXirTl-AMI jlXE «. FBZim.- 1 amalgam (Badziszevski, B. 9,873). Oil. Aa^O 
vumonx. at 160° convetta 'it into an aceijl deriratire 

««twww -BinmBwr AwtttA BcrwvT ^ n T7 A A» /anA»\ an. l.AOo * * 


lOBTAHZDiNB. at 160 ” converta it into an acetji aenrati?e 

PHEHYl.BTHBKTIt.AlllDO.PflENYI- C,H,0Ac, (224"). S.G. 1'029. • * 

MXifCATTAir Q,.H„N5 U. FHE5YI-ETHYL-ALI.0PHANI0 ETHEB 

u, C„H„NAUC.H,.NH.CO.NH.CO^t. [1(NJ«]. 

C,H*<g^C.CH 2 Pb.-^Tormea by heating formed from phenyl-e*yl*urea and OlOO^t 

phenyhacetio chloride with o-amido-pbenyl (Neubert, B, 19,1826). Needlea (from water), 
mercaptan (Hofmai^n, B. 18. 1234). Oil, sol. PH£KTL-£TH7I>AILYL-ailAiriDlHE 
alcohol and ether. On fusion with potash it Gisll^N, i.e. GN,E^h£i(C^J.^ Formed by 
yields ^henyl-aretic acid and amido-pbenyl boiling ethyl-allyl-thio-urea with NHPh.HgCl 


roeroaptan^B'HOI.—B'gH-PtGh 6 aq: needles, j 
PHENYL-ETriENYL-AiUDOXIH CXn,0 
i.i. G 4 ,HyGH 3 .C{NOHl.NH 2 . PhenyVacetamid^ 
oxitn. [07®]. Got oy heating phenyl-aceto* 


and irtcohol (Forster, A. 175,41).—B'HgCL aq. 

BH£RTL-£THTL-ALLTL.TBIO.tl££A 
NHjC,Hj).CS.NPh^. [ 0 . 28 ®]. Formed from 
ailyi-thiocarbimide and otbyl'aniline(Gebbardt, 


nitrile w^th a solutio^f hydroxylaimnun dimte B. 17, 3037). Colourless very soluble 


alcohol (Enudson, IT. 18, BIOS. ^ 8 ^. Thin PHE!ITL-£THTI.w.AMIBO-Ad!£T0PH£N. 
prisms, y. sol. water. Convert^ by phenyl ONE 0,un„N0 t.e. C„H 5 .C 0 .CHj.NPhEt. [96®]. 
cyanate into GfHyCH.^.CfNH.GO.NHPh}:N011< #''ormedfrom(»>bromo-acetophenoneein(Pdietbyl* 


oyanate into C,HvCtt,,C(!lH.CO.NHPt. 

[123®].—B'Hbl. [155®]. White prisms. aniline (Weller, B.lO, 26). * Needles^ 

Acetyl derivative. [124®]. Plates., PHENYL ETHYLAMIDO - ETHYL SFL- 
Benzoyl derivative C,H,.C(llOBz).NHj. PHONE C«H5.80,.CjH,d^HEt. Formed from 
[144''3. Prisms, v. sol. alcohol. * £jH 4 (SOjCttH,.).i and ethylamine at 85® (Otto, 

Ethyl ether C,n,.C(NOi:t).NH,. [ 68 ®]. 7. j)r. [2] 30, 337).—B'HCl. [130®]. Needles. 
Converted by potassium cyanate into PHENYL-ETHYL-AMID0-(a)-SAPHTH0- 
CH.^h.C(NOEt).NH.CO.NHPh [148®]. , QUINONE C,A(NPhEt)0.,. [165°]. Formed 
Benzyl ether. [ 66 °]. Prisms. by hewing (a)-Daphthoquinone (2 pts.) with 

Phenyi-etbenyl-amidozim cthyl-anilinc (3 pts.) and IlOAo (5 pts.Jt (Els- 

OH,.C(NO]^.NHPh. [121®]. Formed by heat- bach, B. 15, 1810). Violet needlea (from alco- 
ihloacetio anilide with hydroxylamine solution holh— BTICI, [c. 230°]. Yellow needles, de. 
at 100® (Miiller, B. 22, 2408; cf. Nordmann, B. composed bv water. 


[.CO.NHPh):NOII^ formed from (»-bromo-acetophenoneain(fdietbyl- 
ite prisms. aniline (Weller, J3. 16 , 26). Needles^ 

. PHENYL ETHYLAMIDO - ETHYL SDL- 


at 100® (Miiller, B. 22, 2408; c/. Nordmann, B. 
17, 2746). Satiny plates, v. sol. alcohol. 


composed by water. 

Phenyl - ethyl - amido - (0) • napbthoqainone. 


FeGl| gives a violet colour, changing to olive [1C5®]. Formed by heating (^).naphthoqQinon 6 
green and, on heating, to red.—B'HCl: needles. 1 with etliyl-anilino and alcohol (Elsbaoh, B. 16, 


—B'^HgPtCh: yellow needles. 1 091). Tl 8 rk-red needles (from ether). Decom- 

Benzoyl derivative C 2 Hs(NOBz).NHPh. posed by boiling liClAq into etbyhanlline and 
[ 110 °]. white needles (from dilute alcohol). oxy-napbtlioquijione. 

PHENTL-ETHENYL-AZOXIM v. Azoxims. PHENYL-ETHYL-AMIDO-PHENOL. Ethy I 
PHENYL-ETHENYL-DI-ETHYL-TEI-SDL. ether i.e. NPhEt.C,n*.OEt. (319"). 

PHONE CH|.C(S 02 Et). 2 (S 03 ph). [109®]. Got by Formed by lieating phenyl-p-arnido-phenol with 
oxidation of Cn,.C(SPh}(S 0 . 2 £t )2 (Laves, B. alcoholic potash and EtI (PhUip^a. Calm, Id. 17, 
25.3641. Needles, v. sol. alcohol. 24341. Oil. * * 


25, 364). Needles, v. sol. alcohol. 

TBl.PEENYL ETHENYL TBISDLPHq^E 


2434). Oil. ♦ • 

a-PHENYL-ETHYL-A^INE 


CH,.CfSO,Ph),. [182®]. Formed by the action | CH,.CHPh.NHj. (187*6® i.V.). 
ofuoonolii '■ ^ 


of iJooholic NaOH, and Mol on CH(SO,Ph),. Got 
also by oxidation of CHj.C(SPh )3 by feMn 04 
(Laves, B. 25,362). Needles, v. sol. CfiCh. 

DI-PHENYL-ETHENYL-DI-DBEA 


I Formed by*reducifig tl^p phenyi-hydrazide qp 
j the oxim of acetoplicnone in ftkoli^li^ solution 
I with HOAc and ^odium-amalgam (Tafcl, B. 19, 
! 1920; 22, 1856; Kraft, B. 23, 2783). Formed 


NHFh.GO.N:CMe.NH.CO.NHPh. [169®].Formed i also from acetophenone and sodium formate 
by adding aqifbous NaOH (2 mols.) to an ; (Lcucl^rt a. Janssen, B. 22, 1413). Liquid, 
aqueous solution of acotomidine hydrochloride misciblewith alcohol and ether.—B'HCl. [158®]. 
(2 mols.) shaken with phenyl cyanate (1 mol.) I — B'^HaPtCl^.—B'^ILliO*. [170®].—B'sIl^Cp,. 
(Pinner, B. 23, 2923). Needles, m. sol. alcohol, j [238®]. Prisms, almost insol. alcohoL— 


Converted by boiling dilute (60 p.c.) acetic acid B'HX.O,. Plates, m. sol. boiling alcohol, 
into acetyl-phcnyl-urca [183®]. Isomerides; — Auluo.pBENYL-KTiuKa and 

PHENYL STHEB v. l)i-rHBKtL oxtni. Ethvl-xnilimx. 

o-FHBNYL-ETHYL ALCOHOL ChHi^O is. Di-phenyl-ethyl-amine C^Hi^N i.e. NPh^Et. 
OH,.GHPh.OH. Mol. w, 122, (203®). S.G. Ethyl diphenylaniine. (296°) (Girard, Bl. (^j 

V013. Formed from CH,.CHBr.CaHj by sue -1 23, 3); (286°) (Lippmann a. Fieissner, Af. 4, 
oessivc treatment with AgOAo and NaOP (Bad- 7147). « Got oy heating diphcnylamlne with 
ai^ewski, B. 7, 141; Bertbelot, E. 1868, ^^9)° alcohm and HClAq. Oil. 

Got also by reducing acetophenone with sodium-* Di-phenyl-ethyl-amine CHPhj.CHjNHg. 
amalgam (Emmerling a. Engler, B. 6 , 1005). Formed by reducing di-phenyl-ocetonitrile in 
Yields an acetyl derivative CgHyOAo (217®>220®) alcohol with Na (Kround a. ImmcBpahr, B. 23, 
which yields styrene on treatment with alcoholic 2846). Oil.—B'HCl. [265°], V. sql. water, 
pwsh. ib Di-fhenyl-ethyl-amiae CHgPhxHPhilHg. 

Ethyl ether CfHgOEt. (186®). S.G. ** *931. (310°) at 787 mm. Formed by heatins deoxy- 
Formed from CHi.CHBr.CgHg and alcoholic benzoin (1 pt.) with ammonium 4brmat^(2 pts.) 
NH, at 100° (Thorpe, E. 1871,181). • at 226® (Leuckhart a. Janssen, B. 22, 1409). 

^-Phenyl - ethyl alcohol GHjPh.CHgOH. liquid, si. sol. water. Potassium oywate forma 
Bmzyl^rbinol. (212®). S.G. ^ 1‘084. Formed O.HsPh...NH.CO.NH 2 [ 99 ®]. Phenvlthiocarbimidt 
hyredacingphenyl.aceticaldehydewithBodlam- forms the corresponding (^gPh,NH.CSNdPh 



PHeNYL-ETHYLENE™ 




[170°]; while ph?n;l o;ai»te givefi the com- 
pound 0;tt,Ph,.NH.CO.NHPh [129].—B'HCl.— 
B’]H.«Cl,.-B'HNO,: needles.-BU^SO,. 
Acttyl derivative. [148°]. Needles. 
Beneoyl derivative. [178°]. Needles. 
Di-phonyl-di-othyl^mme Nn{CI4CH,Ph)j. | 


Beference.—’^Ttto.tmmL srirri. oibbonai*. 
PHBmrL-BTETI-CYAirAIlIDB. Formed 
by boiling phenyl-ethyl-thio-ures in benzene 
with PbO (Weith, II. 8, 1680). .Vitreous m&ss. 

SI.FHlNTI,.£THYI.TBicfANIDX 
C,N,Phi:t.’ V.D. 129. 0)7°]. (284° at 16 mm.). 


(330° St 003 mm.). Formed, together with ' Formed by the action ot AlCl, on a mixture of 
NH;.CHfCH,Pb and N(CU 2 .CRjrb), by the benzonitrile and propionyl chloride at 70° 
action of zinc and HClAq on phenyl-acetonitrile ' (Kraflt a. von Hausen, B. 22, 800).-B"EytOI,. 

/•Unlnn O *R(‘.'7\ Ui^tnUn,. I PITWIIVT. rr.WUVT.WN V *i Qmvotrwrv 


(Spica, 0. 9, 507). Formed also by distilling 
CH.,Ph.Ctt^NH*Cl (Fileti a. Piccini, G. 9,^94). 
Liquid, al. sol. water.—B'HCL [270'^]. Pearly 

.B'TT.Ptf!!• m. «nl. Brai 


;,i,e.CHPh:CHPh. 
14°]. (307° i.V.). 


PHEKYI..ETHYLEKE v. Stybens. 
S'Ui'fhenyLetbylena Ci 
Stilbine. Mol. w. 180. [124°]. 
scales.—B'*H^tCl*m. sol. Irater. ' : H.C.v. 1,775,000. H.C.p. 1.777.300 (from dia- 

Tri.phenyLetbyLamiae • CPha.CH«.NIL. ' mond) (Borthelot a. Vieille, A. Ch. [10] 4,60); 

[11C°]. Formed by j ’ .. . - - 

andHClAq4(Elb8. ‘ 

TrLphenyl-tri*( 

A product the action of zinc and HCl oi^ *25, OlC; Maercker, 130, 91; Anschutz, A. 
phcnyl-acetonitrile (Spica, f?. 9, 507). OU.— 235, 200).—2. By distilling ben;^io aldehyde 
B'HCL [ft8°]. Needles, si. sol. watef. witk Na (Willinius, Z. 1807, 432).—3. By heat- 

PHENYI-ETHYL-ARSINB v. voL i. p. 321. ing*benzoi% aldehyde with phenyl-aoctio acid 
FHENYL-ETHYL-TBIAZOLE CAEBOXYII^ and NaOM: at 250°; the yield being 65 p.c. 

fr . . ^ (Michael, Am. % 313).—4. From s-di-phenyl- 

^ [ ethane and Cl (Kade, J. pr. [2] 19, 405).—6. By 
saponifying its nitrile (Bladin, B. 18, 1548; 25, | healftic benzylidene chloride with Na or with 
17 if). Melts at 123° when crystallised from alciShoT and zinc-dust (Limprieht, A. 139, 318; 
• water^r alcohol, but at 145° when crystallised i Lippmann, J. 1877, 405).--0. By passing s-di- 

j through a red-hot tubo iOtlo a. 

Drehev, A. 154, 177).—7. By heatTftg benzoin 


ACID ^j”^^C.CO,H. [145°]. 


r^i 

from benzene.—B'lICl: plates.—CuA'j 3^aq. 
AgA': crystalline pp. 

Methyl ether [41°]. • 

Ethyl ether KtA'. Oil. 

Nitrile C„H,„N 4 . [38°J. Formed by the 
action of propionic anhydri<le on phonyl-liydraz- 
ine dicyanide. Converted by alcohtde NIL, 
and HjS into C^NjPhKt.CS.NHj, [lo0°J which 
crystallises in yellow prisms. 

Amide C,N,PhEt.CO.NHa. [152-5°]. 
Formed from the nitrile, alcoholic potash, and 
H^O.^, Small prisms, sL sol. water. 
])4-PH£NYZ..DI-£THYL-l)lXBlAZYL 

. (.’Et.N:j*pp^N-#-(;Et r-iono-i 

N.Nrh>^-^<NPli.N • 


C.^H.„N. 


with zinc-dust (Linipricht, .4.165, 80).—8. By 
passing toluene over heated PbO (Behr a. Dorp, 
B. 6, 754).-9. By heating di-phenyl-acetyleno 
with in and P at 175° (Barbier, J. 1874, 421).— 
1*10. By distilling lead phenyl-acetate with sul¬ 
phur (Itadziszewski, B. 0, 390).—11. Together 
with benzonitrilc by the action of zino-dust and 
IICl on CJIyCSNH, (Bamberger, B. 21, 65).— 
12. By heating di-phenyl-fumarato or di-phenyl- 
cinnainato (Anschutz, B, 18, 1945).—18. By 
healing CilPhBr.CUPhBr with alcoholic K8U 
in a sealed tube at 100° (Auwers, B. 24,1779). 
14^By heating thio-bciizoio aldehyde at 190^ 


Formed by*boiling pifenyl-hydvazine dicyanido ; (Baumann a. KIctt, B. 24, 3308). 
with propionic^nhydrido (Bfadin, U. 22, 3115). i Proper/tes.—Monoclinic plates, v. sol. ether, 
uroups 0t yrisvMe —l/'2HCl: minute prisms, | sL sol. cold alcohol. Combines with N^Oi form- 
decomposed oy water. i ing C.^HjPh.^N.p^ [c. .300°] crystallising 


PHEKYI-ETHYX-CAEBAtfkC CHLOEIDE 

NPhEt-COCl. [c. 62°]. Farmed from ethyl- 
aniline and CO, (Michler, B. 9, 390). Needles. 

PHEKYL-ETHYL-SEUICABBAZIBE* 
C,H„N,0 U. NHPh.CO.NH.NlIEt. [112 ]. 
Formed from ethyl-hydrazine 
cyanate (E. Fischer, A. 190, 295' 


m. sol. hot water, 
amine. 

Phenyl-ethyl-semiearbaside 
IjJIEt.CO.NH.NHPh. [151°]. Formed from 
^enyl-hydrazine and ethyl cyanate (Fischer, 


needles, si. sol. hot alcohol (Oabriel, B. 18, 
24.38). Picryl chloride forms a combination 
C„n,.^C,lI,(NO,)aCl [71°] (Liebermann, B. 8, 
378). 

Beactions.-^l. Yields phenanthrene and 
and phenyl i toluene when passed througli a red-hot tubo 
Thin plates, t (Graebc, B. 0, 126).—2. Keduoed by HIAq at 
' X .-no x_ . -i: „i_I /r A 


Yields a crystalline nitros- | i50° to a-di-phenyl-ethano (Limprioht 

1 Schwanert, A. 145, 333).—3. Bromine added to 


ethereal solution forms a prc^uct con¬ 
taining C„lI,Br,Oj [121^] which gives rise to 
C„H,13r,0.^ [150°] and C„II,BrjO, [206^ and 


t pp. with cold Fehling'a-- - - - . v ■ 

and Ca.O on warming. Its nitrosamine crystal-i forms C,,H„C10.^ [58°], CnII,CljOj [87^, and 
Uses from stfctono in yellow needles [86*5°]. CuHjCl^Oj [190°] (Limpricht a. Schwanert, A. 

PHENYL ETHYL CAEBONATE C,H,„0, i.e. 153,121).—4. Fuming HNO, added to an ethereal 
C^HxO.CO.dEt. (d. 234°) (P.). S.G. “1'1134 solution forms 0„H„N,Oa [220°J, which is cOn- 
(P.). Formed from KOPh andClCO.Et{Fatiaaolf, vertedbyboilingalcohol intoC..(,U«N,0,[57M3 ] 
Z. 1861, 77).# Formed also by the action of} (Lorenz, B. 7,1097; 8,1050). 

AICl, on a mixture of phenol and ClCO.,Et (Paw- | tt-Di-pbenyl-ethylene CH^tCPh,. (277 ); 
Icwski, B.Ale 1205). Liquid. By long heati^jg i (162°atl5mm.). Formed by boiling CHPh^CH,Cl 
•t 300° iris split up intoPhjCO, and Et,CO, j with alcoholic potash (Hepp,B.7,1409). inrmed 
(B%der, B. 19,2268^ 1 »lio by ibe action of benzene and AlCI, on 
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CH^OBt, and on CHBriCBrJ (Semole, B. 12, 
2245; AnsohUU, A. 235,154. Iiiqnid. Oxidised 
by Ck), to bensoghenone. Combines with Br, 
lorAing CPhiBr.CHjIir, whieh readily gives off 
fiUr, and forms bromo-di-phenyl-ethylene [40°] 
(o. 170° at 11 ram.). ’ ,* 

Isomerlde. [190°]. A product of the action 
of alcoholic potash on cio-chloro-di-phenyl- 
ethane (Hepp, B. 7,' 1412), Small plates (from 
ether),*¥. si. sol. alcohol. 

Tetra-i^enyl-ethylene OjgH,,, t.A D^Fh,. 
Mol. w. 3®. [221°). (193° at 30 »im.). • 
Formatum.—!. By heating CPh,Clj with 
finely-divided silver (Bchr, B. 3, 761; 5, 277).— 

2. By Jieating benzophenono with zinc-|ust 
(Staedel, B. '0, 178», A. 194, J?)*—3. By 
Btrongly heating chloro-di-phen^-othano (Kn- 
gler a. Bethge, A. 174,194^. -4. Pram CPhJir^ 
by repeated^distillation (Priedel a. Balsohn, Bl. 
[2] 3^, 837).—6. A by product in the prenara- 
tion of tri phonyl-mcthano frqin benicpc, 
chloroform, and AlCl, (Schwarz, B. 14,1526). 

Preparation. —1. By addiiif Br to di-plienyl- 
methane and warming the resulting CliPJijBr; 
the yield is 80 p.o. (Boissieu, Bl. [2] 49, 091).— 

3. By beating di-phenyl-methune (20?.) #1111 
sulphur (8 g.) for 9 hours to ‘2^0'^, and finally for 
one hour to 290*^, exhausting with ether, and 
rccrystallffing the residue from benzene; the 
yield is 75 p.c. (Ziegler, B. 21, 780). 

ProperfiM.—White needles, v. sol. hot benz¬ 
ene and CS.^, v. sl.^sol. ether. Yields benzo- 
phenone (2 mols.) on oxidation (Anschiitz, A. 
235, 221). Yields a tetrasnlphonic acid. • 
isomerlde C, 3 H,o? [2‘14®J. Pormed by hcat- 
Ing (a).benzpinacolin with soda-Jimo at 370^ 
(Zineke a. Tliomcr, B. 11,1397). Ueedles (from 
alcohol). Perhaps identical with the preceding. 

licferences.—Bi-AKiDO; Bkomo-, Di-cnix»Ro-, 
Di-iodo-, NiTRO-iNiTBo-AMDO-.and Oxf- Puumyl* 

BTI1TI.SKB. 

PHENYL-EXHYLENE-DIAMINE 
icC. CJI,NlI.CH,.CH,.Nn8. (2C2® umftr.). 
Foraied by boiling phenyl-amido-elhyl-phtlial- 
imide (got from bromo-cthyl-phthalimido and 
aniline) with cone. HClAq (Gabriel, B. 22, 
2224). Liquid, miscible with water, forming an 
alkaline aoiution. Absorbs 00^ from tlie air, 
forming a lyystalline carbonate.—B"2HC1: 
small greenish needles, acid in reaction.— 
B"H0I. Neutral to methyl-orange.- -B^'H^rj. 
—Pi orate [143®]. Flat yellow tables. 

Di-acctyl derivative C^HiuACslSI.^. [116®]. 
Crystals, v. e. sol. Aq (Newman, B. 24, 2193). 
Di'bemoylderivativc. [143*6°]. Prisms. 
Phenyl-di-etbyleBe-triamine 
C,H,N(C^<.NH 2 )p (above 300®). Formed by 
the action of boiling cono. llBr upon its di- 
ph^alyl derivative NPh(C„H,.N:C*H 40 j 3 [211®], 
which is a product of the action of aniline on 
bromo-ethyl-phthalimide at 100®“180° (G.)fe 
Thick ammoniacal liquid, miscible with water. 
Absorbs CO* from thcair.—B"HaBrr—Picrate. 
[202°]. Needles (from alcohol). 

‘'Dl.phenyl.ethyieae.diamine C,.H,.N. U. 
0*H.(NHPh),^ [68®]. Prepared by heating 

ethylene bromide (1 mol.) with aniline (4 mols.); 
the yield being 80 p.o. of the theoretical (Mor- 
loy, B. 12, 1794; cf. Hofmann, Pr, 10, 104; 
Oietillat, Af. S, [.S] 3, .383). Plates, v. sol. alcohol. 
Yields a di-nitrosamine CJI^fNPh.NO)* [157®]. 


Beaots with benzoic,Muvuyue loramg the eom« 
pound 0^4(NPh)j:0HPh [137®], while ouminic, 
salicylic, anisic, isobutyric, and heptoio alidoh^es 
yield corresponding compounds [125®], [116®], 
[104®], and [95®] respectively (Moos, B* 20, 
732).-B"2HCl.-B"H*P|0V 

Mono-acetyl derivative. [128®]. Got 
! by heating the base with chloro-acetio acid and 
Naf)Ac at 170° (Bischoff a. Nastvogel, B. 22, 
1783). . c 

Qi-acetyl derivative. [158®]. Crystals. 
Jh-phenyl-ethylene.diamitte Ci.K.-N- t.e. 
CnPh(NH*).CHPh<NH*). Formed, to¬ 

gether with bcnzoTc aldehyde, by the action of 
boiling HClAq on C^gHijN*, which is a product 
of the action of Na on amarine fGlrossmann, 
B. 22, 2299). Formed also by the action of 
jeammonia on the bydrocyanide of l^nribic alde¬ 
hyde (Limpricht aftliiller, A. Ill, 142). Is per¬ 
haps identical with lophine. Plate? (from hot 
water}? Keacts with l^nzoic aldehyde forming 
CUPh:N.CHPh.CHl^h.N:CflPh [164®], m-nitro- 
rbenzoio aldehyde forming [161®], 

1 with salicylic aldehyde forming *C*,.H 24 N* 0 * 
[205®], and with cuminol forming a compound 
: [168°JI—B"2HCI. Wliite needles (from *hot 
water).—B"]l.PtCl*: dark-yellow crystals^ ' 

Di-acetyl derivative, [above 350®]. 
Phthalyl derivative 
Ci!^i'C*0*:Nj,H*:C*H*Ph*. [213®], Minute crys¬ 
tals. 


Di-phenyl-di-ethylene-diamlae C„H.,N, ij:. 

Bip!tm!/lpiperaeiM. Di- 
phenylpyrazine hfxahydrtde. [1C3°]. (c. 300°). 
Pregarud by heating elliylcne broniido (1 pt.) 
with aniliuo (1 pt.) and NaOAc, and by the action 
of ethylene bromide on di-phcnyl-ethylene-di- 
amine at 120° (Morley, B. 12, 1795; Bischoff, 
B. 22, nil ; cf. Hofmann, I^r. 9, 277; Kb 104; 
licllmann a. Sohlcioh, B! 22, 1387 ; Bischoff, B. 
22,1778). Formed also by heating pyrazine 
hexahydride (1 pt.) with Bromo-benzeue (11 pts.) 
at 270° (S,hraidt.n. Wichmanif, B. 24, 32391. 
Needles, sol. alcohol and'etherv . Itt^sohitiona arc 
nontral tolitmn|, Yields a crystallino di-nitroso- 
derivative whieh may bo reduced by tin and llCl 


to C.H.(NH,)N<™=;™P>NC.H.NH, which, 


when diazotised and combined with naphthyl- 
amino sulphonie add, yields a colouring matter 
which dyes cotton.—B"2HCl.—B"H.,PtCI,. 

JHcfhpl-iodiJeB'Mel. Crystalline. Yields 
B',Mc,PtCl,. 

Ethylo-iodide BEtl. [100°], lielda 
B'jEU'tCl,. 

iie/ereiices.—N iibo- and Oxt- Bi-phekAi- 

BTHVnEHU.DUVrHB. 

• DiPHENYh-ETHYhEHE.M.BEirZYL-DI. 
AMINE CHPh(NnCH;Ph).CHPh{NHCH,Ph). 
[153°]. Formed by reducing the compound 
CHrh(N;CaiPh).CHPh(N:CHPh) [163°]. Weh 
is itself got by rednoing smari® with Na 
(Grossmann, B. 22, 2301). White asedles. 

DI f FRENTI ■ ETHYLENE. DIOASBAMIO 
ACID C.H,(NPh.CO,H),. , • 

Ethyl ether Bt^”. [88°]. Needles, 
a Chloride C,H,(NPh.COCI). [188°]. 
Formed from di-pheoyl-ethyleno-dillBiiie and 
COOL, (Hanssen, B. 20,78^). Prisms. • 
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Df>FHENYL-BtHVIJSHS DI-o-CASBOXT- I 
UO ACID 0^,(C0ja).CH;CH.C^,C0J3. | 
[aW“],»Formed by heating for four hours at 215° j 

CO<^«Q •>CH.Ctt,.C;H,.CO,H (2 pts.) with 

KCy (6 pts.) (Hasselb^, A. 243, 258). Small 
needles (from dilute HOAo). Changes on heat¬ 
ing into the parent acid [196°]. licduced by 
eonc. HIAq to C^.(C,H..COjH)., [ISS^.-AgA". 
Flocculent pp.* ■ • 

i’ffeyf eflicr EtA". [80°]. Needles, 
Iiomerlde «. Di-puENYt-Mii-Kic acid. „ 
References. —NA-bo- aniji OxY- Di-phenyl- 

EXHYDKNK CABBOXYLTC ACIDS. “ 

DI - PHENYL - ETHYLENE - DI - ETHYL - 
DIAMINE «„n,,.N, i.e. C,.n,(NPhi:t)j. [70' j. 
•Formed from di-phenyl-ethylcno-dianiine and 
EtI (Hofmann, Pr. 10, 104).—lJ''2ni.—» 

B"H,PtCl,: nceilles. ‘ 

PHENYL-ETHYLENE-OLYCOL d.'Di-Oyy- 

ETHYL-BENZENE. . ■ _ 

di-phenyl-ethyeEne-di-hydkazine 
C„H„N, i.l. CjH,(NPh.NH,)j. [90°J. Forme* 
from sodium phenyl-hydrazine and ctli.ylene 
bromide in benzene (Burohard a. Miohaelis, B. 
21,'-3202; A. 254, 110). Prisms or <?l.atos. 
ft Aldehyde forms C;H,(NPh.N:CIIMc )2 [8*2°]. 
Benzoic aldehyde forms an analogous body [193°]. 
Acetone and acetophenone form analogous com¬ 
pounds [72°] and [118°]. Phenyl-tliioearbint.do 
'lorras NH..NPh.C,H,.NPh.NII.CS.NHPh [101°] 
nndCJl,(NPh.NH.CS.NHPh)g[194°]. Yields a 
crystalliiio nitroso- derivative [100°]. SOClj 
forms C,H.(NPh.N;SO).. [123°] (Miohaelis a. 
RuUl, A. 170, 123).-lJ"H.Clj. 1212°]. Needles, 
si. sol. nClAq. -B"U,SO,.-B''2llNO, [173°].- 
IV1I,C,0, [183°]. 

Acetyl derivative C,,n,„Ac.N 2 . [222°]. 
Snecinyl derivative C,,U|,Nj:C.il,Oj. 
fc. 12f °]. . ^ 

Sticcinoxiil Sertvative 
C,U,(NPh.NlI.CO.C.ri,.CO,n)r [203°]. 

Oxalyt derivative C,,IInNj;C,0,. [o. 
183°]. • I :> 

• Di-pb»nyl-di-ethylene-dihydrazino 
(C,H,).,(N,,HPh)j. [178°]. Got by heating 

phenyl-hydrazine with OJI,l5r3 and alcohol 
(Marckwald, G. 0. 1888,1410). 

DI-PHENYL ETHYLENE DIKETONE 
C.H,.CO.CH,Cn,.CO.C«Hs. Biphemcyl. *Biicci- 
mphenme. [134°] (A.); [140°] (0.); [142°-115°] 
(P.). Formation.—!. Together with the isoinerio 

ClI* CPh action of succinyl chloride 

and AlCl, on benzene (Auger, A. Ch. [0] 22, 
312 ; Claaa,B.20,1374).—2. From acetophenone 
by treatment with fuming HNOj and reduction 
(f the resulting C,.H„N,0, by zinc-dust and 
HOAo (HoIIomann, B. 20, 3.301).-3. By the 
action of EOHAq on di-benzoyl-propionftj acid 
suspended in alcohol (Paal, B, 21, 3050), 
Properties. — Needles, v. sol. ether, 
OiCtmq,n.(CPh:NOH)j. [201°]. 
Phenyt-hydratide CjII,(CPh:N;,HPh)j. 
[180°]. Noidlos, T. sol. ether. ° 

DI-PHENYL ETHYLENE DIKETONE 
CASBOKYLIC ^ ACID v. Phekaoyd-bemzoyi,- 
AOBTIC XTHBB. 

Dl-phenyl-ethylene diketone dl-o-earboxyl'c 
Mid 0.,Hft0.4u!.0,;H.(C0.0,H,.C0.^, [172°]. 
vUsined by boiling di-phthalyl-ethane with 


alkalis (GabrielMichael, B. 10, 1501, S199 1 
Roser, B. 17, 2022; 18, 803, 8115; Baumann,B. 
20, 1486). Prisms (from wa^er), v. sol. alcohol. 
Reconverted by cone, H 3 SO, into di-phtlAilyl 
ethane CA{CAO,H,)_ A b*Ung aloohoHo 
solution of phenyl-nydrajihe forme CjoHjsNA 
[237-°]. Hydroxylamine at 100° gives rise to 

[270f] (Baumann, B. 20, 

1492).—Ag.,A": small plates, si. sol. hot^'ator. 

(^■Aeihydride C,.1I,A- Go^.^y 

Iipatidg tlitf acid alone, or together with 
diplitlialyl-etlianc, by heating it lor a short 
time with HCl. Needles (from alcohol). 

^ 8 )-,I«;i:/dridc C„U|A- [ 202 °]. Formed 
by more ftromngcd heatin^ot the acid with HOI, 
and also, togetherwith the («)-i 8 omorido, by 
heating the acid ITy itself. Prisms (from 
alcohol). Both anhydrides are reoohverted into 
the acid by boiling alkalis, and into di-phthalyl- 
etbifhe by eljmination of H.,0. 

Isomeride v. Di-nENzoYL-aucciNio acid. 

PHENYL-ETHYLENE oxide 

(200'' at 60 mm.). Formed by heating di-oxy- 
etlij'l-lfenzene with dilute H.SO, (Brener a. 
Zincko, /). 11,1102). Oil. Converted by PBrj 
into CHPhBr.CH Br.. 

Tetra-phenyl-ethylene oxide v. BirazpiNAOo- 
us. 

PHENYL-ETHYLENE SDLPHIDE 

CHi>h^®^' ^ 

■PhCllBr.CHjBr by successivo treatment with 
alcoholic KSHAq (Hpring a. Maraenillo, Bl. [.3] 
7 , 13). Oil with eirmig smell, sol. alcohol-ether. 
Oxidised by CrO, to benzoic acid. 

Di-pbonyl-ethylene sulphide 
[109°]. A product of the distillation of benzyl 
sulphide (Barbier, J. 1870, 421). Ncedle.s. 

Di-phenyl-othylene disulphide CjH,( 8 Ph)j. 
[G!?']. Formed from NaSPh and C.;H,Br, 
(Ewcrluf, B. 4, 710). Needles, insol. water. 

Dl-PHENYL-ETHYLKNE DISDLPHOHE 
C.,H,(SOAA)r [lOO"]- 

Formation.—1. By oxidation of C.;H,(SPh), 
(Ewerlof, B. 4, 717).—2. By boiling sodium benz- 
cno snlpliinate (100 pts.) with C.l[,Br, (58 pts.) 
in alcohol (Otto, B. 13,1279; J. pr. [2] 30,174), 
3. By adding Cn,.CCl 3 .COjNa (1 mol.) to 
C,H,-SO -Na (2 mols.) in weak alcoholic solution, 
} kept neutral by Na.CO, (Otto, /. pr- [2] 40,631). 
j 4 . By beating CH,.CC1, with C„Hfc.SOjNa at 
100°' (Otto, B. 21,109l). 

Properties .—Triclinio needles or plates, si. 
sol. water, m. sol. alcohol, v. sol. HOAo. 

* Beaeiions. —1. Sndium.amalgam reduces it 
to alcohol and C,Hs80.jNa, which is finally 
reduced 'to C.Hsl’l^'*-—2. Chlorine "in diffused 
j-daylight forms 0,H,OI., and benzene sulphonio 
oliloride. In sunlight the products are 0.,H,C1„ 
SO,Clj. ""J chlorinated benzenes.-8. Boiling 
aqueous KOH splits it up into 
C„H,,.SOj.C,H,.OH. Cone. KOHAq forms s 
compound 188°] crystallising from alcohol.—4. 
Aqueous NH, forms C„H,.SO.ONH, and 
(C«H,.SOrCHrCH,),NH [78°] which yields 
B'HCl [193°], B'Al’tCl,, a nitrate [190°], and 
the darivatives (OaH,.SOj.CHj.cn,),NMo and 
! (0,HpS0,CH,Cn,),NMcUCl[221“].—S.Aqueou* 
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nusyl-etliyl-^-hjrdaatosS 

Separates from djlata 

alkaline solution of the preceding isomorids on 
standing. Slender needles, insol. water, nearly 
insol. alcohol. Decomfosed by heating with 
baryta-water into NH„ NH.jEt, and a-oxy« 
phenyl-acetic acid. 

tt-PHE»TL.ETHTI.HYDEAZIKl 
i.e. NPhEtiKH^ (230°). Form^ by reducing 
the gitrosamine of ethyl-anilide with zinc-dust, 
C<H,< g*>C;NPh. [130°]. (above •300°). HO^c, and alcohol (Fischer. B. 8,1612; A. 199, 

Formed by heating di-phenyUhio-urea with f»i f?°“' 

ethylene bromide (Will, B. 14.1490; 46, 843). I f ?' 

Plateettrom alcohol). KCIO, and^HiJlAq *n!i Ph'l;?*. 252, 270). O.l lleduces Fehlmg e 

C,.H,AsO, (187°) Wee^h.lr. 4, 134).- f, e 
u’liarh*. *i j t. ' diphenyl-di-elhyl-tetrazono NPliEt.NrN.hPhhfe 

BH,80,; thick pnsme y^ol. water. . . .[iggo]/ sOCl/forms oily NPhlit.N«0 (Mi- 

W.ph,a,l^ftylene4j.!hio.d^^^^^^^ rroaei 22.22i«).-B'HCl. PhSee. 

CiAAS, ».«. C.,H (NH.CS.NHPh),. [193 ]. rdccfpi deriooHoe NEtPh.NliAo. [80°]. 
Formed from CjH,(NH,), and phenyl-thio^arb- i’Wiylo-irowide . Na,.NPhEt,Br. Tri- 
imide m alcohol (Lellmann a. Whrftijier A. 258, ! „ .-g.^2:l; -827. 

p). White soale8,msol.alo<jiol,8l. sol. lIOAc. ^ sol. water, insol. ether. Decomiioses at 


tOtylamint forms C|H,. 60 ,Nn,Et and 
C,U,.SOrC,H,NHEt, an oil wbieh yields B'HCl 
[ISIn.—6. Aloobo)io KCy forms C.JIjSOjK and 
0,H-(C!N), . 

FHENTI,-EtHTLE([£-THIO-BltEA 
CS<”^>CsH.. [159°]. Formed from phenyl- 

ethylenc-diamine and CS., (Newman, B. 24, 
2191).. White plates, v. sol. alcohol. 
Dl-pheByI-et!iylene-i(<-tJiio-orea . ■ 

^’^*>C;NPh. [130°]. (above •300°). 


Decomposed by heat, giving df-pbenyl-thio-uroa 
and a crystalline body • 

FH£NTt-£TH7L£K£-T7RE& « • 
C.H.<^^>CO. [161°]. Formed from phenyl- 

ethylono-diemine hydrochloride and potasaiam 
cyanate, NH, being given off (Newman, B. 24, 
2192). Plates, v. sol. alcohol, inaol. cold water. 

Si • pheayl - ethylene - «-6 u;:np£>®- 

[209®]. Formed by the action of COCI^ in benz-* 
one on C2H,(NHPh),; an intermediate body being 
C„H2*N,CL0, (Michlcr a. Keller, B. 14, 2183; 
Hanssen, B. 20,784). Plates. 

PHBNYLETHyL-ETttYL-PYRIDINE 

n TT V • - „^C(CIL.CH2Ph).C’Il 

CijH„N *.e, - 1 qjj. (31G cor.). 

B. O. § 1*016. Formed by reducing styryl-ethyl- 
pyridme with HlAq at 105° (Plath, li. 21,3<y)3; 
22,1067). Oil, V. si. sol. water, v. sol. alcohol 
and ether, volatile with steam. Yields 0,^11,^Br^N 
[128°] whence AgOAc forms C,^H,j(0.\c),.N 
(816°.^820°). — B'.H.^PtCl,. [108°]. Yellow 
needles. — B'HHgCl,. • [186°].. Needles. ~ 
D'HAuCl^ aq: ciystalline mass. 

Hezahydfide C.^n^^N. (314°). S.G. $ 

‘9668. Got by reducing the preceding body in 
alcohol with Na. Oil, si. sol. water, miscible 
wi^ alcohol and ether. 

PHENYI-ETRYL-FURFUEANE 

C, H4.CH,.CH,.C,H30. (241°). A product of 

the action of Na on an alcoholic solution of 
C^HjO.CHiCPh.CN, which is foimed by conden¬ 
sation of furfuraldehyde with phenyl-acetonitrile 
(Freund a. Immerwahr, B. 28, 2848). Oil, 
smelUng like CRiPh,. 

Bl.PHENYL'ETHYl.OUANIBINE • 
C,3H„N, i.«. NHEt.C(NPh).NHPh. Got from 
phenyl-etbyl-cyanamide and aniline at 100° 
(Weitb, B. 8,1631). Orystalline.-BWHCJ.. 


193°. Insol. KOHAq. ConvertceP by moist 
Ag.O into a caustic hydroxide. Yields also 
(NU..AIPhEtj),H,Fo2Cy,j2aq (Fischer, A. 190, 
187): , 

Ethylo-ehloride NH.,.NPhKt,Cl. [198°]. 
Needles, v. e. sol. water. B'.Et.PtClB. 

^Ethylo-iodide NH..Ni*hEt.^I. [14*6°]. 

5-Phenyl-ethyl.hydrazine NHPh.NllEt. 

Formed, together with the preceding isomerido, 
by beating plienyl-hydrazinc with EtBr. The 
orudo.product is dissolved in water mixed witli 
NaOHAq, and the ppd. oil extracted with ether. 
The ethereal S'dution is freed from phenyl- 
hydrazine by HCl and the lUtrate oxidised by 
HgO. On addition of IICI it deposits di-phenyl- 
di-ethyl-tetrazono, and the mother-lifpior yields 
by steam-distillation oily CJ{^.N:NKt ^75°- 
185°). The NBlKNEt is tlien reduced by sodium- 
amalgam (Ehrbardt a. Fischer, B. U, 613). 

Prqpcrftrs.—Oil, sol? alcohol "and ether. 
Beadily reduces lichling’.s soluKon and HgO. 
Zinc-dust and HOAc yield aniling Aid. ethyl- 
amine. : needles, v. sol. hot water. 

DI-PHENYi?ETHYLlDENE-DIAMINE v. 
Ethylidene-di’anili^y vol. ii. p. 49C. 

DI ■ PHEKYI - ETHYIIDENE ■ BI - ETHYL- 
DIAMlNE C.gHj.Njic. CIIMe(NPliEth. Formed 
from ethyl-aniline and aldehyde (Schiff, A. 140, 
95; cf. Schultz, B. 16, 2G01). Thick liquid.— 
B'iljPtCI,. 

PHENYiC.ETHYHDENE DI-ETHYL DI- 
BDLPHONE CH,.CPh(SO,Et),. [101°J. Formed 
from bonzylidene di-ethyl di-sulphone, Mel, and 
EtONa (Fiomm, A. 253,151). Needles. ^ 

PHENYL-ETHYLIDENE-HYDBAZINE ^ 
CH,.CPh:N.NH.j. (255°). Formed from aoeto- 
uhendhe and hydrazine hydrate (Curtius, J. pr. 
[2] 44,540). Liquid. Yields CH,.OPh:N.N:CHPh 
[50°] and N.,(CPh.CB;)3 [121°]. 

DI-FHENYL EIHYIIDEHE DUDLFHOKE 
CH,.CH(SOaPh),. [102°]. Got ^ oxidising 


• PHEHYL-ETHYL-HYDANTOlK Cj.H.jNA ! CH,.CH(SPh)| or CHvC(SPh)a.CO*awith dUute 
• iiTTni. v'Co.NEt rrsAm -n j j (1 P*cd KMnO. (Escales a. Baumann, B. 19, 

I 2315). Needles or thin lamell*, insoh water, 
phenyl-bydantoiii, alcoholic KOH, and £tl ; acids, and alkalis, a), sol. alcmiol and ether. 
(Piuner, B. 21; 2325). Prisms, v. sol. alcohol, j lljot attacked by alcoholic potash at k40° » 
al. aol. cold water. Decomposed by baryta into j FHEHYL - ETRYLIDE^E - DI • 'fiUO • 
othylamioe and pbenyl-amido-acctlo acid. j OLITCOLLIC ACID OH. ^TPh(S.CIL;.CO,E),. 
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alkalis. Small six-sided prisms, ro-converted by 
heat into the dilaotone.—CnA". -Ba.A".~AgjA". 

Dilactone 


[120"? A 


Qot by th8 action ot ZnCl, on a mix¬ 
ture of acetophenone and thioglycollic acid 
(Boagastz, B. 21, 483). Needles, sol. hot 
water, CHOlj, and HOAo. 

PH8NYL-EIHYI-IMESATIN v. Di-phenijl- 
di-ethul-diamide of Isitas. 

PHENYL ETHYL KETONE C,H,„0 i.e. 

C,,Hi.CO-CJIs. Propiophenonc, [21''). (218'^ 
cor.) (M. a. G.). V.D. Mil (ob.«.), S.G. s l-OOII 
(W.). • 

Formatio>i.- l. By distillin" a mixtu%‘ of 
calcium benzoate and propit.>nalo (Barry, I'i <*, 

1000). 2. From bA^I and (Freund, .1. 

118, 20; Kalle, A, 110, 100). ♦d. By tlie acti.m 
of Na on a mixture of BzCl and I:Ul (Hoclii, />. 

12, 403). • 4^By the action of propionyl L-hloride 
on benzene in ))re.^ence of AlCl., (Morley a. 

Groen, 17^3018; rampcl a. Schmidt, IJ. 10, i 

2896).—5. By the docomposftion of propylene i , , . 

plionyl-olhyf.ketate by HI or ii.SO, (.Nforley a. 0„U^(3>,II).('().C(C0.dI)....(dl...('0:.H. Formed 
(iroen).—(). JJy oxidisin^OllBliEt.Oil (Wnipicr, hy llio ac(ion#f idiluro-atielio <dlw‘r ouC,;H,„NaOy 
J. li. 10, 323).—7. From benzoyl cyanide and whicli U from phthalyl-malouio ether and 
JinEtj, either directly or hy oxifii.^ingilu; product *Na()Kt (Wislioemfc, A. 212, />8). Oil. --Ag,A*''. 


j CO.O/'^N 6^0 

product of tho action o{ phtlmlic anhydride on 
] succinic acid and NaOAc»at 2.30 ’ (Bosor, li. 17. 
12770; 18, 804, 3115). Noodles, si. sol. cold 
! water. At 260^ it gives oiT pO,. and changes to 

HIAc] and 1' at 190" rdBuoe it 
to C„ll(ft),n).CII,,Cir,.CII,.CO,H. CWdNH,Aq 
forms *)>a:('tl.Ci L.GO.I I 1225"). Boiling 

alcoholic Nil., forms Ci,IT,,NO,, [c.205‘’]. Sodiuin- 
anndgaiu ^'cij^ocs it to plOhalyl-proptowo acid 
C|,T£,.,0,. Pljenyl liO'dra/.iiie foiiiis 
, [210which gives (’aA'^ aq. 

Isomeride v. BKN/.oYL.Bf ccinic ac^. 

Phenyl ethyl ketone tetraoarboxylic acid 


(Frankland%. Loih.s, C. J. 37, 715).- 8. From 
[dicnylallylcno (Korucr, 7>. 21, 277). 

Fro}h:rties. --Tables. Does not comhin^witli 
NallSCL. Yield.s benzoic acid on oxidation. 
Ileducca by sodium-amalgam to CHl'hlU.OlI 
1211 °). , 

Oxim CI*hEt:NOIT. Oil. • 

, Pheinjl hydrazida. Oil. 

' Phenyl ethyl diketoue C„IT...CO.CO.Ojr.. 
Propionyl-hi'nzoyl. (239'), fJot hy diililling 
its mono oxim (obtuiiud from ethyl U'lrzoyl- 
icetic ether) with dilute II.SO, (.Miillcr a. IVch- 
luann, B. 22, 2131). Puie.rnt liquid, volatile 
ivith steam, m. sol. w.iter. 

TtefereJice. aud Oxy- rnicNYi. kthyl ' 

ttKTONn. I 

PHCNYI. ETfiYIf KETONE DIBROMIDE v. 

Di-BROMO'CUMKNK. ^ • ! 

PHENYL^THYL KETONE o-CARBOXYLIC ‘ 
^CID C.,H,.CO.C.lf,.00,11. rroinonijl-hcnzoic 
iC]^. [92|^. Fonn(‘d hy hoiltng idillmlyl-pro- ' 

pionic aci(rwith Kt^llAq {Gabriel, /A 11, 1014; ' 
19, 840). Needles (from dilute rtJcoUol).- -Ag.\'. 

Anhydride [(i;)"|. 

Formed by heating phtluilic anhydride ^witli 
mccinio acid and Na().4c ((>.). Formed also by 
listilling tho anhydride of the dicarboxylic aciil 
'Roser, B. 18, 3117). Plates (from water). Oom- 
Dines with N^O^ forming C,„IIgN.,0„ [90 J. 

A mida C,H.(CO..NH,,).COAM.. [159 

Formed from the anhydride and alcoliolic .NMI,. 

leomerides v. BExzoYL-ruoiuoNic acu), voI. i. | 
X ('87. 

Phenyl ethyl ketone dicarboxylic acid 
36Hi.CO.CHj..CH(CO.^H).^. ^-Bcnzoyl-noxucmnim \ 
Kid. [180°]. Obtained by saponifying its etlior 
vhich is formed from eu-bromo-a<jelophenoii'; 
ind sodium malonic ether (BisoliolT, B. HI. 
1044; 19, 0»; Knes a. Paal, B. 18, .3321). 
!^eedles, v. alcohol and ether. Yielfls j8- . 
)cnzoyl-propionio acid when heated.—A^.A": 
leedles.-jjEtaA **: oil. 

Phenyl hy<Prazide 
3,H,.C(N^Ph).Cn,.CH(CO,H),. [120°]. 


PIJENYLETHYL METHYL KETONE v. 

BKS^Yr.^CKTifNK. 

Diphcnylethyl methyl ketone 
CH,CFIt,.CO.CTr,. [41°]. (311° i.V.). A pro¬ 
duct of the action of zinc and 1101 04 an aloo- 
liolic solution of acdopheuouo (Zineke a. 
Thoriier, li. 11, 19iS9). I’risms (from alcoliol). 

PHENYLETHYL-METHYL-eYRIDINE 
0,,H„N i.e. C,H.l'h.C,fr,McN. (290°-295°). 
I^.G. ? 10283. Formed hy reducing .styryl- 
mctliyl-pyridinc with Jll.lq at 16()° (Ihmher, B. 
21, 3070). Oil, volatile with steam. B'yTIPtCl,j. 
[108°!. — B'HirgCl., aq. [95°]. Hilky needles. 
—B'C„H,N,0.. [loO 'J. Yellow needles 

JIe.r,ithydride. f',,n.,N. (c. 2 h8°). S.G. 
■ 9775 . Got hy reducing styryl-methyl-pyridine 
in ah'oliol with Na. Jutpiiii, v. hI. Kr}|. water. 
PHENYL-ETHYL.(0)-NAPHrHOTRIAZINE 

DIHtDRIDE i.e. 

[219"'J- Formed by addirjg propionic aldehyde 
to iMiUzene azo-(rt)-naphthylamine in alcolml 
(Goldsclimiiit a. Poltzer, B. 21.JOOO). Wliite 
needles, v. sol. alcohol. B'llCI. [258°J.- 
liy 1 PtCl,.. Small yellow crystali. 

PHENYL-ETHYL-OXAMiDE C„.lf,,NA 
NHl'h.CO.CO.NllKt. [170’’'. Formed hy tho 
action of cthylamino on phcnyloxanilc ether 
or of aniline on cthyloxamio ether (Wallaoli, 
A. 181, on ; 211, 2.59). Nccdhjs (from alcohol). 
Cotivertcd by PCI. (2 mols.) into a base whicli 
forms the salt (C,.,H,.N,C1),I1 J’K’I,.. 

DBphenyl-dBethyl oxamide v. vol. iii. p. 051, 
PHENYL. ETHYL.PHENOL v. Oxy-di- 

rjnbSVL'KTnANE. 

PHENYL. p . ETHYL - PHENYL. ETHANE 
aTI..ClF.crF.C,H,.c n,. ( 201 °). Formed by 
rfidiiction of C^H with III and 

P (Sollsohcr, .B. 1 . 5 , DIHl). Liijuiil. 

Isomeride. Got hy the action of zinc-dust 
on a mixture ot ' thyl benzeno and a-bromoS 
ethyl-bnnzcnc (Uad/.iszewski, bT 6, 811; 7, 
110). Gives p-bcnzoyl-benzoic acid on oxida¬ 
tion. 

^ PHENYL-ETHYLPHENYI-ETHYLENE 
1 C,Hs.ClJ:CH.aH,Rt. [90°]. Formed by boil- 
.. ... with dilute 


Phe&yl et^iyl ketone dicarboxylic aoid 

"A(pO.,H).CO.CHj.CH,.CO.^. [137°]. Formed Ing 'CH,Ph.CH(6H).Cjl,Kt[l:4] with 
)y boiling its diiactonq^with water or aqueous 11^804 (SOlischer, B. 15, 1C81). Plates. 
Vot. D 
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PHENYL ETHYLPHENYL KETONE. 


PHSKTI. ^ETHTLPHSHYL KETONE 

0;a..C0.0,H,Et. (831®) at 720 ram. Prepared 
b; the aotion of AlClj on a mixtare of BzCl and 
ethjioenzene (S^Ischer, 15,1082; Smith, 13. 
24, 4029). Liquid, so), aleohol and other. Yields 
^wo oxims [108°J and [142®], both giving the same 
acetyl derivative | 95°]. 

PHENYL-ETHYI-PHENYL METHANE v. 

Bxnzvi^ethyl-dknzbnb. 

PHENYL ■ ETHYLPHENYL - THIO - UBEA 

NHPh.CS.^H.C«H,Et. [104®]. FornAd Irom 
p-etliyl-phenyl-thiocarbimido and %niUn% in 
alcohol (Mainzer, J3. 16, 2020). Platee. 

PHENYL-DI-ETHYL-PHOSPHINE 
PPlt,C,U,. (222® cord. S.G,-13 .057.^Foru»ed 
from C^,H5PC1.^ and ZiflEt.^ (\^chaclra, ". 8,40.‘J; 
A. 181, 845). Oil. Absorbs oxygen from air, 
yielding OPEtgC^Hs [50®]. •Combines also with 
Cl and S forming crystalline C,oH,jrCI.. and 
0,„H,a>S. — ]1'2HCI. — BMl,PtCI«. — B'lll. — 
B'Etl. [U5®].-B',Et,PtCl,^—B'Nfel. [95^.- 
B'aMe,PtCh. • 

Bi-phenyl-ethyl.pliosphuie^PEtPh.H (298®). 
Formed from IM1.FCI and ZnFt, (Miohaelis a. 
Link, A. 207, 214). Liquid, sol. alcolml’and 
ether. Yields OPKlPh.^ on oxidation. Ktlyillds 
Ph.^PFtjjI [204®] whicli gives (Ph2pEt,Cl);il’lCl, 
[218®]. ly^l gives Pli^PEtMe'I [181®] S. 1*5 at 
22®; 60 at lOO®, which gives {Ph.,l’EtMoCl)2l*tCI, 
[220®] and Ph2PJi:tMe.O.CJi,(Nb2L [SO"]. 

Bhphenyl ethyl-phosphine oxide PJCtPh.O. 
[121®]. Formed as above, and also by tlio 
action of Ag.O on Phal’J'^tl (Michaolis a. Soden, 
A. 229, 817). Prisms, sol. ether and ligroin. * 
PHENYL.DI.ETHYL PKOPENYL TEISFL- 
PHONE PhS0.2CH2.CMo(SO,,Et)2. [128®]. Got 
from EtSH and PL8.CIl.,.Cb.Cir„ the product 
being oxidised (Autenrieth, B. 24,169). Plates. 

Di-phenyl ethyl propenyl trisulphone 
EtS0.2.CH2.CMe{S02ph)2. [139®]. MndcinUko 
manner from PhSIl and EtS.CH.CO.ClI3. 
Needles (Autenrieth, B. 24, 1513). • 

TBI - PHENYL - ETHYL - PROPYL-DI-THIO- 
BIUBET C.3SjNsPh3ElPr. The (a)- compound 
[166®] is formed by the aotion of di-phenyl- 
propyhthio-urea on ClCS.NPhJ'lt, while the (8)- 
oompound [165®! if got from di plicnyl-cthyl- 
thio-urea and CICS.NPhPr (Billeter a. Strohl, 
B 21,109). ^loth crystalliso in needles, v. sol. 
hot alcohol. 

DI - PHENYL - ETHYL ■ PKOPYL - THIO- 
DBEA NPhEt.CS.NPhPr. [GO"]. Formed by 
the action of CSOI.3 on propyl-aniline followed 
by ethyl'anilino or vice versd (Billctor a. Strohl, 
il.21,103). 

PHEHYL-ETHYL-PYBAZOLE C„H,3N2 U. 
NPh<^^'^y. (274°). S.O. IS l OGi. Formed 

from phenyl-hydrazine and propionyl-acetic 
aldehyde (Claisen a. Stylos, B. 21,1148). Oil. 

PHENYLETHYLPYBIDINE • 

CH<^g;^“>C.CH,.OII,rh. [-3”]. (289» 

dDr.). S.G. § 1*046.5. Formed by reducing styryl- 
pyridine withal (Uaurath, B.21, 821). Liquid, 
b 1. sol. water, volatile with steam. B'^IIyPtCl^. 
[180®].—B'llAuCl,. [150®]. Long yellow needles. 
^B'HHgCl,. [149®]. 

Hexahydride C,,H,jN. (288® cor.). S.G. 
I *9874, Got by reducing the preceding base in 
^cohol with Na. Liquid, smelling like piper¬ 


idine, si. sol. water. Turns lEoist litmus ^luo 
Has toxic properties similar to those of coniine 
Form» an oily hitrosamino. Yields pyridim 
carboxylic acid on oxidation.—B'HCl. [155®] 
[189°].-B'HAuCi3. [134®]. 
TETEA-PHENYL-ETfYL-PYEBOLE 

^®KcFh-CPh‘ heatinf 

bidesyl with aqueous NBtllj at 150° (Fehrlin 
I!. 22, 6555. Needles (from omoroform) 01 
I'datc* (from HOAc), 

W-PHENYL-ETHYL-PYSHOLE DI-o-CAKB. 
OXYIIC ACID Cj,gf,NO, ♦.«. 

N^KclcfnixSlilci- Formed by 

heating 03H4(C0.'C3H4.C0JI),, with^ethylamine 
solution (Baumann, B. 20, M8S). Yellow plates 
^rom alcohol), ins^. water.- Ag^A"# * 
PHENYLETHYL-QDINOLINE « 

j [0.30°]. Formed by 

^educing styryl-qulnohne with III (Ucymann a. 
Konigs, 71. 21,1426). Crystals.—Pixratc. [o. 
130®]. Yellow prisms, si. sol. alcohm. 

P^^NYL-ETHYL SULPHIDE ?h.S.Et. 
(204® i.V.) at 744 mm. S.G. :l*032. Formed 
by heating PliSNa witli EtI in sealed tflbes at 
120® (Beckmann, J. pr. [2j 17, 457). Obtained 
aiJfe by the action of ILS at50®onC,iHr,.SO.OKt 
(Otto a. RftssiJig, B. 20, 2275) and by tlie actioti 
of EISH on C^H^.N^Cl (Stadlcr, 71. 17, 2078). 
Liquid, with nasty smell. 

Sulphonic acid C3lI.,.S.C,;II,.S03H. 
Formed by boiling Odi^S.N.^.fJpli^.Sfi^Na with 
alcoliol.--NaA': plates. 

Phenyl ethyl disulphide Formed 

together with Et.S^ by heating Cjl.,SO..n with 
EtSII at 100" (Otto a. Bossing, 71. 19, 3i35 ; 20, 
189). Heavy oil. Bccomposqd by al^holie 
potash into Et$ll, C^^fi^SOyll, and etiiane 
Bulphintc acid. 

PHENYL ETHYL SlftPHONE C,H„SO. ».«. 
C^H^SO-OiHj. [43®]. (above ^00^). Formed 
from C^lIiSO-^a and EtBr me CH3.0Br...CO.,Na 
(Otto, 71. 13,1274; J. pr. [2] 40. 535). Formed 
also from CHj.t!n(SO.TIi).CO,,H by the action 
of alkalis and by oxidising J*h8Et with dilute 
KMny, (Beckmann, J. pr. [2J 17, 458). Mono¬ 
clinic plates (Fock, B. 19,12.30), sol. hot water, 
v. sol. alcohol. 

a-Carboxylio acid C3Hj.SO,.CHMo.COJI, 
sulpltono-iyropionic acid. [116®]. Formed 
by saponifying its ether, which is got from 
OASO^Na and CH:,.CHBr.C03Et (Otto, J. pr. 
[2] 40, 548). Groups of needles, v. sol. hot 
water.—NaA'.—BaA 2 2aq: leafy aggregates., 
Ethyl ether YAk'. [c. 17®j. Oil. 

• /9jCarboxyUo acid 0„H5.S03.CH..CH3.C02H. 
[124']. Formed from benzene sulphinio acid 
and S-iodo-propionio acid (Otto, 71. 21, 95). 
Plates, si. sol. cold water, m. sol. ether. 

PKENYL-ETHYL-THIAZOLE ^IuHhNS i.e, 

^^^h-CH** Formed from thio- 

propionamide and bromo-acetophenone in alco¬ 
hol (Hubacher, A. 259, 231). Oil.—B^^H^PtCl#. 
[129°].—B'HBr. [70®]. White needles. 

W tbi-phenyl-di-ethyl-di-trio-biubst 
NPhEt.O(NPh).S.CS.NPhEt. [15#]. Forad 
from NPl^t.GS.01 (2 mqjs.) and aniline (1 mol.) 
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MENYL-OTHYL-UREA. 


SillelSr a. Strohl, tf. 22» 109). Yellow needles, 

1 . sol. alcohol. 

»H»fYL.ETRTt.THIOCABBAMIC ACID 
PhEt.OS.OH. 

Ethyl ether EtA. [18"]. (143" at 1*2 

im.). S.G.iS I'OfiG. Formed from NPhEt.CS.Ol 
nd NaOEl (RilUter a. Strohl, B. 20,1020; 21, 
04). Crystals. 

Phenyl-eUicr Vhk*. [00"}. Formed from 
lie chloride arm phenol. Flat needles. 

Chloride NPliEl.CS.Cl. [67 ]. Fouincd 
rom ethyl-aniline mid CSCI.„ Prisma {fw-'in 
.groin). Converted oyalcoliofciuto (XPhl'U.CS) .0 
143'^], S. (alcohol) 7 at 15". • 

Phenylethyl-thiocarbamlc acid. P h e n y 1 • 
thylamin% salt 

;,H^Ph.NH.CS.8NlI,.C.,H,Ph [1.30"]. Formed 
rom phertyl<^jylanune and CS^ (Ncuhert, B. Ill, 
825). Boh not water and alcohol. ^ ^ 

Phenyl-exhyl-di-thio*carbamic acid 
JPbKt.CS.SH. , 

Ethyl ether EtA'. [07"]. (305" 315 ). 

•’orined by heating NPli:(4NrhKt).SlCt with 
at 100* (Rerntliecn a. Friej.e, B. 15, 50M, 
5.33). Formed also from Nl'hEfc.CBv'l luul 
■faSKt (R. a. S.). Prisms (from ether), 
k cryslalline compoimd willi McI. 

Phenyl ether PliA'. [127 ']. Forme*! from 
NU‘hEt.CS.Cl and PhSH (li. a. S.). Noedirs. ^ 

PHEN YL- ETHYL-THIO-SEMI-CARB AZIUE 
s'lIEt.CS.NH.NlIPh. [122"j.Fonnodt‘romcd)iyl. 
liioearbimide and plionyl-hydrazine (DiKmi, 
'J. J. 55, 302). Wliite cry.nlal.s, v. si. sol. we'- ;. 
:eClj gives a red colour changing to hiadiish- 
jrcen. 

Isomeride NfTPli.CJS.NU.NlIEt. [1!()"]. 
[’’orined from jihtaiyl-thioeaihimide and ethyl- 
-lydrazine (Pisclicr, ^4. 101), 2110). Needles. 

Oi-phenyUethyl-thio*8emi-carbazide 
JlPliEUNH.CS.Mliiai. [14in. Funned fmm 
!< jilioiiyl-etliyl-hydrazinl^ and • pheiiyl-thin- 
jttihimide (It^chaeiis a.^diilips, /I. 252, 273). 

PHENYLETHYL-THIO .ARBIMIDE 
C.JI.Ph.NCB. Formed from ifliOi.ylefiiy].amino 
Ijy BQOccsSve* trerft.meiit wiili CS. and ilgCL 
(Ncubert, B. 11), 1825). Yellowrfiil. 

PHEKYL ETHYL BITHIOCAEBONATE 
CS(OEt)(SPh). Formed by mixing soUitions of 
C,^HyN.jCl and potassium olliyl dithioearli^nale 
at 0" (Levickart, J. pr. [2] 41, ISO). Jteddish- 
ycllow oil, si. .«ol. water, eliglitly volatile with 
steam. Converte*! by heating willi alcoholic 
KH, into phenyl mercaptan and ammouium 
Bulphocyanide. 

phenylethyl-thiohydantoKn 

0|JI,,N,SO U. or 

The hydrocliloiiaelOK] 

[I38"j ig formed from phenyletliyl-tluo-urea and 
chloro-acclic acid (Neubeit, B. 11), 1822). 

PHEKYL-BTHYL-THIOPHENE C,,Il,.,S U, 

®*VCH^*CEt'* Obtained by boating 

CH.jBz.CiIEt:CO.^a with (Dittrich a.*Paai, 
B, 21, 3^57). Small plates. Gives a olierry- 
red coloor with i^atin and IL.80, and a bluisii. 
green colour with phonauthroquinone and 
HOAc. • -fc 

•tfcPHEKYt-ETHYL-THIO-UElA 
UNPhEt.CS.NHy [!»% Formed from ethyl- , 


' aniline hydrochloride and potassium sulpho- 
! cyanide (Gobhardt, B. 17, 2094). Large pearly 
prisms (from alcohol). ^ 

Jicuzoyl derivatiXie NfhEt.CS.NHBz. 
;131"J. Formed from cyiylaniiino and benzoyl- 
thiocurbiinide (Di.von, C. J- 55, 305). Pale 
lemon-yellow prisma, insol. water, sol. alcohol, 
j s-Phenyl-ethyl-thio-urea N lIPli.CS.NHEl. 
‘ [91)"]. Formed from phcnyf-tliiocarbimijo and 
N'll .Et and from elhyl-tluoe.iibimido and aniline 
(Wi-ith. Jf. 8, 1.524 ; Michaul a. Paimtr, Am. C, 
200). ^lonoPlinic crystals. 

, Pbeiiylethyl-thio-urea NII,.CS.NH.C,H.Ph. 
i [123'’]. Formed from pheiiylctliyl-aniine hydro- 
ehha-ide n^d yoliis ium suhduwyanido (lifiubcrt, 
t B. 11), 1822). Plalm (from dilute ahmiiul). 

Fhonyl.eth|d-4/-tluo-urea NHl’li.C(SEl):NU. 
^Formod from iihcnyl t^io-uroa and E^ (Rortram, 
i /)'. 25, 55), Viehis mercaptan on treatment with 
! alkalis. R'HI. [103’;.- IVt^ILNA- [19G'']. 

! Faonyl-diaethvl-l-thio-urca 

i NrhEt.C(Sf'.t):NJl. Fonned from the preceding 
%MlvundEtl (B.).^R'HI.- R..U,rtCl,. [148"].- 
(170‘’j. 

Phe\orltri-ethyl-;['.thio-urfa 
NI'l!lCI.C;(SKl):NMt. (c. ‘iir,"). (lot from the 
: preceiliii" .and Ell (lb). • B'GyllsN/),. [c.9G°j.— 
15',U,Pt(:l,. [135 

Di-phenyl-elhyl-thio-uica NlII’h.CS.NPhl'.t. 
[81)']. Formed from phenyl-lhiocarbimide and 
cthyl-anilino (Geldiardt, B. 17, 2090). Crystals, 
Di-phenyl-ethyl.tjr-thio-urea 
^Hl’h.G{SEt):NPh. [7!)"1. Formed from di- 
plnuiyl-lhio uiva and EtRr (Uathko, B. 14, 
177G) and by tliu action of imMcuptan on 
t'(NI')i), in the cold (Will. B. 1.5, 130H). Needles 
(from dil'iti.' alcohol). Decomjfosed by heat 
into C{Nl'h).. ami ElSII. (3 passed into a solu¬ 
tion of its livtlrochlovide yields ethanesulphonic 
aci-l. RIKJI.- lVJl,PtCL2a(i.--R'niaq. 

[157-.5'''l (Rernthsen, li. 15, 2GG, GG7). 

Hl-phenyl-di-ethyl-thio-urea CS(Nl'ltPli).^. 
f75'.5"J. Formed from NPlil'lt.CSCl and cthyl- 
anilino at 100' (Rillctcr,-/». 20, 1G31). Wlnto 
tables {from ligroin) or ncculcs (from alcohol). 

Di-phouyl-di-cthyl-thio-urea 
CS(NIJ.C 11 ,!’h)._,. [H4"J. Fonned from phenyl- 
, etliyl-amiiic and alcoholic CS^ (^eiihert.'id. 11), 

; 1821). Phites (from alctilioi), insol. water, 
i Acetyl derivative C,,,H.^^N^SO. [73"]. 

t Bi.phenyl-di-othyl-i/'-thlo-ur ^a 
NPJiKt.CiSEiiiNPh. Oil. Tim hydro-iodide, 
got by liealing cli-phenyl-cLhyJ-4-thio nrca with 
I EtI at 130", is orystallino (R. a. F.). 
j n-PHENYL-ETHYL-UEEA NT»hEt.CO.NiL. 

[G2"J. Formed from cthyl-anilino liydrocliloride 
and potassium cyanate (Gobhardt, J). 17, 2006). 

s-Phenyl-ethyl-urea NPhll.CO.NEtH. [99"]. 
Fonncfl from etliyl cyanate and aniline (Wurlz, 
O.H.ii'I, 417). Needles (from dilute aWhol). 

1 Yields a nitrosaniine NPhll.CO.NEt.NO [GO"] 
cryslaillc^ing in monoclinic prisms (E. Fischer, 
A. 199, 28G). « 

Phenylothyl - urea Nn,.dD.NHC,dl,Ph. 
[112®]. Formed from j8-pheny]-ethyl-amine and 
potassium cyanate (Spica, 0. 9, 5G8). Flat 
prisms, m. sol. cold water. 

Phenyl • di - ethyl - urea NHPh.CO.NEtj. 
[8.5®]. Formed from phenyl cyanate and NHEt; 
(Gebhardt, B. 17, 3039). Needles. 
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Oi • phenyl - ethyl - nm rfHPh.CO.NPhEt. 
[91^0. Got from plicnyl cyanate and ethyl* 
anilme (Gebhardt, B. 17, 2093). Prisms. 

s. Di. phenyl ■ di • ethyl • urea CO(NPhBt)i. 
[79®]. Formed from. Np}iEt.COCl and ethyl- 
aniline at 130® (Michlcr, B. 9, 712). Crystals. 

«.!Di*pheiiyl-di-ethyl-urea NPh.^.CO.NEtj. 
[64®]. Formed from, NPh.»COCl and NHEtj. 

Dlphenyidiethyl-urea NU2.CO.N(OjH4ph)2. 
[109®]. Formed from diphenyldiethylapiiuc 
liydrocblortfe and potassium cyanate inVqucous 
solution (Spioa, Q. 9, 508). Prisms, Itl. hof Aq. 

Tri • phenyl - ethyl - urea NP)i.»CO.NPliEt. 
[80®]. Formed from NPhXOCl and etliyl- 
aniline 4M.). Formed also h*om ^P^Kt.OdCI 
and dipnenylamine (Kaufiua«n, B. 14, 2185). 
PHEHYL-FORXAKIDE V. voWii. p. 508. 
DI-PHEJYL-FOBMASnDINE C.^U.^N^ i.c. 
CH(NPli){NHPli). Di‘p}ienyl-methcnyl-diainine. 
Mol. w. 190. [138®]. ^ 

F(trtnation, —1. By heating chloroform with 
aniline for 12 hours at 190'^ ^oftnllnn, Pr. 9, 
220).—2. By heating aniline with phenyl-carb- 
amine, with orthoforinio ether, or with formic 
acid (Width, B. 9, 454; Wiclielhans,* B. 2, 
116),—3. Bypassing gaseous IICI into healed 
formic anilide (Wallacli, B. 15, 208).—4. From 
formio an^^dc and PClj (Wallaeh, A. 214, 233). 
6. From CH(NPl»)SEt and aniline (Wallacli 
a. Wiisten, B. 10, 140).—0. From aiiilino and 
CHINH^COOEt (Pinner, B. 10, 358). 

PrqpcW/e.9.—Needles (from ether). Yields 
B'HCl and B'..H..PtCl,. , 

PHEHYL-FOBKAMIDOXIM C,H,NO i.e. 
Cn(NOH).NnPh. [116®J. Formed from lliio- 
formanilide and hydroxylainine B. 22, 

2411). Needles, m. sol. water.—B'HCl: needles. 
—B’.^HjPtCl,: yellow needles. 

Benzoyl-derivative CH(NOBz)(Nltrh). 
[145®]. Needles, m. sol. alcohol and ctlif^r. 

DI-PHBNYL-FOEMAZIDINE C,,II,,N^ i.c. 
CH(N,HPh).N.,lI.Ph. [185®]. Formed I’om 
CU(NH.jCl).OEt and phenyl-hydrazine (Pinner, 
B. 17, 2*002). Yellow plates, v. sol. liot alooliol. 

PHEKYL-FOBMTLACETIC ETHER 
CHO.CHPh.OOjEt. (145® at 10 mm.). Cot, 
together with an isomeride [71'^], by the action 
of NaOEt on a mixture of formic and plienyl- 
acctic ethers (Wislicenus, B. 20,2931). Idquid. 
FeOl, colours its alcoholic solutions bluish- 
violet. Phenyl-hydrazine forms oxy-di-pheuyl- 
pyraaole. 

Dl-PHENTL-FUMABAMIC ACID r.FuMARio 

ACID. 

PHENYL-F0MARIC ACID C,.H«0, i.c. 
C02H.CPh:CH.C02H. [101®]. Got by heating 
bromo-cinnamio ether with alcoholic KCy for 
8 hours at 150® (Barisch, J. pr. [2J 20,180). 
Got also by heating CO,H.CPb(OH).CH,.CO,n 
(Alexander, A. 258, 82). Nodules (from water).-7 
BaA*': scales.—AgA": amorphouspp. 
Di-phenyl.famaric acid 

CO^.CPh:CPh.CO,H. [c.200®]. Formed from 
iik ether, whi^ is got, together with di-phonyl- 
malefo ether, by the action of Na on a-bromo- 
phenyl-acctio other (Riighoimer, B. 15, 1026). 
Crystals, decomposing at 2G0® into water and 
di-phenyl-malelo anhydride. 

CN.CPhrCPh.CN. [168®]. Got by 
adding aloobolio NaOEt to a-chloro-pbei/^l- 
ahetonitrile (Michael a. Jeanprdtro, D. 26,1680). 


BI-PHEHYl FnRAZAHB^^^;^>0. [94°] 

Formed by heating tho (a)-di-oxim of benall vi#l 
water at 210° (Dodge, A. 264,180). Ciystals 
At 800° it forma di-benzcnyl-azoxini. HjSO, 
and HNO3 give a di-nitre^ derivative [220®]. 

DI-PHEKYL-FTIEFtJRANE cn-cS^®' 

[91®], (345°). Formed by heating 
CPh:C.CH(€0^).CO.C„n, or OIL,Bz.CHjBz with 
conc.fHClAq at 100° for 3 liours (Kapf a. Paal, 

■ B. V, 1490, 3057). Got also by healing its 
! dicavboxylicacid(W#Il.Pcrl<ift, jun., a. Schlosiier, 

C. J. 57, 954). PiBtes, insol. water. 

Tetrahydridc 0,nH,p. (321®). Got by 
reducing with Na and alcohol. -Oil.* 
Ociohydride Oilf 

a Tri-phenyl-furfurane i.^ • 

ppirriT • “ ^ 

CPlrCPH>^* Mol. w. 2C3iyRaouU*8 

j method (calc. 290). ^ Formed' by boiling 
iCPhB/;CUHz with lIIAq (dapp a. Klingomunn, 
j^. J. 57,075). Got also from desyl-aectophenonc 
j by successive treatment with li.SO^*and water 
' (ymith, C. J. 57, 015). Needles (from alcohol), 
j Tefra-phcnyl-furfurane v. Lki'iokn. • 

I DI-PHENYL-FURFURANE CARB0]^YHC 
! CO,IlC;Oi;h>o. [217"]. Fomiea by 

botling CPli-C.CHBz.COdl with cone. IIClAq 
I and alcohol (Kapf a. Paal, h 21, 1189, 30.59). 

■ Formed also by heating the dicarboxylio acid 
J (W. 11. Perkin, jnn., a. Schlosscr, C. J. 67. 952). 
! Noo«lles (from alcohol), insol. water. May be 
' distilled. J3r yields C,7n,2Br40;,.—NaA': needles. 

I Kiliyl ether I'itA'. |.8:P]. Formed by 

boiling ClLBz.CIIBz.CO^h’.t with alcohol and 
i llCiAq. CrysUls (from ether). Yields on re- 
I duction a tetnihvdride which does not react 
! witli AeCl. , y • « 

I Di-phonyl-ftrfurane *' dicarboxylic acid 

! C,JI„0, t.c. caH.^:c|!|;>0. [23« ']. Forme,1 
by dissolvihg di-b^iizoyl-succinic ether in H.Sp, 
I and boiling tho product wiSi alcolnfiic potash 
I (W. H. Perkin, i;xn., C. J. 47, 262; 49, 168; .57, 
i 951). Needles, .sol. nhiolud and ether. FeCl, 
i,gives an orange cokmr in its alcoliolic solution. 
! Yields acetophenone on distilling with soda- 
I lime.-Ag.A". 

j Pthyi ether VA.X', [80®]. Formed from 
dibonzoyl-sucoinic acid aud ILSO^. Yellow 
prisms, v. sol. alcoliol. Its solution in H^SO, 
j turns violet on Jioating. 

I Anhydride [255’]. Formed by 

heating the acid alone or with Ac.p. Plates, 
• si. sol. hot alcoliol. Its alcoholic solution 
' iiibits violet fluorescence. 

' • PHENYL • F0BFDBYL - ACRYLIC ACID. 
I Nitrile. C,HjO.CH:CPh.CN. [43®]. Formed 
i from phenyl-acetonitrile, furfur.aldehydo, and 
i NaOFlt in alcohol (Frost, A. 250,159). Yields 
CJI.O.CHBr.CBrPh.CN [114®J ct^stailising in 
^ orange plates. ^ 

j liffercnce. —NiTno-PHENVi.-FURftiRTL-ACBmo 
ACID. 

PHENYL - FTIEFHEYL - ft) - NAJHTHO • 
;raiAZINE. Dihydride C.,H„N,0 

! warming benzene-azo-(/9^naplithylamisa with 
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farfural^ehyde in alcohol (Ooldsohmidt a. 
Pcdtz<^, B. 24, 1007). Needles. -B'HCI: plates. 
—S'Ja-PtCL. Light-yellow crystalline pp. 

(&) - PHENYL - (>) • FUEP0EYL -PKOPYL- : 
AMINE C^HACH,.CHPh.CH.NH2. (28iP}. ! 
Formed from pheny^acctonitillo and furfur- 
aldehyde, the product of condtuisalioti of these 
bodies C^HaO.CUiCPh.CN being reduced by Na 
and dry ulcaliol (Freund a. Inin^erwabr, B. 
20, 2850). Oil, with alkaline reaction. Con¬ 
verted by nitrous acid into the litpiid afcohol 
CjHaO.Clf-.CilPh.fJi.OU. ^/henvl lhiooai*l)iin- i 
idi! forms‘C,a,O.C,IJ>h.NTl.CS.Nlirh [113 j. | 
- li'IiCl. [iTO"^]. Crystalline, v. sol. water. | 
Itcaots w^h potassium evanate forming ' 
C 4 lI,O.CaH,Ph.NH.CO.NIl 3 [101 J. - Mercury ' 
double^ salt: [17i>'']; needles. — Picrat^, 
[152'^j. Ydttow crystalline pfcwdor. | 

PHENYL-FUBIDANE. Dikydride \ 

Cl’h^Q“ ®f[=>CIIj. • (250“ at 721 nijii ). | 

Furniod by heating its earboxylio acid at 200*; 
(Perkin, (i. J. 51, 7.U). (Jit, IlDr foniis ‘ 
C,ll,.CO.C.iUBr. ; 

•PHENYL-FURIDANE DIHYDRIDE^CARB- j 

OXYWC ACID ' 

Vhcnijldc.hijdfohi'jonecarhoxiiVu-acid. (e. IM J. 
Formed by saponifying its ether, wlncli is^ot 
by Uio action of NaOKt on a mixtuvo of lii- 
metbylenc brojoido and benzoyl-acetic ether i 
(Perkin, 0. J. 51, 720). Monoolinic prisiii.s ; 
(from ether); fc/uc^-'J-OdSrFg-g'JtJ; fj :7d‘^41'. 
—AgA': jieedles (from water). 

J-Hiufi ether Kt.V. [00'). Prisms. 
PHENYL-GLUTARIC ACID C„II, O, i.c. 
CHPb(OH,.COai),. [138']. I’oimed by heating 
BoJium maioiiic ether with alcohol and cinnamic 
cthci^at 100^.,sanonifving the resulting etiu r 
CU((To,t:i),.CIlPii.CJlKa.COj:(» and heating 
the acid at IIU" (Micliael, i.ir. [2j 35,352; 
Am. U, lU^. Needles, si. sol. water, m. sol. 
alcohol.- AgA^ amorphous fip. • 

• Di-ph«nyl-glutaric acid Cll..(CIlPh.CUJI) 2 . 
[10-P']. Formed by sa|ioni^ing its nitrile 
(Zelinsky a. Feldmann, JJ. 22, 3202). Needles. 

Nitrile ClI,(CHPh.CNL. [7PJ. Formed 
by heating Oil .Pli.CN with Clf. I , and dry NaOlI? 
PHENYL-GLYCERIC ACID v. fli-oxY- 

PJIKSYL-l'BOPlONIC ACID. 

TRI-PHENYL GLYCERYL TRIKETONE 

Cliilz.CIIDz.CILIlz. Tri-beiixi'i/l-jiiof-anc. 
[137°]. Formed from tricurballyiic chloride, 
benzene, and AlCl, (Emery, B. 21, tiOl). Straw- 
yellow needles. Yields a phejiyl-liydruzido 
[u7M0°l. 

^ PHENYL-GLYCIDIC ACID C,ll,0, i.e. 

Fbrmed by boiling benzoyl-imido-phcnyl-propi- 
FldPh 

onic acid a(jucous IlCI 

or with KOH (Pluchl, IJ. 16, 2817; 19, 3167). 
Formed also by boiling phcnyl-oxalaco4<i acid 
with dilute H^SO^ (W. Wisiicenus, B. 20, 692). 
Plates, V. e. ol. alcohol and ether. FeCl, 
colours its alcoholic solution green. Sodium- 
amalgam juduces it to a-oxy-phenyl-propionic 
«(i^ Yieub an oxim and a pbenyl-hydrazide 
0HjPh.C(N^Ph)CO^ (161°). Tolyicno-o-di- 
aiuuM fonns A qainoxaline (ErlemoeyBr, jan.» | 


I B. 19,2570; 20,2465; 22.1482). Aniline forms 
' C 2 U,Ph(NHPh)( 0 H).C 02 H. 
j (B)-Phenyl-glyoidic . acid. Formed *from 
C„H,.CH(OH).CHCJ.C() 2 lI and cold alcoholic 
potash (Glaser, A. 14Y, 98). Oil, crystallising 
at 0°. decomposes, even at 15°, into phenyl- 
acetic aldehyde and CO.^. Boiling dilute H-^SO* 
forms CHPh(OU).CH(On)*.CO.Jl and phenyl- 
acetic aldehyde (Erlenmeyor a. Lipp, 219, 
J.81)t Viebls B-oxy-phenyl-propionic acid on 
r«'duj{.i«m \vjtli sodium-amalgam. -NaA'.---KA'. 
—Ag.V': crystalline powder. 

i'jthyl ether EtA'. (280° cor.). Oil. 

Niruo- uiid Oxy- rnsNYL-aLT- 
CIDIC acN>. • 

PHENYL-GLYffOCOLL v, Piiknylauido- 

ACKTIO ACID. * • 

PHENYL-GLYCOL v. Pi-oxy-ktNyl-jibnzknm. 

PHENYL-GLYCOLLIC ACID r. PhenyB 
derh'alirc Glycolmo acid an<i MAnoKUO 

ACID. • 

Di-phenyl-glfcoUio acid t*. Bknzilio acid. 

PHENYL-GLYCOLLIC ACRYLIC ACID v. 
Carboxy-mcthiil derivative of Coumauic acid. 

tflPENYLGLYCOLYL-TROPElNE C,.ir. 2 ,NO,. 
Jloino-atropine. [98’). Formed by heating 
Iropino luandelato with IlClAq (Ladenburg, A. 
217, 82). Deliquescent prisms (froiif ether), m, 
sol. water. Ijcss poi.sonoiis Ilian atropine.— 
B'JfAuCl,.—B'lIBr.-B'C^IJsNaO,. Yellow plates. 

TETRA-PHENYL-GLYCOSINE v. Glycosinis. 

PHENYL-GLYOXAL C,U,.CO.CnO. (142° 
'at 125 mm.). Formed by allowing a mixture of 
its mono-oxim (30 g.) with NallSO, (120 g. of a 
35 iKC. solution) to stand till all is dissolved, 
and then adding ll.SO, and diKlilling (Muller a. 
von Pechmann, B. 20, 2904; 22, 2557). Oil. 
Forms a crystalline hydrate [7.3°J. Converted 
by UNO, into phcnyl glyoxylio acid, and by 
potash into nuindelic acid. Ammonia forms 
' G.; 2 yi,,N ,0 or C 22 H,,N ,,0 crystallising in plates 
! [lOo j which can be distilled. Hydroxylamine 
: gives C,,.lI,,NaO;., [219°], sol. alkalis, 
j MonO‘Oxivi C,jn 5 .C 0 . 01 I:N 0 IT. Nitroso- 
accioidienone. [128°]. Formed from acoto- 
' phenolic, i.soamyl nitrite, and alcoholic NaOEt 
(Gluisen, D. 20, 656, 2191; Braun, B. 22, 55C). 

' MunoeUnlc tables (from chloiAfurm), si. sol. 

: cold water, v. sol. alkalis. YieMs C^Hj.CO.CN 
* on warming with Ac/>. Boiling NaOIIAq forms 
NuCy and NaOBz. Its acetyl derivative is cou- 
w rted by NiiOIIAq into CirMz{OJl).CO.CO.CJI, 
[170°] crystallising in minute noodles (Boder- 
bauni, B. 21, 1386,3031). 

Di-oxini 0,Hj.C(NOn).CH(NOH). Anti- 
plienyl’ivnifhiajiyoxim. [ 102 °] ( 8 .); [108°] (U.). 

, Formed by the action of hydroxylamine on the 
\ mono-oxim, or on mono- or di-bronio- acetopben* 

! one (Schramm, B. 16,2183; Strassmann, B. 22* 
■%19: ItussanolT, B. 21, 3501). Small needles, v* 

I .sol. alcohol, insol. CIICI,; subliming below 
160°. N, 0 , gives CJ 1 ,.C 2 HN., 0 , [c. 00 °) orystal- 
I Using in colourless prisms (Scholl, B. 23,3.504). 

I By dissolving iii ether and treaNng with HGI it 
: is converted into an isomerids [180°]. This 
! body, called phenyl-anti-glyoxim, is v. sol. Ac^O 
! and yields u di-acetyl derivative [92°]. Phonyl- 
I anti'glyoxim is only stable in acid solutions 
being readily re-converted into the original di- 
oxim [168°]. By treatment of thedi-oxiin [168°J 
NaOHAq and CO, at -10° there is formed a 
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second igomeridc tl48''-164®] called phenyl-syn* ' 
glyoxim which yields an oily di-acctyl deriva- 
{ive?>-AgCJI,N.p«. Curdy pp. 

Phenyl-hydrazide C„UvC(N,HPh).CHO. 
[148®]* Yellow plates (*• a. P.). 

Phenyl-hi/Urazidc CrtHi.CO.CH:N.lIPh. 
[129®]. Porniod by the action of warm diluto 
KOHAfl on the compound got by treatment of 
sodium benzoylacetic ether'with dinzobenzene 
chloride (^iciliri, B. 21, 2123). Yellow plfltea. 

p^TolJfUhydrazide CHBz:M,II.C..41,Mc. 
Got in like manner, using |}-diazotoluonc 
chloride. Yellowish-brown plates, v. sol. ether. 

Di’jnlunyl-di-Uy dr azide - 

C.H,.C(N,Hrh).Cn((#;Kl’h). [15S°J* Gut by 
heating phenyl-glyoxal or,%ette|, the phonyl- 
hydrazide of bcnzoyl-calbinol with phaiiyl* 
hydrazine ftydrochloride and NaOAc at J 0 u“ 
(fjaubnmnn, A» 243, 217). Yellow plates. 

Di-pheuyl-di-methyl-di-l^ldrazfdc 
0«H,.C(NjMcini).Gn(N,Mol‘h). [1.51*]. Formed 
from w.bromo-acctoi>heuone ailil phenyl-methyl- 
hydrazine (Culmann, B. 21, 2o97). Prisms. 

Oi-phenyl-glyoxal 4). ]h:Nzir.. 

PHbHYI-OLYOXAtlNE C,U.N, ie.* • 

[13°]. {2W}. Fovincd by 

warming^ sulphydro-phenyl-glyo.\aline f IHF'] 
with diluto UNO., or i.{ClA(i (\Vohl a. Marek- 
wald, B. 22, .570, 3353). Crystalline, niiseihlo 
with alcohol. B’llAuCl^.—nULPtCl,,. — I'i- 
crate 13'CJ1.,N.,0,. [ir»2^J. Yellow needles (from 
alcohol).—B./gN6.,.—B'MoI. Syrup. * 

Phenyl-glyoxaliue [IdS”]. 

(c. 340'). p’ormed by distilling its diearboxylio 
acid, which is got from di-nitro-tartaric acid, 
benzoic aldehyde, and Nll^ (Ma^uenno, C. It. 
111,742). Plates (from benzeno). - Ji'-ll.^Cp,. 
Needles.—B'.,II,PtClfl. 

Bl-phenyl-glyoxaline ['367°]. 

Formed by the action of formic aldehyde and 
ammonia on benzil (.lapp, 0. J. 61, 5.59). Di¬ 
morphous. Crystallises with di-|(henyl-me()iyl- 
glyoxaline as (CsN..Il.l'h.,)0:,N.,llMePh., [21JS J. 
—B'aiMMCl^: small Hat yellow needles. 

Tri-phenyPglyoxalino r. Lophini',^ vol. i. 
p. 474. 

PHENYL-OLYOXIM v. Oxim of Puznyl- 

OLYOXAL. 

PH3BNYL-OLYOXY1IC ACID C„ir,.0, i.e. 
0„Hft.C0.C0:fH. Bcnzoyl-foiinic add. 

Foniuition.~-l. From benzoyl cyanide and 
cone. ilCIAq in the cold (Ciaisen, B. 10,129, 
844, 1003; 12, 026, 1505) or UOAc saturated 
with HCl (Buchka, B. 20, 395). - 2. From di- 
oxy-ethyl-benzene (phenyl-gly«M)l) and nitric 
acid of S.G. 1*38 (Zincke, A. 210, 805).—3. By 
saponifying its ether, which is got by heatink 
COCl.CO J’lt with HgPh, for several hours at 
160®; the yield being 40 p.c. of the theoretical 
(Olaisen a. Morlcy, Ji. 11, 1590).- 4. By o.xidis- 
ing acetopherft>no xvith alkaline KMn 04 at O''; 
the yield being 20 p.c. of the theoretical amount 
(Glilckmann, M. 11, 218). 

Properties. —Prisms, v. e. sol. water and 
ether. Decomposed by distillutioa into benzoic 
acid and CO, and partly also into benzoic alde¬ 
hyde and CO^ Phenyl-hydrazine added to its 
folntion io dilute HCl forms a bulky yellow pp. 


of pbenyl-hydrazide (Ebers, At 227i 140). t?he; 
mixed with benzene (containing thiopl^ene^ i 
gives with cone. H.SO^ a red colour changing t 
violet. On adding water, the layer of benzen 
becomes crimson. 

Beactiom. 1. Sodiwn-anmlgam reduces i 
to mandclic acid. - 2. HI and P at ICO® reduci 
it to phenyl-acetic acid.—3. PUcvyl mcrcaptai 
; and gaacons HCl form CgII^<6(SPh).,.C0...1: 

I ft42J], b 1. sol. benzene (Baumann, ii. 18, 891) 
Phenyl mercaptan alone forms a crystallin« 
pow-der C„II,.C(OfI^SPh).C(>.,H [69 ••]. 

Salts.-NaA'W-KA'aq: dimetric tables.— 
NH^Ak—CaA'saqDhitprisnia.—BaA'.,.—SrA',aq 
—CuA'.,. —l!inA',2aq.~ PbA'.,.—PbAil^aq.—AgA' 
Mciliyl ether HoA'. (218®). 

* Ethyl etherVAK'. (257 ). S.CT.yL»M21 

i Forms a crystalline compound w*h NallSO,. 

' Beilcts in alcoholic solmion will# hydrazine 
' iiycliateforming C^H|.,N .0., [ 120®J and C.,„H,_,„N.,0, 
[13.5®] (Curtius, J. pr. [z] 44, .560). 

* n-Propyl ether VvA'. (174® at CO mm.). 
Isohihjl ether. (174® at 38 tim.). 
iKoaiiiyl ether. (182® at 10 mm.), 

C,lI..CO.CONiL. lUl 'j. Formed 
from benzoyl cyanide and cold ilGlA|[. On 
; solution and ro.-ppn. by CO.it forms an unshiblo 
^ liydrato CJI.-NO, aq [G5®j (so-called (/3)-amido). 
* {y)-Amidc ((hll.-NO,),. [I31®J. Formed 

by adding an alcoholic solution of the ((')-ainide 
to diluto HClAq (Claiscn). Formed also, together 
with tite (a)-auiido, by the action of IlOAo 
. saturated witli HCl upon Dz([v (Buchka). Prisms, 
j Nitrile V. BkNZOTT. CYAMDli. 

I (a)-Oict'm C„lIyC{NOll).COJI. Isonitiuso- 
phenyl-acetic acid. 1127 ’]. Formed by tlie 
action of hydroxylajnine on the Na salt (A. 
i Mullor, B. IG, 1617) or on the acid at 0® 
: (llanlzsch, H. 23, 2333; 24, 42}# Thick jif isma, 
j V. e. sol. watar. Yicldf a-amido-phenyl-acotic 
: acid on reduction.—KA'au : very soluble crystals. 

, —BaA'.. Uu(i.-AgA'. * * 

’ Acefyi derifatii-c. [lIliTj. Prisms. 

’ C„H,.C(NOkl).CQ,Ile fU.5*]. 

Imniiod by thc^ action of IJCl on an ethereal 
Solution of the (o)-()xinj. P'orjiicd also by 
I wanning plionyl-{^yo.iylic acid with hydroxyl- 
■•(iinine and potasli. White needles composed of 
: dimufric prisnfs. 

! Acetyl derivative. [125®J. Tables, 

i Methyl ether of the oxim 

CPh(NOli).CO.;5Ie, Got from the Ag 

salt and Hoi (Milller, B. IG, 2!<87). Converted 
by NaOKt and Mel into CI']i(NOMe).CO,Me 
[5G®], sol. alcohol, iusol. alkalis, 
j Ethyl ether of the oxim 

! CPh(NOH).CO,Et. [113®]. Formed from phenyl- 
I glyo^wlic ether and hydroxylamine (Gabriel, B. 
IG, 519). Needles (from hot water). 

Nitrite of the oxim C„H,.C(NOn).crN. 
[129®). Formed from phenyl-acetonitrile, amyl 
nitrite, and alcoliolio NaOFt (Frosty A. 250,163; 
Meyer, B. 21,1306). Formed also by the action 
I of hydroxylamine on dibromo-acciophenone in 
! dilute alcohol at 60® (Bussanoll, B. 24, 3505). 

* Thin plates, v.aol. alcohol.—C^^.C(NONa).CN: 
yellow powder, v. sol. water. Yields an acetyl de- 
Hvatlve [68®].—KA'.—CuAV—Pb^A^O.—AgA'. 

Phenyl hydraeide CjHj.C(N5^h).c5^ 
[163®]. (P.); 1163®-164®j (Von Pechman^ B. 
86, 1054}. Y^ow iiee£e^ aL aol. ^t watei 



PHENYL-GUAMOINE. 


sd 


(PiBcler, B. 17, sTs; Ebers, A. 227, 340). May ' (Emiob, il. 12, ll). Decomposes on standing 
be reduced to C,Hj.OH(NjH,Ph).CO^ [lo 8 °], j into phenylcyanamido and ammonia. — Pi- 
an€ finally to aniline and a-amido-phcnyl-soetio ■ crate B'C,HjN,0,. [208°-214'’] (Prelingv. d7. 


acid. 

Pkenyl-mcthyl-hydraeide 
C.n,.C(N,Mel>li).CO,Ii 1116“!. Plates (from 
alcohol). Its amide C„ri^.C(N.,MoPli).CONll. 
[150^] is crystalline. 

Phenyl-ithyl-hv dr azide 
C„H,.C(NjEtni).dO..K.‘ ri 0 »‘=l. Formed, to- 
gather with its amide ( 1,11 ,.C(Nd'’,tl’h).C@.NtI.; 
[ 111 °], by the neti^i of pbenyl-elhyl hydra/ir'n 
in dilate HO.\c on ph'^nyl- Rlyoxylic nciil. 
Yellow plates, si. sol. water.* Yiold.s etltyl-ani- ' 
lino and benzoic aldehyde when hnited with 
cone. HCIA^. I 

References. — Amido-, Nitko*, and Oxy- | 

I’HK.NYL-^Ii^XYLIC \cn>. • ' 

PHENp - OIYOXYIIC* o - CAKBOXYLIC 
ACID C,rf.(CO,H).CO.CO..ri. [140°].’ Formed: 
by oxidising the oxyqnjnono C„,H ,„03 or indi)- , 
naphthene (lihydrido carboxylic acid with alkiiv j 
lino KMnO^ (Sclurks, B. 1*8, ^>78; cf. Zinckc, pi 


13,1)9). 

Bi-phenyl-gnanidii^ Q,JI,3 Nh ue. 

\ NFI:C(NHPh)... Mclaniline. [147°]. S. (1)0 p.c. 
alcoliol) 9-25 at 21°. 

Formation. —1. From ^nilino and CyCl or 
CyBr (Hofinaun, 4. 07. 129; 74, 8 ; IVcitb a. 
Ebett, R 8 , 912). - 2. By tho action of PbO on 
a somtion of di iihonyhurea in alfoholio NFI^ 
(riofniann,*/). 2 . 452, (188 ; Weitb, B. 7, 937 ; 
ilatlikc, B. 12 . 772).- -3. By boiling phenyl-thio¬ 
urea with Hg(M(NUPh) and alcohol (Forster, B. 
7,•291; ^.^175, 35). Together with thio¬ 
urea, by tho action of aniline on mercuric ful¬ 
minate (Stciiicr, 7). 7, 1214; 8 , 618). - 5. By 
i'.oiffliination of di-pnenyl-cyanamide with NH, 
(Woith, R7, 10). 

^‘voperiies. Monoclinic pri.sms (Arzruni, V. 
162, 281), sllsol. colli water. 

lii'actions.~\. Kcjd at 100 ° yields acetyl- 
phcnyl-urea [Tra’J. At 15t)‘ tlio product is 


/I. 220, 53* 240, 142). Yields CO_. and phthalic acrtyt-di-phonyl-urea [115°] (McCreath, B. 8 , 
anhydride on heating. May lie rciinccd to ll 8 i)« 2. Phenyl thiornrhimide forms, in the 
plitlialide carboxylic acid. -K.^A". Jhifi.”2aq. coin, NIII’h.CS.NPh.C(NlI).MllPh [150°], a 
—Cu^''(()Il)^Caq.-Ag.A'': crystalliiie pp. i weak base, si. sol. benzene. -3. IfClAq at 250° 

FHENYL-DIGBANIBE 0^11,,N., i.e. ; forms CO.^, NIl^,, and aniline. —4.*(7//rtMOjycu 

NH:C(NHPh).NH.C(NlL):Nli. [c.237-'j. Foimful , passed into its alcoliolic solution forms 0,^11, 
by the action of alcoliolic ammonia and Ag"(), | wliioh cryslalliKcs from alcohol in yeliowisli 
or HgClj on guanyl-idicnyl-tiiio-urea (Ikirn- needles [151°], decomposo<l by MOlAq into 
hergcr, B. 13, 1582). Formed also by heating ‘ crystalline mehinoximi«tc which is 

aniline hydrochloride with di-cyan-di-!iniide in split up by alcoholic potash into oxalic acid and 
alcohol at 100° (Smolka a. Frif'«lricli, .17.9, 232). r (liplicnylguanidine, ami by alcoliolic HCl into 


Plates, V. sol. w.ater and al<^oliol; absorbs CO,^ 
from air. When boih‘d witii baryta-water it 
yields NII^, aniline, jdionyl-urea ' 147 M, plienyi- 
guanidine, guanidine, and urea (Kmlcii, M. 12 , 
15). —B'HCi: prisms. Yields phenyl-c.arhaniino 
whcifwarmod tvitV alcoholic potash and (’IICI 3 . 

Salts. - imNOj.* [209°].*— B'dl.SO^. - - 
Cu(C3H,„N.^lAaq: 1 ^ powder, sol. hot water. 
— Cn.V.ACl‘liaq. ™ CuA'.H. SO, l laq. ~ 
CuA'jH.CrO.aq. NiA',. Ni.t’JIXL. — 
NiA'jH^^., I’aq.—CoA'j I’.aq. CoA^I.^Cl;, naq. 
-•CoA'j.HjjSO, aq: crimson iic<#11oh. 
(a)'l)i-phenyl.diguauide C,,I£,,.\r, i.c. 


Nil, and di-jihonyl-parabanic acid. 

Salts. The hydrooh lorido is gummy. 

— P'lfAuCl,: golden needles.--B'JI.PtCl^.- 
P>'l!Hr: stellate groups of needles, v. sol. water. 

— B'lff. — li'JINO,. ■ JP,Ai;NO,: geodes. •- 

stellate groups of plates.—B'R^C.p,. 

— Siilphocyanidc: [115’]; in. sol. water. 
•Oi-6 enzoyl dorivaMe 0 „ll 2 ,NjO.;. 

[102'-’]. Moiioclinic (McCruith, B. 8 , 383). 

Tri-phenyl-guanidine C,„II„N 3 i.e. 
NPh:C(NHPh),.. Mol. w. 287. [143°]; [147°j 
(F. a. W.). 8 .'(alco]iol) 4*5 at 0°. 

P'onnafion. — l. By adding I to an alcoliolic 


NPh:C(NHPh).NH.C(Nll 2 ):MIJ. Foiined by thq ! solution of di-phonyi-tliio-uronjilone or mixed 

nr*fir\n nf AtfVn nnrl oniliiiA rtti mi<i it vl .ul.i.i.Ml. ttrUl. Uv... (.... 7> O aAi\ n 1 .'....... ,i: 


action of AgNOj and aniline on.guanyl-^^lionyl- 
thio-urca (Bamberger, B. 13, 1581). White 
solid, m. sol. water and alcohol, alkaline in re¬ 
action.—B'HNO,. [231°]. Wliito needles. 

(d)-l)i-pheuyi.digQamd 6 
Nn:C(NPh,j.Nn.C(Nll,.):NlT. [c. 102°]. Formed 
by heating diphenyiaminc liydrochloride witli 
di-cyan-di-amide (Emich, Jlf. 12* 21). Thin 
•Jedles, with alkaline reaction. L'lINUj. [203°]. 
Prisms.—B'j 3 UaS 04 . 

Tri-pheDyl-diguanide C.^n,,,N 5 . 4138^*] 


witli aniline (Hofmann, B. 2, 4o3). -2. Fromdi- 
plienyl-thio urea ami llgCI(NHPh) (Forster, B. 
7, 291). ”3. From di-phenyl-cy.anamide C(NPh )2 
and aniline (Weith, if. 7,10).—4. Together with 
lihenyi-tliioearbimidc by heating di«phenyl- 
oyanamido with di-phcnyl-urca (Weith, B. 9, 
810).—5. By boilingdi-phenyl-urca with inverted 
condeic-ior (Barr, B. 19, 1705). —0. By heating 
di-phcnyl-ihio-urea witli aniline, with Gu, or 
with PbCh (Merz a. Weith, Z. [ 2 j 4, 513, 609; 

Oirf id, BL [2] 40, 606), or with 


.5. 059 . 

Fi>rniod from guanyl-tri-phenyl-thio-urca, Nil,, j^lIgCF at 145° (BulT, B. 2 , 198). -7. By heating 
and AgNO,. Formed also from di-phnnyi- di-phenyl cyanamide (2 muls.) with phenylene- 
guanidine and phenyl-cyanaiuide [7H°J in ether , o diamino (1 nirl.) at 210° (Keller, B. 24,2505), 
(Uathke a. ^ppenheim, B. 23, 1672). Prisms 8 . By tho action of aniline on CCI^ or chloro- 
(from alcohpl}. With CS, at 100° it yields Iri- picrin (Hofmann; Basset, C. /^ 8 , 31).~ 9. T5y 
phenyl-thio-ammeline C.^,n„Nj9. — 411101: i t!ie action of I’Cl, (1 mol.) on a mixture of di¬ 
prisms, V, sol. alcohol.—B'jH^PtClg. i phenyl-urea (3 mols.) and aniline (3 mole.).— 

PHENTL-^AKIDINB C,H,N, U. | 10. By the action of PCI, (2 mols.) and CO, 

KH:0(NH.^)fNHPh). Formed by desnlphuration (.3 mols.) on aniline (9 mols.) at 170° (Merz a. 
of phenylttnio urea in presence of alcoholic i Weith, [2] 6,160).—11. By fusing di-phcnyl- 
Rlli (Feuerlein, B, 12, 1602). Formed also by j urea with NaOH (Hentschel, J.jyr. [2] 27, 600), 
the Action of baryU-erater on pbenyl-diguanide ! 12. From phenyl thiocarbimide by ohlorinatiiig 
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and hbating tho product NPh'cCL with aniline 
(Sell a. Zierold, B. 7,1231). Tho base got is 
posjibl; an isomeric tri-ptienyl-guanidine.— 
13. A product ol the action o( CSCI., on 
C3(NHPh)j and bci^oig) (Freund a. Woll, B. 
25,14C4). 

Propcj/W5.—Trimotrio six-sided prisms (from 
alcoboj); a:b:c «‘07^:1: *658, nearly insol. boiling 
water. 0 Occurs also in an amorphous form 
(Giratid, Bl. [ 2 ] - 10 , 505). Decomposed above 
260^^ into fiiilino and C(NPh).. KCl()a (U pt.) 
and HCl givo^ a greenish solutioif depositing 
dark flakes which dissolve in alcohol with violet 
colour. 


^Pl>e°ylaaiine at I60°(Weith, 
.W.7,843). Pyramids (from ligroin), iusol. water, 
V. sol. alcohol and other. Cone. H,80, foriSs a 
colourless solution turned violet-red by heat, 
CSj at 2C0° fonns tetra-phonyl-thio-urea. Solid 
KOH at 200°, and cqn« HClA<i at 340°, yield 
NH,, CO., and NHPhj. 

Salts. B'ldClSaq. Eillorescent tablets,— 
B'.,IU>tCV-B'UNO,. , 

Mefereiiccs. -Di-bkomo-, Di-cntoiio-, Dmodo-, 
and KtTBO- PHENVL-OtUKIDlNES. 

BI-PHENYL-OBANIDISE CARBOXYLIC 
i acid C(NH)(NIl^).NH.C„H,.COH. Pfeayi- 
licastims—l iiH 7 n»fnrn,o fu/voiwn \ acid. 110.'>“]. Formed by heat- 

CO on heating.-6 Cyanejen pa*cd into tlio ' c.mnnivuo acid. a oo.uudins 

alcoholic solution forms crystals of C..,U,,N, L PHENYl-GUANIDO-AGPTTr aptti 
wineh is decomposed by UCli, 

theoxalyl-derivative CINPliX”*’[o. ' uncov.) Foimod from iihenyl-cyamnnldo 

230°] which is itself decomposed by boiling witli DI^HENYl-DLGO^ANIDolDkmYL-^ 
alcohol and HClAq into aniline .and di-plicnyl- PHIDB S(C.ir ,.NI1.0(NII| Nlll’h) Thin r, * 
paraban,|ao,d d ofinunn B 3, 701; Htojoi.tin, 

cbci co Ft fon.li'T ('Uoro-ylihphc ether b,* boating cli-plieii.vl.ai-iiraniido-di-tolyl sul- 
COCl.CO,la onus a carbonyl derivative pliidc with alcobolic NH, and IlgO (Tiuhlar A 
C(NPb)<^"p">CO\vhicli forms tbo salts BTICl wliito needles (from etl’ier- 

ri90'’T and TVHNA /at »• \ n benzene, and ctlier.— 

nnpi f “ I ^ (Stojentin). - 7.. B'11 .Oi.PtCI,; yellow amonihotis powder 

coot.; forms Ilia above (?) carbonyl derivative •I'etra-phenyl-di-guanido-iU tolyl-sulphido 

I. I, 'ti I C •, 

KNo'V7®°r^0032‘fAVp''‘i"^^^ 

derirativc C(NPh)(NPliAc),. ^ f e fll 

[131°]. Crystals (MaeCreatl, 7.8, A '' : Iilatli^^ hcpfadil^Hmli^T li^dihiS'idrtiS 

*“ -vl 10<>^ the proS being 

CINHUNaM^T ■ PH^YL.HEP7-ANE r. lIm., vB.nm,;E.B. 

0(lNll)(NUlb)(NI b,.). [1,H ]. I'Pimed by Duphenyl-heptane 0 II,..ClfI'h n 4 °l 

heating plienyl-cyananiide (cyainlulo)CN.Nill‘li hot. «, iq —i ‘J _L_^ .i* 


with diplienylamme at 125° (Weith a. Scliiodcr, 
B. 8 , 912). Regular tablets, nearly insol. water. 
Its solution ill cone. ll„SO, becomes violet on 
beating. 

ReactUms.—l. Cone. IIClAq or KOHAq at 
200° forms COj, NUj, aniline, and NHPh... 2. 
CP^ at 100° forms the sulphooyanidc, II.S, 
phenyl-thiocarbimido and NHl’li... 

Salts.-B'HClaq. 8 . (of B'HCI) 28-4 at 
23°,—B.,H.jPtCl,: crystalline. , 

aicyanidc C.,,H,,N,. [ 173 °]. A product 
of the action of cyanogen as an alcoholic solu¬ 
tion of aniline (Hofmann, A. 00, 129; B. 3 , 
70S). Got alsg by boiling the compounds of 
cyanogen with di-phcnyl-gaanidino or (a)-tri- 
phenyl-gnanidine with aniline hydroohlorido 
(Landgrebc.R. 10 , 1593 ; 11 , 973). Dark-brown 1 
needles (containing )nq) with violet iridescence ' 
(from alcohol).—B'llCl 3aq ; brown needles. 

- 8»»nidlne C(NH)(NPhJ.;. 
iISl J. Farmed by passing gaseous cyanogen 


(101° at 13 mm.). Fonned from C,’H,,.CIICI ' 
benzene, and AlCI, (Auger, Til. 121 47 48 '' 
Krafft, 71. 19,2980). Nee.llos. '' ’ ’ 

PHENYL-HErTENOIC ACID C,,H,. 0 , i.e. 

■ Ph.Cl!.t:Cl!jt.CO,jH (?) Oil. Got by passing CO 
over a lieatcd mixture of NaOFt and sodio 
cinnamate (M. Scliroeder, .4. 221 , 52) 

PHENYL HEPTYL KETONE CARBOXYLIC 
I ACID C,H,.CO.CHj.CH(C,H„).CO.^H. [103°]. 

FOrmdd by heating plienacyi-isoamyl-malonio 
acid (Poal a. Hofmann, B. 23,1,504). Plates 
insol. water, si. sol. ligroin. On repeated dis¬ 
tillation it yields an oiiy lactone (310°-320°), 
Ethyl ether EtA'. (200°). Oil. ' 

DI-PHENYL-HEXOIC ACID. EitriU 
CHjPh.CPhPr.CN. [03°]. (330 °tA 40°). Formed 
from C,Hj.CHPr.CN, benzyl chloride, and NaOH 
(Bossolymo, B. 22,1230). Needles. 

TETBA-PHENYL-HEXDNENE ® 

OTh^*^®'®®''sbPh' [269°1- Formed by brat- 
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ing4i-beaz;l-(!&rbmnl with Mel at 265° (Bog<Ia- 
nowaka, B, 25, 1273). Needles, insol. alcohol 
ani^etlter, sol. CHCl,. 

FHENTt-HEXYIi.TSIAZOLE OABBOXTLIC 
ACID CH,(cnj.c<5}:S.co.H- 
tained by saponifying its nitrile, which is got | [above 300°]. Got by dissolving («)-phcnyl- 
from phenyl-hydrazine dicyanide and heptoic fiydantoin in alcoholic potash and then adding 

‘.1101. Crystalline.—KA^ 


C,H,MeNjOj [162°], crystallising in needles,— 
KA': needles, v. sol. water. 

Acetyl derivative 0,H,AcN,j0j. [145°]. 
Small needles (from benzene), insol. water. 

PhenyH-hydantoin* ' C(NII)<^“'^^p^. 


almost insol. water. 
Aictyl derivative 0(NlI)<;^^^gpip 

White prisins (Piiinor ft. Sptlk(^t 23, 698). 
Docoinpost’s at about 290 

PHENYL-HYBEAZIDOwACETIC ACID 
C..lf,NH.l*I1.0M.,.CO,U. ForAed by 

reducing the plienyf-hydru/ide ('f glyoxylic acid 


aldehyde (con^thol) (Bladin. JS. 25, 18C). Sii 
very plates, v, sol. alcohol. -CuA'., aq.—HA'IICI. 

Amide. [82*5®]. WhiU* plute.s. • 

Thio-amide iC„H„N^CS.ANJI.,. [W®]. 

Formed from the crude nf^lo and alcoholic 
ammonium sulphide. Yellow plates, sol. alcohol. 

DI.PHE5yL.HEXYL.TEICYANIDE 

<rh|>C.(CIL)..Cn,. [4d°]. (265° ^‘,(K,bersrA.227,353).,Pormeda.»bymducin« 

15 mm.* tfot from hcptoj^l chloiidc, hcu^<)-“ p|,eijyi.Qyotriazolc c.irboxylic acid with sodium* 
nitrile, and^lCla at 70-’ (KralTt a. llaiv?sei>, B. \ umalgam (Pechiuaun, A. 262, 28S). Hexagonal 
22, 80i<). * ! tablik^, sol. Iiot water, lle-oxitiised by Fohling'a 

PHENYL HEXYL KETONE C,II,.C0.CJ1,.. j solution to.NniPh.N:ClI.CO,H. 

[17 ]. (2(»7®) at 710 mm. Formed by thoi n.Phenyl*liydfazido<aoetic acid 

action of 4101, on a mixture of benzene and ^ NlL.NPh.CIL.CO H. fiai®J. Got by saponify* 

he])toyl chloride (Auger, Bl. | 2 J 47, 50 ; KralTt, j ju{r its ether [127®], which \n formed by heating 

! pho#yl*liydru/.ine with chloro-aoetio ether at 
100® (lleissert a. Kayser, Zf.24,1519). Noodles. 


J?fENYiHEXYt.(S)-NAPHTHOTBIA'klNE. 

Dihy^ride Co-iir^Na i,e. C, 


'«^^-\N.NPh 
[176*5®]. Foniicd by heating l)enzenc*azo*(4)- 
uai>ljthyla»nine with (unanthol and alcohol 
{(Iold.'^ehmuU a. Poltzer, B. 24, 1007). Not;dles, 
sol. alcohol.-'li'IlCl. [ 22 C®j. Wliito needles. 
—[225®]. Granules. 

PHENYL-HEXYL.PYKAZOLE Ic. 

(319®). Formed from 

heptoyl-acetic aldehyde and phenyl-hydrazine 
(Claison a. Stylos, B. 21,1M9). Oil. 

PHENYL.HEXYL.THIO.DREA Cj3lJ..„N.,S i.c. 
CS(NrtPh).Nn.ClI-)iCnEt,« [53®]. Formed 
from hexyJammo and phenyrihiocarbiinido 
(Freund a. lAu-rmann, 4\ 23, 195). Prism.^. 

PHENYL-HEXYL-UREA p,,H.„N.,0 i.c. 
C«(NHPW.NI1.0I4.0II KL. [70®J. Formed 

from hexylaurttie and i>henyl cyauate (Freund a. 
Herrmann, B. 23, 194). NeedltA. 

PHENYL-HOMO-ITAMALIC ACID v. Oxr* 

BENZYL I’YUOTAUTARTC ACJD. * • 

PHENYL-HYDANTOlC ACID • 

Nn,.CO.NH.CHPh.CO,U. [178®]. Got by boil* 
ing (a)-phenyl-hydantom with baryta (Pinner, 
B. 21, 2326). Prisms, si. sol. cold water. 

Amide NH 3 .CO.NH.CHPh.CO.NiI,. [223®I. 
Formed by adding tho compound got from nrea 


PHENYL-HYDBAZIDOwBCTYRIC ACID 

C,„n„N 30 ., i.e, CllEt(N.,U,Ph).C 03 H.- Formed 
' by reducing the phenyl-hydrazido of ethyl-^gly* 
; oxylic acifl (Japp a. Klirigeinatiu, A. 247, 217). 
; Needles (from MoOIl). Softens at 165®. 

I PhenyLbydrazido-Uobutyrlc acid 
, CMe,{N.,lFPli).CO,U. 

Anhydride N.UP1i<^[;q“-. [176°]. Got by 

gojjlly heating tho nitrilo with IFSO^ and pour* 
ing into water (Uoissert, B. 17,1458). Crystals, 
V. sol. alcohol. —BTlCl: crystals. 

iVif/-i/eCMo. 3 (N.,n,,Ph).CN. [70®]. Got by 
hi'ating the cyanhydrin of acotono with phenyl- 
hydttizine at 100®. Needles, v. sol. alcohol. 

Imide (CMo.,{N.,H.,Ph).C()).,NH. [117®]. 
Got by passing HCl into an alcoholic solution 
of tho nitrile.—B^'H^Cl,: cryatals. 

PhonyUbydrazidO'butyrie acid 
NU.,.NPh.CHMe.CH 3 .CO,,H. [111®]. Formed 
from potassium /3-bromo-butyrato, phenyl* 
hydrazine and NaOAc in aqifcous solution 
(Ledercr, J. pr. f2J 45, 87). Plates (from alco* 
hoi), V. sol. hot Arj. Converted by cone. HwSO, 
into oxy-plienyl-methyl-pyrazolo dihydride. 

PHENYL • 3 • HYDRAZIDO . CBOIONIO 
ETHEE CH 3 .C(NH.NHPh):CiI.CO.,Et. [60®]. 
and the cyauhydrrn’orbenzoic aldehyde to H.,S(>^ Formed from aoetoacetic ether (1 mol.) dissolved 


and pouring into water at 0® (Pinner u. Spilker, 
lit 22 , 697). Prisms (from dilute alcoliol). 
Yields phenyl hyduntom on heating. 

PHENYL-HYDANTOIN C.U.N^O. i.e. • * 

xirr prt w » i . 

®^*^NPh'cH' [^*'* 2 ®], Formedby fusing urea 
with phenyh^ido-acelic acid (Schwebel, B.IO, 
S945). Needles, v. si. sol. water, sol. alkalis. 

(a).Fbeay?.bydantoia . Di- 

Key.pJietiyUglyoi^liw. [178®]. Formed by 
hating the cyanhydrin of benzoic aldehyde 
with mandelic nitrile at 100® (Pinner, B. 21, 
2 ^ 1 ). l^oAncd also from pbenyl-uramido* 
acetlB ether and ROH (Kossel, B. 24, 4150). 
Needles (from HClAqf. ROH and Mel yield 


in ether by adding pbcuyl-hydrazino (Nef, A. 
266, 70; cf. Knorr, A. 238, 147). Colourless 
: nced)cs,v.o. sol. ether, si. sol. ligroin. Turns yel* 
I low in air. Split up by cone. HCIAq into phenyl* 
; hydrazine and acetuacctic ether. When heated 
j in racuo at 200 ® it changes to oxy-phenyl* 
methyl-pyrazole. Cone. H.SO, followed, after 
10 minutes, by water forms rnetbyl-indolo carb* 
oxyb'c ether [134®]. HgO oxidise^it to the azo* 
compound CH,.C(N^Ph):CH.CO^t crystallising 
from light petroleum in red needles [51®]. AcCI 
forma a di-acetyl derivative 
CH,.C(NAc.NAcPh);CH.CO^t (246®-260® at 
150 mm.). 

PRENYL-HYDBAZIDO. METHTL-QtnNOL- 
[ 197 ®]. Formed from 
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iPy. 8) methyl-quinoline and phenyl-hydrazine 
(Ephraim, B. 24, 2820). 

^HENTX. -HYOBAZIBO • HETHYL • THI- 

AZOLE. Dihydride OiJIuNjS i.e, 

ChJ— Phcnyh^rdpjlene-'^’ 
thio-eemicarbazidc. [911°]. Formed by heating 
phenyl-allyl-thio-urca with cone. HClAq at 100° 
(ArenArius, B. 24, 209). Yellowish plates (from ■ 
ligroin).—B'lXCl. [202'-']. Coneputriq crystals. 
—Picral^. [id?'). ^ 4 

PHENYL-HYDEAZIDO-PHENYL-ACETIC 
ACID C„H„N.p, i.c. NHPh.NH.CHPh.C(),II. 
[168°]. Got by reducing the phenyl-hydrazido 
of phehyl-glyoxylic tcid (Fibers, A. ^27, .tlo). 
Crystalline, v. si. sol. cold v^tcr, v. sol. aleoliol. i 
FHEKYI-HYDRAZIDO-FROhONIC ACID « 


NII,.NPh.CHMG.CO,JI. [187 
Formed ty boiling its amide with NaOlTAq 
(Itciascrt, B. 17, 1454; 20, 311i>; 22, 5921). 
The etlier is got by lieating lactic ether with 
phenyl-hydrazine. Needles. * Yields phonyl-a.^ 
amido-propionic acid on reduction. 

Ethyl cf/ierlCtV. [110°].—EtA'pCl. 

Nitrile. {58°J. Formed by heating • 
CH 3 .CH( 0 II).CN with plicnyl-liydniziueut 100°. 

Amide. [124°]. White crystals. j 

PhcDl^Uhydrazido-propiouic acid I 

NHPh.NH,CnMo.CO.^. [172°]. Formed by 
reducing the phenyl-hydrazide of pyruvic acid 
with sodium-amalgam (Fischer a. Jourdan, Jh 
10, 2244; Japp a. Klingoiminn, B. 20, 8281; .1. ; 
247,211). Needles (from MoOll). llo-oxidisod b^ 
cold Pehling’s solution to NHPh.NiCMc.CO.lI. 

PHENYL-HYDEAZIDO-aUlNOLINE 
aH,N.NII.NHPh. [191°]. Formed from (Py. 8)- 
chloro-quiuolino andphenyl-hydrazino (Ephraim, 
B. 24,2818). Needles, V. sol. chloroform. Itedueed 
by HI and P to {Py. 3)-amido-<iuiiiolir.e. 

PHENYL-HYDRAZINE i.e. 

NHPh.NH,. [23°J. (2-ll-6° i.V.) at 750^mm. 
S.a ’4-’ 1-097 (E. Fischer, A. 21)0, 198). H.C.v. 
806,240. H.C.p. 80C,.m H.P. .24,200 (from 
diamond) (Petit, A. CIt. fC] 17.1G8). 

Formation. —(E. Fischer, Ti. 8, 589, 100.5, 
1041; 9. Ill, 880; A. 190, 07). -By tho'aetiou 
of zinc aud I{pAo on diazo-bcnzenc anilide or 
diazO'benzene diethylamide. 

Preparation. —1. A cold solutioji of 7^ pts. 
of sodium nitrite in 50 pts. of water is slowly 
added to a well-eooled mixture of 10 pts. of 
aniline and 200 pts. of IICI (30 p.c.). To the 
diazo-benzene chloride solution so prepared a 
cold solution of 45 pts. of stannous chloride in 
43 pts. of UCl is now added, when the mixture j 
immediately becomes a thick magma of phenyl- i 
hydrazine hydrochloride, which is filtered oil, | 
basilied, and distilled (Meyer a. Lecco, B. 16, ! 
2976).—-2. Aniline (28 g.) is dissolved in K.ClJj! 
(21 g.) and water (500 c.c.) by passing in SO.^ | 
Tho solution is mixed with a cold solution of I 
NaNO, (25 g.) exactly neutralised by HO.Ao. ' 
After two ho^rs the product is warmed till dis- ' 
solved, acidided by HOAo, and reduced with j 
Bino-dust and HGlAq (Reychler, B. 20, 240.3). ! 
By adding diazo-benzeno nitrate to a cold I 
aqueous solution of KHSO„ beating the result- 
ing G«H».Nj.SO,K with excess of KHSO„ and do- ! 
oomposing the C,H^.NH.NH.SOaK, thus formed, 
6y hMting with HCiAq. 1 


Properties.—Op.t solidifying to monoefioie 
tables*; v. si. sol. hot water, almost insol.KOHAq. 
Miscible with alcohol, other, benzene,andfCnCl,. 
Volatile with steam. Reduces Fehling’s solution 
in the cold, N,aniline, and benzene being formed. 
When heated for a long t4ne at 150° it is gradually 
split up into aniline,NH:,, benzene, and N (Reissert 
I a. Kayscr,B.23,370.3). Reduces ScO,to Se (Hins- 
' berg, A. 200, 42). Gives bcnzei^ and N when 
boiled with CiiSO,. It is very poisonous. 

Peaciions.—l. 11/)^. forms benzene and diazo- 
benzono imlJe PhNs (Wurnfer, D. 20, 2C33).— 

2. Yellow HgO ajtiSd to its ethereal solution 
forms aniline, N, and HgPhj (Fischer, A. 199, 
320). HgO added to a solution of the sulphate 
forms diazo-benzene sulphate and imidc.— 

3. SOCLln ether forms in the cold NPhn.N:SO, 
which crystallise^n yellow prlsms^lO.t J; v. sol. 
(‘lljor, vplatile witTi steam. Thiony^-phenyl-hy- 
diazine is hardly attacked by IlCi, but is con- 
verteil byNaOllAq iiAo phenyl-hjdrazino and 
Na^SOj. Br forms Nl’iiBr.NBr.^. AcCI forma 
diazo-benzono chloride. S, and ITOA^(Micbaeli8, 
B. 22, 2228; yl. 270, 11.5).—4. SO^ passed into 
an ethereal solulioii of plienyl-hydrazino fprnia 
N]IPtl.NII._,.SO.. as a crystalUrie pp. S<\.passed 
into an ulcohcdic solution of phenyl }i.^lrazin(^ 
forms (N HPh.NlI..) ,S(),; v. sul. water and alcohol, 
igsol. ether, crystallising in taldns which 8hrii\k 
togetlxer at 70°, but docoTui)ose at a higher tem¬ 
perature (Michaelis a. Riihl, 13. 23, 47-1). SO, 
passed iiito a benzene solution at 75° forms 
NHl’b.N:HO, wliich wlnui heated with phenyl- 
hydrazine gives Ph.^S., bi’iizenr, and N.—5. ))ry 

forms solid pbenyMivdrazino phenyl-carb- 
azale (NHrh.NJl,).,CO.,or N',,PhII.,.CO.O.N.Phll„ 
which is cry.stalline; si. sol. water and ether, de¬ 
composed by hot water. - 0. CS , forms the corre¬ 
sponding N.PliH.^.CS.S.N 2 PhlI, [97°], wlxich at 
110° splits up into HB^andnli-^ihonyl-tlftocarb- 
azide. COS ’forms crystalline COS(N.H 3 ph), 
(Fisoher, B. 22, 1935).-•-7. Zinc-dust a,n(l cone. 
lIClAq slowly for^i anilino and J'lTIj.—8. Excess 
of plionyl-liydrazmeactsupon iodine, tormingHI, 
aniline, and FhNj (Fischer, 7).’l0, l»3.5h Excess of 
1 forms ipdo-bciizene, N, and HI (E. von Meyer, 
J.pr. [2] 30,115). This reaction may bo used 
for til# volumcftrio estimation of phenyl- 
hydrtzine.—9. Sulphur above 80° forma aniline, 
H,S, N, Ph,S.„ Ph,S, PhSH, benzene, and NHj.— 
10. Nitroiui acid forms PhNa. KNO.^ added to 
the hydrochloride at 0° forms a yellow crystal¬ 
line pp. of NPb(NO)NH^. — 11. Alcoholic potash 
aadchlorofonn form, on heating, CnHjjN, [180°], 
mol. w. 230. This body crystallises in white 
needles; sol. alcohol, scarcely affected byHClAq 
at 200°, and yielding crystalline 0, JIjjN^.NO.^ fRid 
CnHjiNj.SOjH (Huhemann a. Elliott, C. J. 53, 
6.>0)»-12. EtBr forms NPhEt.NH^, NPhH.NHE t. 
and NPhEtBr.NH,.—13. Aqueous diazobemene 
nitrate added to' a cold solution of the 
hydrochloride ppts. PhN^, aniline nitrate re¬ 
maining in solution.—14. Reacts with aldehydes 
and ketones, forming phenyl-hyirazides; e.g. 
(Fischer, B. 17, 672} CH,.CHO-J-NPhH.NH, 
^ H^O + CH,.GH:N.NHPh. ^us a ablution of 
phenyl-hydrazine hydroohloriae (2 pts.) and 
crystallised sodium acetate (3 pts.) in water (30 
pts.) gives a pp. of the phonyl-hydiazido wl^n 
added to an aqueous solution of on alddiyde 
or ketone, either in thi eold, or, in the com 
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of aromfttio compounds, on warming. These 
phe^yl-Jijdrazides are decomposed by * acids 
into the original components, and, in alcoholic 
solution, by sodiuni.amalgam and HOAo into 
aniline and a base. The phenyl-hydrazides 
of ketones are convertIH by ZnOl, into deriva* 
lives of indole. The phenyl-hydrazides of 
aldehydes and ketones are di-scribod under tho 
aldehydes, antb ketones from which they are 
derived.—16. Vikefones containing the mroup 
CO.CUX.CO yield derivatives of phenyl'mi- 
azolo. Saturated 7 -liketone^n ethereal solimun 
usually form a mono* or di- fhenyl-hydrazide ; 
in liOAc the prodtiet is the anhydride of the 
monO'phenyl*hydra/id«, a derivative either of 

Ch“:Ch!^Hi ('^‘“’8®- 

mann, k.‘iCST, lOS).—IG. Acct^acdic ether forms 
nphcnyMiy<irazide,which atllO^chaiix'ofl looxy- 

phenyl' niethyl-pyrazolc hyloss of 

ttlcobol. AceUfl-jyropionic ficUl fotrns the com¬ 
pound cay.c(N.iirh).cH.,.cH,.c’o.j i [w><']. 
Jicnzoyhtcetic ether forms two compounds 
und«[iG5'’j (Bender, B. 21, 2425).—17. Ucacts 
with sn^eirs as with aldi.diydcs ; thus a smution 
of gluc?sc gives CH.(trij).{CII(C)H)),.ClI:N,,lJPh 
[Mo 'J on heating with })lM'nyl-hydra/.ine, wliilo 
galactose gives C,.H,._,Oj(N-llPh) [158 ] (b’iseli*', 
Ih 20, 821). On heating these conijionnds 
with aqueous plienyl-liydrazine acdale ul 100 ' 
‘ osazonca* are formed, c.f/. j.)ln‘n> l-g!u«;osiizone 
CH,OH.(CH.OH);,.C(N,.nrh).CH:N,JIPh [204 ] 
and the isomeric phcnyl-galactosa/one [c. lOl 'J. 
IH. By heating with plujiiyl-hydrazino hydro¬ 
chloride and NaOAc arabimisc is convertcil into 
CijtL^jN^Oj [158" i;into C^lh-j'NiO, j”. 
144“]’; acrosc (tlie product of tho action (tf 
NuOi^q on gl; 4 ceric aldehyde) into C,jr.^N,U, 
[c. 217^] and an isbmende -19. rfienyl 

hydrazine acetate reacts witii the product <>f 
oxidation o^glycerin 'ffith Ka.,.COsAq and Br 
forming glycert^azonc C,.II,(jN^O crystallising 
frbm t)cn/#ne in ygllow plates (Fischer a. 

Tafel, B. 20,1i089, G<{8G). - 20. Knjthnte, after 
oxidation by dilute IlNOa» yields wdU phenyl- 
hydrazine hydrochloride and NaOAc tlie com. 
pound C,H,Oa(NJIPh).. [1G7“]^ 2i: Mamiitc. on 
oxidation with HNO., yields lovulose (manifltose) 
and mannose, whicii with plienvl hydrazine 
forms C,,JI„N,0, |195“-200“j (Fi/chor, JJ. 21. 
1805).—22. The acotalc roact.s with tlie product 
of oxidation of dulcite by bromine and Na..CO.,Aq 
with formation of tho ‘ phenyldulciteosa/.one ’ 
[200“}. —28. Isodulcite healed witli 
phenyl-hydrazino hydrochloride anti todiuui 
adState at 100“forms ‘phenyl-isodulcitc-osa/.one’ 
C„HaN^O, orC,H,„OdNllPh).,[180“j. Solutions 
of isodnl^te and pheuyi-hyirazino forifl, on 
mixing, C,H,..0^(N,Hrh) [169®} (Fisclier a. Tafel, 
B. 20, 2574;* Kaymann, Bl. [2] 47, 700).-21. 
Sorbm heat^ with aqueous plicnyl-hydrazine 
hydrochloride and KaOAo at 100® forms tho 
osazono [16-1-}.—25. Milk &u(jar 

heated ^th aqueous phenyl-hydrazine Hydro¬ 
chloride and NfOAc forms [200 ] 

Mid Cj,H„N,0, [224®J.—26. Maltose forms 
Q91^.->27. The acetate gives with 
giioxyliCt phenyUglyoxylic, and pyruvic acids 
the^oon^pondiQg p^nyl-hydrazides [137®], 
^133®], ftiuf rfspectively.—28. Phenyl- 


I hydrazine in HOAc (60 p.c.) gives with a dilute 
; solution of gluconic, galactonic, and arabitiose 
I carboxylic acids compounds C«H„0„.NaH|Ph 
I [200®], [203®j, and [216®] respectively (Fischer 
a. Passmore, B. 22, 2760).- These compounds 
: arc m. sol. hot water. Saccharic acid gives a 
' similar compound CJI,,OjN.^H.^h [106 ’] which, 
, as well as the compounds from mucio and meta- 
saccharic acid, is almost insoluble. Th® com- 
pound from mncic acid melts at 210 \ All those 
compounds contain tho group CO.H'H.NHPh. 
Compounds containing this group arc also 
obtaiiu’d by tho action of phenyl-hydrazine and 
dilute UOAc at 100 ’ on formic, succinic, malic, 
htrfttnc, and ^iillic adds. But not 

from (jbjcolUc, tacift\ and glyceric acids. The 

* compounds gof from j^iccinic, malic, gallic, and 
tartaric acid melt at 218’, 228°,elS?®, and 
210 ’ ros]io(-tivelY. Acttyl-phenyl-hydrazino is 
proiltc<Hl wlmii a(iuc(m8 ])hcuyl liy<irazin 0 ace¬ 
tate is heateu at 180®; and a similar reaction 

• occurs with benzfic, glyceric, and lactic acids. 

Compounds containing tl>e group CO.NE.NHPh 
givu a reddisli-violct colomatioi» with 
amleftlfltle Im'GI.,, and tin y arc readily decom. 
postMl by K(.UIA«j and by barvlainto phenyl-hy* 
drazine and a salt of tlie acid (Fisclier, B. 22, 
2728). - 20. (llncose carboxylic lackme yields 
CjIJ|j(X.N^[I.^Ph [172®}, wlnhi nunmosecarhorytic 
add gives an isojneric body [228’-'].- 80. Tlie 
acetate give.s with rhamnosG carboxylic acid 
tlio compound CJIiaOjN.^IhPh [c. 210®}, while 
Bl. acid heated at 100' with phenyl, 

hydrazine and dilute HOAc forms 0,Ji,„N,0, 
[l48'-’j and CO.J1.C1I.^.CO.N ii^Ph [154®], which 
when heated witli Water and phenyl-hydrazino 

•at 200° yields CU,<;pQ>Njn>h [128 "]. - 32. 

Lactic ether forms, on healltig, phenyl-hydraz* 
ido-propionic ether. a-Oxy-butyric acid at 
160® forms [152 J, while mandolic 

acid* yields Ci^HuN^Oa [182'} (lleissert a. 
Kaysor, Jl. 22, 2024). — H.'l. 7-0.q/-t*a/cr/c 
Jactoite at 100® forms CjH^O.NjPliH, 
[79®] (Wir.liconus, B. 20, 402).“84. BemoyU 
carlinol gives NJlPh:CPh.ClI,OlI [112'} 
and the ‘ osazono N.ilPlnCP’h.CIPNJIPh 
[192 ] (fiaubuiann, A. 238, 214). — 

85. Boiling aqueous ilaconic acid forms the 

acid [lOd”] (Soharfen- 

bcrRcr, .d. 251, 150).—30. Ciiirntmic acid fornts 
C,jU„N,,0 flS.'i 'l, which on dirtillation yield* 
0 ,j1I,,N/)i 251-] (Knorr, 11 20, U07).-37. Acro¬ 
lein rca'fis forming phcnyl-iiyrazole dihydrid* 

NPh<£,ij'-^y [52°] (274") (Fischor a. Knoe- 
vcnagel, A. 239,194).—38. Mesityl oxide yields 
l^lienyl-tri-mcthyl-pyrazole 

(F. a. K.).—39. Chloro-acetone in alcoholic solu¬ 
tion at —18° fo .US C.^ 4 Ha,N„ [168'’] which yields 
an acetyl derivative C^H^AcN, [220°] (Bender, 
li. 21, 2406). s-'f!elra-chloio &cetone forms 
CijHjjN, [12G°] converted by fuming HNO, into 
[235°] and by SuCl; to two bases 
C,.sH, .Ni [77®] and [193®] (Levy a. Witte, A. 252. 
343; Zincke a. Kegel, B. 22, 1478).—40. Tetra» 
bromo-di-bensyLketone heated with alcohoJie 
pbcnyl-hydrazine at 150® forms 0^bx(N,Pii)« 
[70°](Bourcart, B. 22, 1 369). —41. Di: Ironio-aceia 
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phencme fomu N,HPh:CPh.CH:NjHPh [148°], 
crystallising from alcohol in yellow prisma (B.). 

. 42» Bromo^aecttjl'propicmic ether mixed with an 

aJoobolio solution of phonyMiydrazine forms 
0a.C(NjHPh).CH;GH.€O,Et [n7-5°].which on 
redaction with tin and HCl forma methyl-indole 
carboxylic acid (Bender). Bromo-acetyl-pro- 
pionio acid forms. CH,.C(N./Il>h).CH;CII.CO,H 
(167°f (Decker, B. 21, 2937). — 43. Di-chloro- 
maUie tr^ at 100° forma C,Oj(NJEL,Dh).,NH 
from acetone in orange-red eiecdles i 
(Ciamician, B. 22 , 2495).—44. Amides react 
thus: N.H.Ph -f U.CO.NII, = NH. -4 R.CO.N ,ll,,Ph 
(Juat, B. 19, 1201). — 45. Carhamlc ether forms, 
on heating, di-phcnjl-carbazide CO(l»H.Nlll’h), 

[i51°] (Skinner a. Ituhoirftnn, D. 20, 3372). _I 

46. Eeducca alloxan to a%xantiif, N and benzene I 
being foriaed (Pellizznri, O. 17, 254). In tliia*i 
reaction the first product is the compound j 

(Skinner a.iluho- I 

niann, O. J, 53, 550).—47. Ptraban-Lc acid witlgj 
phenyl-hydrazine hydroehloiido and NaO.Ve ; 
yields CuH,,jN„0, [170°J, which on hoiling with ' 
water forma NlI.,.CO.NU.CO.CO.N.,ir.,rti [«!15° i 
(S. a. K.).—48. Urea heated with phenyl- j 
hydrazine hydrochloride at 100 ° forms pheiijl- ' 

nrazolete<™-^'^j [203“J. - 49. ilediics 

nitroso-aniline to p-plieiiylene-diaiiiine and 
C„H|jN ,0 (I’ischer, C. 21 , 2010 ). 50. Tho 
acetate (2 mols.) acting on nihuso-dimethyl- 
amltne Vi mola.) forma C|,11„N,0 [103°]. .^i 
ethereal solution of phenyl-hydrazine converts 
nitroso-di-mcthyl-iinilino into di-iiiethyl-amido- ; 
benzene-azo-di-incthyl-auiliiie and piicnylene- ! 
di-methyl-diamine. In alcoholic aolution tliero i 
la formedNHPh.C.TI,.NMe., [130°] which yields a I 
nitrosamino C„H,,,N ,0 [ 110 °] ( 0 . Fischer, B. 21 , I 
2609).—61. Bi-nitroso-acctonc (1 iiiol.j mixed ■ 
with phenyl-hydrazine (1 mol.) in hot alcoholic 
aolnlion forma CII(MOII).C(.N.,l-lPh).CH(riOIl) : 
[145 ]. Di*Ditroso«ucoton 6 boiled with excess 
of phenyl-hydriizine acetate forma 0 .,H,,.N i 
crystallising in yellow plates [122°].—52. DUr o. ■ 
acetic ether at 100° gives oil N and forma a ! 
colourless compound [130°J. — 63. p-Diaeo- 
aciii form.s tho compound 

'N,C,H,.SO,N.HJ’haq crystallising in plates; 
(Griess, B. 20, 1528). — 54. Di-acetyVsuccinic ! 
sWicr fused with phenyl-liydrazino at 100" forms 
COjEt.CH(CMe:N.PhII).CIlAc.COjHt [91°] and 
COjEt.CH(CMe;N.;PhH).CH(C.Me;NjPhII).C 0 . 1 it 

which on heating with toluene ot 180° gives di- 
oxy-^-phenyl-di-mothyl-dipyrazyl (j.o.). — 55 . 
Bioxims form additive compounds; c.p. gh/oxim 
yiolds 0-H.,(NOH).,N.APh [ 110 °], diphenyl, 
gijjonm yields 0,I>h.,(NOH),NjH,Ph [160°1, 
n n W-’taphth^uiiione form's 
®'!^*(^ 9 ®) 2 NjHjPh [138°] (Poionowsky, B. 21, 
182).-S6. PWoroplwditkept for five days with 
an alcohoho solution of phenyl-hydrazine in the | 
TOld C^ 5 (OH)(N, 4 I,Ph), [144°] which may ! 
be oxidised 1 ^ FcCl, to C,,H,(OH)(N,Ph). [177°! ' 

(Baeyer B.22,2891).-67. 

formsS(CH<CO-^ [X83°], together with 
the compounds NHPh.N:C<^^~^P** [156°], 
di-oxy-di-phenyl-di- 


methyl-dipyrazyl (Sprague,'C. /. 69, 332).—51 
Cyanogen passed into an emulsion of pnenyj 
hydrazine in cold water forms the dicyaniJe (j 
infra). - 59. Cyanogen passed into an alcoholi 
solution forms PhN.;a 2 .C(NH).C(NII).N^>hI] 
[226^], crystallising A white plates (fror 
alcohol). The same compound is formed by th 
action of phenyl-hydrazine on cyananilino. 1 
gives a rosc-red colour with ealcoholic NH. 
Gone. is coloured indigo-blue. Dry IlC 
forms tJio hydrochloride C,,}{,«Nrt 2 HCl [188’: 
Dilute HCl forms JhN.NIIjK:O.C(NH).NHNH?j 
[180*^].—00. Cya^-anilme in chloroform solulioi 
forms, after boiling, matted needles of the com 
pound C,,H.^N,Clj t200°-212“]. J’his body if 
perhaps (FliH,N.,.ClICl.C„n„N,) 2 IiCl (Sen! 
J. pr. [2] 35, 533).—61. PCI, in ether forrai 
amorphous NHlli.N:P.Nll.Nnpl(»converted bi 
water into (NIlPh.NlJ).POII, a ycWowish-whiti 
powder [92°] whicli roiluocs FeblingV, solution 
in the cold (Michacffii a. Oster, /. 270, 126) 
Ihis body is split up by acids into phenyl- 
, hyJrazinc and H,PC„ nut is attacigjd by alkalis 
j With didiciilly. Donzoio aldehyde produces 
! Nl>hII.N:Clll'h and H^rO,.—(> 2 . POcl forms 
I 10(NH.N11 [100 ’], easily decomposed by 
acids and alkalis (Micliaelis, . 1 . 270,•lOo).-! 
■ Oil. D.SCl^ forms, in like manner, r.S(KH.NHl‘h), 
|ii5-l ]. 01. AsClafonus(N„VhJJJ.,.\sCL,ananior* 

pilous powder difcmupnsod at 236°.—65. BCl. 

; forms, in like manner, (N,PliH,),BCl.„ v. sol. 
. water, decomposed at 242°.—66. C li.PCl in 
: olhcr forms NHP1,.N.PC„1I, [152“] ciysstallisiug 
from I'jtOAc in plates (Michaolis a. Ostor, J. 
276, 129). It rednoes liot FeJiling’s solution, 
and IS split np by acids into PhPO.IL and 
phcnyl-liyilrazinc. 

Balts.-B'llCl. Plates, m. sol. water. Got 
by ppg. an alcoholic solution o{ tlio base Jiv IICI 
ami wastiingithc pp., till* it is colonrics.s.-’ 
llllJir. Needles (from water).—B'.H,SO 

Piffles, V. sol. walci»-I!'C,Ii,lf^O.. "Pdlow 
needles.Pliitea,-. Bon'zeno sul- 

plunate; [l;)!"] (Esealcs, B. 18,,895).—Di. 
iiitro-(a)-nanbthol sulpbo'iiate: light- 
brown needles, si. sol. liot water (Bicbardsofi, 
O. u 8 , 39).-Sulphocyanide; sparingly 
soluble plates. Clianfff‘<; nt lltno ifTAo 


t 11 sparingly 

soluble plates. Clianges at ]00®-170® into 
plicflyl-tlijo-somicarbazido. B'H TO ril 8 ®l 

derivative 0„H,NNa.Nn.,. Formed 
by dissolving 8 g. of sodium in 70 g. of warm 
phenyl-bydraziuo. The II evolved reduces some 
of the phenyMiydrazine to NH, and aniline: 
when tho reaction is completo tlio aniline and 
excess of phenyl-liydrazino aro distilled olf by 
^heating the product in an oil-batli to 200 °- 210 ° 
(nof higher) in a current ot H. It is a yellow 
hygroscopio powder. When finely divided it 
somolinies lakes lire in the air. Decomposed by 
water into phenyl-hydrazine and JJaOH. Eeadily 
reacts with aliyl haloids, giving unaymmotrical 

,‘i‘ritiafitie ,NHPh.NH.CHO. 
^ ^^ormed by heating formamide with 
phenyl-hydrazine at 180®. White scales. 

derivafitie NHPh.NHAo. [i28<®]. 
Formed by heating phei^l-hydrozine withlttOAo 
or acetamide (Fischer,190, 129; Just, B. 
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19,1201). Formed also from tlie sodium- deri- I 
Taiive acd Ac^O at 0^ (Micbaolis a. Schmidt, A, \ 
2i!>2, ^if. Six-sided prisms, si. sol. cold water. 

Di'acetyl derivative NTliAc.NHAc. 
[lOS^]. Formed from NPhNa.NII.^ and AcCl in 
ether. Tables oP noedHs, v. c. ?ol. alcohol. 
Completely reduces hot Fohliiig’s solution. 

Chloro-acetyl derivative 
KHPh.NH.CO.OHjCl. ril5^]. Formed from 
the base and CH..C1.COC1 in ether {Gattermunu, 
n. 25,1081). 

Propionyl derA’rttiuc ^IIPh.NII.CO.fit. | 
^158'^] (Freund a. OoUUclimuU,oiJ. 21, 21G1). j 

n-hutyryl derivative. [111°]. Scales,v. | 
sol. ether {Milfliacdis a. Schmidt, A. 252, 308). ] 

JHovaleryl derivative ! 

NniMi.Nir.Cd,Cn,l‘r. (101°].^ Fonned from i 
the base anjj accto-valoric anhydride (Aulen- , 
rieth, y>. 20,3100). Plates, v. si. sol. cold ligroin. ; 
Itexoyl derivative^ [117°]. Needles. i 
s-Bcnzoyl derivative NHPli.NHMz.. | 
[161)®]. Formed from phenyl-hydrazine by add- 1 
ing IlzCl in ether at 0® (Fischer, A. 100,125),or ; 
by hcjtiling wiOi benzaiuide (.lust, JB. 10, 120.3). 
l-’urmod also by warming plienyl-liydrazino’Vvith 
Bzt’y (IJauskiu'clit, JJ, 22, 321)). Ih'isms, si. sol. 
liot water. Yields NPhMe.NIlBy. on motliylation. 
Ilednces HgO. Plithalic anhydride at 180^, 
forms an addition-compound C;.,IImN.O, [172^], 
crvstallisinK from alcohol in prisms. It is luo- 
b.ihly CO.,11.0,11,.CO.NPh.NHBz. At 250^ it 
splits up into benzoic acid and ((8)-phlliaIyI- 


phenyl-hydrazine C,Il4:C,0., 


/ 

\ 


NH 
1 . 

NPh 


u-Bcnzoyl derivative NPliBz.NIL. ! 
[70°J. A product of the action of BzCl in hen/.- ■ 
one on NPhNa.NIlj atO° (Michaelis a. Schniiilt, ^ 
/I. 20, 4'3, 1718 ;* .i.* *252. 310). Reedies (from [ 
water). Keduccs liot Fehling’s solution but not 
IlgO. Conc.«llCl at U0° gives HOliz and | 
plicnyl-hydrazing. UNO, formg in acid solution i 
beriKanilido. and N X), but in neutral solution it 
forms NaPli atid fiOBz. Reacts like phenyl- 
hydrazine with aldehydes and d^etoncs; thus 
acetone yields NPhBz.K:CMc, [115'5®], aceto¬ 
phenone forms NPhBz.NiCMePh [124°], and 
benzoic aldoliyde gives NPhBz.NiCIlPh [1^2°]. 
Halts. — B'llCl. [202°]. Needles,m.so). nci.\q. 
- NPhBz.NHNa. White pp., decomposed by 
water.—[101°]. Needles, si. sol. cold 
Wdlw.-B'HNO,, [145°].—BCJI^NaO,. [122“J. 

Di-benzoyl derivative NPhBz.NHBz. 
[178°] (Fischer, A. 100,128; M. a. S.). Prisms, 
V. si. Bol. water, sol. alkalis. On niethylation it; 
yi^jds NPhBz,NHBz.—NPhBz.NBzNa: plates. 

Tie.nzoyl - acetyl derivative I 

NPhBz.NHAc. [153°]. Got from NPhBz.’^II, I 
and Ac,0. Needles (from dilute alcohol). j 

p-Nitro-benzoyl de.rivative I 

NHPh.NH.C0fC,H^.N02. Formed from 

phenyl • hydi;|zino and C«H,(NOj)CN (Haus- : 
knccht, D. 22, 328). Yellowish-rcd needleg. 


o-Amido-benzoyl derivative. [170°]. 
Got by warrainj phenyl-hydrazine with an • 
alcoholic solution of isatoio acid (Meyer, J.pr. 
[2^83,20). lYellow needles, v. si. sol. ether. 

rf^Amido^bensoyl derivative 
NHPh.NH.CO.C^*.N^ [161°]. Formed by j 


heating phenyl-hyd^zmo (1 mol.) with m-amido- 
benzoic acid (1 mol.) at 105° jPelUzzari, Q. 16, 
200). Scales, insol. cold alkalis, sol. acids. ^ 

Amido-toluyl derivative [3:6:1] 
C,H,Mo(NH,).CO.N,H,Pho [198°]. Formed from 
incthyl-isatoic acid and phenyl-hydrazine (Pan* 
aotovitoh J. pr. (2] 33, 68). Prisms (from 
chloroform), si. sol. ether. 

Phenyl-acetyl derivative • 
N,H,Ph.CU.Cn,Ph. [160°J. Got by heating 
phenyl-.icelic acid with phenyl-hydftiziue at 
130° (Billow, J. 236,106). Needles (from alco¬ 
hol), si. sol. water. 

Ci nnamoyl derivative 
N,II,'i‘h.Ca?C,Il,Ph. [258°h Got by hfcating 
cinnamic acid with '^honyl-hydva/.ino at 100° 
,(Kiiorr, B. 20, IjOH). J?orius, on distillation, a 
compound C,,I1 „NmO [258°], crystaUising in 
noodles with green lluoresconcfi. 

Oialyl C,0,(NJLPh),. [278°]. 

Described in vol. iii. p. 655. 

** Ethyl-maloAtyi derivative 
CHEt(Cb.N,ll,rh),. [233°]. Got by heating 
etliyl-mqjonic amide with phenyl-hydrazine at 
220° (FriMind a. Goldsmith, /i. 21,1212). Needles 
(from HOAc). Converted by COClj into 
C,,II,,NArU3°l. 

tiuccinyl derivative 
C,U,:C,(),:(NJLPli)a. [*218°]. Formed from 

succinyl chloride (1 mol.) and phenyl-hydrazine 
(2 mols.). Formed also by iK iiting C,H^:0,0,:S 
\wth plienyl-hydrazine and IJOAc (Zanctli, Bend. 
Accad. Line. [4] 5, i. 225). Plutes (from HOAc) 
(Freund, B. 21, 2450 ; Fischer a. J^assmoro, B. 
22, 2734). When succinic anhy<lriJo is heated 
with phenyl-hydrazine at 160° there is formed 
C.lI,:C.p..:N.NliPli [I5.5°l, whicliyields anitros- 
amine (UoUo,/.pr. 

[2j 35, 21)3). 

(a) - Phihalyl derivative 
CJi,iv.,Os:N.NHPh.[17y°]. Formed from phenyl- 
hydrazine and plithalyl chloride in ether (Pickel, 
A. 2.32, 233). Formed also by heating phenyl- 
hydrazine (1 mol.) with phtlialimide (1 mol.) 
at 120^ (Pelii/.zari, 0. 10,203; Just, B. 19,1204); 
or with phthalic anby<lride (t mol.) at 150° 
(Ilotto, J. pr. [2] 33, 99; 35,208). Prepared by 
boiling an alcoiiolic solution of ^thuHc anhy-, 
dride with plienyl-hydrazinc. Colourless needles 
(from alcohol), insol. water and alkalis. Cone. 
U.^SO, forms a violet solution, turning brown. 
PcactUms.—l. Converted by boiling alcoholic 
potash into NJJ.,Ph.CO.C,.H,.CO.^H [1C6°], an 
acid of which the benzoyl derivative 
NHPh.NBz.CO.C„II,.COJI [172°] is formed by 
heating NIlPh.NIJBz witli plithalic anhydride at 
180°.—2. Boiling aqueous KOH or llClAq at 160° 
splits it up into phthalic anhydride and phenyl- 
hydrazine. -3. Benzoyl chloride at 160° forms 
C„H,:C./);.:N.NPhBz [193°].—4. Nitrous acid 
passed into its so^ Uion in diluted HOAo forms 
the nitramine C„H,:C;,03:N.NPh.NO, [148°]; but 
in boiling HOAc it forms the dt'Di//o- derivative 
G,|I1„N,0,, [182°]. Nitrous acid passed into 
phthalyl-phenyl-hydrazine suspended in ether 
forms tho nitrosamino C4H,:0,O5j:N.NPh(NO) 
[154°].—6. Alcoholic NH, at 80° forms unstable 
Nn2.CO.C8H,.CO.NH.NHPh [146°], whwh de¬ 
composes at 170° into NH, and (^)-pbthal/l- 
phenyl-hydrazine [210°]. 
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{ffl‘Phihalyl derivative 

[210°]. Formed at the same 

time as th6 (a).isomeride by heating phenyh 
hydrazine with phthalimide or phthaii^ an* 
hydride, being the chief product when the tem¬ 
perature is above 163° (Pellizzari, 0, J6, 20^; 
17, 278; Hdtte, J, pr. [2] 36, 284). Monoolinic 
tabietb (from benzene) or prisms (from alcohol), 
V. sol. alkalis. Ammoniacal AgNO« ppts. 
Cen*:0,Of:N,PhAg. , 

Ileactions.—l. NaOMe and Mel at J00° 
form C^H^iCjOarNJ'hftfo [126°], which is <le- I 
composed by cone. HClAq into phthalio acid 
and KHPh.NIIMe.#-2. KOEt an# Etl'givn 
C„H^O,:NsPhEt [10(5°].—35 PzCl at 200° forms 
CsHA:N,PhAc [122°]. « • ^ 

Phthklyl derivative 
C,H,(CO.NH.NIIPh),. ^ [lOl^^j. Formed by 
heating plicnyi-liydrazine (2 ntu].^ with ^litlia- 
lic anhydride (1 mol.) at 160" (11.). Wiiite 
tables. At 170° it gives th# (/5)-phll)a!yl dcri* 
vative [210°]. 

^iitrosaniine NlP^.NPh.NO. Fm-med by 
adding NaNO^ to an aquoou.s sohilion of plTunyl- ^ 
hydrazine hydrochloride at 0° (Fischer, A. 100, 
92). Pale-yellow plates. Very poisonous. Con¬ 
verted 1)^ hot alcoliolio potash into diHZ(»bcnzc‘no- : 
imide. Alcoholic llCl aejs in like manner. ' 
Exhibits Jiieborniann’s reaction. | 

Dicyanide \ 

NH.j.NPh,C(NI]).CN ? Separates as colonrlogs 
flakes wlicn cyanogen is passcil into an omylsion ' 
of phenyl-hydrazine and cold water (Bladin, li. 
16, 1644). Monoclinic laminro, v. sol. alcohol 
and ether. Pecompose.s above 1G0\ Yields a 
formyl derivative C„H;(CHO)Nj [19.3^J. 

Iteactiona.—1. By heating with Ac^^O it is 
converted into [168’J, whudi on saponi¬ 

fication yields an acid C,.,HaN.,0^ [177°J, which 
on heating loses CO., leaving oily CbH„NK\ (c. ; 
240°),—2. By heating with propionic anhydride \ 
it is converted into C,',II,„N4 [383. By trc.at- 
ment with ni/ro«5o. id, followed by boiling with , 
water, it yields crystaliising in needles ' 

[66°], V. si. fiol. water.—4. Acetic oldchydc in 
alcohol and ^|C1 give Clf3.CII:N.Nni.(.)(Nil).CN 
• [9G‘6°], crystallising in pale-yellow plates, t. e. 
sol. alcohol and ether, insol. water; converted 
by alcoholic AgNO.into phenyl-metliyl-triazolo 
carboxylic nitrile [109'"] (Ulndin, Zt. 26,181).-- i 
6. Benzoic aldehyde forms the corresponding 
CHPh:N.NPh.C(Nil).CN [129*5'], crystallising 
from alcohol' in prisms, oxidised by FcCl, to 
C,*H,«N< [16C°] (Bladin, B. 22, 79C). — , 

6. Pyruvic acid in alcohol forms the above ' 
pbcnyl-methyl-triazole carboxylic nitrile on • 
warming gently (Bladin, JB. 19, 2608).—7. Boil- ' 
ing acetoacetic ether forms the compound j 
COjH.CH.^CMe:N.NPh.C(NH).CN [209°], the . 
oily ether of this acid, and phenyl-methyl- , 

triazole eatbgxylic nitrUo [109°] | 

(Bladin, B, 26,190). The acid forms the salts ; 
EA' and KH,A', and is converted by nitrous acid 
into CO^C(NOH).CMe:N.NPh.C(NH).CN 
[218°], and by potasli into the compound ! 
CO.^.CHyCMe:N.NPh,CO.CN [188°]» from ' 
which potassium nitrite and HClAq form 
CO,H.C(KOH}.CMe;N.NPh.CO.CN [209°]. 


References.— XtsiDO; 'iOD9-,«iTBO-,snd On 
PHEMyL-UlDBAZIME. 

tt-Di-phenyl-hydrazine NPhi.NH,j. [34*5°] 
(220° at 40 mm.) (Stahel, A. 268, 243). Formcc 
by reducing di-phcnyl-nitrosamine NPhj.NO ir 
alcoholic solution with^inc-dtfst and HOAo (E 
Fischer, A. 190,174). Monoclinio tables (from 
ligrofn), partially decomposed on distillatior 
into diphenylamine and Cone. HjSO. 

forms a deep-blue solution. Decomposed’ by 
nitfousacid into NPhj.NO and N./). lleduces 
H^O, forming in the edd crystalline tetra- 
pheuyl-tcirazon<^‘*’Nrii..N:N.NPh._. [123°], but if 
the temperature rises the products are N and 
di]>lK*nybimine. Benzoic .aldqliyde forms 
Ni‘h..N:CHPh [122°]. With salicylic aldehyde, 
furfuraldehydc, glucose, mannose, galactose, and 
rbamnoso it forfis di phcnyl-hyA'azides, melt¬ 
ing at 139°, 90 c. 102°, c. 16.6°, 147°, and 134° 
re.spectively. 

Salts.-- B'HCl. Ifecdles, v. si.sol.cold water. 
—B'JI.SO,: needles, in. sol. dilute 

Forviyl derivative NFh.MNH.OnO, 
[110*5°]. Formed by boiling the formyl deriva¬ 
tive , of plicnyl-hydrazine with ainmoniaeal 
CuSO, (Gattormann, B. 25, lli75). Needles, s^. 
sol. hot water and ligroin, v. sol. .olcoliol. 

Acetyl derivative NPh..NllAc. [185°]. 
Formed by boiling NnPh.NH.\c with HOAcaud 
Cu(0.-\.c)_. (Tafel, B. 26, 413). 

Propionyl derivative. [178 ]. Needles. 

Benzoyl derivative NPh...NIIBz. [189°] 
(G.)*; [J92'J {Fischer, .1. 190,‘iT'^). Needles 
(from acetone), m. sol. alcohol. 

P h t ha I ij I derivativ e C^n,0.^:N.NPli,.. 
[16.6°]. Formed by healing (U-pheiiyl-hydiazin’o 
with phtbalic anhydride at IGO '(Uotle, J. nr. 
[2J 35,271). ^ ^ 

s-Bi-phenfl-hydrazjne i^llTh.NIIPlf! Ily- 
dra:0‘hcv:cnc. Mol. w. 184. [131°]. H.C. 

1,698,000 {from dijimoftd) (l’etit,%4. CA. [0] 17, 
1(53). S.. (alcohpl) .6 at IG ' {iMoltschanowsky, 
C. J. 42, 906). Prepared bv passinj4ll.^y info a 
solution of azobenzeiie Ph.Nj.l’h in alcoholic 
NHj (Hofmanfl, Pr. 12, 670). Formed also by 
reducing uitio-bcnzcne willi sudiiim-am.algam 
or zinc-dust (Ale.tejeff, Z. 18(58, 497; Glaser, A. 
142,*3fi4). Laminuj, si. sol. water, ra. sol. alco¬ 
hol and ether. Yields aniline and azobenzene 
on distillation. 

Ileactions.—l. IIClAq converts it into the 
i8omericdi-2>amido-dipheny) (benzidine). H.SO* 
acts in like manner. - 2. Boadily oxidised to 
azobenzene, even by moist air.—3. Nitrous acid^ 
passed into an alcoholic solution at 0°, yields a 
liitroso- comj)ound which, when warmed, Vio¬ 
lently decomposes into NO and azobenzene 
‘(Badyer, B. 2^ 083).—4. On heating with BzCl it 
yields di-benzoyl-di-p-amldo-diphenyl; formic 
acid gives di-formyl-di-jp-amido-diphenyl (Stern, 

B. 17, 879); and plithalic anhydride yields di- 
phthalyl-di-amido-diphcnyl (Bandrowski, B. 17, 
1181).—6. Boiling benzoic aldehifie forms azo* 
benzine, but benzoic aldehyde and ZnCl., gives 

C, ,H,(N;OHPh)j (Cl^ve, Bl. [2]^5,188). Benzoic 
aldehyde, heated with bydrazobenzene at 120°<. 

160°, forms* benzhydrazoia* 0HPh<^p^ [65°]. 

The o-nitro- derivative C|H4(NOj).OHNjI%3 of 
this body melts at 66°.—^ Purfuraldehyds forma 
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CAO.CH<§p^ [59°] (Oot.ieUas a. Horaolka, 

jy. id. 2S40).—7. Phenyl cyanaU (3 mols.) and 
Bomo benzene at 150° forma the compound 
NHPh.CO.NPh.NPh.CO.NHi»h [220’J (Gold- 
achmidla. llosell, B. 23^90). 

Acetyl derivative NflPh.NriiAc. [159°]. 
Formed from s-di phenyl-hydrazine and Ac.O in 
the cold (StcT^, B, 17, d.TiO). Needles (from 
alcohol). Pccomposod by heal into acetanilide 
and azobenzene. * < 

Di-acetyl demivalive NPhAc.NPh.Vc. 
[105°]. Formed from s-di-plitol-hydrazine and 
Ac_.0 (Schmidt a. Schultz, B. 12, 485; A. 207, 
320). YelloN^isli (rimeliic crystals (from ahf)- 
hoi); a:6:c = *67:1: *50, not affected by dilute 
HClAq. 

Ghlofo-mdcrivaiives « 
CJl4NH.NH^5,H.Cl. f9()^].-N«H,.(C«H»01[l:3]), 
(Ol^j.-N H.(0,.H,C1[1:4]), [122 ] (Claus a. Ihm- 
maun, jy. 13, 1181, 19, #1088; Lanbenhuimer, 
/i. 8. 1024). 

lire mo-^derivative CuHyNH.NH.C.,H,I3r. 
Formed from bonzcne-iizo-^jdiroino- 
)>eii/^nc and alooliolie ammoniuiu sulphide 
(.huiuwsky a. I'hl), B. 20, 301). Tables. Con¬ 
verted 1^- ir.SOj into bronio-benzidine. 

Di- bromo- derivatives N.Il (C„II,13r.).. 
0 . [82°]. 7;i. noO'’]. p. [130°] (J. a. E.; Oabriqf, 
B. 9. 1400 : Werigo, A. 105, 192). 

derivatives v. vol. iii. p. 41. 

Nilro- derivaf.ires u. vol. iii. p. 007. 

0.vy- derivatives v. vol. iii. p. 743. 

0hloro-nitro- derivative 
NHPh.N llC,H/3(NO,,) [1:3:0]. [135°-110^]. 

Formed from chloro-di-nitro-benzeno and 
phenyl-hydrazinn in alcohol (Willgerodt a. 
Ferko, J. pr. [2] 37, 355). lied prisms. 

P’Amido- derivative. The compound 
n.l(i’] is jjol by tr. sliii!' 
0,iII-.N.^.C„II,NUAc witn alcohulic ainmoiiiuni 
sulphide (S®liullz, Z^.# 17, 403). Vellowisli 
plates (from dilyte alcohol). Jle-oxidised to the 
as»- compound by ^ir. * 

Di-m-antido- derivative 

N, ,H,,(C.H,.Nn.,),. [141°] (Gcbeb, A. 251, 193;. 
Got by treatment of 7»-nitio-aniline with uioo- 
holic potash and zinc-dust ((ifaeff, A. 229, 31!;, 
or with sodium-amalgam (Uuarhau.s, /1«135, 
104). Golden needles (from alcohol). Yields 

O, .H3Brj,N, [150°] and C,-.II,-Ac.,N, [2l7'j.— 
lJ'TI.,Clj.-B"HjPtCl«.-B"2liNO,. -B'TI,SO,. ~ 
B"II.^C.,.0<. Prisms, y. si. soi. water. 

Di-p-amido- derivative. [115^]. Got 
by reducing N.(C^H,.NOJ.^ with alcoholic am¬ 
monium sulphide (Gerhaidt a. Laurent, A. 75, 
7>; Lermontoff, B. 5, 232). Yellow crystal.'?. 
Yields quinouo on oxidation. — B"H;^C1^. - 
B"2HNO^ • 

Di-dipTjenyl-hydraiiae v. HioBAZo-DiPHENYr^ 

PHENTL.HTBBAZIKE o-CARBOXYXIC 
ACID i.e. NH,.NH.C«H,.CO,U. Hy 

drazido-benzoic acid. Formed from o-amido- 
benzoic acidly diazotising and treating the pro¬ 
duct with Na,SO, (B. Fischer, B. 13, 070; A. 
212, 333). Neales, sol. hot water. Beduces 
FehUng’fl solution in the cold. — HA'HCl: 
needles, sol. hot water. 

0 OjHaNjO. [242°]. Formed by 

heaittng the acid at 220°. Monoclinio plates 
(from alcohol) j a;bx *a’072;l: *064; - 75° 18'. 


Sublimes in white' needles.—-NaOjK^NjO xaq: 
silvery plates. — B'HCl: white needles. — 
B'HgCL: needles (from water). Yields an acetyl 
dorivativa 0,H,Ao,N,0 [112°]. 

PhenyLhydrazine m-parboxylio acid 
N,n*C,H..CO,,U. [180°]. Formed by the action 
of tin aJid HOlAq on C,iHj(COaU).N:N.SO,lC, 
which is got by w.armlng the nitrate of m-diazo- 
1 benzoic acid with aqueous K^SOa (Qries^B. O', 
i 1057; JBoder, A. 230,101). Plates, si. sol. hot Aq. 
I 1te\cHons.- 1. Acetone forms 
I [150’], \vhiclj*giv(>s EtA' [91°].—2. Bntzoic alde¬ 
hyde forms ClIPIi:N.Nll.C,II,.COJI [172°].— 
i 3. Pitrnvic acid reads will? formation of 
CO.,JI.CMqN.NlI.CJl,.COJl [298°], whic(i.forms 
whet-stoiic-shaped di^slals^tcontaining aq), and 
j gives EtA' {10'<4°].—4. aiiKose, heated with the 
Miydrochlorido and if!vO.\c, gives Cj,I4.;N^O^ 
i [208 J. — 5. rJu'nijl-thivCiirbimidc 'forms the 
ooinp'jund C,,H,,N;,SO.^ [205"]. 

Salts.--li.ViiCl. -BaA./ 4aq. Nodules. 

Fheuyl-hydrazine p-carboxylic acid 
NJl,.C„U,.Cl),ir. '’[2-iU' .2°5 'J. Formod, in the 
i saiiio way as its isomeridos, from /i-amido-bcnzoic 
acid (Fj/ichcr, A. 212, 337). Noodles or plates 
(froili water). —HA'llCl; si. sol. cold water. 

.s-DL-phenyl-hydrazine di-o-carboxylic acid 

c,,ii,,N,o, i.c. co,ir.cjr,.Nfi.Nn.cji,.cO;jU. 

' ^^ol. w. 272. [205°]. ^'orlnls(l by reducing 

i o-azoxy-)>enzt)ic ivcid with soilium-amalgam 
j (Griess, />'. 7, 1009; Homulka, B. 17, 190-1). 
Sinall colourlc.ss |jJates. Oxidised by moist air 
^ o-azubenzoic :vcid. 

I .s-Bi.phenyl-hydrazine di-nt-carbozylio acid. 

' Hyd'ra-o-bemoic acid. Formed by boiling m-azo- 
benzoic acid with FoSO, and NaOfiAq(Strecker, 

:/I. 129, 141). Insol. water, si. sol. hot alcohol. 

I In alkaline solutions it absorbs 0, being oxidised 
to azobenzoio acid. Boiling cone. IKIIAq forms 
azobrn/.oic acid and amiilobcnzoic acid. Yields 
orango-rcd crystals of BaA". On warming with 
SiiCii and llCIAq at 100° it yields di-amido-di- 
phenyl dicurboxylic acid and two other acids. 
Uuo of these C,,II,oN.O:, crystallises from hot 
wate-r in ycllowisli ncccTles and forms BaA',7aq 
and IIA'liCl. 'Theother acid C, 4 ll,aNaO, crystal¬ 
lises in yellow needles inciting above 290°, and 
forms NiiA'daq, BiiA'./2.'iq, IIA'IIGI, HA'HBr, 
and (1IA').4ILS0, (luisseroff, B. 913). 

$-Ui-phcnyl-hydraziae di-p-carbozylie aoia 
j C,JI,.jN.p,. Formed by boiling jri-azobenzoio 
' acid with FuSO, and NaOIIAq (Lleiebonbacb a. 
i Beilstein,/I. 132, 137; Billfmger, A. 135. 1.52). 

. Needles (fromalcoliol), easily oxidised in alkaline 
: solution. 

5 -I)i-phenyl-hydrazine tetra-carboxylic acid 
: [I;4;2]CJl,(CO,H),.NH.Nn.C«n,(CO,H)j [2:1:4]. 
Formed by reducing azoxytorcphthalio acid in 
alkalinesolution with sodium-amalgam (Homolka 
i a. Low, B. 19,1092). White crystalline pp., v. 

’ Bol. alcohol and ether. 

PHENYL-HYDRAZINE wi-BDLPHONIC 
ACID G^II|(N^,).S 03 lI. Formed fromm-amido* 
benzene sulphonic acid by dia^otisation and 
i subsequent reduction by tinCl^ at 0° (Limpricht, 

I B. 21, 3409). Crystals (containing 2aq), si. sol. 
i cold water, nearly insol. alcohol. Convertod in 
alcoholic solution by nltr(ms acid into 
NAHiSOjH. 

PheDyLbydrasiaep-salphc>nic acid 
[l:4]0,H4(NaH8).S0,U. 





PIIENYL-nYI)R.iZINB StJLPHONIO ACID. 


1. From dfszobenzene p-sal- 
pbonio ftoid by warming with aqueous E,SO, 
tol|pwed by HOi (B.Fischor, A. 190,74).—2. By 
heating phenyl hydrazine sulphate with CISO JI 
at 160® (timpricht, 5.^8, 2106),—8. Together 
with alcohol, by heating phenyl-hydrazine ethyl* 
sulphate at 160®.—4. By heating phenyl-hydraz¬ 
ine (1 pt.) with ILjSO^ (6 pts.) at 100® (Gallinelc 
a. Richter, B. 18,8l72). 

Prqperfies.—Needles (containing |aq),|il.flol. 
water, j^y boiling with CuSO* it is ^neatly 
oxidised to N and benzene sulphonft acid. With 
acotoacotlc ether and dilute (50 p. c.) HOAc at 

155° iUorms (MOUca- 

hoff, B. 25,1849), wnich ci^^stallises with aq. 

Salts.—NaA'l^aq.-NH>b-BaA',5aq.— 
PbA', 2aq.—ZnA'2 4aq: i&inute tables. * 

Fhenyl^ydrazine »'.8ulphonio acid. Potas¬ 
sium salt. C^HjNH.NH.SO.K. Forniedffrom 
diazobenzene nitrate and (JtCimer, Z. 1H71, 
481) and also by heating iihejjyl-hydrazine with^ 
K-^SjO, (Fischer, A. 190, 07). Crystals (contain¬ 
ing aq), si. sol. cold water and atcoliol. Oxidised 
by HgO to CttH5.Na.SO;,K. Split up b3*bq/Iing 
HGlAq into phenyl-hydrazine and KllSO^. 

Phenyl-hydrazine disnlphonic acid 
NHj.NH«C„fl3(S03H)j. Two acids of this for¬ 
mula are got by farther sulphonation of the m- 
and p* sulphonio acids respectively (L.). They 
both yield BaA" and BalijA'a. 

s-Bi-phenyl-hydrazlne m-sulphonic acid 
O3H4.NH.NH.CBH4.SO3H. Formed by heating 
the disulpbonic acid with water at 200*^ for 
3 days (Limpricht, B. 11,1048). Yellow needles 
(containing 2iaq). — KAMaq.— rhA'.Oaq.— 
BaA'.^ 4aq: yellow plates, v. sol. water. 
Chloride 0,^H„N,S0^C1. [210'^]. 
Dt-6romo- derivative 
C3H4Br.NH.NH.C3H3Br.SOJI. Formed as a by- 
product in the oxidation of C,.H;.Brj(NlUSOJl 
[l:3:6:4] by KMnO, (Limpricht, 18,142a).— 
KA' aq: long needles. 

s-Bi-phenyl-bydrazide di-»i-SQ!phonic acid 
N,H3(C3H4.SO,H),. S. *079 at 22®. Formed by 
reduction of nitro*, azo-, or azoxy- benzeno-sul- 
phonic acid (Limpricht, B. 11, 1048; 21, 3409; 
23,1057; Bruhnemann, A. 2U2, 344; Mahren- 
holz a. Gilbert, A. 202, 337; Neumann, B. 21, 
8419). White needles, v. e. sol. water, almost 
insol. alcohol and other. Beadily reduces 
a'mmoniacal AgNO, and Fehling's solution. 
HClAq immediately forms benzidine disnlphonic 
acid.—KA"aq.—BaA" 2aq. 

ilwtd«NH(C3H4.SO,NH,).NH.C3H,.SO.J4H,.. 
[248°]. Formed by reducing NJCbH 4 .SO.NHj )2 
with zino-dust and NH^Aq or HOAo (Limpricht 
a. F. Meyer, A. 208,132). White neodles (from 
50 p.o. acetic acid), almost insol. water, ether, and 
toluene. Reduces ammoniacal AgNO, forming 
a mirror. HGlAq converts it into the amide 
of diamido-diphenyl (benzidine) disulpbonic 
acid, m-amido-benzeno sulphonio amide and 
N.(0,H4.S0J?HJ,. - N2H,(C3H4.S0,NHK), 1 Jaq. 
Thin needles or plates quickly oxidised by air.— 
N^(C3H4.SOJlHNa)2 2jaq; needles. 

aJ>i-phenyl-hydraziaq di^^sulphonic acid 
NA( 03 H 4 .SO,H)|. Obtained, in the same way 
as the preening acid, from amido-benzene 
p-*Mlphonio Mid.—BaHjA",.—BaA": oiystalline. 


isomerkfs.—r. Benzioinb tetoasulphonic 
ACID, vol. i. p. 174. 

Dl-PHENTL-HTBSAZINE »'-I)I?TfiI0. 
CARBOXYLIC ACID NPh 2 .NH.CS.SH. [ 0 .109®]. 
Formed by dissolving NPh 2 .NH 2 in OSj (Stahel, 

A, 258, 249). Golden (prisms, v. soL alcohol, 
insol. water. 

s-Di-phenyl-hydrazine di-m-thiosulphonic 
acid N2H2(C3H4.S02SH)„. Formed, together with 
N 2 (C«H 4 .S 0 .,.SH) 2 . by adding N„(C 4 H 4 .S 02 C 1)2 to 
a coid saturated solution of Ba(SH )2 (Limpricht, 

B. d.8, 1470; A. 220, 354)4 White amorphous 
pp., becoming stfcky on boiling with water. 
OxidiBod by ^ K!ln 04 to N^lCBli^.SOJI)^. — 
BaA" 2aq: minute needles, si. sol. cold water. 

TEI - PHENVL - HYDRAZOiN* is 
ht/dra 2 oin,v. s-Di-puENYL-nYDnAziNK, BeactionS, 
DI-PHEN YL.HYDROQDINON& C,^, A i.e. 
C3H2Ph,(OH)2[6;2:4:l]. [219®]. Farmed by re- 
ducing di-phenyl-quinone witli aqueous SO... 
(Jliiller a. Peolimann.afl. 22, 2131). Colourless 
cubes (from dilute alcohol). 

PHENYL-IMESATIN t;. Isatin. . 
PHENYL-IMIDO-DIACETIC ACID 
NPh(CH 2 .COJl),. L150®-155®J. A prodiK^ of 
tlio adliori of aniline on chloro-acolic acid (P. 
Meyer, i?. 14,1325; Il.ausdorfer, B. 22fl706).* 
Formed also by heating phenyl-amido-acctic 
agid with cliloro-acetic acid and NaOAcat 120°- 
130® (H.). Neodles, v. sol. hot water and alcohol. 
NPhlljA'. Needles (from alcohol). Decom¬ 
poses at 151®. 

Mono-anilide 

CO;H.CJl,.Nrh.Cir,.CO.NITPh. [213®]. Formed 
together with the diariilido by heating tlio acid 
with unilirio at 175°. Needles. Its ether 
CO.,Et.CIJ,,.NPli.ClI,.CO.NHPli (122®J is got by 
heating the anilide of plienyl-amido-acutic acid 
(q.v.) with ctiior and NaOAo at 140". 

IH-anili^e Nl>li(qfL.OO.tfHrh),. ^218°]. 
Needles, v. si. sol. alcohol. 

TRI - PHENYL - TAI - IMIDOa- BENZENE 
C 2 ,TI,,N 3 i^.CJl 3 iNIIPh) 3 . [242®]. Formed by 
warming CrtHgClB with anilinj^(Mohr,^. 11,1^). 
Golden plates, v. sol. chloroform*, insol. water 
and alcoliol. 9onc. H^SO, gives a dark-blue 
colour changed to violet by potash. 

PHENYL - ISHDO - BENZYL - MALONIC 
ETHER O^H^.CINPlO-CIIlCOJit),,. [75®]. 
Formed, together with (C^H4.C(NPii})..C(C0.4Et)2, 
by the action of sodium maloiiic ether on the 
compound CbIL.CCJiNPIi (Just, B, 18, 2624). 
Decomposes at 150® into alcohol and oxy- 
phenyl-quinolino carboxylic ether. 

DI-PHENYL IMIDO-DI-ETHYL DI8UL- 
PHONE NH(Cn...CH.,.S0,-C3nj. [78®]. Got 
by heating C.H,(S 0 . 2 .CJIj )2 with NH^Aq is seaJfed 
tubes (Otto, J. pr. [2] 30, 321). Triclinic plates 
(from alcohol).—N i t r a t e: [190®].—B'HCl. 

[103®].— B'..HjPtCl 3 : plates, si. sol. water. 
PHENYL -IMIDO - METHENYL-o-AMIDO- 

PHEHOl [c. 230°]. 

Fonn»3 by heating 0,H,<^^^c6 with anil¬ 
ine at 210^ iVon Chelmicki, ^.^r, [2] 42, 440). 
Needles, insol. water, si. sol. cold alcohol. 

]>I.Fa£ina.l>MHU)0.NAPBIH01. V. (0). 
NisHTBoginDtoini, Beaction 5. o u 
FHENTL-IXISO-SIHArETETl,«. Fanan 
ciHisaraniiEiiii umx. 




^fitnrL-lNBULINE, 


PESITUinDO ■ FHXm ■ KETHTL ■ TEl ■ 
lZOUI . BIHTDEIDB . 

138°]. Formed from di-phenyl-thio-uroa and 
hloro-aoetone (Tranmano, A. 249, 51). Yel- 
>»ish prisma, inaol. waUr, v, sol. ether. 

M . PHFHYI. - M. miDO - M - PMKYL - 
lAZTEIOLB TETEAHTDEIDB O^H^.S *.<. 

<C(NPh{;Npi- Go‘by oxidising di- 

henTl-thio-ucea with H.O, (Hector, I). 23,867). 

PEBNTI,.llIISO«tBbPIOIIIC ACID • 

IH,.C(NPh).CO,H. AnilpyrikjK atid. [123°]. 
Virmed from aniline and pyruvic acid in ether 
BSttingor, B. 16,1924; A. 188, 336; 263,126). 
Crystals, v. ail. witter. Decomposed by boiling 
uter. Br yields C„H„Br.N,0, f2«d'’]- 
Iaomertde«. Iicma-rHENVL-fiioeioNio loio. 
PHEmriuIMIDO-SDCCIlflC ACID . 
!0,H.CH,.C{NPli).C0,H. [150°]. Fonned by 
se action of dilute (1 p.c^ KMnO, on ‘ pyranil- 
yroic ’ acid (Anschutz, B. 22,738; c/. Iteissert, 
I. 21, 1942). Decomposed on fusion. 
PHENYir-ntIDO-THIAZOI.E DIHTDEIDi; 

(NMi)<^£§g. [124°). Formed from . 

H,Cl.<BI01.0Et and phonyl-thio-urea (Niif, A. 
35, 125). White needles, sol. alcohol. Yields 
nitrosamine C,H,(NO)N,S [58°]. , 

Di-phenyl-iinido-thissole dihydride 

(NPh)<;®^^J®. [105°]. Formed from di- 

cbloro'di-othyl oxide and di-phcnyl-thio urca. 
DIPHSHTltlNE V. Di AMiDO-niriiKHYL. - 
FHEKYIwtNDAZIHS C„H„N, U. 

[84®]. (345® uucor.). Formed 

b; redacing o-nitro-benzyl-anilino with tin and 
IIClAq (Paal, B. 23, 2640; 24, 961). Needles 
(from flioohol). NoL alTectod by distillation over 
red-hot zinc-dust. Itoddteed tondf^iydride [98'J 
by adding Na^ its alcoholic solution. Yields a 
methylOjIodi^B'Mel [188®J. 

«HEiny3.IED0iE (327° 

1. V.). Formed by heating its qarboxylic acid 
[170®] (Fischer a. Hess, B. 17, 567; Pfulf, X. 
239, 221). Oil, V. sol. alcohol Its solution in 
HClAq eolonrs pine-wood intensely violet. ^ 

Phenyl.indole C.H,<^j[J>CPh. MeihyU 

phtnanlhridine. [186°]. (above 360°). 

Formation. —1. By boiling w-bromo.oceto- 
phenone or phenyl-w amido-acetophenone with 
aniline (Mdhlau, B. 14,173; 15,2480; 18,165). 

2. By heating the pbenyl-hydrazide of aceto¬ 
phenone or of pbonyl-aceticeJdebydewith ZnCI, 
at 180° (Fiacher, B. 19,1565; 21,1071; A. 230, 
135).—3. By passing benzylidone-o-toluidino 
through a red-hot tube (Etard, Bl. [2] 39,531). 
4. By tha action of zinc-dust and EH,A(i on 
C.H,(NO,).CH,CO.C,H, (Pictot, B. 19,1065). 

iVopsrtiss.a-CoIourless plates, insol. water. 
May be snblimed, Colonrs pine-wood violet- 
bluo. YieldsB'0,H,N,0, [127°]. Nitrous^cid 

forms a nitroso- privative ^^CPh 

[c. 258°}, vAioh yields B'HCI, B’HNp„ and 
NaO„H,N,0. and may be reduced to amido- 
phcwl-indon [174°]. 

mhyiridt [46°]. Formed by 

Von. IV. • 


boiling phenyl-indolo trith zino-dnst, alcohol, 
and tUlI. dolours pine-wood orange. Yields a 
nitrosamine. * 

Phenyl-indola O.H,<^^>0a. [89°]. 

Formed by the action of alcoholic HCl on the 
phenyhhydrazide of plieiiyl acetic aldehyde 
(Fischer, B. 21, 18111. White plates (from 
ligro'in), v. sol. alcohol. (k>nvertod by hfeting 
for fifteen minutes with ZuCl, into the preceding 
isomei^e [18^®]. Yields a piorato [10T®j and a 

nitrosamine [01®J which 

gives Liebermann*s reaction (Ince, A, 253, 87). 
ifi-pheil^l-indola j0.H,<d^‘“j>CPh. ^23°]. 

Formed by heatfng th^phcnyl-hydrazlde of de- 
^xybenzom with ZnClj^b'isohor, B. IIL1566; A, 
236, 130). Colourless crystals, v. sol. alcohol. 
Does Botgive the pine-wood reaction. Itapicrato 
crystallises in<ark-red needles. 

• Di-phenyl-indolb C.H,<;^p5j>OPh. (above 

360®). Got by heating the u-di-phenyl-hydfazide 
of acsetoflieDone with iSnClg at 175® (PfUlf, A. 
239, %23). Oil. Colours acidified pino-woud 
bluish-violet. 

FHENYL-INBOLS CABBOXYiXO 
O..U„NO, U. [176°]. 

Formed by heating the di-nhenyl-hvdrazido of 
pyruvic acid with HOAo and HClAq (F. Fischer, 
JL 17, 567). Needles, v. si. sol. water, v. sol. 
alcohol. NaOCl in the cold forms phenyl tff- 

isatin C.H,<^^j,>CO. [184°] (PfiUf, A. 239, 

222 ). 

PHEKYL DIDOXAZINB 

[81®]. Qot from o-bromo-benzophenone and an 
alkaline solution of phenyl-hydrazine (Cathcart 
a. V. ^eyor, B. 25, 1498). Largo crystals. 
PHEKYL-INDOmK U. 

C(NPh).CH:C!NPh>'®*^*- w. (by 

Kaoult’s method) 320-870 (calc. 347). Formed 
from amido-phenyl-induline [152®] by treatment 
with nitrous acid (Fischer a. Hepp. A. 262, 257; 
260,263). Beddish tables, with blue reflux; v. 
sol. benzene, insol. ligroin. Heated with HOAo 
(5pts.) and HClAq (25 pis. of 20p.o.)at 165® 
for six hours it forms: (a) G„H,aNaO crystallis¬ 
ing from benzene in steel-blue plates [218®], 
forming a brownish-red solution in HClAq, and 
converted by cone. HClAq at 200® into a com¬ 
pound 0),H,fN,0,; (b) the compound C|aH,,N/>| 
[c. 280®] which crystallises from benzene or 
alcohol in brownish-yellow prisms or plates, and 
is both base and phenol. Its hydrochloride 
crystullisos from cone. HClAq in prisms with 
green lustre; (c) benzolindene 0 ,rH, 2 N ,0 ; (d) a 
body which dissolve*: in benzene with fiery brown 
fluorescence, and is perhaps qturbazole-fluor- 
indine (Fischer a. Hepp, A. 266, 2^). 
Benzolindene C,(^I„N,0 is. 

CO.CH:C.NPh^®*^<‘ ^0^6^ heating 

phenyl-indnllne with HOAo and HClAq at 
160®-200® (Fischer a. Hep#, A. 266, 253). 
Lustrous brown plates, insol. alkalis, sol. dilute 
HCLAq, forming a rose-coloured solution. Its* 

E 



CO 


PHENYL-INDOLINE. 


•elation in cono. By30, 'is green. lielda 
pheo^ine on distillation with zinc-dast. 

^ IODISE V. lonoBjBNZBNBe 

PKEirn. lODOHETHTL SULPHONE 
G|H,,SO^CH,I. (64*62« Formed from benzene 
sttlphinio acid, NaOEt, and OH,I, at 100® 
(Michael a. Palmer, Am. 6,258). Prisms (from 
alcohol). NaOEt at 75® gives phenyUmethyl 
Bulphone and products of oxidation (Otto, B. 21, 
654). 

FHEETL-ITACONIC ACID • 

Cph:CrCOjH).CH^CO.H. [172«?. Fofmedby 
the action ol Na or NaOEt on phenjl-paraconio 
aoid (Fittig, A, 266, 68). Prisms, si. sol. cold 
wawr^ Yields phenyl-isocrotonio ^id QTOO] 
and roxy.phenyl.tfhtyric^laotone ra?®] when 
boiled witli diluted H,SO. (1:1). ^r gives bromo- 
phenyl-paraconio aoid •„H,BrO, [99°] and an 
iBomorid# [144°].- BaA" 2Saq.-CaA’'.-AgA". 

Et,A". (316° nncor.). Oil. 
Bi-FHENyL>K£TON£ v. BEqgopuENiCiK. 
Si-pbsnyl diketons v. Eenzil. 

Si-phenyl trtketone C51..C0.C0.C0 0 H* 
fjn. (248° at 40 mm.). Formed by d* 
OUz^r.OAo tn vacuo. Formed also by adding 
aque^s NaNO. to a solution of tlie moniPoxim 
in ilOAo, and boiling (Pcchmann, H. 22, 852; 
*3, 8376). Hygrosoopio golden needles (from 
llgroi^ V sol. all solvents. Give a blue colour 
with HjSO, and benzene that contains thio¬ 
phene, 

Beactims. —1. Alkalis decompose it, forming 
benzoin, benzoic acid, and CBzPh(OH).CO.H 
[118°].-—2. Phenyl-hydrazine forms a phonfl- 
hydrazide C„H„N,0, [o. 136°], benzene-azo-tri- 
phenyl-pyrazole [157oj, 

and a thirf (impound [223°].—3.'Anifin« gives 

qoHSoS'KW'”“ ‘‘“-i 

fl'pdrafeBZjC(OH)i. [90°]. 

Afonoiosiw Bz,C:NOH. [146°]. Formed 
from BzjGH. and nitrons acid. ' 

Tri-osim (C.H..C(NOH)),C:NOH. [186°]. 
xoimed from the triketone and hydroxylamiuo. 
Ol-phenyl tetraketone 

a^.CO.CO.CO.CO.C.H.. The hydrate [88°] of 
this body is formed by the action of cono. HNO. 
oi (Abenius a. Soderbaum, B. 

*4, 9vo4}» 

SI-PHEmri-KETONE CARBOXYLIC ACID 
V. BbNZOTL'DKNZOIC acid. 

Di-pheoyl ketone dicarboxylio aoid t>. Bknzo- 

PHENONZ nXCABSOXYZJO AOID. 

Dl.phanyl diketone o-oarboxylio aoid 
C^Hj.CO.CO.CuHp.COjH. Formed by oxidising 
dMxybenzoin o-carboxylic aoid with alkaline 
KMnO^ (Graebe, B. 21, 2008; 23,1344). Occurs 
in a yellow modification (141*6°1 and a white 
variety [126®-180®]. The yellow modification is 
^arly twice as sol. alcohol and chloroform as 
white variety, and is converted into the 
white vari^y by dissolving in alkali and ppn. 
by acids. The white modification changes into 
the yellow oc:e at 116®-126°. 

Diphthaltuo acid. 

DI-PK^YL-KETOXIM V. Oxim of Bbnzo* 

fUKONK. 

PHENYLZiACnC ACID v. Oxy-phkntl-pbo- 

PXOMIO ACID. 

PHESnrZfltACTIHIDE v. voL i. p, 180. 


FHEETL.tDnDnrE-Cl1lB0XTLIC AClD«t 
* acid. 

fH£SYL-lffTIDOH£ ». OxY-Phkirfii-ni. 

MSinyL-PTBiniN*. 

PHENYL-MALEIC acid C.M 0 i-e 

by dissolving its 
anhydride in water and extracting with ether 
(Alexander, A. 268, 77). Prisms, m. sol. water. 
Begins to lose water helow 100°^ 

Anhydride [119 6°]. Formed 

b» distilling phenyl-malio acid. Needles, insol. 
water, v. sol. ohlotoform and ether. 

Di.phenyI.m*eio aoid COjH.OPh:CPh.CO.H. 
bM^ne dtcarboxylic acid. Formed by saponi¬ 
fication of Its nitrile. Its •other is formed, 
together with di-phcnyl fuinaric ether, by the 
action of Na on o-bromo-plienyl-qpetfe other in 
feim : Kiigheimer, J}. 16, 

1626). The free acid splits up*at once, on 
liberation from its ^Its, into H^O and anhy- 
drule. On distillation with lime it yields s-di- 
phenyl.ethyleno.-K^": needles, v. sol. water. 
—AgjA : amorphous pp.—AgllA'*: needles, 
Blhyl ether Kt,h.". [64°]. Prisms, 
iwtde 0,.H,.0,{NH). [213°]. Nebdlcs, 

almost insol. water, v. sol. alcohol. 

Phenylimide 0,.H,„0,(NPh). [175°]. 

anhydride with aniline 
at 120 (Anschutz a. Bendix, A. 259 63) 

CN.CPh:CPh.CN. DwyaJetUbene. 
[lOM J. tormed by heating o-bromo-phenyl- 
acctonitnle alone or witli alcoholic KCy (Boimer. 
P. 14,1798), Plates (from benzene). 

Zsonitrile. [242°]. Occurs in small 
quantity in the preparation of the nitrile by 
heating the product of bromination of phenvl- 
acotonitrile. Golden needles (from alcohol). 
Yields an acid [222°] on saponification. 

Anhydride [165°].'° (236° 

?'™il ,*'“™°?.'>y adding HCI to solu¬ 
tions of salts of the aouf, or by heafiiig di-phenyl- 
fumario iKid at 260° (Iteiracr, B. 13, 742). Tri- 
Olcohol), <i:6:e 

= •093:1;-385,^0801. water, sol. CS,,. May be 
Biibhmed. Its alkaline solution rodtiecs AgNO 
Not changed by NaOHAq into the fumaroid 
orm (Dohsle. A. 209.91). NaOHAq (15 p.c.) at 
100 forms a polymeride melting much atove 
2o0°, insol. water and other solvents. 

Beactiom.—}. Reduced in aleoholio solution 
by zino-dust and 1101 to a mixture ol the twodi- 
phenyl-sucomio acids.—2. Fuming HNO, gives 
fC H ifo derivative 

[16,6°], orysteUising in yellow 
needles.—4. PhenyUacetic acid and NaOAo at 

2267 4ormg^,^:C(^)>0[l76°].whichm:y 

be HI and P to benzyl-Ji-phenyl- 

cS;cal—^^0 [128°] (Gabriel a. 

combines vrith'-Br, tormina 
[4®4°], which splits up at 
156 -180 mto HBrand C,Ph^,(CBrPh) [1M°]. 
The compound O.Ph^O,(CH.Ph) is converted 
CO5H.0.A.CH(Offl.CH,Ph 
{HLlv ^ ’’5' an sloohoiic solution 8f NEtHiinto 
CO(NHEt).C,Ph,.CH(OH).OH^h [196°]^Tha 



PHENYL-MEHOAPTUrac ACID. 


6t 


impound 0,Pb,0,(06Ph) U oonTotted b; KOH i to He,C(80,Ph), [97°]. — 6. Chloro - aeetmu 
to C,Ph,OjiOH).CH^h [186°], and in 1»nzone I reacts on PhSNa in ether, forming aeetonrl- 
ilution by HNO, into C,Ph,0,(0H).CH(N0-)Pli phcnyl-suIphiSe Ph8.CHj.CO.CH, [S6°] (269°^ 


126°] (which yields an acetyl derivative [166°]), 
ind the compound C,Ph,0,(N0,).CH(lI0JPn 
146°], which is converteddiy boiling alcohol into 
3,Ph,0,:C(N0,)Ph [177'’'], a body that may bo 
educed by HI and P to iso-benzyl diphenyl- 
Baleide [118°]. Benzyl-di-phenyl-malelde is 
ponvertcd by alcoholic NH, at 180° into 

Pph CT ri70°1. which yields’a 

^trosamine [136°]* • 

i PHE5YL-MAIIC AOIB V, OxV-PHEHYt-SBO- 
Binio acid. 

FHEN7L.1IAI0NAMIC ACID v. Maionio 
aciD. 

DI.PHI5p:..lIA10HI0 ACID. Ethyl 
lifter of the nitrile CPh,(Clfl.COj:t. [69°]. 
Formed from TPli.,Cl.CO.;Et and HgCy, af 125° 
(Bickcl, B. 22, 1537). Yellgwish taUes. 

ilc/crencc.—Dl-NITBO.PHENrL-MALOlCIOEIHZIl. 

PHINTL. UANDEUC ACID v. Fhenyl 
derivative dt Makdelic acid. 

PHENYl-KELAMINE v. vol. ii. p. 822. 

PHEHYI. MEKCAPTAN C.H,SH. Tkio- 
pienol. f Phenyl-sniphydrate. Mol. w. 110. 
(108°) (h .); (172°) (F. a. 0.). S.O. M 1078. 
Eorniation.—!, A product of the dry distilla* 


8.0. , 1'244 (Delisle, A. 260, 262). This body 
crystallises in prisms, si. ^1. hot water, v. sol. 
alcohol; combines with KH80„ yields a phenyl* 
hydrazide [82 5°], aud is converted by oxida¬ 
tion into Ph.SO,.CHj.CO.CH, [67°]. Acetonyl- 
pbenyl sulphide may be convert^ by snecesaive 
treatment with llCy, alcoholic hydroohlorio 
acid, a!id alcoholic potash into acid 
PhS.CH;CMo(«H).CO.,H [97°], which yields 
CaA', aq, IlaA', aq, and AgA', and is oxidised by 
K.MnO, to Ph.SOj.CH,,.CMc(On).C(),H [121°].— 
7. Ch^yral jprms CCl,.CU(OH)(SPh) [53°1 de- 
composed by heat into 4s components (Baumann, 
B. 18, 886).—8.gDombines with pi/ruvie acid, 
terming CH,.C(OH)(811I).CO,,H [87°], but in 
presence of gaseous HCl it forma the ‘ mflloaptol ’ 
CHj.C(SPh).,.CO,H [117 ’] which is not attacked 
by boiling HCIAeor alcoholic potash,—9. P/icnyl- 
glyoxylic acid forms C,n,.C(OH) (8Ph).CO„H con- 
vifrted byllCl gas info C„H,.C(Sl’h),.CO^[148°] 
(Escales a. Baumann, B. 19,1789).—10. k-Acetyl- 
propionic ^id does hot combine directly, but 
in pfftence of hydrochloric acid it forms 
CH,.C(Srh),.Cn,.CHrCO,H [69°], which is not 
attacked by alkalis, but is decomposed by 
dilute acids into PhSH and acutyl-prdpionic 


by heating benzene with S and AlCl, at 75° I by oxidation in CU,.C(Sl>li)(.SO,l’h).'CH,.SO,Ph 
(Friodcl a. Crafts, O. i2. 80, 884; A. Vh. [OJ 14, I crystallising in needles, si. sol. cold 

*. yiA _i.-A_ L .1, 1. . . __ 



alcohol (Otto a. Bossing, B. W, 3129).—6. By 
diBtilliu*C.ll,.80,Na with KaSH (Stadler, B. 
17,2080). * . • 

Prepuratiom—Phenyl ethyl dithiocarbonatc, 
or a mixture or diazobenfenc chloride solution 


liol 18 then distilled off and the residue dissolved 
in water, mixed with a little U^SO, and zinc, 
dust (to prevent oxidation), ana distilled with 
etcam. The distillate is extracted with ctlftr. 
The yield is 76 p.o. of the theoretical (Leuckart, 
J.pr.[2]41,187). 

ProperUeSe —Oil, y, sol. alcohol and ether. 
Bmells like garlic. Attacks the skin. Cone. 

forms a violet solution, changing on 
warming through cherry-red to blue (Baumann, 
H. 6, 321; cf. Brunner, B. 4, 984). 

lieactions. —1. Kea^ly oxidised to Ph.^So.— 
^d dilute (20 p.o.) NaOHAq form 
CIi,.C(SPh)„ crystallising in white plates; v. 
Bol. hot alcohol (Laves. S. 26, 853).—3. Aceto^ 
^ hydrochloric acid form 
CH, C(SPh)j.CHfCO.^Et [68®], crystallising from 
alcohol m plates. Not attacked by boiling HCl Aq, 
but decompotfef by alkalis into alcohol, PhSH, 
and CH,C(SPh):CH.COiH [177°] (Escalcs^u. 

a 19. 4790).-4. NH,.C0C1 forms 
hH,.CO^H.CO.SPh [218°] (Oattermann, A. 
244, «).—6. Acetone and HCl in the cold 
(Baumann, B. 19, 
2804), %hich u oxidised by KMnO. and U,SO, 


V. si. sol. hoi water, v. sol. alkalis; converted by 
alcoholic NaOH and Mel into PhkGMe(S0^4t)| 
[113®], crystallising in wl»ite needles; m. sol. 
hot alcohol (Fromm, A. 263, IOC; Laves, B. 26, 

' 301). — 13. NaSPh rcocta with isobutylene 
I TkT_T>_ ixi. a _A • .*1 


an ethereal solution of PhSH containing phenol, 
a pp. of NaSPh la got while NaOPh remains in 
solution.—Hg(SPh).;: colourless ndbdles (from 
alcohol).—CIHgSPh: plates.—Pb(SPh),: yellow 
crystalline pp., split up on distillation into PbS 
and Ph,S.—Cu(SPh),: pale-yellow powder.— 
AgSPh; pale-yellow crystalline pp. 

Methyl ether PhSMe. (188°). Formed 
from Pb(SPh), and Mel (Obermeyer, B. 20, 
2926). 

Ethyl ether PhSEt. (204°) at 744 mm. 
Formed from NaSPh and EtI at 120° (Beck¬ 
mann, Xyir. [2] 17,457), and by tho action of 
PhSH on PhNjCl (Stadler, B. 17, 2078). Liquid 
with unpleasant smell. 

Ally I ether v. Puenti. aixti. scLDniDE. 

Acetyl derivative PhSAc. (229°). Formed 
from phenyl mercaptan and AcCl (Michler, A, 
176,177). Oil. • 

Referencee. — Ahioo-, Baouo-, Cmrono-, 
Cnwiao-NiTRO-, Nirno-, and Oxx- Phemxi.- 

UBECAPTAM. 

PHEira.lIESCAPTTOIC ACID C„H,,NSO, 
i.e. NHAc.CMe(SPh).CO^. [143°]. Formed 
by reducing bromo-phenyl-meroapturic acid with 



M FHBNTl^MSmjAfTUBIO kOm, 


(Baoxaftrin, B, 16, 1789; 18, 
358; H, 6, 885; 8,190). Tekahedra, m. sol. 
atcobol. IjiBvorotatorj in alooffblic solution. 
DolotioDi of its salts are dextrorotatory. De> 
composed by dilate into HOAo and phenyl* 

^steiin.-~BaA', fiaq: needles. 

i2s/ereneef.—BttOMO> and Giilobo- pHENTXt- 
xancAPTcaio aoid. 

rHBHTL-llSSITTL-OARBIirOL o Phbmxl- 

TBI-MBTHYL'PHXNyX.'CABBINOL. 

PHlHn-XBBITTL-CAllBIKOL Ca'bBOXT. 
lie •ABHTBBIDS o« Tni ifETiiiL*PH£MyL> 
PUTI1AI.IOB. 

PHBinrL XESim ketone «. PireNYL 

TBI.SiBXimrPHRNYl KETONE. ♦ • ' 

PEENTL-XETHACBVLIC ACn> V. Phbnyl- 

CBOTONXO AOXn. i * ^ 

PH»m<KETHACBYLlC AiBEHTBE 
CHl»h:CMe.OOH. (150® at 100 mm.). Formed 
by adding NaOHAq to a mi^dure of *i)cnzoio 
aldehyde and propionic aldehyae (Miller a. Kin> 
kelin, B, 19, 535). Oil. Kcduces ummoniaAil 
AgNO,. Combines with bisulphite. Yields a 
pbenyl'hydrazide [137®J. 

PEENTL-METHANE V. ToLnENE.*" «• 
Bi*phenyl>aiethane CH..Ph.. Mol. 

w, 108. (26^. (0.263®). 

F&mation,-^l, Together with 0,11,(011,Ph)^, 
by boiling benzyl chloride with benzene and 
sino-duBt (Zincke, B. 4,298; C. J. 24,508,688). 
2. By the action of H^SO, and HOAc on a mix* 
ture of benzene and benzyl alcohol (Meyer a. 
Wurster, B» 6, 963).—3. By beating beiftso* 
phenone witii zino-duat (Staedcl, B. 6,1401; 7, 
1480; c/.Barbier, 0. B. 79,812), or by reducing 
it with HI and P (Qroebe, B. 7, 1624), or Zn 
and H^SO, (Zincke, B. 10, 1473).—4. From 
benzene, CH,C1„ and Aid, (Friedel a. Crafts, 
Bl. [2] 41, 824; A, Ch. [6] 11, 264).-6. Prom 
CH,(OMe)„ benzene, HOAo, and H,SO, (Bacyer, 
B. 6, 321).—6. By distilling barium di-phenyl- 
acetate with soda-lime (Jena, A. 155,86f 

Preparation.—By adding AlCl, (35 g.) to a 
xnixtore of benzyl chloride (100 g.) and benzene 
(500 g.) (Friedel a. Crafts, i. Ch. [6] 1,478; Bl. 
[2J 33,837). 

Properties.—Prisms, v.sol. alcohol and ether, 
imeliing lihe oranges. According to Boissert 
{B. 23, 2242) it melts at 28®. Oxidised by 
chromic aoid mixture to benzophenone. Yields 
dipbenylene-metbaDe when passed through a 
red-hot tube (Graebe, B.*7, 1623). Prolonged 
treatment with Cl in presence of I forms CCl. 
anaC.Oi, (Buoff,B. 9,1048). 

Tri-pbenyl-methane 0„H„ t.e. CHPh,. [93®!. 
(830®) (Schwarz); (855®! (K. a. F.). 

Pormotion.—1. By neating PbCHCl, with 
HgPb, at 150® (Kekut5 a. Franchimont, B. 5, 
907).-^. By beating Pb,OH(OH) with benzene 
and F,0, at 185® (Uemilian, B. 7, 1203).—3. 
By heating (d)-benzpiuacolin C.j,H,oO with soda- 
lime at 300® (Thdmer a. Zincke, B. 9,65).—4. 
Togetlw with a little CH,Ph, by adding AlCl, 
to a mixtuho of chloroform and benzene (Friedel 

а. Crafts, J. pr. [2] 16,233; A. Ch. [6J 1,496). 

б. With other products, by the action of AlCl, 
on benzene mixed with GH,C1„ with CC1„ with 
FhCCl,, and with GPhHBr.drhHBr (Magatti, B. 
12, 1468: Schwarz, B. 14, 1526; Ansohiitz, A, 
285^ 208)«—6. By heating benzoic aldehyde 


(100 gi) with benzene tl4fg.} and Znd, (100 g.) 
at 360® for 7 hours (Griepentrog, B. 19,1876; 
A. 242,329). • 

Pr6paraHon.^k\C\f (500 g.) is slowly added 
to a mixture of benzene ^400 g.) and chloroform 
(400 g.). The mixtuge is finiidly heated on the 
water-bath, water is carefully added, and the 
oil dried and fractionallpr distilled. It is finally 
purified by conversion into the compound with 
benzene (Allen a. Kdlliker, E. 227, 108; cf, 
Fischer, A. 194, 252; Schwarz, B. 14, 1516). 
If the benzene contains l^luene the product will 
contain a homolpgue (Hanriot, Bl. [3] 1,773). 

Proper/ics.-^Plates (from alcohol), v. boB 
benzene, ether, and CHCl,, m. sol. cold alcohol. 
Crystailisos from benzene in eifiorescent rhombo- 
hedra CHPh,C«H, [76®]. Oxidised by chromic 
acid to tri-phenyl'Carbinol fl5y®]# AlCl, at 
120 ® decompodbs it, but below ^® it forms 
CH,Pb, (Friedel a. Crafts, G. B. lOO, 692). On 
exhaustive cblorinaUon with SbCl^ it yields CCl, 
and C,Ci, (Merz a. Weith, B. 16, 2876). Na has 
no action at 800®, but K at 200® forms a red 
substance (CEPb,). K at 250® Norms a dark 
mass, whence HGlAq liberates C^H,^ [148‘5®J 
(360®) (Hanriot a. Saint-Pierre, C. B. 108* 1119; 
Bl. [3] 1, 774). The potassium derivative 
absorbs CO, at 200®, yielding CPh,.CO^ [264®]. 
Benzyl chloride acting on CKPh. forms the com- 
’ pound CPh,.CH,Ph [140®]. BzA forms C^H^G 
[172®] which may bo reduced by HI and P to 
C„H,o [264®]. 

Iteferencei. — Auzno-, Baoxro-, CuLono-, 
METnvL-Auino-, Nitbo-, Nitko-amito-, Oxt- 
AH1DO-, and Oxt- Prentl-uetuame. 

BI-PHENTlr-KETHAKE BI-o-CABBOKT. 
Lie ACID CH,(C,H4.C0,H)2. [255®]. Formed 
by reducing the lactone of CH(OH)(C,H 4 .GO,H), 
with HI and P (Graebe a. Juillard, A. 242,253). 
Crystals (from alcohol). Yiglds anthuquinone 
on heatingcit 2B0®.-^aA*' 6aq. 8.4*7. 

Methyl elhcrMe^", [44®]. 

Iiomeride v, BenAl-isoputbIlio aciz>* 

Bi-phenyl-aetbane trioarbozylio acid 
CO,H.CH(C«H,.CO,H),. [B20®^ g. *095 at 26®. 
Got by heating the lactone of the oxyacid 
CO.;H.C(6H)tc.H,.CO,H), with HI and P at 
170® (Graebe a. Juillard, A. 242,235). Crystals 
(containing aqf. At 270® it forms a red com- 
p(Mnd C„H,0, [261®]. 

Methyl ether [145®]. 

Tri-phenyl methane o-carbozylie acid 
CHPh,.C,H,.00,11. [162®]. 

Fonnation. —1. By the aoiion of KaOH an 
zinc-dust on di-phenyl-phtholide (Baeyer, B. U 
644 ; A. 202, 52).—2. By beating phenyl 
phthaiide with benzene and AlCl, (Gresly, A 
234, 242).—8. By saponifying the nitrile, whicl 
is obtained from CHC1,.C,H,.GN, benzene, am 
AlCi, (Drory, B. 24, 2572). 

Properties. —Needles (from alcohol), insol 
water. May be sublimed. Yields tri-phenyl 
methane when heated with Ba(OH!-. CrO, ii 
HOAo oxidises it to diphenyl-pbthalide. 

Nitrile CHPh,.C,H,.CN. (E9®]. 

*Tri.- phenyl - methane -p • oarboxylie aeid 
[162®]. Obtained by sapogifying the nitrile 
which is obtained by sandmeyer's reaction from 
p-amido-tri-phenyl-metbane [84®] (Fischer a 
Fr&nkel, A. 241, 864; Otto a. Sismier, 4 24, 
729), Needles, t* soL alcohol and ether^^AgA'* 
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piiospiunio aoid. 


An Uomurf« noid me!tiI^( nbova 860^ was ob- 
ained bj Oppenheimer (B. 19,2039) by oxidising 
be correfponding aldehyde with Ag,0. 

Tri-phenyl-methaae dioarbozyae aeid 
CHPhrC^,(COfl), [1:5:5]. [380®]. Formed 

by reduotioo of the lactoa#of tn-phonyl-carbinol 
dicarboxyiio aeid by xine-dust and NaOH (He* 
miHao, B. 16, 2375). Needles (from HOAo). 
Cone. HgSOi forgis a greenish-yellow solution, 
which 00 he;iting ohangca through green, blue, 
and violet to purple.—BaA^daq.—AgjA": pp.« 

Tri-phenyl-methanp diearboxyUo acid • 
CHPh5.C„n,(C0,H), [1:3:4], flTS®], Formed 
boiling di-phenyl-phthalide dicarboxyiio acid 
with zino-dust and NaOHAq (Hemiliun, B. 19, 
3068). Needles (from dilute alcohol). May be 
Bublimed. Yields GllPh, when distilled with 
na(OH)^ Re-oxidised by alkaljpe KMnO,to di* 
phenyl-phthaUde dicarboxyiio acid.—CaA" 2aq: 
needles.-AgA": curdy p|>. 

Itcfercnce. - Ox y - ni • ruaNTL • mbtiianb cabb- 

OZYLIG ACID. 

DIPriENig. - METHANE DI8CLPH0NIC 
ACID C, 3 H,„(« 03 n)a. [69®]. Got by sulphona* 
^on (J)oer, It. 6, 796). Deliquescent plates. 

K.^A^' aq: prisms (from dilute alcohol).—BiA". 
-•CuA" :*grcen plates. 

Tri-phesyl-methane trisulphonie acid 
C,»H„(SO,H),. Formed by warming CHPh, with 
fuming HjSO, (Kckuld a. Franohimont, B. 6, 
908; Hemiliun, B. 7. 1205).—Ba,A'",8aq: 
needles, ppd. by adding alcohol to its aqueous 
solution. 

Dl-PHENYL-METHAZIKE C„H„0, i.e. 
CHPh<^^^Cnpli. [93®]. Formed by shaking 

a dilute solution of hydrazine witli benzoic alde¬ 
hyde (Curtius, pr. [2j 39, 44). Jdght-yellow 
prisms, si. sol. hot water, v. sol. liot alcohol. 
Decompose*! by b()ihYig iyito CHPkCIIPh and 
nitrogen, and by boiling dilute acids into benzoic 
aldehyde and Bydrazine** llcduced in alcobolio 
solution by sodium-anialgain ta di-bqpzyl-hy* 
drazfee, andiby excegs of Na to bcnzylamliie. 

PHBHTL MtlHENYL-AMIDINE ». Bknz- 
amidink. • . 

‘ Diphenyl-methenyl-diamine^is described as 

DX-PBRNYL-rORMAMIDIKB. 

PHENYL-METHENYI-AZIDINE C,n,NAc. 
NH,.CH:NjHPh. [225®]. Formed from phenyl- 
hydrazine and HCy (Fischer, B. 22, 1931). 
Insol. water, v.sol. hot alcohol. The nitrate and 
hydrochloride are crystalline. 

PHENYL METHENYL DI-ETHYL TBI8DL. 
PHONE C.H,.SO.CH(SO..C^,),. [166®]. S. 

2 at 15®. Formed by oxidising PhS.CIl (SO-Et), 
with alkaline KMn 04 (Fromm, A. 253, 167; 

26, 862). Snow-white needles, v. sol. 
alkalis.—KA': prisms.—BaA'^: tables. 

TEI-PHENYL METHENYL TEIKETOHBa. 
TRI-BBNZOYL-KBgBAing. 

MTHEim, TEI8ULPH0KE 
,*1®*®°]* Formed by oxidieiDg 
alkaline KHnO, (La^ee, 
B. 35, 848). Tsbl„, T.BOl. alcohol, ineol. ether, 
n. coL water.—KA': tablets.—BaAV—AgA'. 
.BI -PHKim,. M. MTHTl. AOBTTIEItl 
THKAKSIOSe «, Ci-BBMzoTii-Di-eoaTnr 


PBum-nTBirt-AOBioiiri a»H„K <.«. 

beating phenyl-j)-toIuidine with benzoio aeid 
and ZnCl, at 288° (Bonna.A. 289, G3). Needles, 
el. eoi. water. Its alcoholic solntion shows 
greenish-blus fluorescence. Yields phenyl- 
acridine carboxylic acid [253°] on oxidation.— 
B'llCl: yellow needles.—B'HI.—B'JM.8^.— 
B'C,H,lj,0,. Bed needles. 

Phenyl-methyl-aeridine dihydrida . 

‘I'® 

action of Mel on phenyl-acridine dihydride; or 
by rej^ctioikof the methylo-ohloride of plii^nyl- 
acridino witli zino-du#t (Befntlisen a. Bonder, 
B. 16, 1816). White needles or prisms. On 
<flcidation with nitrous lAid it gives tho methylo- 
hydroxide of phenyl-aoridine. * 

FH|NYL.lf£THYL-AU.TI.-FYBBOLB 

c]l:Crh>®®'®<- [®®°3- (2™°)- Formed by 
heating the carboxylic acid [158°] (Bedcrer a. 
I'aal, B. 18, ^595). Large oolourlcss plates. 
Blue fluoipsccnce. Extremely eol. all ordinary 
iolvcnts; 

PHENYL - METHYL - AILYL - PTBBOLE 


carboxylic acid co,H.ciolfe>«CA. 

[168°]. Obtained by eaponilloation of its ether, 
which is formed by the action of allylamine upon 
acctophenone'acctoacetio ether [Lederer a. Paal, 
Id-,18, 2694). Short glistening prieme. V. sol. 
alcohol, ether, benxene, and acetic acid. 

PHENYL-METHYL-AKIDO-AOETIO ACID 
C.H„NO, i.e. CH,(NPhMe).CO,H. Bhenyl- 
melhyl-glycoeoll. Formed by beating obloro- 
acetic ether with dimcthylaniline and saponify¬ 
ing the product by boiling HOIAq (Silberetein, 
if. 17,2061). Liquid.—HA'HGl: priems. 

Amide. CU,,(NPliMe).CO.IlH_ [168°]. 
Fornitd by heating CH,C1.C0NH, with NPhMe, 
or NPTiMell. Crystals, sol. hot water. Its 
hydrochloride forms easily soluble prisms. 

Methylo-chloride CH,(NPhMe,Ol}.CO,H. 
Formed by warming obloro-aootio acid with 
NPhMe, in other (Zimmermnnn, B. 19, 3206). 
Needles. Moist Ag,0 fonns an hydroxide. 

Amide of the melhylo-ehlfridt 
CH,(NPhMe,Cl).CO.NH.,. Formed by heating 
chloro-acetamide vrith dimetbylaniline In alco¬ 
hol (S.). Crystals, decomposed by beat into 
MeCl and CH,(NPhMe).CO.NH, 

PHENYL - METHYL - » - AMIOO. ACETO¬ 
PHENONE C,H..CO.qH,.NPhMe. PhenacyU 
methyl-aniline. [120°]. Formed by the action 
of NPhMell or NPhMe, on w-bromo-acetophen- 
one (Staedel a. Siepermann, B. 18,842; 14,988; 
21, 2196). Prisms (from alcohol). A solution 
of its hydrochloride gives a red pp. with dilnts 
HN0, (Weller, B. 16,27). ZnCl, forms C,.H„N 
[102°J.-B',H,PtCI,: tablos.-B'MeI. Crystals. 
—B'McOH. Strongly alksline. 

PHENYL . METHYL - AMIOO - BENZENE 
PHOSPHINIO ACID NPhMe.f?.H,.P(OH),. 
[160-6°]. Formed by the action of NaOHAq on 
the oily chloride NPhMe.C,H,.PCl,, which is 
formed by the action of AlCl, on s mixture of 
NPluMe and PCI, (Michaelis, A. 260,87). Small 
needles (from water) or plates (from aloohol),— 
NaMA''2aq. [205°]. Plates, r. s. sol. water. 



M PHEim>-HETtfYl;^iJII9(VBmOIC ACID. : 


FBam-KBIHn-AltlDO-BElIZOIO ACID 

0„H„N0, M. C,H,(NPhMe).CO,H. [184°]. 
formed from KPh^Me and COCI, (Miohler a. 
Baraaw, B. 14,^2180). Plates.—BaA',: pearly 
plates.-AgA'; whit^pp. 

PHEHYl-MBTHYL-AMinO-ETH AK B 8irL. 
PHONIC ACID NPliMe.O.,H,.SO.H. Formed 
from CH, 01 . 0 Il 2 .SO,H and methylaniline at 160° 
(Jathes, }. pr. [2] 31, 417). Silky crystals (from 
alcohol). , 

FHENYh ■ KETHYI, • AlUDO .£THYI.- 
PHTHAMMIDE C,H,0,:N.0.iH,1SPhMe. [105“]. 
Formed from bromo-ethyl-phthalimide and 
methyl-aniline at 165° (Newman, B. 24, 2190). 
Greenish-yellow fqpr-sided tables, « c. sob C,H,. 

PHENYL - MBTHYLt A1IID0-METHEN7L- 
AMIDO-PHENOL C.,1%,N,0 i*. , 

0,H,^^^C.NPbMo. (above 360°). Formed 

from 0 ,H,<^q^C.SH and • methyt-aniline 

(Kalokboff, B. 16, 1825).* Byrup, with bkao 
fluorescence.—B'jHjPtCl,: prisma. 

PHENYL ■ METHYL - AHIDO-DI-HETHYL- 
PYKKOLE C,.H,A NPhMo.N<®^;^\» . 

[41*]. (310°). Formed by heating its dicarb- 
oxyliffacid at 231° (Knorr, A. 236, 310). Crys¬ 
talline mass, V. sol. alcohol. Volatile with 
steam. 

Phenyl-methyl-amido-di-methyl-pyrrole di- 
earboxyiio acid 0,^11,.N„0,. Formed by saponi¬ 
fication of its oily ether, which is formed from 
dlacetyl-succinio etlier and phenyl-methyl- 
hydrozine (K.). Prisms, decomposing at 231°. 
—AgA': flocculcnt pp. 

PHENYL - METHYL -p - AMIDO - PHENOL. 
Methylderivative NPbMc.C,H,.OMe. (813°). 
Formed from phenyl-p-amido-phenol, KOH, and 
Mel (Philip (^Calm, B. 17, 2433), Oil, insol. 
NaOHAq. 

PHENYL - TETHA - METHYL - TEI-ltMIDO- 
DI-PHENYL-NAPHTHYL-OAKBINOL 
0„H.,N.0 as. NPhH.C,.H..C(OH)(C.H,.NMe,),. 
[95°]. Base of Victoria Blue B. Formed by 
beating tetra-methyl-di-amido-benzophonone 
(10 pts.) with phenyl-(a)-naphthylamine (9 pts.), 
and POClp (7 pts.) at 110° (Natbansohn a. 
Muller, B. 22, 1890). The base is set free by 
NaOHAq. Brick-red powder, v. sol. alcohol and 
benzene. — (0„H,.,N,Cl),PtCl,: violet needles. 
—C„H,|N,0,H,(NOj,OH: dark-blue pp. 

Phenyl - peata - methyl-tri-amido-di-phenyl- 
naphthyl-carbinol 0,„H„N,0 is. 
NPhMo.O,oH..C(OH)(C.H,.NMeJ,. [77°]. The 
chloride C,,H„N,C1,' VictoriaBluei S,’tormed 
by the action of methyl-phenyl-(a)-naphthyl- 
amine on CO(C,HjNMeJ., in presence of POCi, 
is V. sol. hot water (Natbansohn a. Muller, 
B. 22, 1892). The oarbinol is a brick red pp., 
V. sol. alcohol. It forms (C„H„N,C1).RC1, and 
0„H„N,0,Hj(N OJjOH crystallising in very small 
dark-blue needles. 

PHENYL - IET2A - METHYL - TEI-AMIDO- 
Dl-PHBNYL-NAPHTHYL-METHANE CLH-N, 
t.«. NHPh.O,.H..OH(0,H,.NMad,. [126°]. 
Formed by reducing the carbinol (o. siipra) 
(Natbansohn a. Miiller, B. 22,1891). Flooculent 
pp., T. sol. hot alcohol. Yields B’",H,PtCl. and 
B'"C,U,N,0„ both being crystallino. i 


Pheayl-peata-mcthyl Art • amid* • di-phanyl* 
aaphtbyl-mctluuic 0,JH„N, is. 
.NPhMe.O,A‘-CH(C,p,NMeJ,. [87°].* Formed 
by reducing the oarbinol (N. a. M.). Amorphous. 
Yields crystalline B"',H j^tCl, and B"'C,H,N,0,. 

PHENYL DI ■ MSTHYL - AMIDO - TOLYL 
KETONE O.H,.CO.O,H,Me.NMe,. [67°]. (S50°- 
360°). Formed from benzoic acid, di-mcthyl-o- 
toluidine, and P.O, (0. Fischen A. 206, 91). 

PHENYL-TETBA - METHft-DI-AMIDO-DI- 
TOLYL-METHANE C„H„N, U. 
CHPh(C,H,M6.NMeJ,. ^109°]. Formed by 
heating di-meth^-m-toluidine ^th benzoic alde¬ 
hyde and ZnCr, (Fischer, B. 13, 807). PrismA 
—B"H.,PtCl, 2aq; small yellow crystals. 

PHENYL-METHYL-AMINE v. MuTUTL-ANm- 
ms. 

Phenyl-di-methyl-amine v. J|^i-it£THyL-aKii.- 
nra. * 

M-phenyl-methyl-amine v* METuyt-M- 

FHENVL.AUXNE. ^ 

Tri-phonyl-methyl-amine ». Tiu-pmsKyn 
CAimmyLAuniE. 

PHENYL-METHYL-ANTHBACENE C„H„ 
CAMe<;^”*>C.H,. [119°]. Obtained 

by distilling pheDyl-methy]>anthranol^th ziQO 
dust (Homilian, B. 16, 23G7). Yellow pointed 
crystals. Dissolves in alcohol and ether, with a 
strong grconish-blue fluorescence. By CrO, in 
acetic acid it is oudised to phenyDmethyl* 
oxanthranol. 

PHENYI-METHYIt-ANTHBAKOI, C,,H,eO 
U. C.H,Me<;^^(*'jj|>C.H,. [157°]. Obtained’ 

by heating di-phcnyhtolyl-raethane carboxylic 
acid with ‘HaSO* (Ilcmilian, B. 16, 2805). 
Yellow glistening tables. Sol. ether, boiling ' 
alcohol and acetic acid, insol. cold alkalis, but 
dissolves on boiling to a y«llow solqJaon. On 
oxidation it gives pb^nyl-^etliyl-oxanihranol. 

PHENYL-DI-METHYL.AE8INE v. vol. i. p, 
320. •• • 

DI .J>HENVL- DI- METHYL -AZIHETHYL. 
ENE N,{CMePh)j. [12W]. /owned hf the 
action of acetophenone on hydrazine hydrate or 
on CPhMe:Jx.NII., (Curtius, J. pr. [2] 44, 642). 
PHEKYL-METHYL-BIAZOLE DIHYDBIDE 

Q<CMe':N^^- formed by the action 

of tin and HCl on [122°], which is 

mode by the action of COCI, on acetyl-phenyl-, 
liydrazine (Freund a. Kuh, B. 23, 2838). Yel¬ 
lowish plates. 

PHENYL-METHYL-TEIAEOLE C.H.N. ».«. 

N NPb.. 

CMe.N^*°^‘ ^7 heating its carb¬ 

oxylic acid to 180° (Bladin, B. 19, 2602). Oil. 
B',H,PtCI, aq. [124°]. liemon-yellow tables. 

FHENYL-METHYL-TKIAZOLE CABBOXY- 
LIC ACID 

by saponifying its nitrile, which is got by the 
action of Ac,0 on phenyl-hydfazine dioyanide 
aiftl also by gently warming phenyl-hydrazine 
dicyanide with an alcoholic solution of pyntvio 
acid (Bladin, Be 18,1544; 19, 2598 ; 22,1749; 
25,185). 

Salts. — GuA'|l|a<]. tfbA'.Q^qA, °— 
AgA' l^aq.*—HA'fiOl: tables (from HCltfLq). 
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Btkyl «<k«f ]^Ia'. Oil. 

Nitrih. [109°]. Prisms. 

Amid* CjN,PhMe.CO.NH, [170°]. Prisms, 
m.sol. water ana alcohol. 

d mtdoai tm C,N,PhMe.C(NH,):NOH. [210°]. 
Formed from the nitrilMand hydroxylamine in 
alcohol. Plates (from alcohol), t. si. sol. water. 
FeClj colonrs its alcoholic solution deep red. 
Yields B'HCl.and B'„H,PtCl, [201°]. Ac.O 
forms CjN,PlTMe.C(NH.,):NOAo [148°] and 

C,N.PhMe.C^^^®^CMe [106-5°]. BzCl (o'Vms 
0,N,PhMe.C(NH,):NOBz [18»5°] converted *by 
Beat into C^,PhMe.C^*y^>CPh [107°]. 

Dl-PHENYt-DI-METHYL-TETBAZONE 

NPhMo.N:N.NPhMo. [137°]. Formed by oxidising 
phenyl-mWhyl-hydrazino (Fischer, A. 190, 162; 
Tafel, li. 18,1744)i Monoclinio^atos. With I in 
CHCl, it forms C|,H„N,1|, a black crystalline pp. 
DI.PHENYL.DI-METjfYl,.I)MEIAZYI. 

cS>C-C4-eiIo t2-'3°]. Po^ed by 
heating tho Cyanide of phenyl-hydrazine with 
Ac..O (Bladin, U. 21, 3003). Prisms (from al¬ 
cohol).—B"H,Cl,.-B''H.,PlCl, laq. Plates. 

• DI-EHENYL-UETHYL-BEllZAHIIlINE 
C„H,.C{MMe).NPhj. Formed by heating dl. 
phonyl-bcnzamidine with Mel at 130° (Bcrnlh- 
sen, A. 192,17). Syrup. -B',H.,PtCI,: yellow pp. 

PHENYL p-METHYL-BENZYL KETONE 
CJl,.CO.CU,.C.H,Me. [94°]. Formed from p- 
tolyl-acetic chloride, benzeno, and AlCl, (Strass- 
luann, B. 22,1'JSl). Yields an oxim [109°], 
PHENYL-METHYL-BENZYL-UREA 
NHPh.CO.NH.CH.,C„H,Mo. [131°]. Formed 
from m nicthyl-ben-zylamine end phenyl oyanato 
(Bromine. 1). 21, 2700). 

TEI-PHENYL-SLETHYL-BEOMIDE v. 
BnoMOsrKi-pnEXXL-siKTnxNe. 

PHENYl-METHYl-fiAEBAMK ACID. 
Ethyl fther NPhMe.CO.OUt. (211°). 
Formed from raethylaniTinc and Ci.CO,Et (Geb- 
Inurdt, B. 17, 3042). Yellow OH. • 

Chlomdp, N«iMo.COCl. [88°]. (280°). 

Got by passing COClj into a solution of methyl- 
aniline in benzene (Michler a. Ziminermaun, B. 
12,1105). Tables (from alcohol), insol. water. 
Ileacts with toluene and aluminium chloride, 
forming NPhMe.CO.C.H.Me [70°] while WlCl, 
and 0-, fit-, and p- xylene give rise to the com¬ 
pounds NPhMe.CO.C.H,MCj melting at 78°, .54°, 
and 74° respectively (Ijcllmann, B. 24, 2114). 

Phenyl ether JlPhMo.CO.OC.H,. [58°]. 
Formed from the chloride and KOPh in alcohol 
(Lellmann a. Benz, A. 24, 2103). Large crystals. 

Nitro-phenyl cfliers C,H,(N0.3A'. The 
0-, m-, andp. nitro-phenyl ethers melt at 110°, 
106°, and 70° respectively. They yield on re¬ 
duction the corresponding amido-phenyl ethers 
molting at 103°, 94°, and 104° respectively. 
V-Tolyl ether C,H,MeA’. [02°]. 
PHENYL4(ETHYL.SEHI-CAraAZIDE 
NPhMe.NH.CO.Nar [138°]. Formed from 
phenyl-mettf^l.hydrazine hydrochloride and 
potassium cyanate (Fischer, A. 190, * 104). 
Crystalline mas% m. sol. hot water. Yields a 
nitrosamine NPhMe.N(NO).CO.NH, [77°]. 

Phenyl-dl-methyl.|gml-carbaside 
NMOi.NH.(R).NHPh. [108°]. Formed from 
pheSyl -cyanate and di-methyl-hydraxine(BeDouf, 


B. IS, 3172). Pyramids. Decomposed by HCl 
into ^e parent substances. 

Di-phenyl-di-methyl-earbasida 
CS(NH.NPhMe)r [o. 108°^, Got by heatilig 
phcnyl-methyl-hydrazine witB OS| (Stahel, A. 
268, 260). 

PHENYL-HSTHYl-OYANIDE v. NitriU of 

PnKMVL-XCXTIO XCID.. 

Di-phenyl-methyl-oyanide v. Nitrile ^ Di- 

rUENVL-ACETIC ACID. 

Ol-']ihenyl-methyl dicyanide 0„9„N, te. 
N<^p,®:^^t!rh. [110°]. (227° at 16 mm.). 

Formed from bonzonitrilo, AcOI, and AlCl, 
(Kraftt a. Hansen, B. 22, 803; 23, 2382). 
NccSIes, sol. alcohol^and Hgroln. Decoifiposed 
by diluted H^Q, into benzoic acid, acetic acid, 
•and NH,. Oxidised aby alkaline KMnO, to 

C, N,Phj.C05H [o. 192°] which on heaHing yields 
C,N,Ph.H [76°] (205° at 9 ram.). 

affile. -BHICl: needles.-B'H^PtCl,. 

HI - PHENYL . HETHYLENE - p - AHIOO- 
%ENZ0IC ACID •CPh,;N.O,H,.CO,H. [240°]. 
Formed from Pb.jCGI, and p-nmida-benzoic acid 
(Uantzsch a. Kralft, B. 24, 3622). Short prisms. 
PHENYL-METHYLENE-AMINE OH,;NPh 

or CIl,<;^p|j>OH,? [140°]. Formed by add¬ 
ing aniline to a solution of formic aldehyde 
(Wellington a. Tollcns, B. 18, 3309). Formed 
also from trioxymethylcne and aniline (Kolo. 
toff, J. 1885, 777). Long slender needles. De¬ 
composed by water at 100° into trioxymethylene 
dnd aniline. 

Phenyl-trimetbylene-diamine 
NIIPh.O,U..NH,. (282° cor.). S.O. g 1-0356. 
A product of tho action of Na on an alcoholic 
solution of phenyl-pyrazole (Balbiano, O. 18, 
364; 19, 688; Bend. Accad. Line. [4] 4, ii. 44). 
P'ormed also by boiling phenyl-y-amido-propyi- 
phthalimido with HCIA^ (Ooldenring, B. 23, 
1169). Oil. Sulphide of carbon forms 
NHI%.C,H..NH.CS.8NH,Ph.O,U,NH„ crystal. 
Using from alcohol in white plates.—B"2HC1; 
tufts of needles, v. e. sol. water. When heated 
it gives oS NH, and NPh:C,Il„ which forma 
(C.lI„N).,H,PtCl,.-C,H„N,20,H,N,O,. Greenish 
crystals, decomposing at 195°.—Succinate 
[100°]. • 
Pbenyl-di.trimethylens-triamine 
NPh(CHrClI,.CH,.NH.,),. Formed by heating 
its phthalyl derivative with HCIAq at 240° 
(Goldenring, B. 23, 1170). — B’"8HCL — 
B,"'3H.,Pt01,. 

Di-phihalyl derivative 
NPh(CH,.CH,CH,.N:0,H,O.,), [145°]. Formed 
from 7-bromo-propyl.phthaIimide and aniline. 

Di-phenyl-methylene-amine GPh,:NIl. 
Formed by heating CPhjGI, with carbamic ether 
at 130° (Hantzech a. Kr^t, B. 24,3517). Colour¬ 
less liquid.—B'HCl: snow-white powder. 

Di-phenyl-metbylene-diamine CE,(NHPh),. 
[49°]. Formed bv mixing a large ex^s of an 
aqueous solution of aniline with formic aldehyde 
solution (I’ratesi, G. 14,361; c/. iiermontoS, B. 
7, 1255). Four-sided tables, sol. alcohol. Its 
hydrochloride is unstable.—B"H^tCI,. 

Di-phenyl-trimethylene-diamine 
CH,(CHyNHPh)r Formed from aniline and 
trimethylene bromide (Hsnssen, B. 20, 781), 
nick brown liquid.—B"H,SO,. [166°]. Needles. 
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M 0 H,(C!H ,.'NPh.N01, [87»]. 

DI-PHOTt-KETBSliirB-AHttlHB 

Formed 

CPitjCl, and aniline (Pauly, A. 187, 199). 
Yellow tables (from ether). Split up by HClAq 
into aniline and beueophenone. 

_ntlEA . PHEKYL . DI . METHYLENE . 

n^ONE N.(N;OPh,), Formed by Sing 
a bo^ene solution of NH,N:OPh, with HgO 
^Curlms a. Bauterbcrg, J. m. [2] 44, 200). Bed 

CPh,.N.N;cPli, Gaseous HBr f«rms OPh^r 

j„(®J-”®*^-™»ethylene.di.caeb. 

Ethyl tlhtr OH,(CH.JfPh.C0^1t)r ffeO'’). 

chloride tnd NaOEt (Hanssei 
B. 20,788). Crystallinea . 

OUamit CH.,(OH,.NPh.COCl)r [102»]. 
Formed from CH,(OH^PhH), and C004 in 
benzene. Needlea s 

PHEHYL-TEIMETHYLENEDfoAEBOXYLIC 
AOm CHPh<gH COjH [175°]. Ootbysapo* 

niiying its ether. Prisma, m. sol. water, y. sol. 
alcohol and other (Buohner a. Dessauer, M. 21 
8846 j 25,1152). When heated in vacuo it yields’ 
an anhydrideC„H,0, [ISd-J.-NaHA": needles. 
D%-tnethyl ether Mo,A". reso). 

Ethyl ether Et>" (257° at 120 mm.). 
Formed by distilling CO,Et.CH<;^-gHPh 
s» vacuo. Thick oil. ' ' * 

Phonyl.trimethyleue.tri.carboiylic acid • 
[1®®°]' Hct by saponifying its 
ether (B. a. D.). Crystals containing 4aq. 

Methyl ether Mo,A"'. [47°]. (210° at 
20 mm.). Formed from NaOMe, methyl ma. 
lonate, and m ethyl di-bromo.phenyl-propionate. 

n tf hethylene ethyl diketohe 

Froj)io»pl.ocetpplieno««. 
(277^. S.G. IS 1‘081. Formed from aceto* 
NaOEt (Sylos, 

IS, lUf 2loi], Liquid. 

CPh.:N^H.. [98°] ( 0 . 227° at 55 mm.). 

Mydraetde of hemophmone. Formed by hoat- 
ng benzophenone (5 g^ with hydrazine hydrate 
a-S g.) and Mcohol (1 g.) at 150° (Curtius a. 
Lauterberg J pr. [2] 44,192). Prisms (from 
aloohol). Beduces alcoholic AgNO, forming a 
mirror Beduces Fehling's solution on warm, 
mg. Boiling dilute H,SO. splits ofl hydrazine. 

Bcacts readily with ketones_B'HCl. [183°] 

Acetyl derivative. [107°]. .Prisms. ' 
Bemayl derivative. [116-6°]. Prisms. 
.”'P***“Y*-di-inethyl6no-hydrazino 
CPb.iN.NiOPhy Di-pkenyl-ketaeine. [162°]. 
Formed by tolling CPlvN.NH. with iodine in 
alcohol. Yellow prisms, v. si. sol. hot water, 
n HfTi . ’v Decomposed by boiling dilute 
HjBU, into benzophenone and NJi.H SO. 

1680^ V ; bydrailne O.H,.N, 

methylene bAmide (Marokwald, 0. 0. 1888, 
1410). inverted by trimeOiylene bromide ou 
further heating into {PhNJ.(0,H.), [226°] 

• i^tMt'O.C.H.),. Beiuoyl-acetophcnone. IX- 
Uutoylnelluim. [81°]. (ovet200°). 


wiENYL.MBnflriJa{]frA^^ 


l»a«i8. ai-b^nzoyl-aoclin 
acid with water (B«yer a. Pprkin, jun,’B. 16, 
2184, ^•^•47, 240).—2. By the sition of 

q^ding dry todinm ethyl- 
ate to a mixture of acetophenone and benzoic 
ether, the reaction takingplaoe with spontaneous 
hating The crystalline mass is extracted with 
cold water, finally with dilute iJhOH, and from 
the.eolntion of the sodium salt the ketone is 

precipitatedbymeansof CO.; theyieldiB 0 . 60 p.o, 

Of the acetophenqpe used (Claisen, B. 20,656). 
BroperWes.—Trimetric plates, v. sol. alkalis.*? 

Bubstitution by treatment 
with NaOEt and alkyl iodides. 

Beactions.—l. JSromine (1 mol.) in CHCl. 
foras Bz CMr [93°], which on heating with 
HOAo and KOAi^ields Bz,CHOAc [94°J, which 
on lutiher bromination gives Bz.,CBk.OAo [102°1 
which 13 split up by heat into Ph.CO.CO.CO.Ph 
®* fe-omiite (2 mols.) in 

CHCl forms Bz,CBr, [95°] whence HOAo ind 

and alTOhoho HCl give Bz,C;NOH [146°], con- 
verted by nitrous acid into the triketone (Keuf- 
ville a. 1 echmann, B. 22, 852 ; 23, 3376) —4 - 
Plienyl-hydraeine forma tri-phenyl-pyrazole 
(Japp a. Klingemann, B. 22,2886) ^ 

“ethylene iETHYL M- 

&JSiION£ V. BbNZOVL-JlCSTONX. 

„ fhenyl methylene methyl she. 

raONE-KETONE C,H..SO,.Cn2.CO.CH, Ace- 
lo’tyfphcvjlsulp/ume. [57°]. Formed by oxi- 
aiT® (Delisle, /26O. 

r ®>'loro.acctone and 

C.IT..SO,Na (Otto, B. 19, 1642; 21, 1871; 23, 

!f ® L Flates, sol. water and 

alcohol. Yidds a phenyl-hydrazide [129°] and 


““J™ yields the compound 

■ Rll°].'PUylme7captan 


NH:CMe.CH,£O.J>h j. . 
yie ds (PhS),CMe.CH.SO..Ph [104], Potash 
yields phenyl methyl Sulphone. ‘Br forms a 

bromo.depvativo496°]andadi-bromo.deriva«ve 

PHENYL.METHYLENE.*PHTfiALIMIDIHE 

O..H„NO is.‘o.H.<^g^^NPh. [100°]. 

Formed by heatiflg acetophenone o-carboxvlio 
anilide at 230 (Jlertens, B. 19,2372). PrisL’ 
V. sol. alcohol. An laomeride [266°], got b» 
treating Metophenona o-carboxylio anilide with 

COQC. H,bO^, IB sI. 80I. ftloohol. • 

CH?SO m*'’" DISHLPHONE 

CH Formed by oxidation of 

‘e E'Jt ‘’y CH,C1, with 
NaSPh (iromm, A. 263, 16i). Needles v. sL 
Bol. boymg wator. 

„ M-FHENYL-DI-METHYLENE di-sbl. 

D„H„SA».s.CO(CH,SOJPh),. 

(3 H MN. nT CHBr.CO.CH,S^h aid 
9"5‘'Sx'”®‘ clso from COiCHCU and 
0.H,.803Na(0ttojB.19,1542; 32al967). Small 
crystals (from HOAo). Yields an oxim [137°] 

COLLIO ACID CPh4S.CH,.C03)„ fl76«l 
Form^ by heating benzophenone with thio" 
glyoollic acid and ZnCl, (Bongartz, C 21 4dfiL 
I Needles (from dilute HOAo),^ol. hot mt». ^ 
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rHifn-nnafraTun-tHio-inBA 

‘®<NPkC^>‘®' [2161. Fonnad by boiling 

KHPh.O^..NH.OS.SNPhHrOfl,NH, with 

water (Goldenring, B. 23,1173). White prisniB. 
Di-phenyl-melhyteae^-thio-nna 0„H„N2S 

®<^*H —>**^‘*- *®“ 

di-phenyl-tliio-nrea and OB^ (Foeister, B. 31, 
1872). Thiit needles, v. e. sol. alcohol.— 
Crystalline pp. • 

Di-phenyl-trimetl^leno-il'-thio.area , 

phonvl'thio-urea and irimethylene bromide (F.)* 
Di-phenyl'trimethylene-di'thio-di-nrea 
CH,(CH-NH.C8.NPhH),. Formed from phenyl- 
IhiocarbimMe^ irimetbylene*diamine, and 
alcohol (Lellmann a. Wurtbalr, A. 228, 236). 
Plates [116®] tn nodules [60°J,v. sol. alcohol. 

Tri-phenyl-trimethylene-di-thio-di-nrea 
NHPh.CS.NH.CII,.CH,.CH,.NPh.CS.NHPh. 
[145®]. Formed by heating phenyl-trimethylene- 
diamine (1 with phenyl-thiocarbimido (2 g.) 
and alcohol (16 c.c.) (G.). Slender needles. 

DIPHENyL-METHYLENE-p-TOLUIDINE 
(^H^Mol^CPhj. (above 360®). Formed from 
Ph.^CClj and p-toluidine (Pauly, A. 187, 214). 
Oil, split up by acids intop-toluidiuo and benzo- 
phenone. 

PHEHTL-TBIMETHTLENE-UBEA 

I>y heating 

phonyl-amido-propyl-urea at 210“ (Ooldcnring, 

B. 2.3,1173). yollomoh plates, si. sol. hot Aq. 
Si.phesyl-trimethylene-nrea 

*^®<^NPh [156“]. Formed, together 

withOH,(CH,.NPh.COOl),[102“],fromdi-phenyl- 
trimethjone-diarqine and COCl, in benzene 
(Hanssen, B. 20, 782). Plates. . 

Tetra-pheiiyl-triinethylene.di-nrea 
OH,(C14NPh.bO.NHPh)“ [163“). Formed 
trom 0H,{CHrNFh.C001), and aniline <H.). 
FHENTI TBIKSTHYIFNTL K£T0N£ 

C. H..C0.Ch 4'^ or Benzoyl. 

trimethylene. Phenyl-furfmane dihydride 
(239“)at720mm. V.D. 6-27 (oafo. 6-04). Formed 
by heating its carbozylio acid at 200“ (Porhin, 
jun., B. 10, 2140; C. J. 47, 842). Oil with 
aromatic odour. Alcoholic hydrozylamine forms 
the oxim in the cold, but by heating tho ketone 
with alooholio hydroxylamine hydrochloride at 
ISS" there are formed C„H„N,0, (a red amor¬ 
phous powder) and C„H.„N,0, (a black brittle 
mass which forms deep-blue B''U,CI, and 
B"HJPtCl.). 

Oxim, [87°]. Colourless plates. 

PHEHTL TEIKETHYLEK*! KETOHE 

CABBOXTUO ACID ^^p>CBz.CO,H. [140“], 

Formed by saponification of tho ether. Mono- 
eiinio prisme; a‘.b:c =■ 2'380:l:2-i32; 8-83“4'. 
M. aol, ether,*Bl. eol. water. Becommsed by 
water at 110“ into phenyl oxypropyl kefcne 
CU,OH.CIL.CH,B^ which when extracted with 
ether and dried oxer E.,CO, is found to have 
split SS water, the resulting anhydride being 
poeaiUy phenyl trimetbylenyl ketone (Perkin, 
C. /. H,&7].—AgA': fl^olent pp. 


mhyl ether Et,A". (282“1 at 720 mm. 
Formed from benzoyl-aoetio etlier, ethylene 
bromide, and NaOEt (Perkin, B. 16,2188; C..7. 
■47,841). Oih 

Beference.—Bmo ■ rgxMXi. • laiMnnTiasxi, 


xiTONB CAnnoxTMO ACin. 

FHEKTB-METHTL-ETHTLEXE-DIAlIIirX 
NH,.CHrCH,.NPhMe. (256“). Formed by the 
action at HCl on C,H,:0,Or‘N.O,H,.NFhMe 
(Newman, B. 24, 2200). Liquid, r, sol. water 
and aldbhol. -B’C,H,(NO,),OH. [178“],Neadles. 

Bi phenyl 41-methyl.athylena-dlamlne 
C.,H,(NPhMe),. The methylo-bromide B''Me3c« 
got by heating di-methyl-nniline with ethylene 
brouude (l^bnor. A, 224, 340), oryetalli^ in 
deliquescent prisms jind ^elds B"Me,(DH)„ 
B"Me,Cl„ B"M.U’‘C1„ B"Me,Cl .SHgCl, [174'*), 
B"M6A, B''Me,Ct,0„*and B"Me,(0jH,N,O,), 
(124“]. • 

PHEKYL-METHYL-ETHYLEHE MEE- 
TONE*®. AexfoBMaNONE-AOEToSK. Its oarb- 
oxylio acid is described as AosToraENOES-AOBTO- 

AhETIO AOID. 

HI- FRENTL. DI-HEIHYL-r .ETHYLENE. 
DI-FYEKOLE-SI-CABBOZYLIC AOID 

‘’°*H’c5ph>NC«H.-KcPh;CH®*°- P“1- 

Obtained by saponification of its ether, which 
is formed by mixing acetophenone-aoetS-aoetie 
ether with ethylene-diamine (Paal a. Schneider, 
B. 19,3158). Crystalline solid. SI. sol. aleohoi, 
acetic acid, and cone. HCl, insol. other ordinary 
solvents. On heating above 180“ it svolres CO» 
giving the free base. 

Di-ethyl-ether Et,A'’: [197"]; plates; 
distillable under ordinary pressure; col. alcohol, 
benzene, chloroform, and acetio aoid, ineol. 
water and petroleum-spirit. 

FHENYL-UETHTL-XTHTLOBOTBIAZOLB 


NPb<;^^;^g®. (270“). Formed by condensa¬ 
tion of the oxim - phenyl - hydrazide of 
CU,.C».CO.C,n,, (Peohmann, A. 262, 312). 
Needles. Yields a di-nitro- derivative [113°]. 
Oxidised by alkaline KUnO, to phenyl-methyl- 
triazoie carboxylic acid. 

PHENYL ■ UETH^L - ETHYL • PYBAZOLE 

®^^'’<CEt CMe- Oot 

by the action of phenyl-hydrazine on 
C,H,.CO.CHlIe.CHO (Claisen, B. 22, 8276). 

Befcrejici.—0%x - puehyi. - methyi, • etbyi, • 
PYBAZOLE. 

TEI - PHENYL . METHYL. ETHYL. IHIO. 
BIDEET C,S,N,Pb,McEt. [167“]. Formed from 
di-phenyl-cthyl-thio-urea and NPhMe.CSOl 
(liilleter a. 8trohl, B. 21,108). An isomeride 
[15C“] is formed from di-phenyl-methyl-nrea 
and NPhEt.CSGl. Both bodies orystallise in 
needles, si. sol. alcohol. 

PHENYL - METHYL - ETHYL - THIO - DEEA 
CS(NHMe).NPhEt. Got from methyl thio- 
carbimido and ethvl.aniline (Qebhardt, B. 17, 
8037). Crystalline solid. 

Di-phonyl-methyl-ethyl-thio-nrea 
CS(NPhMe).NPhEt. [49'6"]. Formed from 
methyl-aniline and NPhEt-COCl (Billeter, B. 20, 
1632). Monoelinio crystals. 

PKENYL.HXTHTL.FDBFDBANE 0„H„O, 

*^'CH-CPh^ or Oxyphenyl-psntamitlunyt 



es 


JHENYL-METHTXrFUBFUIUlfa 


C40»]. (o.238“). Formed 

t(f heating phenythronio acid, and prepared by 
varming acetophenone-acetone with fuming 
HClAq, the yield bejpg 66 p.c. (Paal, B. 17, 
2769 i Filtig, B. 21,2134; A. 260,222). Needles 
or prisms, insol. water and alkalis, volatile 
with steam. Ur forms C||H,BrjO [210°]. Phenyl- 
hydrazine forms a compound [166°-176°], orys- 
tallising from alcohol in golden spangles. 

. (•• 230 °). 

Formed by reduction in alcoholic solution by 
Ka. Oil, miscible with alcohol and ether. 

P^piENTL-UETHYL.FFBFTiaAIIE 

OXYIIO ACID Hc;CPh>®- 

[181®]. Formed by •boiling dehydro-acot# 
phonone^cetoacetio ether (c/. vol. i. p. 86) with 
HOlAq (Paal, B. 17, 2762). Needles. Boiling 
AcjO forms an acetyl derivative [B3®j, 

reconverted by NaOHAq into the parent acid.— 
KA'.—AgA': crystalline pp. * 

Phenyl^methyl-furfarane carboxylic acid 


OuH„0, *.e. cOjH.SSh^*^ “ 


CO.H.OH.CPh! 


CH,.CO 


Phenuvic acid, [145®]. 


FormdR by beating phenythronio acid {Fittig, B. 
21, 2134). Its ether is obtained from chloro- 
acetone and sodium bcnzoyl-acetic ether (Cole- 
fax, C. /. 59, 190). Long silky needles.— 
CaA't 2aq.—BaAj'aq.—AgA': amorphous pp. 
Fheayl-methyl-farfarane dicarboxylic adid 

CO^C-CPh*>®- ^^‘<‘”-ylhronic acid [193°]. 
Formed by saponifying its ether with boiling 
baryta (Fittig, A.250,216). Silky needles, m. sol. 
hot water, v. sol. alcohol.—CaA" 3aq. S. 5.— 
BaA" aq.—Ag.iA"; crystalline pp. 

MonO'Cthyl ether ElHA". *[112®]. 
Formed by the action of Ao^O on a mixture of 
sodium succinate and bonzoyl-acetio ether.— 
CaiEtA"),: crystalline nodules (from alcohol}.- 
BaifitA"),.—AgEtA": white amorphous pp. 
Di-ethyl ether Et.,A". [4-P5®J. 
FHENYI-METHYL-GLYCOCOU. v. Puenyl- 


VlTHYL-&Un>0-&CETia ACID. 

PHKNYl-MSTHYL-GLTOXALINE 0,„H,oNj 
4.«.0Me.^2^^p^. [159°]. Formed by heat- 
ing phenyl-metbyl-oxazole with alcoholic NH, 
at 230® (Lewy, B. 22, 2195). Needles, v. si. sol. 
alcohol. Salts.—B'HCl. [242®]. Needles.— 
B'gHgPtCL 2aq. [212®]. Yellow prisms. 

Fhenyl-di-methyl-glyoxaline OnH^N, i.e, 

CPh<^£g^®. [230°-234°]. Formed by 

heating diaoetyl with benzoio aldehyde and 
alooholio NH, (Wadsworth, C. J. 57, 8). 
Needles (from benzene).—B'^gPtCl,: needles. 
Bi-phenyl-methyl-glyoxalina 

®““^HCPh- (236°]. Formed by the aotion 
of aldehyde and NH, on henzil (Japp, 0. J, 49, 
460; 61, 667 : 0. J. Proc. 8, 34). Trimetrio 
0)7Stals; o:6:C” 1'207:1:1'929. Crystallises with 
diphenylglyozaliuc (1 mol.), the compound melt¬ 
ing at 218°. 


PHEirn,-HEIETI.-H{llANIC01fl ACID 

O.H..NH.CO.NH.CH(CHJ.COJH [170°]. Formed 
by the combination of phenyl oyadkte with 
alanine and boiling the product with alcoholic 
KOH (Kuhn, B. 17, 2884). Glistening scales. 

PHEKYL-METHYt-HYDiOrTOIir 
CHPh<^^g'^^® [162®]. Formed from phenyl- 

hydantoin, KOMe, and Mel ^Pinner, B. 21, 
2325). Needles, si. sol. cold alcohol. 

*s-PH£KYL.XSTHYl.HYl)RAZIKS . 
O^HjNH.NHMe. - JEfydrofo - phenyl - methyl. 
Got by saponificsSioD of its dibenzoyl derivative 
which is formed by heating NPhBz.NBzH with 
NaOMe and Mel (Tofel, B. 18,1740). Obtained 
also by the action of alkalis on nitroso-antipyrin 
(Knorr, A. 238,137). Oil, oxidised by HgO to 
PhNiNMe. lliisiuces Fchling*s*s(nution and 
ammqniacal AgNOt coid.—B'^jgSO^. 

[180°].—Oxalate: white needles. 

Di-hemoyl dfirivative PhNBz.NMeBa, 
[145®]. Grystds, v. sol. alcohol and ether. 

u • Phenyl - methyl • hydrazine NPhMe.NH^. 
(227° i.V.) at 746 mm. Formed by converting 
methyl-aniline into pheuyl-methyl-nitrosamine, 
and reducing this body (5 pts.) by zmo-duBt, 
(20 pts.), HOAc (10 pts.), and water (ifs pts.) at 
0® (E. Fischer, A. 190,152; 236,10')). 

iyopc?/tc5.—Colourless oil, turning brown in 
air; m. sol. hot water, miscible with alcohol. 

Itcactions.—l.Nitrous acidyieldsNPliMo.NO, 
water, and N^O.—2. Diazobenzene nitrate solu¬ 
tion forms PhN, and methyl-aniline nitrate.— 
3. llgO added to its solution in chloroform pro¬ 
duces NPhMc.NiN.NPhMo [137®].—4. Reacts 
with aldehydes and Jeetones in the same way as 
phenyl-hydrazine, forming products of con¬ 
densation ; thus benzoic aldohydo forms 
NPhMo.N:CnPh [104®] (Kbers, A. 227, 340), 
acetophenogo forms NPhife.N:CMefti [60“J, 
acetone forms C,on,^Nj (216®) (Begen, A. 236, 
152), propionic aldclijaie yields 0^,,H,,N, (198° at 
nOmmd,glucoseyields CaH,oC^:N.NPhMe[171°], 

. while benzil yields Ph.CO.Cl*h:N,Pli;kle [6C°f and 
N.,PhMc:CPh.CPh:N..PhMe[180®](Kohlrau8ch,i4. 
253,16; Fisclfer, B. 22,87).—6. CS., at 100® forma 
OS(NH.NPhMo),, [0.168°] (Stahol.i4,258,250).— 
6. Nitroso-anilihe forms CjjH^N^O [151°], while 
7iilroso-dimelhylaniHne gives 0,^11,gN^O [141®] 
(0. Fischer, B. 22, 622).—7. With PhNrSO it 
fonns PhNMe.N:l:)0 [77°] crystallising from alco¬ 
hol in yellow needles (Michaeiia, A. 270,120). 
SaltB'oHjSOg: plates, v. e. sol. water. 
Acetyl derivative NPhMe.NHAo. [93®]. 
Prisms, m. sol. hot water. Converted by Na and 
McI into NPhMe.NMcAc [68®], which is not de¬ 
composed by alkalis, but gives methylaniline 
when boiled with HGlAq. 

Benzoyl derivative NPhMe.NHBz. 
[153®], Formed by heating NPhH.NHBz with 
NaOMe and Mel. Needles (T^fol, B. 18,1743). 

Sulphonie acid SO;,H^4H4NMe.NHy 
Formed by heating with fuming HgSO^ (Plttlf,A 
239,219). Plates.—NaA'aq: slviderneedles. 

PHEKYL-HETHYI-IKSSATIN v. Anilide 
of Methyl Isatin. ^ 

BI - FHENYI XETHYLIXIDO - BI ° STHYL 
BI8BLPHONB NMe(0jIIg.6O,Ph)». Formed by 
beating NH(G3H4.S02Ph) with aldbhol and Mel 
at 116° (Otto, d.pr. [2^0, 335).-B'HC1^21°]. 



w 


PliBUnTL-METHYL-OXANTHRANOL. 

« • 


rHBm-IIETEniHDOUE i*. 

0^,<^y^CPh. [101°]. Formed by heating 

the phenyl*hydrazula of acetophenone with 
ZnCl, at ISO"* (Fischer, D. 19,1565 ; Degen, A, 
256,155). Formed aUAyheatingCHjBz.NMePh 
with ZnCl^at 180° (Staedel, B. 2], 2196; Cal- 
mann, B. 21, 2596), and by beating the iaomeno 

with ZnClj at 220° (Ince, A. 

253, 40). Needles (from alcohol). Colours*pine- 
wood, moistened with llCl, dark*red. • 

Acetyl derivative 

[130°]. Formedty'heatiugCHjAc.CrhrN.NMePh 
W'ith ZnCl{ at 150^. Needles (from dilute HOAc). 
Phei^l-methyl-indole ^ 

[65°]. Fonped from phcnyl-acctic aldehyde and 
phenyl-melhyl'hydraziue (Incc, A. *253, 38). 
Crystals, v. sol. bcnzenoy« Colours acidified pine* 
wood reddish-violet.—B'C,U,N,0,. [90 ]. ^ 

• PhenyWmethyl-indole 

[00°]. Formed by heating the phenyl-hydrazide 
of tonzyl methyl ketone with ZnCIj (Trciikler, 
A. 24^ 110). Prisms (from ligroiu).—Picrate: 
[142"]; V. sol. benzene. 

PHENYL METHYL KETONE v, Aceto- 
rBENONS. 

Phenyl methyl diketone CJI^.CO.CO.ClIj. 
Acetyl betizoyl (217°). S.Q.\*Vm\, ».“20at 
20°. Formed by distilling its oxim 13z.C(NOll)Mo 
with dilute HjS 04 (Von Pcchmann, D. *21,‘2119; 
22, 2129) or with isoamyl nitrite (Manasse, B, 
21, 2177). Heavy oil, volatile with steam. 

Oxim C,H4.C0.C(N0H).CII,. Nitroso-pro- 
piopheiione. [114°]. Formed by the action cf 
isoamyl nitrite and UCl or NaOEt on the ketone 
(Claiten a. Maiiassc, B, 22, 529). Prepared by 
the action of nitrous aftid on honzoyl-propionio 
ether (1 mol.) and KOHAq (3 mols.) (P.; (iudo- 
man, B. 2*2, 502). Needles (from hot water), 
farming a deef-yellow eulutidn in'alkalis. SnCi, 
and HCIyield liydroxylamine and phenyl metlf^l 
diketone. Iteduced by sodium-amalgam to a 
base which crystallises from alcohol in needles 
[108°]. 

Dt-oxim Ph.C(NOH).C(NOn).Mo. 1230°]. 
Formed from the mono-oxim andbydroxylkmino 
hydrochloride. Needles (from dilute alcohol). 
Phenyl hydrazide CuH^NaO. [145°] 
Di-phenyl‘di-hy dr azide 
CMe{N^Ph).Crh(N^h). [105°]. Yellow 
crystals, v. sol. ether. 

Oxim-phenyUhy dr azide 
CPh(N^h).CMe:NOH. [202°]. White needles. 

Phenyl methyl triketone. ilfono*oxim 
C^,.CO.C(NOH).CO.CH,. [124°]. Fonned by 
the action of nitrous acid on phenyl methylene 
methyl diketone (Ceresole, B, 17,814). Needles, 
T. so), benzene, sol. alkalis. 

Di-ozifU CJij.C(NOH).C(NOH).CO.CHa. 
[178°]. Formed by heating the mono- oxim with 
hydrcxylanAne hydrochloride. Needles^ insol. 
cold water, sol. alkalis. 

PHENTL.10CTHYL-KETONS CASBOKYLIO 
ACID V, Bbnzotl-acstio acxn and AosToruiSNOKB 
CARBOZTUO acn>. 

PEBNYL-XETHTL-ICALONIC ACID v. B£2(* 
Bttf lULOMIC ACIP. 


Tri-phtnyl-methyLmalOBle eths? 

CPh,.CH(CO,Et)^ [133*5°], Formed from 
CPhjBr and sodium malonic ether (Hendoisoo. 
B. 20,1014; 0. J. Proc, 2,251). Needles (from 
alcohol). Yields tri-phenyl-propionio acid when 
heated with alcoholiepotash.—NnA'aq: needles. 
— BaA'jaq.—AgA': minute white crystals. 

PHENYL. DI. METHYL - NAPHTHALENE 
TSTBAHYDRIDE v. MsTinioNOL. 

DHENYL - METHYL - ( 0 ).NAPH:raOTBIAZ- 

IKE I»IHY»aiDEC„n,jN, i.e. 

Formed by adding aldehyde to a mixture of 
benzone-azo-( 0 )-naphthylainine and alcohol 
(G*)ldschandt a. PoItzcr,if3. 24,1004). • Plates, 
V. sol.hotalcohol. -nniCl. (252°].-BVl,PtCl.. 
Yellow ncedlob.—B'^^el. [244°].— 

[260°]. Yellow needles. » 

PHENYL - METHYL.(8)-NAPHTHYL*THI0. 
UE3AC„H,.^2Si.e.NPhMe.CS.NHC„H,.[127°]. 
Formed from ( 8 )-naphthyl thiooarbimido and 
mcthyl-amline (Gebhardt, B. 17,2091). Yellow 
needles. 

FI^NYL - METHYL • NITROBAMINE t>. 
NiXo^mine of Mkthyl-xniline, vol. iii. p. 285. 
FHENYL-METHYL-OSOTBXAZOLE 

NI*‘*<N;rMe- S.O. >/. M071. 

Formed by oxidising the diphenyl-hydrazide of 
pyruvic aldohydo and warming the resulting 

NWi N-CMo‘ action ol 

‘NaOH on CH..C(N,HPh).C£I:NOAo (Pcchmann, 
B. 21, •2751; A. 2«2, 27‘J). Oil. Yiclda a tri- 
nitro-derivative lliiS”], and a sulplionic acid, of 
which the Na salt crystallisoa in hexagonal 
plates. 

Phenyl-di.methyl-oio triazole 
NPh<^;^®J®. [35»]. (3,'it”). Formed by 

healing the phenyl-hydrazide-oxim of diacctyl 
witn Ao,0 (P.). Crystalline, inaol. water, aol. 
cone. HClAq, but reppd. by water. Yields a di- 
nitro- derivative [13'j°J aodatri-nitro- derivative 
[227°]. 

PHENYI. HETHYL-OSOTBIAZOIE CABB- 
OXYIIC ACID NPh<^;§|^ g. [198°]. 

Formed by oxidising pbenyl-di-methyl-oso” 
triazole with KMUO 4 (Pechmann, A. 262, 308). 
Needles, v. si. sol. water.- AgA': white pp. 

PHENYL-METHYL-OXAMIDE C,H„NA 
i.c. NHPh.C,0.,-NHMo. [180°]. Formed from 
NHMo.C;{ 02 . 0 Et and aniline (Wallacb, A, 184, 
70). Needles. 

PHENYL-METHYL-OXANTHRANOL 

: 0„H. A 

Formed by oxidation of phenyl-methyl-'anthra- 
nol with i^CrA and HOAo (Hemilian, B. 16, 
I 2366). Trimetric tables, v, sol. hot alcohol, 
insol. alkalis. Oonc. H,,SO( forms • purple 
! solution. 

Isomerids [l:^]o.H.Me<:^^ ^<*^^) >CA. 

[213°]. Formed by oxidising di-phenyl-tolyl- 
i methane o-esrboxylio acid with K^CrO, and 
cone. HjSO, (Hemilian, B. 19, 3064). Prisms, 
insol. alkalis. Bedueod by zinc-dust to n 
pbenyl-metbyl-onthtanol. 





raxRn>]mHTL-oxAzout c,ano u 

[45°]. (242°). Formed by heat¬ 
ing Metsmide rrith bromo-aeeiophenone at 125° 
(Blamlein, S. 11, 2679; Lewy. B. 20, 2676 j 
21, 924), Needles (tram alcohol). Fiel^ benz¬ 
ole acid on oxidation. Na and alcohol form an 
oily tetrahydride C|jai„NO (251°), which yields 

X talline C|3,,BzNO [140°]. HI and P give 
( 0 . 276°). Cone, nitric acid forma 
0„JI,(NOjNO [167°], which may be reduced to 
0|^,(NHj)N0 [116°]. Hydroiylamine, phenyl- 
hydrazine, and hot zinc-dnst hare no action.— 
13'HCl.-B'^,rtCI, 2aq.—B'C.H,N,0,. [134°]. 

Phfayl-methyl-oaazole ,0<^Me:’cH- 
Formed b; boiling be^amid^ with ohloro* 
acetone (liwy, B. 21, 2l93). Oil with fruity 
odour.—B'jR^tClfl 2aq. [170^3° Yellow ne^les. 

Dihydridt (244"). F*med 

by tlje action of EOH on bromo-propyI-benz-( 
amide in hot aqueous or alcoholic solution, the 
product being distilled with steam (tiabriel a. 
Beymann, B, 23, 2499). Liquid. Part'y con¬ 
verted, by evaporation with excess of HClAq (or 
BBrAq), into fl-chloro- (or bronio-) propyl-benz- 
amide [TOT (or [73‘1). Boiling with an equiva¬ 
lent of HClAq yields 6-amido-prapyl benzoate. 
—B'jHjPtcC—B'jH,Cr.,0,.-B'C.H,N,0,.[167°]. 

PESNTL ■ IRl - XETHTL-PHBNYI.CABBI- 
not 0,.H„0 i.e. CHPh(OH).0,H,5fei- B>u)nyU 

tmsUylene carUnol. [84°]. (330°). Formed 

by r^ueing benzoyl-mesitylene with sodium- 
amalgam (Louise, Bl. [2] 46, 231; A. Ch. [6] 6, 
209). Pnsms. Boiling diluted H.,SO, (1:1) 
converts it into (C„H„),0 [137°]. 

JBtipi ether 0|,H|,EtO. [32°]. Prisms. 
Acetyl derivative 0„H„AoO. [62°]. 
Beneoyl derivative. [94°]. Cryslals. 

• DIPHBiriLTBIMETHYLPHENYLENEDi; 
XSTORE (0,H..CO),C.pMe,. [117°]. Fograed 
by heating O.Ht.CO.C,H^e, with BzCl and 
AIOl, (Louise, 0. B. 98,161; A. Gk. [6] 6, 236). 
Prisms, sol. alcohol and ether. 

Oi-phenyl tetramethylphenylene diketone 
C,Me,(CO.C,HJr [270°]. A product of the 
action of BzOl and AlCl, on durene (Friedel a. 
Crafts, 0. 88, 880). Minute prisms, sol. 

benzene, almost insol. bailing alcohol. 

PHENYL KETHYLPHENYL KETONE v. 
PaxNtL Tonn, xxtokk. 

Phenyl dimethylphenyl ketone v. Fuenh. 

xnn KxioNs. 

Phenyl trimsthylphenyl ketene 
C.HfCO'fl|H,Me,[ld3:4:6]. Beneoyl-mesitylene, 
Phmylmeeityl ketone. [86°]. (319°). V.D. 8'18. 
Fanned from BzOl, mesitylene, CS^ and AlCl, 
(Elbe,or. [2] 85, 488 j cf. Louise, A. Ch. [6] 
6, 200 ; 0. B. 96, 499; Claus, B. 19, 2879). 
Prisms (from aloohol), sol. acetone and ligroin. 
Does not react with nydroxylamine (Smith, B. 
4M,4082). • 

Beoctions.—1. Cone. H,SO, or H,SjO, at 
100° gives bensoic acid and mesitylene sulphonic 
acid.—2. Cone. H-jSO^ at 60° forms phenyl- 
mesityl-ketone sulphonic acid 0,^„0.S0,H.—8. 
A. mixture of fuming HNO, and HiS^O, forms 
two trinitro- derivatives [188°] and [146°]. 
4. HNO, (S.G. I'l) at 200° forms benzoyl-uritic 
or phenyl-tolyl-ketone dicarboxylic acii—A. 


Potash-fusion gives mesitylene and KOBs.—6. 
HI reduces itto benzyl-mesityiene.—7. Sedium- 
amalgam yields the carbinol.—8. Chromic acid 
oxitees it to 0,H,.C0.C,H,He,.C0,H. 

Rienyl tetra-msthyl-phenyl ketone 
C,H,.CO.O,HMe,. [119^]. (343°)- Formed by 
heating durene with BzGl and AlCl, at 120° 
(Friedri, Crafts, a. Ador, C. B. 88,980). Crys¬ 
talline. Decomposed by potaih-fusion into 
benzoio acid and durene. Bcducod by HIAq 
and P at 240° to CH,Pb.C,HMa, [60-6°], (310°). 

ftomeride C,H,^0.0,HMo,. [63°J. (300°). 
Formed from BzCl and isodurene (got from 
toluene, MeCl, and AlCl,). Crystals (Essner a. 
Gossin, Bl. [2] 42,171)i 

PHENYL TEIMETHYLPHENYL KETONE 
o-CARBOXYlIC ACID C,H,Me,.CO.O,p,.CO,H. 
[212°]. Formedo from phthalio ‘ anhydride, 
mesitylqne, and AlCl, (F. Meyer ax Gresly, B. 
16, 639: A. 234, 234). .Needles (from alcohol). 

Phenyl tetramethylphenyl ketone carboxylic 
acid V. TeTBA-HKTnYL-BsNzoxL-itsNzoio acn). 

PHENYL - TEIMETHYLPHENja - THIO- 
DHEA NHPh.CS.NHO,HMo,. [193°]. Formed 
by heating methyl-thiocarbimide with an alco¬ 
holic Solution of aniline (Eisenberg, B, 15,1014). 
PHENYL-DI-METHYL-PHOSPHINE‘ 


PMe,Ph. (192° cor.). S.G. u -dll. Formed 
from POljPh and ZnMe, in benzene (Michaelis, 

A. 181, 369). Liquid, oxidised by air. Com¬ 
bines with CS., forming PMo^PhCS, crystallising 
in red plates and yielding B',H,PtCl, (Czimatis, 

B. 16,2017). 

Salta. —BBCl: crystalline, si. sol. ether, v. 
e. sol. alcohol.—B'2HCI. Liquid. —B',II.,Ptci,. 
Methylo-iodide PMe,VbL [205°]. 
Bromo-ethylo-bromide 
PMe,Ph(a,H,Br)Br. [173°]. Formed from 
PMeJh and C.^lIiBr, (Gleichmann, B. 16,199). 
Yields (B'(CJ5,Br)Br),PtCl, and the uAstablo 
B'C,H,Br,. An alcohohc solution of phenyl- 
di-methyl-phosphine l(»m8 (PMeiPh),C,H,Br, 
[above 300^], S- (alcohol)* 2 at 1(1°, which gives 
Upstable (PMeFh),C,H,Br, [171°]. • 

Di-phenyl-methyl-phosphite PMelli,. (284°). 
S.G. ih 1-08, Formed from PClPh, and ZnMe, 
(Michaelis a. Link, A. 207, 210). Liquid. Yields 
PMe.Ph.I [241°], <PMe,Ph,),PlCl, [218°], and 
PMeHh.,0 [112°] (Michaelis a. La Costs, B. 18, 
2116; A. 229,310). 

PHENYL - DI - METHYL-PHOSPHINE p. 
CAKBOXYLIC ACID C.H.(CO..,H).PMer The 
methylo-chloride C,H,(CO,n).PMe,Cl, formed 
by oxidation of the methylo-onloride of p-tolyl- 
di-methyl-pbosphine, crystallises in prisms 
(Michaelis, B. 16, 2018). It yields the com¬ 
pounds B'Me,PtCl,. C,H,(CO,H).PMo,OH2aq, 
and 0,H.(CO,H)PMe,.SO,H. 

Oziie C.H,(CO.JH).POMe,. [243°]. Formed 
by oxidation of the ethyleno-bromideof tolyl-di- 
metbyl-phosphine. Colourless prisms. 

PHENYL METHYL PBOPJLENE DI- 
KETONE 0,H,.CO.CHEt.CO.CHr‘ (266°-270°). 
Formed from benzoyl-acetone, N^ and BU 
(Claissn a. Lowman, B. 21,1162). Liquid. 
PHENYL - MBTHYt.PB0PYLENE.4:-THIO- 

HBEAg|“®*^>ONPhMo. (o*300°). Formed 


by heating methyl-aniline with allil thioearb- 
imde and HClAq at 100° (Prager, IL 22,2tl96)> 
-B'APlClr [181°].-g'C,H,N,0,. [125^. 



raimTirM®yaiPL4»yiu^ carboxylic acid. » 


TRl.?HXirn.-lterHTL.PBO?Tl.-l)I-THIO- 
BITOBt ()JS,N.Ph^ePr. [IIO"]. Forqjed from 
MPhMelCijCl and d!-phenyl-prop;l-thio-ureft 
(Billeter a. Strohl, B. 21, 109). Small yellow 
pyramids. An iaomerids [111^ is formed from 
NPhPr.CSCl and di-pheayl-metbyl-thio-urea. 

DI - PHEHYl. METHYt - PKOPYL. THIO. 
tTBKA NPhMe.CS.NPhPr. [6C“]. Formed from 
CSClj, propyl-^iline, and MeCl or from CSCl., 
methyl-aniline, and PrCl (Billeter a. Strohl, B, 
21,103). Colourless prisms. * 

SI.PHENYI.DI4CETHYI.-PTKAZIHE • 
CMe^g^°^^>CMo. [124'>). Formed when 

phenyl amido-ethyl ketone is allowed to stand 
with NHjAq (Schmidt, B, 22, 2253}.—B'UCl: 
needles.— 

Di-phelyh-methyl pyrasiaesdihydiide 

N<CH^.CHMeM- Formed' from 

benzil and propylene-didlnine (Strache, B. 21, 
23(33). Needles, v. solTlrenzene; ni. sol. alcohol. 

Si-phenyii-tstra-msthyl-pyrasine dihydride 
C.H^N. <.e. NPh<CM«^^NPh. [108»]. 

(281°). Formed by heating /3-bromo-/3-acetyl- 
propionic acid (1 pt.) with aniline (5 pts.) at 
; the yield being 70 p.c. of the theoretical 
amount (Wolff, B. 20, 420). Satiny plates, v. 
•ol. ether and cone. HClAq. 

iie/emiccs.—N itbo* and Oxi-w-phknii*- 

UXTllYL'PTRAZIME. 


FH£NYL-METHTL-PYBAZOtE 

s.o.wi oss. 


Formation. —1. By heating oxy-phcnyl« 
niethyl-pyrazole withzinc-duat 

(Knorr^X, 2.'58,199).—2. From acotoacetic alde¬ 
hyde, pnenyl-hydrazine, j^nd HOAe (Claisen, U. 


21, 1147; 24, 1888).—3. By heating Ks carb¬ 
oxylic acid at*210° (Ach?X. 253, 65).—4. From 
ozy-phenyl-mctliyl-pyrazole dihydrid^and 
(Kltorr a. Ij^dcn, jE^ 26, 7C0). • 

Propcrfitfs.--Needles, v. sol. alcohol and 
ether; volatile with steam. OxicRscd by KMn 04 
to phenyl-pjrazole carboxylic acids [140°]. 

Salt.—S'K-^PtClg: orange^ccdlcs* 

Dihydride NPh<^£=^“®. [?5»]. 

Formed by reducing the base in alcoholic solu¬ 
tion with No. Flj^t needles, m. sol. alcohol. 

Phenyl-methyl-pyraiole NPh<^^jj^.Q|[ - 


(262°). Formed by distilling its dicarboiylio 
acid (Knorr a. Lanbmann, B. 22, 178). Got 
also from acetone, oxalic acid, and plicnyl- 
hydrazine (Claisen a. lioosen, B. 24, 1890). 
Yields phenyl-pyrazole carboxylic acid [183°] on 
oxidation by KMnO;.—B'^PtCI, 2aq. [147°]. 

Phenyl-di-methyl-pyrazoi. 


NPh<^^.g^. (273° i.V.). Formed by 

heating its oadboxylio acid (Enorr, B. 20,1103) 
and by warming acetyl-aoetone with phdnyl- 
hydrazine (E.; Qpmhes, Bi. [2] £0,145). Oil, 
volatile with steam.—B'AFtC1.4sq. Decom¬ 
poses at 186°. 

Methylm-iodidtB'Hel. [190°]. Crystals, 
T. tohiiratere—B'^Me^tClp Decomposes at 220°. 


Dihydride NPKo^.CH* 

Formed by adding Na to a boiling aIeoh(,|ie 
solution of the base. 

Phenyl-tri-methyl-pjrasole. Dihydrid* 
NPh<^j^^g*. Formed by heating mesityl 

oxide with phenyl-hydrazine (Fiaoher a. Enoo- 
venagel, A. 239,203). Oil, T. e. sol. ether and 
aloohij), si. sol. water. Its solution in dilute 
HCl gives a violet colour with K,Cr,0,.— 
B'^,i’tCI,; ftystalline pp. 

Di-phenyl-msthyl-pyrszole 0„H„N, s-e. 

^*’*“\CM*Ch'- 

by heating its oarbo,}yllo acid at 250°, and also 
by wanning bon.K>yl-ac(lono withpbonyMiydraz- 
*ine (Knorr, B. 18, 814; Fischer, B. J.8, 2186), 
Insol. water, v. sol. alcohol. Weak base. Yielos 
C, 4 H,BrO, [75°]. — B',U,PtCl„ aq. — B'MoI. 
[187 [211°). Orange-red needles. 

Dihydride [109°]. Iiong prisms 

(from etlier). Its acid solution is ooioured in* 
tensely red by nitrous acid^ 

I^-p!&enyI-methyl-pyrasole 4.4. 

NF*‘<CPh:CMe- '’F 

heating its carboxylio acid, and also, together 
with its dihydride, by distilling the pbenyl- 
hydrazide of henzylidcne-acetone (Enorr, B. 18, 
931; 20, 1100). Weak base.—B'.H^tCl,: red 
prisms.-B'Mel. [192°].—B',Me,PtcX. [229°]. 
, Dihydride C„H„N,. [114°]. (o. 860°). 

Prisms. Its solutions lluorescs bluo and give a 
blue colour with nitrous acid. 

Tri - phenyl - metbyl-pyrazole. Tetrahy- 

dride NI’KcHPlnCH.^'*- Formed 

by the action of Na and boiling alcohol on tri* 
phcnyl-pyrazolc methylo-iodide (Knorr a. Laub* 
mann, li. 21,1205). Insol. water, v. sol. alcohol* 
llesiiiltied by cone. HNO,. 

Bc/cr4nc€s.—OxY-AMiDO* and Oiy*phbnyii* 

UETnYL-PYIiAZ01.B; 

PHENYI. - MEXKYX.. F7BAZOZ.S OA&B* 
OXYllC ACID NPh<^^.^-^®*^. [106°]. 

Formed from acetone, oxalic acid/ and phenyl 
hydrazine (Claisen a. Itooscn, B. 24,1891). 
Methyl ether UeA\ (250^ at 109 mm.). 
Amide. [140°]. 

Fhenyl-methyl-pyraxole oarboxylie acid 

”^‘*<C('^^:CH* t^®®°^' Formed by heal- 

ing NPh<^(j;®“^j>CH with HClAq at 170* 

(Ach, A. 253, 64). Needles, sol. hot alcohol. 
Fhenyl-methyl-pyrazole dicarbozyllo acid 

C,JI..NA f-e. NPh<N-g;CO^. [198°]. 

Formed by oxidising phenyl-di-methyl-pyrazole 
carboxylic acid with alkaline KMnO, (Knorr a. 
Laubrnann, D. 22,177). Needles (from water). 
Fhenyl-di-methyl-pyrasole oarl^xylio acid 

npKcm^c.to,h- Gotbystpooify- 

ing its ether, which is obtained from ethylidene. 
aeetuacetio ether and phenyl-hydrazine (Enonr, 
B. 20,1102). Needles, v. si. sol. water.—EA'. 
Bihyl ether BiA', [68°]. |2S6°at260mm.)b. 
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PnENYL-METHYL-PYBAZOLE OAKBOXYTaCT ACID. 


Si-phtnyl-metbyl-pyruole earboxyUo aelA 

C.-H..NA M. 0jr 

Gkit from its ether, which is ohtaineil by the 
•etion of phenyl-hydrazine on benzoyl-sceto- 
acetio ether (Knorr a. Blank, B. 18,311). Sol. 
alkalis and oono. HClAq, insol. water. 

Ethyl ether EtA'. [122°]. 
Oi-phenyl-methyl-pyrazole carboxylic acid 

®'’''<CPh;OMe°“° Formed frqm its 

ether, which is got hy mixing benz^liden#aceto- 
aoetio ether with phenyhhydrazino (Knorr a. 
Blank, B. 18, 931). Crystalline, v. sol. alkalis 
and acids. 

Efhyl etherEhh'. [110°]. ' _» 

References .— NiTao-anifbxy-yiBNYL-METHTL- 

PIBAZOLE OARBOXYIzIO ACI». < 

FHXirVL.DI-HETHTL.PTSIBAZIBK. Di- 

hydride NPh<™;™®>CH. [82°].^17G° 

at 780 mm.). Formed by heatin* the dicarb> 
orylic acid at 220® (Knorr, B. 18, 304, 15(>8).* 
Volatile with steam. Insol. water and alkalis, 
sol. oono. HClAq. Colours pinewood, dinped in 
HOlAq, red. H^SO. added to its solinioii in 
HOAo containing phenanthraquiiione gives a 
deep-red colour. 

Dieaibozylie aeid of the dihydride 
0 , 4 Hj 4 Ns, 04 . Obtained from its ether, which is 
formed by mixing acetic acid solutions of di*: 
acetyl-auccinio ether and phenyl-hydrazine. 
Nwdles (from HOAc).“BaA''. 

Ethyl ether [127®]. Prisms. • 

Be/ercnce.--OXT-PIIENYL-MKTnYL-PYRIl>AZINB. 

PHENYI..J)I-METHyL.PYKIDlKE 
N<^M*;gH>CPh. [55°]. (287°) at 731 mm. 
Formed by distilling its dicarboxylic acid with 
lime (Bally, B. 20, 2591). Prisms (from ether). 
—B'HOlBaq: needles.—fi',H,l’tCi,4aq: needles. 
— B'HNOj. [177®]. Needles. — B'H.,Cr,0,. 
Needlcs.-B'0,H,NA° [2‘-i2®]. Needles.# 
Methylo^iodide B'Mcl. Qronulcs, si. sol. 
wator.-B',Me,PtCl,. [250®]. 

Hexahydride CjNH»Mc,Ph. (274®) at73l 
mm. Oot by adding Na to an alcoholic solution 
of pbenyl-di-methyl-pyridine. Liquid. Does 
not give a ^>p. with picric acid.—B'lICl.— 
B'HNO,. [210®].-B’,APtCl.. [237®]. Plates. 
References. —Nitro- and Oxy-phenyij-i>i- 

MBTHYL-PYWDINB. 

PHENTL-UETETL.FYRIDIHE DICABB. 
OXYLIC ACID CyH.iNO* i.e. 

[201°]. Formed 

by oxidising methyl - ( 8 ) • naphtlioquinoline 
by EAlnOt in acid solution (F. Seitz, B. 22, 
257). Needles (containing aq) or anhydrous 
prisms. FeSOi colours its aqueous solution 
lemon-yellow. — NagA"2aq. — 2nA"l^aq. — 
CuA^l^aq: minute bluish-green plates. 
Phenyl-di-methyl-pyridine oarhozylic acid 

[190°]. Got from its 

ether, which is formed by heating the mono¬ 
ethyl ether of the dicarboxylic acid (Hantzsch, 
B. 17, 2911). Small prisms (containing 2aq), v. 
sol. hot water.—CuAV—(HA')aHjl’tChaq. 

Ethyl ether EtA'. (.S16®-320®). Thick 
liquid. Yields (£tA'),H.PtCl, [196®] and also 


EtA'Mel [o. 206®], which is converted by alco¬ 
holic potash into [161®], split up by 

HClAq at 180® into acetic acid and oxy-f>henyl- 
di-methyl-pyridine [ 112 ®]. 

Ehenyl-^-methyl-pyridine dioarbozylio acid 

MonO'Cthyl ether HEtA". [180®]. 
Formed by boiling the di-ethyl ejlier with alco¬ 
holic KOH (1 mol.) (H.). Cubes (from alcohol). 

Ri'Cihyl ether Et^A". [67®]. Formed 
by oxidising its dihydride vSiih nitrous acid. 
Dihydride of the dimethyl ether 

by heating a mixture of benzoic aldehyde, aooto- 
acetic ether, and alcoholic NH, (Schiff^a. Puliti, 
B. 16,1607 ; Bally, B. 20, 2591). Termed also 
by mixing benzylideno-acctuacetic other with 8 ' 
imido-butyric ether (Beyer, B, 24,1666). Co¬ 
lourless crystals, sol. a 1 bo)iol. 

I (A)-Phenyl.di-methyl-pyridine dicarboxylic 

acid [ 1 ; 2 ]CO«H.CA-C<c(S),H^>°“»- 
Formed by oxidising di-mctbyl-(A)-naphtlho- 
quinolino with KMuOi (Reed, J.pr. [2] 35,311). 
Syrup.—AgA', 

B<?/crcnce.—OXY-PHElfYL-I)I-MBXHYL-pyBIl>INK 
CARBOXYLIC ACID. 

PHENYLTHI-METHYL.PYEIDYI KETONE 
CAEBOXYLIC ETHEE 

^‘^CMo-C(COPh)^™°' Formed by the action 

of nitrous acid on its dihydride. — B'lINO,: 
white plates. — B'lICl. [192®]. Prisms. — 
B'AiPtCh: needles. 

[187®]. Foriscd fron^ ethvliderie-aceloacetio 
ether and CA.CO.CII,.C(NH).CH, (Beyer, B. 
24,1667). Yellowish pfhtcs. * 

ileth^l derh'ative of tht dihydride 

™<CMc;cPph)>CHM»- [87°]? Formh. 
in like manner,*by the action of the methylimide 
of benzoyl-acctono on cthylidone-acetoacetic 
ether (B.). Yello^ish-wluto needles. 

HHENYL-METHYL-PYBIMIDINE C„H„N, 

U. CPh<JJ:^^®>CH. [74°-78°]. Formed 

by distilling the oxy- derivative (from benzamid- 
ine and acetoaceticetber) with zinc-dust (Pinner, 

B. 18,2860). Colourless needles.— 

[190®]. 

References.—Oxi’ and OzY-Auiz>o-vnxMTL- 

ICXXUYL PYRIMIDINE. 

PHENYI-METHYI-PYEBOLE 0„H„N i.e. 

”“< CPh : CH - *’? '’®***”8 

pheuone-acetone CH^Bz.CHAo with alcoholic 
NI1| at 150°; the yield be&g p.c. of the 
theoretical (Paal, B. 18, 867). Plates, v. sol. 
alcohol. May be sublimed. Give#a purple-red 
colout with isatin and H 2 SO 4 . 

Phesyl-di-methyl-pyrrole <4^],N i.e» 

N^<OMe:CH- ^®2°]. (252°). Formed by 
i distilling its dicarboxylic acid Bt244P(Knon,A. 
I 236,806). 



PHENYL-METHYL^UINOLINE. 


Bt.PHBina.HST&n.PYBKOtK 0„H„N 

[84“]. Formed byheatingthe 

"frboxyUo acid* [226®] to above its melting-point 
jederer a. Paal, B. 18, 2596). Largo tables. 

> lotra.phenyl-methyl-pfrrole 

[214°]. Formed by heating 


, ^crh;gph 

\CPh:CPh‘ 


-C„H.,Oj J2S6®] with aqueous methyl- 

piine at 150® (Felirlin, B. 22, 554). Groups ol 
Minate needles, sol. hot alcohol and ether. • 
Bf/erence .—Oxy - xv - puenyl - uethyl - rxip, 

r *. 

PHEI1YL-METHTI,.PYKH0LB CABBOXY- 
^CACID fo.l90°]. Got 

y eaponiOcation of its ether, which is formed 
allowingeaojtophenono-acetoacetio ether to 
'^nd with excess of NH,Aq (Ledircr a. Paal.B. 
•^8, 2593). Fldl needles (from HO Ac). * 

'K Blhyl ether FAX'. [1^®]. Needles. 

§: Phenyl-di-methyl-pyrrole carboxylic ether 

jPormod from acotoplienone aceloacetio ether 
NMettAq (L. a. T.). Tlates (from alcohol* , 
•tiler), V. ^ 6oi. alcohol. | 

Phenyl-di-methyl-pyrrole m-carboiyUo acid ' 

CO,H.C,H..N<^iJ{“:g|[. [135®]. Formed by | 

^eating acetonyl-aeetone with wt*aniitlo-benzoio ' 
,|(»id and alcohol (Paal, B. 11), 556). Flat ciys- ' 
iais, si. sol. water, v. sol. alcohol. 

Phenyl-di-mcthyl-pyrrole di-carbo*ylic acid 
.COJl.CH,.N<^^^;g^Orn. [1520J. 

.^ponifying its ether. Small necdle.s (from'alco- 
.?.jhol), si. so!, water. 

‘ij Bthyl ether FAM". [131»].- Got by allow¬ 
ing ncetoyjicnone.a<s!toacetio ether to stand wilh 
Alycocoll and IIOAo (Paal «. Schneffler, B. 19, 
pl60). Needles (from IlOA^), si. sol. water. 



t ecomposing at 224° into CO., and phenyl-di 
lethyl-pyrrolc.—CaA".- CaIl..A''2: prisms. 
Ethyl ether EtjA". [3H®]., (380°) at .500 
pnm. Formed by warming di-acetyl-suceinio 
:ther with aniline and HOAo (Knorr, A. 23* 
[80.5). Crystals. ' 

Di-pheny^-methyl-pyrrole carboxylic acid 
Obtained 


I”™\C5fe;C.CO,H- 


[226°]. Obtained by | 

P iaponidcation of its ether, which is formed by 
iling aoetophenone-sceto-acctic ether with an 
otic acid solution of anilino (Lederer a. Paal, ' 
18. 2595). Small needles (from acetic acid). 
EfApf cfAcrA'Et: [100°]; prisms. 
Pi-phenyl-meUyl.pyrTole di-o-carboiylio 



Ui u 1 uicfauyinmine ir 

alcohol at 100® (gamnann, B. 20,1489). Deep, 
[yehow plates, insol. water, si. sol. ether. ; 

IK-phcnyl-mcthy^yrrole dicarboxyhc acid 
CO,H.C^,N<CM»=t^O.H_ 

by sa^nifyingpits ether, which is got from 
»oetoph«»ono-acetoacetic ether, m-amido-bonx- 
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oio acid, and HOAo (Paal a. 'Schneider, B, 19* 
8162). Needles (from dilute alcohol). 

Ethyl etkerEiX'. [160®]. Needles. • 

Reference.—Oxx - xiienyl - MSTavn - fybbolx 

OARIMXYLIO ACTD. • 

PHENYI-KErHYL-dtriNAZOlINB WHY- 
DEIDE C.,H..N, U. C.H.<N [60°]. 

Formed byweduction of tho acetyl derivative of 
o-nitro-bjnzyl-auilino with tin and HClAq (Paal 
a. Krcchq, IS. 2638). Kosettee of white 
needles, insol. water, m. sol. ligroin. The tin 
douhio chlorido melts at 122°.~B'HC12aq. 
[257®].—Il'5H..FtCl,. Flat orange needles. De- 
compoxos at tJ23°. ^ • 

Reference.—Oxr - I’Uekh, . MKi ni-i. - goiSAz- 

OMNE. • 

*(Ry. 1..3) - PHENYL-fiETHYL-flUmDLIirK 
CMo’ [1®®°]- Formed by boiling 
an alcoholic soliftion of o-ntnido-heitzoplienone 
with acetone and KOHAq (Geigy a. Konigs, B. 
18, 2406; 19, 2428). Obtained also from par¬ 
aldehyde, acetophenone, HCI, ami aniline, and 
by heaGng bonzoyl-acctone-anilide 0|,H|,NO 
with II.,80, on tho watcr-batli (lieyor, J. nr. [2] 
33, 420; B. 20, 1771). Tables (from etlier).— 
]tTI,SO,. [23(j®!.-B'.,n,l’tCI,2aq. [226°], Its 
acid solutions lluoreseo blue. By heating with 
phtlialie anhydride end ZnCl, nt 150° it is con- 
verted into the phthnione Oj,H„NO, |270°], 
which crystallises from alcohol or HOAo in 
spiupngly-soliiblo orango-rod crystals. 

(By. 3,l)-Phenyl.methyl.qniaoUB8 0„H„N 

i.e. ElaroUtie. [66®]. (374°). 

V.Ih 7 7 (calc. 7-6). Formed by distilling Oave- 
nol witli zinc-dust. Prepared by adding a little 
dilute (10 p.c.) NaOHAq to a solution of equi- 
molcculur quantities of o-aniido-acetophouono 
and aeetophenono, and then heating on tho 
watcr-ba*!) (Fischer, B. 15,-1603; 76, 68; 19, 
1037). Thick tables. Yields flavaniline on 

nitration and reduction. Salts.—B'HCl2aq_ 

B'Jl.,PtCI,; refldish-ycllow needles.—B'MoI. 
[185°] (Bcrnlhscn a. Hess, B. 18, 34). Con. 
verted by KOHAq into a strongly alkaline solid 
‘ nicthyl-flavolinium hydrate.’— B'.,M<^’tCl,. 

(By. 3,2)-Fhenyl-methyl-quinoHae 

[53°].. (above 300°). Formed 
by heating a mixture of CHPlnOMe.CHO, anil¬ 
ine, and cone. HClAq at 200° (Miller a. Kinko- 
lin, B. 19, 527). Trimetrio prisms, v. sol. alco¬ 
hol and ether.—B',H,PtCI.; orange plates.— 

B C,H,N,0,, [202°]. Largo yellow plates. 

(B.2)-Phenyl.(7'y. 4).mcthyl.qninalinststra> 

hydride c,.n„N i.e. 

Formed by reducing IB. 2)-phenyl-quinolina 
inethylo-chloride with tin and HClAq (La Costs 
a. Sorger, A. 230, 24.. Amorphous powdsx, 
insol. cold water.—B'HCl.—BUL—B'C-H N,0« 
(147°)—B'.Melaq. [195°]. Yellow pthtes! 

(Rt/- .3)-PhenyI.(B. 4)-methyI.qaiaoUae 
CHiCH .(!.CH:CH „ 

CH:CMo.C.N=CPh’ 1“® J’ formed by distil, 
ling its (By. l).carboxylio acid with soda-lima 
(Doebner a. Gicsecke, A. 242, 299). Plates 
(from alcohol).—B'jHJtCI.. Brick-rad noedloa. 




Si piiEm^METnrtWiN(x[4i&^ 


(Pff. S)-PbtttTl (I!. 2 )-motbyI-qaivoISnt 

.cSc.N“;m- 

by distilling its carboxylic acid with soda-lime 
(D. a. &.)< Sniall yellow needles (from dilute 
alcohol).—B'jHjPtCl,: golden needles. 

Jie/ermces.^NiTRo -and OxT-PHENiL-MBran.* 

QUXNOUNK. 

(Py. 3).PIIEKYI.(P. 4).METHTX.Q0I»OI.. 
IWE (Py. l).CAaB0XYLI0 ACID C^H„NO,. 
[245^], Formed by boating equi-mol^ular pro¬ 
portions of O'toluidine, benzoft aldenyde, and 
pymvio acid in alcoholic eolation on the water- 
bath (Doebner a. Gloaecke, A. 242, 20B). Small 
yeliow crystals (^om alcohol), ^ si. ^1. hot 
water.—CuA^ag.—AgAiaq: needles (from Aq). 

(JV. S).Phenyl-(P. 2)-metiiyJ-qaiaoiine (Py. 
l)-6arl^zylie acid. *228°]. Formed in iBce 
manner from jp-toluidine (D. a. G.). Yellow 
needles (from alcohol).—CuAV—PbA^.—AgA'. 
—HjA’^aH^tCI,: golden ncodlea, v. si. sol. hot Aq. 

Reftf'ence ,—Oxx - pxibkyi< - usTnYL • QciMoigNs 
CABnoXTUC ACID. 

PHEHYL (Py. 8).MBTHYI-{P. 2).QClJr- 
OtTL KETONE [es’]. 


(above 300°). Formed from amido-benzophen* 
one.jaraidehyde, and IIClAq at 100° (Hinz, A. 
242, o23). Needles (from water) or plates (from 
alcohol).—B'H,PtC1.2aq.-B',H,Cr,0,.-B'MeI. 
[220°]. Small dark-green needles; v. sol. water. 

Phenyl (Py.3)-methyl-(B.4)-qainolyl ketone. 
[108°). Formed by boiling o nmido-bonzophon- 
one with dilute Il^SO, and paraldehyde (rfeigy 
a. KSnigs, B. 18, 2400). Matted needles (from 
dilute alcohol). 

PHENTL - DI. HETHYl-aOINOtYl-THIO- 
17EEA NHPh.C3.NH.C„H,.N. [159°]. Formed 
by heating phenyl-thiocarbimide with amido-di- 
methyl-qninoline (Marckwald, B. 23, 1025). 
Friems, v. eol. hot alcohol.—B'jH,.l’tCl,: pp. 

PHENYjI..U£TBTI,.(l0INOXAI,lN£ 
gMo:OH.C.N:CPh „ j i. j • 

CH :CH.b.N;Cn • >>y reducing 

C,H,'mo(n6j.NH.CH,Bz with SnOl, and HCl 
(Lellmann a. Donner, B. 23,171). Needles, t. 
sol. alcohol.—B'HgCIj. [223°]. White needles. 
Phenyl-methylwquinozaline 

CH“:OaC.N:CPh-”*'* 
the preceding isomeride, by the action of chloro- 
acetophenone on tolylcnc-o-diamine (Ilinsberg, 
A. 237, 870). Formed also by warming phenyl- 
glyozylio aldehyde 0«Ha.CO.CHO with tolylene- 
o-diamine sulphate and NaOAo (Peohmann, B. 
20,2905}. Needles, v. sol. hot alcohol and ether. 
Phenyl-di-methyl-qnittozaliiie 

C,H,Mo<“;^“^. [48°]. Formed by boiling 

phenyl methyl diketone with tolylene-o-diamine 
in ether (Miiller a. Pechmann, B, 22, 2130). V, 
sol. most solvents. 

Di-phenyl-methyl-qainozaline i^. 

[111°], Formed by heating 

benzil with tolylene-o-diamine in alcoholic solu¬ 
tion (Hinsberg, B. 17, 822). Silvery plates. 
May he distilled. Weak base. Nearly insol. Aq. 
Di-phenyl-i'-methyl-qaiaozaline dihydride 

‘V**<iN=CPh*'' formed by beating 


(pbenylene-metjiyl.o-disuuus mm benzofn at 
1650 (Fischer a. Busch. B. 24, 26821 reHow 
j needles, m. sol. alcohol. Its solutions fluorc*.sc3 
greenish-yellow. 

Reference. — Oxr - phrntl - uEtnxh . quim. 

OXALINB. • 

PHEmn-METHYL-HOSINDTrLINE 


I 0, A(NPh}<^ph>C.H,Me ^ ll 4]. [232°]. 

Formed from benzen6-azo-j7-toIyI-(a)-naphthyl. 
aitnine (Fischer a. Hepp, A, 256, 243). Beddish- 
d)rown bronzed plates, iplit up by cone. IlCiAq 
at 200° into anlirne and methyl-rosindone. 


PHENYIt-METHYI-SDCCINIC ACID 

PHRNYL-PIROTABTAniC ACID. 

Phenyl-tri-methyl-sucoinic acid C,aH„0, i.e. 
CHaPh.CH(CO^).OMea.CO,H. [14«°J. Formed 
from bromo-isgbutyrio ether and sodium benzyl- 
malonic ether, the resulting ether (200°~220 ’) 
being saponified (BisehofT, B. 2* 1060). Short 
needles (from watei), v. sol. alcohol and ether. 

Di-phenyl-di-methyl-aacoinio acid. 'Nitrile 
CPhMe(CN).CPhMe.ON. [227°]. Formed from 
CTTPhMe.CN by treatment with* NaOEt and I 
(Ohalanay a. Knocvenagol, B. 25, 289). Insol. 
benzene, si. sol. alcohol. 

PHENYL-METHYL.8DLPHAMICACID 
NPhMe.SOjH. Formed from ClSOjH and 
methyl-aniline in chloroform (Traube, B. 24, 
3C2).—Nn^A'. Turns violet in air. Decom¬ 
posed by boiling HClAq into methyl-aniline and 
*H.^SOg. The potassium salt is a crystalline 
powder, si. sol. alcohol, v. sol. water. 


. PHENYL-DI-METHYLSDLPHAMIDE 
SOa(NMe;)(NHPh). [85°]. Formed from 
NMe,.80,01 and aniline (Behrend, A. 222,128). 
Needles (from ether). Yields SO,(NMe,)(NPhNa), 
crystallising in needles, v. sol. water and alcohol. 
PHENYL METHYL SULPHIDE PhSMe. 


(188°). Formed from Pb(SPh), and I^ol at 100° 
(OberraeyA*, B. 20, 8926). Liquid. 

PHENTL METHYL SULPHONE C,H,SO,t.e. 
C,Hj.80,.CH,. [89^. Formed from benzene 
sulphiRio aoifi, NaOEt, and* Mel at 100° and 
also by boiling ChIIj.SO^CHj.GC^H with alco- 
holio potash (Michael a. Palmer, Am. 6, 251; 
7, 65; Otto a. Bdssing, B. 18, 156; 21, 652; 
22,1449,1452^ 23,755). Plates (from hot water), 
V. e. sol. alcohol and ether. 

• PHENYL METHYL SULPHONB w-CABB- 
OXYLIC ACID V. PnENTii-snLpnoMO-ACETio acid. 
PHENYL-MKTHYL-THIAZOLE C„H,NS U. 

^^CPh S**- from thio- 

benzamide and chloro-aoetona In alcohol 
(Hubacher, A. 259,236). Oil. 

Pheayl-methyl-thiasole ^"^OMs S 
[68'5°]. (284° cor.). Formed from thioacet- 
amtde and w-bromo-aoctophenonc (Hantzsoh, B, 
21, 913; A. 250, 269). Weak base. Not at¬ 
tacked in boiling alcoholic solution by sodium 
(Sohatzmann, A. 2C1, 7).—’‘D'HOl: si. sol. Aq. 
Phenyl-methyl-thiazole. Dikydride 

Formed by Soiling propylene 


bromide with thiobenzamide (Gabriel a. Hey- 
mann, B. 24,785). Yellowish liquid.—Pi orate 
B'CgH|N,0,: crystalline. 

Di-phenyl-methyl-thiaBoU 



EHENYL-MErHYL-THlO-TIBEA. 


M 


1^. Formed bouf thioiusetamide and bromo* I 
oxybenzoin in alcohol (Hubacher, A. 259, | 
.4). Stellate groups of needles, insol. water. | 
rlydroohloride: [97'’]; white crystals 
om dilate KClAq). 

PHENYI-METHTL-mUZOLE CARBOXY- 
|lC ACTD 

1^ saponifying its ether. Needles, si. sol. ether. 

( Ethyl ethir EtA'. [4il’]. Formed truin 
ihiobenzamide audchloroaeetie ether (Ilubaeber, 
1 259,237). , . 

t PHEITYL (a).ME■rHyL-T^JENYI, KETOlfe 
P,H,.CO.C,H..McS. [124“]. Formod by heating 
0,H>Ie(HgCf|S with UzCI at 100’ (Volhiird, A. 
J67, IBl; cf. Krust, i>. l‘J, 32S0). Nec<llcfl(frouv 
iigroin). 

TBI - BPENYL - DI - METHYL . DI-THIO- 

felURET C..^„N.S. i.c. Nl*h(i\S.NrhMf}., or 
Ph;(NPhsMe).’l^C{Xl’li}(MrhMc). l-i.rnie<l 

troin CLCS.Nl’LMo nml aniline (Billftcr a. 
3trobI, B. 21, IDrt). Xecdles, v. si. sul. cold 
Uoolio]. 

PHENYIA METHYL • DI-THIO-CARBAMIC 
ICID NPhMe.OS.S.Mc. 

J’ormftd bv boating NPhAro.C(NMc).iSMG. or 
'iPhMe.g(NlI).S4M0 with CS.ut 100" (UcrtiaTn. 
25, 51). Platen. 

PHENYL • METHYL . THIOCARBAMIC 
CHLORIDE NPliMo.CS.Cl. [55 i. luirinod 
from ’iietbyl-aiiiline mid CSCI^ (Jliliotcr, 71. 2o, 
1051). Yfllowitih ervstah. Converted by alco- 
•hoi into (NPliMc.CSj.O [lUVo-]. 

PHENYL . METHYL-THIO-SEMI-CARBAZ. 
IDEaXllPb.NH.CS.NHMe. [81/"]. l-’ornnid from 
niethyl-lliiocarbijnide and phenyl-hydra/'.inc 
(Dixon, C. J. 57, 202). Trijiietnc [irisnis, v. kI. 
Bol. cold water. forniH an axure-bbie 

solution. CusSOjgiNCS a deep-blue colour, and 
Fed;, a^rcenisli-bluo. 

Pbeny]-metbyl-tbio>fi^icarbaX(Io 
NHPh.CS.Nll.NHMe. [lia'^j. J'enned frt.ni 
metbyl-hydnuino and *pbenyi-tliioc;uliinrulo 
(Briining, A. 255*11). Piisms ffrom aWjoliol). 

Di-pbeaiiLinothyi-tbiO'Semi-carbazide 
NPhMe.NH.CS.NHPb. [15-i^]. Formed from 
phenyUmetbyldiydrazine and plicnyl-tliioearb* 
imide (Fiseber, A. It/0,100).' sol. hot atcohuU 
PKENYI-METHYL.THIOOARBIZINE 


[125"]. Formed from phenyl-tbio- ; 

carbt/siue and Mel at 100'’ (Fincher, A. 212, 
330). Tables (from water). Not attacked by 
nitrous acid. 

PHENYL-METHYL-THIOHYDANTOXCACID 
NIIPh.CS.Nfl.CHMe.COJi. Formed from j 
alanine and phenyPtbiocarbiiuide in alcolioi 
(Marckwald, B. 21, 32B0; cf. Aschan, 77. 17, 
421).—KA': minute needles. 

FHEN YL-ME rHYI..TH10HTDANTOiN 

phenyl-meth'yl-RiiohydantoIo acid (w. supra) 
with HOI. Sn^ll prisms (from alcohol). Kplit 
up by HClAq & 160° into aniline, alanine, CO.,, 
andCSr 

Bhenyl^i.metliyl-tluoliydatttaln 

CMe,' ht®>0 phenyl- 

tbioeubimidf and a^unido-isobutyrio acid 
(iMiirelTwald^ B. 21, 3282]^ Crystals, si. soL Aq. 


FHEirYI,-ltETBYl,TaiOFHERE C„[lj.9 

S<ciph!oH- (271°unoor.). Got by 

beating aectophenone-acetono with P,S,at 12{>®, 
the yield being 70 p.c. of the theoretical amount 
(I’aal, B.18,HC7). NeodTes, volatile with steam. 
Gives the indophenine reaction. 

Phenyl-methyl-thiopheno ^<CcH*'c^‘ 

[73“J. Formed by heating Cn..Ao.CHPh.CO,Na 
witti P.lS, or l’,S, (Paul a. riisciiel, /?. 20,2558). 
Pintos, ♦. s(d. hot aitndtol. Givo.s the indopheii' 
ino roaolion on warming. Hr forms 0„U,Br,9 
(137“;. 

s-FHENYL-METHYI.-THIO.OBEA C,IT.„N,S 
i.f. «S(NHPh){NIIMcJ. [im' 1. Formed from 
ni.'thyl-tbiocarbbnido and uniUno ((Jubhardt, 77. 
*7, HtidM). Six-rtiiled tatles. Yields and 

CH(NiII‘b), on boiling with aniline. • 

]<-Phenylmotbyl-thio-urea 
CS(aNIP,){NPbJ^). [i07"J. Formed from methyl, 
aniline liydrodiloridc and potassinin bulplin* 
(ttanide ((Jebhardt, 77. 17, 20!)-l). Tables (from 
alcohol) or prisms (from liot watoi). 

Phenvlmethyi-i)r-thio>urea 
MeS.®(>nl)(NlIPb). [71°]. Formed by warm¬ 
ing plionyl-tbio-urea with McI and alcohol 
(Bertram, 77. 25, -Pd). Colourless crystals, al. 
sol. hot water. Converted by dilute ll.)BO| at 
100° into .MeS.CO.NlIPh.™ Ji'lll. [147°].— 
JPil SOq. [171°J.-Byi,SO«. |i71°j.--H'HNO... 
[113"].—Jl'IIOAo. [115’].—Byi..PlCI«. [184°j. 
—13'C,.II.,(NO,),On. [175"]. Yellow plates. 

• Pbeayl'di-mcthyl-tbiO'Urca 
CS(N'JlMe)(NPhMe). [114°]. Formed from 
nielliyl-thiacarbimido and methyl-aniline (0.). 

FhonyDdi-metbyl-ik'thiourea 
MoS.C(NH)(NPhMc). Formed from phenyl- 
methyl-ik-tliio-urca and methyl iodide (B.). 
Oil. Converted by dilute 11.BO, at 100° into 
McB.CO.NPhMo [5-1"]. — BUI. [184°]. - 
Small prisms. 

Phenyl-tri-motbyl*i|/-tbio-urea C,„n,,Nj8 t.«. 
MeS.C(N.Me)(NPliM(‘). MeihulimuLhmcihyl- 
plic7iyl‘carbainic Uiiic methyl etiier. Formed by 
inethyhition of piienyl-di-methyl-^.thio-urea 
(B.).- B'HI. [c. lH4-].-B'.,II«PlCl„. [c. 174’]. 
—B'CJijNqO.. [120°J. Lemon-yejjow crystals. 

Di-phenyl-metbyNthio-urca 
CS(NliPh;(aNPlu\Ie). [87°j. (205°). Formod 

from phenyl-thiocarbimide and mothyl-aailino 
((t.). Prisms, v. sol. hot alcohol. Decomposed 
into the parent substances by distillation with 
steam. Boiling aniline yields CS(NHPh )2 and 
methyl-aniline. 

Di-pbeuyl-methyBiff-thiOourea 
MoS.C(NPh)(NIIPh). [110°J. Formed from 
CS(Nnph), and Mel. Cone. nClAq at 150° 
yields aniline and mcthyl'mercaptan.—B'HI. 

Di-phenyI-di>nietliyl>tbio>area CS(NPbMe)s. 
[72'5’]. Formod from NPbMe.CS.Cl and methyl- 
aniline (Billcter, 77. 2 O, 1831). Prisms (from 
Iigroin). 

Di-phenyl-dl-mcthyl-iji-thio-nrea 
MeS.C(NPh)(NPhMe). (abovo 300°). Formed 
from CS{NHPh)(NPhMo) and Mel (Bertram, B. 
25, 67). Ca, at 160“ forms NPhMe.CS,Ma.— 
B'HI. Cryatalline meal, al. sol. hot water. 

Befenria. —Oxy - si - riBNVi - uista yl-|-iuio- 
nmu. 
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Phenyl-ai-meftyl-mea CO(NMeo)(NPhMe). 
Poimed from NMoj-COCl ond aniline (Miohler 

[104 ]. (204 ). Formed from phenyl ejanate 
and metliyl-amline (G.). Small needis/ 

1121»1 ■ ‘CO(NthMe),.. 

^ V* from NrjiMc.COCl 

21 M ®- Ziramermanri, 

■“■ oCTilSSl" (from alcohol), 

PHEiryL-(fl).NifPHTJJACEIDINi • 

[^7®]. S, (alcohol) ‘0-1^ 
at If; if, (benzene) -29 at IS’. Formed by 

itf-rtl ill r® '*‘ («) '>'>P''‘l*yl«>nino with 
13/.C1 or mth benzoic acid andtP.O. or'ZnOl 
(Olaua a. Itichter, Ji. 17,1595 ; llis, 71.17, 2029 •' 
Klopsch, B. 18, 1580). Needles, v. sol ho'? 
benzeno.-B'HCI.-Byi,PtCl,: yellow needles 
Dihydrid, , Got 

(1 >“ol-) and (8)-nai)hthyl. 
*/ri presenee of oondcrisin}' 

agents (Claiaen, A. 237, 273), Ozidised to 
phenyl-naphthacndine. 

„ 0 , 11 . it 

C|,H,.C,H,. [102“]. V.D. 7-12 (cal'o. '7 05)! 

Formed by pssing a mi.iiture of miphtlmleno 

(Watson Smith, 21. 12, 2049; G. J. 39, 510- 
of HSO^'mn >>2‘ha action 

“• ff'euer, A. 22C, 
23, 240, U7). Fluorescent plates. May be 

“•[110“]?“ ““ ““ 

A hydrocarbon C.,II,., [101“] got by distilling 
ohrysoiimnone with soda-lime is perhaps identi. 
o , '"*.‘1* af^o™ (Graehe, B. (i, CO ; 7, 792 • 
Sclimidt,/.pr. [2] 9, 285). ’ 

jo)-Phenyl.naphthslen6 dihydride ». Ateon- 


PHENJI^METHYL-tmKA. 


amine with formic paraldeByde at 140” [Gold, 
schmidt a. Poltzer, B. 24, 1002). Plates ton- 

* CaH„N, U 

^‘“^■'sN.NPh ^ Got by heating a 

solution of CHPh:N.C,„H,.N,Ph in HOAc [Mnl 

C 

phenylo-nitrat 
B PllNO... fnrmafl K»» *.t_ it 


SNB. 

^ferenc6. —OXY-AlIIDO-rilENYL-NAPJITlIAI KVR 

. bi-pheAyl-naphihamidinT 0 H N 

fiom (a)-naphtho>o acid, aniline, and PCI 
PHE»YL.(A).NAPHIH1ND0LE 0„U„N ii 
0|oH,<^NH^CPh. [1.90“]. Formed by heat- 
7® ©‘“aphthyl-hydrazido of acetophenone 

T. sol. alcohol and ether. Colours pinewood 
green.-B'C.H,N,0,. [160“]. Brown Hedies. 

Phonyl.(A).naphthindole 
[211“]. Formed by the action of alcoholic HCl 

ardehyde flal ®' phenyl-acetic 
aldehyde (lA Needles, suddenly decomposed 

green. ZnCL, at 
preceding isomeride. 

drfde 0 H N, U [igiej. 

fomed by heating b0nzene-azo-(j8).naplithyl- 


iw—#• —I'MOMjiy-miirate 

Wifh '?™®'?i/ i'®''*"® P'"=«»"Hiraquinone 
with phenyl.napl#hylene-diamine in HOAe and 
t^hen adding UNO, crystallises in diehroio* 
need cs or prisms (Witt, B. 20,11851. 

(Fy..9).PHENYt.(a)-NAPHTH0(lUIN0I,IKE 

C..H,3N i.e. 

ly its [ry. l)-carl)o,Kylic acidAvith soda- 

line dlobner, A. 249, 114)-; YeSlow neXs 
(fi om alcohol-cthcr).. Yields a syrupy tetra 

nnoillcs (from alcoliol). 

{Pi/.3)-Phenyl.(8).naphthoqninliline. [188“| 

lime-a> N “‘li’° ““f with soda^ 

lime (B.). Needles orplatcs, insol. w.ater, v. sol 

alcoliol.-_Bjn,PtCI,aq.--B’C,H,N.,0,. . [250“) 

lellow plates, si. sol. ether.—B'.r[ Cr O ^ 
^^Baylo.iodide. [233“].““^^, in.,cl. 

. _ ■^^i^^YI.-(a)-KAPHTHOQUINOLINE 

C„h,3NO., u. 

heating (a)-nnphthylaniin6 with pyruvic acid 
ami benzoic aldeliydo in alcoholic solution (D.) 
Yellow needles (from aicohol-acctone). May bo 
reduced to a tetrahyilride. Produces! on ollm 
tion, di-phenyl.pyridine tri.carho.tylic acid and 
C(VI,C,NHth<VJI,_ __ 

• ’"sofhble powder. 

, carboxyhe and C„H„NO., “ [29G“]. u Formed in 

i * 1 ™? (^(•'’aphthylamino (D) 

' “>• alnnliol.- KA' 5aq.-NaA' Sac 

CaA._, Caq.—Zi}A'.,2aq.—Cu,A', aq f?) AcA' 

.PHENYl-NAPHTHOaOlkoijlilNE ® 

GioII«<!fj.'Qpjj. The phenylo-bromide B'PhBr 
formed from phenyl-naphthylone-diamine ond 
biomo-aoetophcnono, crystallises in yellow 
nfafi' ’,® oonverted by NaOH into B'PhOIt 
cryst.all.ses in prisms, and yields 
B BhNOj (Fischer a. Busch, B. 24,1873). 

Di-phenyl-naphthoquinoxaliae 

®‘»®<‘sN;CPh- Formed by heating 

naphthyleno-(l,2)-diamino hydroohloride with 
bcnzil in alcohol (Lawson, B, 18, OfuGl Liobt 
brown plates, v. sol. alcohol and ether!' 
Fhenylo-hydroxida ^ 

®“F*^NPh(OH):OPh- P®7“].' Formed by 
oxidation of C..H.<N-Ca^ ., 

’'®?*“? P’'®«y>-"apl>‘l>yIene-o-diamine 

with benzefn at 200“ (Fi^er, B. 24,722 1871) 
Formed also from naphthylene-phenyl-digmine 
and benzil (Fischer,, J3. 24, 2679). Yellow 



PHMTL-NAPHTHYLEN&DIAMmB. W 


priniu, iDiol, iratei^ v. aol. ether.— B'HNO,.— 
B'HCl: dark-yoUov needles, v. sol. alcohol. 
Di-phenyl-naphthoqainoxslme dihydride 

[165°]. Formed, together 

with a compound at 105^, from naph* 

tbylcne-pheDyl'diamino and benzoyl-carbinol at 
165^ (b'iachcr a. Busch, B. 24, 2080). Orange 
needles, v. sol. benzene, v. si. sol. alcohol. 
PHEKYL-imPHTHOROSINDULINE 

‘^<^<<!c(NPh).Cn:C^’Ph,c!cll>^'‘‘*‘- 

Formed, together witlinaphthyj^-rosinduline, from 
«benzeno-azo*di*(a)-naphtliylamine, hydrochlor¬ 
ide, aniline, and alcohol at 1()'>' (Fischer a. Hepp, 

A. 2.50, 247). Deep-red bronzed plates. Cone. 
HClAq forms aniline and naphthorosindone 

DI. PHEKYL. (a)NAPHTHyL.ACETAMID- 
INEC,on,.CKj.C(NFh).Nlirh. Rxmod 

from (a)-naphthyl-acetic acid (.1 iiiols.), aniline 
(0 mols.), and PCI^ (lloAsncck, B, 10, 042). 
Kccdlfts, Bol. ether and benzene, 

PHENYU(a).NAPHTHYL.AMINE C„n„N 
i.c. CJI^NlI.CioH,. [00"^]. Forms by hoal.i!ig(a)- 
naphthylamine hydrochloride witli aniline at 
2<50'* (Girard a. Vogt, Bl. [2J 18, 07 ; Streilt, B. 
IH, 18.“>5). Prepared by heating a mixture of 
(a)-]iapbthol (15 pis.), aniline (10'4 pta.) .and 
CaCl-^ (11‘6 pts.) under pro.aaure for 0 hoiiiN at 
280°; the yieM being 20 p.c. of the theoretical 
(Fricdliinder, B. 10, 2077). Wliito plntea or 
prisms, v. sol. alcohol. Its solntions siiow blue 
• fluorescence. Yields a tri-hiorao- derivative 
[i:i7°j and a dt-nitro- derivative [77^]. IFiSO, at 
100° forms a tetra-sulphonic acid.—jVlICi: 
prisma, decomposed by water.—H'CuII,N.,0,. 
Acetyl derivative C,„lI,.,NO. [110°]. 
Benzoyl derivative. [152°]. 
Nit^osami'i\e. C,„IL.NPh.KO. [02°]. 
Beddish-yollow crystals (Fischer a. flepp, D.20, 
1247). 

Pheuyl-(/3)-naphthylaAine C,„H,sN. [108 ]. 
(305°). Formed*bj heating (/if-nnphthol with 
Aniline aiid^nCl^i at#100° (Merz a. Woitlj, B.l'.i, 
1300), or with aniline hydrochloride (.Merz a. 
Weith, B. 13,1850). 

Preparation.—k mixture of (i9).na})hthol (15 
Is.), aniline (10*4 pts.), and CaClj (11*0 pts.i is 
eated under pressure at 280^ for 9 hours; Ttio 
yield is 08 p.o. of the theoretical (Fricdlander, 

B. 10, 2075). 

Properties .—White noodles, sol. McOII. 
Yields a tetra-bromo- derivative [108'] ainl a 
ioitro* derivative [87°]. With nitroso-di-iuethyl- 
lanilinehydrochloride and IIOAc it yields lustrous 
black crystals, which form a violet solution in 
H,SO, (Witt, B. 21, 723). Sulphur at 210° forms 

K<c|H‘>Nn [178=>] (Kym, B. 23, 2I0(;). 
H^SOq at 100° forms a trisulphonic acid 

Salts.—B'HCl: unstable crystalline powder. 
—B'C,H,N,0,. firownish needles, v. sol.CHCl,. 
Acetyl derivative, [93°]. Crystals. 
Benzoyl Berivative. [136°] (Streiff, A. 
209,161); [148°] (Claus a. Richter, B. 17, loM), 
J^ifrosamineaO„H,.NPh.NO. [93°]. 
W-phenyl-aaphthylamine C,„H,NPb.. [142°]. 
(336°-340° at 85L mm.). Formed by adding a* 
bromo-DaphtUhlene (20 g.) to a boiling solution 
of potAsinm (8'3 g.) io ^iphenylamino (20 g.) 


mixed wi^ aniline (16 o.o.) (Hcrz» B. 23, 2641). 
Silky needles (from dilute alcohol), insol. water. 

Bc/crcnccs.—NnKO-AMiDO-^ Di-nitbo-, 
Nitroso. Phektl-narhthyl-ahikb. 

PH£NYL.(a}-NAPHi;HYLAM;N£ BLUE v. 

TrI - NAPirTHVL . TKI-AMIDO-TRX-RHKNVL-CAllMNTL 
CHLORIDF. 

PHENYL . (id) . NAPHTHYL . CARBAMIO 
ACID. 

Ethyl ether C„.H,NPh.CO,Et. [93°]. 
Formofl by the action of NuOKt on the chloride 
(PaschlA)wc/.J%, B. 24, 2919). Satiny necxlles. 

Phenyl ether C„H,NPh.CO,Ph. [149°]. 
S. (90 p.c. alcohol) -.^O at 17°; S. (Iwnzene) 2-3 
at 17 '. Fmmedfrom the chloride and N^OPlu 
Nc'odles, V. b 1. Pid. cold alcofiol. 

C/ifortfZc lioIFNTh.COCl. [102°]. Formed 
drom phenyl-(^)-iiaphflu,mino nnd COClj In 
toluene (Kyni, B. 23, 425). While plifti'.s, 

PHENYL.(a)-NAPHTHYL CARBINOL 
rh.Cl^t01I).0,#I,. [ttll-r.'’]. (iiliovc.'Kid"). Forraeil 
from the ketone, zino-dast, and KOII (Klbs, 
J. pr. [2J 35, 504; cf. L(diiiie, B. 1.3, 359; Beck¬ 
mann, b. 22, 915). Crystals, V. boI. alcohol. 
Gives a giolct colour with II^SO*. 

ptfenyl'di.(a).naphthyl carbinol i.c. 

Ph.C(C,„U,);.OM. fl(i0°-170'’]. Formed, together 
with benzoic aldehyde, by lioiling plie 4 )yl-(a)- 
naphthyl-(^)-pinacolin (C,„H,),Cl'hBz (got by 
reducing phenyl (a)-naphthyl ketono with zinc 
and alcoholic HCl) with alcoholic KOH (Klbs, 
J. pr. [2] 3.5, 507). Grey crystalline crusts (from 
ctjicr-alcoliol), in. sol. alcohol, v. sol. ether. 

PHENYL . (3) - NAPHTHYL - CARBINYL - 
THIO-UREA. Tetrahydride i.t. 

NIlFh.es.NIT.ClI,C,„Hii. [140°]. Formed from 
0,i,lf,,.Cir.NIR amlpiienyl Ihiocarbimido (Bam¬ 
berger a. lielwig, B, 22,1913). Vitreous roBcttea. 

PHENYL - NAPHTHYL - CARBINYL- UREA. 
'rctrahydri.le NJlPh.CO.NH.ClI.,C,JI„. 
Formed from naphUiyl-carbinylamine and 
plionyf cyanato (Bamberger, B. 22, J913). The 
(a)-compoutid melts at 126-.5°, the (/3)-i8omorido 
at 141°. Both crystallise in needles. 

PHENYL.(a)-NAPHTHyLENE.DIAMINE 
i.c. C,„ll..(NlI.)(NiIPIi) [l;4j. [118°]. 
Formed by reducing mtroso-plienyl-(a)-naphthy(- 
amino (Wacker, ^1. 243, 305). Ncodloa (from 
alcohol) or pl.ates (from benzene). 

Phonyl-onaphthylene-diamine 
C,on,(NU.,)(NIIC„Uj [1:2]. Amido-(^ynaph- 
thyUphcnyl-amine. [140°], Formed, together 
with aniline, by reduction of br-n/,ene-azo-(/3) 
naphthyl-phcnyl-amiuo with »SnCI^ (Zincko a. 
Lawson, B. 20,1170 ; Witt, B. 20, 1184). Broad 
needles or plates. Nitrous acid passed into 
HOAc (11 pts.) containing the hydrochloride in 
suspension forms C,„H^N ,0.^ or C, JI|„N,Oj [208°J, 
whence SnCU forma C,uH,.^N^ [194°], which 
yicldsB'ilCI, C,..II,,AcN, [26l°] ttndC„H,„Ac,N, 
[177°], and gives with benzoic aldehyde a com¬ 
pound G.islli^N^ [lo.i°J (Zincke a. Campbell, 4. 
255,349). \ 

Salts.—B'HCl: long colourless glistening 
needles, v. t>l. sol. water, more readily in alcohol. 
—xB'HjSO,: needles, similar solubility. 

PhenyMinaphthylene-amlne i.$, 

[o. 144°], Formed by heating 
(i8i3)-^-cxy-4maphtbylwithaDUinezinc-obIorlda* 



sa 
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at 800“ (Wnldcr,- B. 16, 2175). Prisms or 
needles, solaloohol—B'2C,H,N,0,. [109°]. 

. Si-phenyl-uaphtbylene-diamine 
[2;2'J C|,II.(Nni>h),. [108°]. Formed, together 
with 0|,H,(OHJ(NHPh^lG3“], by heatingdioxy- 
naphthalene with aniline andCaCl, (Annaheiui, 
H. 20, 1872; Clausius, B. 23, 528). Silvery 
plates (from hot benzene). 

Acetyl derivative [198°]. 

Dl.phenyl.naphthylene-p-diamine 
[1;4J C,.U„(NUPh),. [144“). Formed byreduo- 
ing the di-anilide of (o)-naphthaiiuinofie with 
zinc, HOAo, and alcohol (Fischer a. llepp, A. 
260, 255). Colourless prisms. 

BI - PHENYI - NAPHTHVLENE-DI.THIO- 
UREi C,„II.(NHlCS.NyPh),j. f355''-3S0“]. 
Formed from naplithylenc (1^2)-dianjino and 
phenyl-thio-carbiniido (Bamberger a. ScliiclTelint 
i?. 22, lafb). Needlen. 

DI.PHENYL-NAPHTHYLENE-UBEA 
C,„HH(NH.CO.NnP}i).„ [UliG’’]. ^Formei# from 
naplithyleno (l,2)-diiimine and plienyl cyanato 
(Jiamberger a. Schiellelin, IS. 22, ld7b). Crys¬ 
talline grariulf^'?, v. si. sol. benzene. 

PHENYL-NAPHTIIYL-ETHANE 
Oi«H,.ClI^.CtiFh. Formed by heating nai hlhyl 
benzyl ketono with JII and J’ at 15G'^ {(imebo a. 
Uungener, B. 12, 1078). Yields chrysene on 
paBsing through a red-hot tube. 

A-.PHENYL. {$) NAPHTHYL-ETHYLENE 

[145^"]. Formed by distilling 
(^)-naphthyl cinnamato, CO., being split oil' 
(Anscliiitz, B. 18,1040). Silvery plates. 

Di-hromide. [102'*]. • 

PHENyL.NAPHtHYL-ETHYLENE../f.THIO- 

OEEA NPb;C<g <g;|^’)>CIIr [185°]. Formed 

from phenyl-(a).naphthy]-urea and ethylene 
bromide (Foorster, B. 21, 1870). 

M-PHENYL-NAPHTHYL-GUANIDINE 
C„H,„N,CN,II.,Fh,(0„.H,). Formed by 

heating di-phenyf-tluo*urea with (a).n.'udithyl- 
amino, alcohol, and PbO (Tlcmnnn, i?. C; Z. 
[2] 0, 800). Crystalline, sol. alcohol. 

PHENYL . (B) . NAPHTHYL - GUANIDINE 
CABBOXYLIO ACID 

0^,NH.C(NH).NH.GJI^.COaH. Formedbylioat- 
ing cyan-carl)imidamido-l)onzoic acid with (jB)- 
naphthylaniine (Grie.s.s, B. 10, OlhS). Crystals 
si. sol. hot alcohol,—B'lTCI. Six-sided ijlates. 

PHENYL (a).NAPHTHYL-KETONE 
C„H„0 i.e. C,iIl 5 .CO.C,.,H-. Mol. w. 282. [75 5®]. 
(385®) (Schweizer, A. 201, 100). "V.D. 110 (calc. 
116). S. (alcohol) 2-5 at 12®. 

Formation. — 1. Together with the (8)- 
isomeride, by heating na|>)itba]ene with llOBz 
and PA fit 210® (Merz, IS. 6, 541, OGO, 1238).— 
2. By heating (a)-naphtboio acid with benzene 
and P-A (M.).—3. Together with a smaller 
quantity of the (3)* isomcride, by the action of 
AlCl, on a mixture of naphthalene, CSj, and 
BzCl. The two ketones are separated by crystal¬ 
lisation from alcohol-ether (Bibs, J. pr. [2J 35, 
503; B, lOf 1966; Rospendowski, 0. B. 102, 
872).—4. By heating naphthalene with BzCl 
and 2nCl.;, or Zn (Roux, A. Ch. [GJ 12, 338; 
Kegel, A. 247,178). 

Trimetrio prisms, very slightly 
volatile with steam. 

licactiom, —1. Br forms C„H,,BrO [08®] 

. (E.); [100*5®J (Rospendowski), whenee HNO, 


gives C„H,Br(NOj)jO decofnposing at 90®,—I. 
Cone. H..SO, with a few drops of water forms at 
100°-156® benzoic acid and naphthalene (3)- 
snlphonic acid.—3. Sodadime at 850° forms 
[naphthalene and NaOBz. —4. Chromic acid 
mixture forms C«I|,.CO.C„H,(CO.,H) 2 [l: 2 : 3 J. 
[165®].-—5. Sodium acting on its ethereal solu¬ 
tion forms a groeniah-yollow compound 
(C|oHj.CPh).A^’a.,-» whence water produces 
CPh(C,oH,) 2 .c 6 .C„nj and othef bodies, while 
CO^acting on the Na compoutul forms a yellow 
powder, split up by woier into ketone and 
CS£-.C(C,„1L)(0I4VC0,H fl48°J (Beckmann a. 
Paul, A. 2GG, 10). ; 

Oa:twC,Jl,.C(NOn).C,„H,. [142®]. Groups 
of white needles (from dilute alcohol) (Kegel, A, 
247, 181). Oxidised by CrU, in liOAc to 

, CJI,.C 0 .C.n 3 <^“-^“ [152“], whic« yields an 

anilide [“(fo”) and a p- 

, toluide [107®] both co'^tverted by boiling NaOHAq 
|intoCABz<CO;^i"“[ 222 '’]. , 

Phenyl (3)-naphthyl ketone [82®]. S. 2 at 
12 Formofi, at the panic time as the (c^* iso- 
; nieridc, from naplithalcno (r. supra). Formed 
also by heating (3)-tiai)hthoic acid with benzene 
' and P.Gs (.Merz). Ni;odles, v. sol. hot alcohol, 
j O-Ciw. [170®]. Needles. Oxidised by CrOj 
in HOAc lo yr.llow [132“], 

I which is converted by boating witli aniline into 
' darlc.rcd plates of [ 210 ®]. 

! Ilcfcrence. — l)i - oxy - rnKNyr. • NArtiTOYL ♦ 

’ jcirroNE. 

PHENYL NAPHTHYL KETONE o-CABB- 
OXYLIC ACID C,„!i;.CO.C.,ll,.COJi. [174®]. 
Tlie chloride is formed fjom naphthalene, 
plilhalie ai^iydrido, ^^nd AlCl, (.\dor a. Crafts, 
Bl. [2] 31. 531). Prisms (from dilute alcohol). 
PHENYL - NAPHTHYL - METHANE v. 

BKNZYL-NArilTlAliKNE. • 

Plienyl-di-(a).naphthyl 4 ncthan%. CjjHjj «.«. 
CJl 5 CH(C,„U.).,.. (c. 180®]. Formed from 

■ phonyl-(a) naplithyl-(3)-pinacolin by distilling 
I witli zinc-dust, (lot also by lieating phenyl- 
di-(n)-naphtbyl-oarbinol with zinc-dust (Elbs, 
[2J 35,508). (Ircy powder; cakes together 

at 100 

Di-phenyl-naphthyl-methane Cn,Hj.CHPli,. 
[134® and 149°]. Formed by lieating di-phenyl- 
carbinol witli naphthalene and PA ftt 140° 

! (Lehno, B. 13, 358; Hemilian, Bl, [2] 84, 326). 

! Needles, sol. benzene and ether, si. sol. alcohol. 

I PHENYL - (a) - NAPHTHYL -METHYL-PYB- 

(»>>ove300“). 

Formed by heating the carboxylic acid [244°] 
(Ledercr a. Paal, B. 18, 2508). Plates. V. «. 
sol. alcohol, benzene, and ligroin. 

I Phenyl(3)-saphthyl-methyA-pyrTole 

j heating 

the* carboxylic acid [249°] (L. a. P.). Small 
white concentric needles. Vv sol. alconol. 

PHENYL - (a) - NAPHTHYL - MBTHYLPYB- 
BOLE CABBOXYLIG ACID 



PHENYL-NAHITHYL-UREA. , 


m 


heitifig acctopbenoneacetoftcctio other with (a)> 
naphthylamine at 130^, and saponification of tlie 
pr^uct (Ledercr a. Paal, B. 16, 2;VJ6). Needles. 
V. sol. alcohol, benzene, and acetic acid. 

Phenyl-jS-naphthyl-n^thyl-pyrrole carb¬ 
oxylic acid. [24D ']. Formed in like manner, 
using (iS)*naphtliylamine (L. a. 1\). Small 
white needles, sol. alcohol and IlOAe. 

Ethvl etlhr Et.V. [ILvJ. Plates. 

PHENYL. (H).NAPHTHYL-MEXHYL.THIO- 
OEEA C,.,H,NH.CS.^rhMc. [127-']. detfr^m, 
(/9)*naphthyl-thiociirbiniide jinahyl-aniline 

•(Gebhardt, B, 17, 20D1). Lonj,' yellow needks. 

PbenyU(a)>naphtbyl>metbyi-\^'thio>urea 
C,JI,N:C{SMe).NHPh. [90 J. Formed from 
phenyl (a)-naphthyl-thio-uroa and Mel (Foerster, 
li, 21, lii70). Small white needles. Vielils 
(a)-naplithyl-thiocarbiinido on willi CS... 

PHENYL*, (a) - NAPHTHYI-(^J)-P1NAC0LIN 
0«U,.C(C,oH,),.CO.C,Hj. fc. 130°]. Fromidicnyl- 
(a).naphthyl ketone by iSiiling with zinc and 
HCl (Hlbs, J. pr. [2] 35, yOo). Pale gieeiiish- 
yellow crystflliuo crusls, v. sol. ether, si. sol. 
alcohol, insol. water. Cakes together at 101)-’- 
llO'k* Boiling alcoholic KOll forms benzoic 
aldohvdc and phenyl-di-naphthyl-carbinol. 

PHENYL . (a) - NAPHTHYL - PINACONE 
C„U,CPh(OH).CPh(OH).C,„ll,. [til°j. A pro- 
duct of the action of sodiinn-aiimlgam on an 
alcoholic solnlion of phenyl-{a)*nap)ithyl ketone 
(rjcluic, Ji. 13, 130')). Needles (from ctlier). 

HI - PHENYL. (a) • NAPHTHYL - PYUHOLE 

healing 

its carboxylic acid with lime (Paal a. Braikoff, 

B. 22, 3092). Needles, v. sol. hot alcohol. 

Bi-phonyl* (a) - naphthyl - pyrrole. [208°]. 

Formed in like manner (P. a. 11). Needles. 

DI .JPHENYI*. (a). NAPHTHYL - PYKROLE 

CARBOXYLIC ACID 

[272^, Got by saponityfiig its ether, \Ylnch is 
obtained from •phcnacyl-l^ciii^nhacctio •.Iher 
and (u)-na];^ithyhitmnc (Paal a. JhaikolY, Is. 22, 
3001). Small white plates, si. sol. Imt alcohol.— 
KA'. SI. 6ol. hot water. 

Ethyl ether EtA'. [1B2-’J. Neeilleg. 

Diphenyl.(^)-naphtbyl-pyrrolo carboxylio 
acid, [above 350'']. Got in like manni'r, ufln;.' 
(j8) naphthylumiue. Plates.—KA'. SI. sol. water. 

Ethyl ether EtA'. C182°h N.-dh-s. 

PHfcNYL.(a).NAPHTHYL SULPHIDE 

C. „U,.SPh. [42°] (K. a. B.); [19 ’]. (c. 215° at 
15 mm.). Formed from Pb(SlOi).^ and C,,,!! Br 
(Krafft a. Bourgeois, B. 23,3047). h'urmcd also 
from (a)'diazonaphthalenc chloride and NuSPh 
(Ziegler, i?. 23,2471). Prisms (from dil.alcohol). 

Phenyl (^»)-naphthyl sulphide. [52’]. (c. 221° 
at 14 mm.). Formed in like manner. Needles. 

PHENYL (q) . NAPHTHYL SULPHONE 
CkU(.SO;,.C,^,. [100°J. Formed by oxidising 
phenyl (a).napJtl»yl sulphide witli CrOj and 
HOAc (Krafft a. Bourgeois, B. 23,3047). Formed 
also, together ^ith the (0)* isomcride, by heating 
benzene sul)>honio acid with naphthalene *and 
P,0, at 176° (Mtahacl a. Adair, B. 10, 685). 
Crystals (from alcohol). 

Phenyl (0) • naphthyl snlphone. [116°]. 
Form^ in like manner, and also by heating 
naphtnalena (0)-salphor^ acid with benzene 
and (M« jl A.), and*by the action of xino- 


{ dust or AlCI, on a mixture of luiphihatcne and 
i benzene sulphonio chlorido (OrustsohoU, ii. 7, 
I 1)67 ; Otto a. Bockurts, B. 11, 2069). Needles. 
' PHENyL.{a).NAPHTHYL.THIO*SEMI0ARB. 
AZIDE NHl'li.CS.NII.NflO,„II,. [135“]. Formed 
from (a)-naphthyl-hyJrazine and phouyl-thio- 
curbimide (Preund, B. 24, 4191). Needles. 

Phenyl. (0) - naphthyl • thio. semicarbazide. 
[202’J, Foimcd in lilco manner from (0)* 
jiaphtltv! livdraziuc (1'.). \Vhito plates. 

PHINYL a(o) • NAPHTHYL . THIO • UREA 
j NIiriuCS.MIlV.U:. [103 ]. Formed from 
I (a)-na]'htliyIamino and phenyl-tliiocarbimlde 
(liofmann. Pr. 9, 274), and al.so from imiline 
i and^«)-naiflitliyl-lhioj;arbii(eidu (Muiir/.cr, 15, 
‘lll i). riah ;5, V. b 1. sol. alcohol. With ethylene 
dnomi.le it gi'cs two billcs [ 185°) and 1130°]. 

Tetru h yd ride NIlPli.CH.NllCj^U,.. 

] [1.53 ’]. Formed from phenyl-thiocarbimide and 
! (a)-ha^litliyhii^iie tiilrahyiliide (llamboiger, B, 

■ 21, 1794). Prisms, v. sol. bonzcne-alcohol. 

• Phenyl*(0).naphtbyl-thio.uroa 

I NUI'h.CS.NllCujlI,. [165°]. Formed from 
I (0)-iiaplithylaminn and phenyl thiocarbimide 
I (il.; eFrcnud a. Wolf, B. 25, 1468). Plates. 

I up by JKMAij at 150’ into aniline, (0)- 
naphlhylaminc, and plicnyl and (0)-naj»htliyl 
tliiocarbimid' S. COOL in toluene • forms 

■ 1117“]. 

I 2’c(ra;t!/drid,;Nm“h.CK.NIIC„II„. [ICl"]. 
j Formed from phenyl thiocarbimide and (0)* 

: ntiplitliylamine tetrahydrido (liiuubcrger a. 
Miilh.w, Jh 21, 858). Piism.s (from alcohol). 

PHENYL-(a) NAPHTHYL-UREA. Tctra- 
/n/(/ridc NlIPh.CO.NHC,„n,,. [193°]. P’ormed 
from (a).naphthylamine tclraliydrido and plieuyl 
cyanatc (Bamberger, B. 21, 1794). Needles. 

I ?/.Phcnyl-(0).naphthyl-urea 
; Nil...tJO.NPli.C,„lI;. [190’]. Formed by boating 
iNPh(G,„ll_.).COt3 ami alcoholic NH, at 130° 

. (iiym,*ii. 23, 426). NcedluK, si. sol. cold alcohol. 

Phtnyl-(0)-naphthyl*urea 
I NIlPh.CO.NIIC,,,!!;. [221°]. P'ormed from 
j phonyl cyanati) and (0)-naphlhylaniino (Gold¬ 
schmidt, U. 21. 2.567). Prisms (from alconol). 

! ride NIlPh.CO.NHCyin. [166^]. 

; Formed from phenyl cyanato ann tno tetra- 
hydridc of (fl)-naphthylamino (Bamberger a. 

; Miillcr, Jj. 21, 8.59). Needles, v. e. sol. alcoiiol. 

Pheayl-di-(0)-naphthyl-urea 0,.,lI^„NaO i.c. 
NTlPli.CO.N(C,.,lI,).. [182 j. Formed from 
idienyl cyanato and di.(0).naphthylamiue (Geb- 
hardt, B. 17, 3039). Formed also by heating 
i N{C,„iP)i.COCl with aniline in GliCi, at 130° 

' (Kym, h. 23, 429; Kiihn a. Landau, 7^. 23, 811). 
j Needles (from alcohol). By lieating with ani- 
i line it is converted into CO(NUPh)j and di-(0)- 
’ naphthylamine. 

Pheuyl-tri-(0)-naphthyl*nrea 
CO(NPhC„Hd.N(C,„H,),. [168°]. S. (alcohol) 
*9 at 16°; S. (be zene) 4'54 at 16°. Formed 
from (C,oIL)..N.COCl and phenyl-LS)*naphthyl- 
amino at 260° (Paschkowezky, n. 24, 2924). 
Granular crystals, si. sol. cold alcohoL 

Di.ph6Dyl-(0).saphthyl-area 
NHPh.CO.NPhC,^,. [133°], Formed from 
NPh(C,oH,).COCl and aniline (Kym, B, 23, 426). 
^Vhite plates, si. sol. cold alcohol. 

tt-Di-pheayl-di-(0)-naphthyl-area 
NPhrCO.N(0|^,)^ [104°]. Formed by heai' 
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ing NPhj.COCI with (C,.H,),NH at 220“ or by 
hatting (C„H,)^.COCl with KPhJI at 200“ 
(Paschkowe^ky, B. 24« 2923). Crystalilne 
powder, m. sol. cold alo#hol. 

* 5 -l)i-phen 7 l-di-(^)-napht}iyl>area 
COfNPh.O.pH,)^. [18G°j. S. {alcohol) 1 at 
S. (benzene) 59 at 18*5®. r'ormed by heating 
C,„HyNPh.COCl with C.eH.NPh.COCl at 250® 
(P,). Polyhedral granules. Converted by PIOlAq 
at 250® into aniline, (i 8 ).naphthoL andCiJj. 

Tri-pheDyl.(/3).naphthyl.urea • 
NPh,.CO.NPh.(C„H.). [128®]. Formed from 
C„H,NPh.COCl and NPh,H at 240® (P.). Crys- 
taUin« powder, v. sol. alcohol. • 

PHENYL o-NITBO-BENZYL KETONE* 
C,Hj.C 0 .CH.j. 0 ^H 4 N 03 , - Nit90-dcoxybensoin. 
P'ormed, ^gether with tne ^j-iaomeride, by nitr.v * 
ting phenyl benzyl ketone (Ncy, B. 21, 2448). 
Sol. ether (difference from n-iaomeridcL The 
P’ isomerideyields a crystalline (ftim [107®]. 

PHENYL p-NITBO-BENZYL OXIDE « 
CBHs.O.CHj.OuHiNOa. [91®]. Formed from 
^•nitro-benzyl chloride and KOPh (Kumpf, B, 
17,1076). Plates (from alcohol). *' , 

Befercncc .— Nrmo • phknyl ■ mxno - nENziti 
oxios. 

PHENYL NITBODIPHENYLETHYL KE¬ 
TONE 0,Hj.CO.CHPh.Cn,.C«H,NO,. Formed 
from nitro-benzyl chloride, dcotybenzoin, and 
NaOEt (Buddeberg, B. 23, 2071). The o- com- 
pound melts at 102 ’and yields diphcnylquinol- 
ine [96°J (420®) on reduction. The p- isomcri<* 
melts at 112 ® and yields an amido* compound 
[141®] on reduction. 

DI-PHENYL-DINITROSACYL. So-called. 
OwHioNjOg. [87®]. The chief product of the 
action of HNO^ (S. G. 1*4) on acetophenone 
(HoUeinann, B. 21, 860, 2835). It is accom¬ 
panied by an isomeride [179®]. Crystals (from 
ethor). Converted by acids and alkalis into 
benzoic and oxalic acids, NH 3 , and hydroxyl- 
amino. Ao.p yields C, 3 H,„Ao,N.,Oi [149®]. 
^iline and benzanilide form compounds melt¬ 
ing at 206® and 160® respectively. 

Dl-PHBNYL>NlTBOSAMINE v. NUrosafnind 
of Di-phenyl-amine. 

PHENYi-NIIKO-TOI.YI.THIO-TJKEA ». 

NlTBO-PnEmtl-IOLYL-THIO-nnEi. 

DI-PHENYL-NITHO-p-TOIYL-DHEA 
NPhj.CO.NHC.IIjMe(NO,) [1:4;3J. (IJiU-r)"]. 

Formed from nitro- 2 )-tolttidine and NPh,..COCl 
at 125“ (Lollmann a. Bonholler, B. 20, 2121). 
Yellow needles, v. sol. chloroform and bonr.eno. 

PHENYL-OCTINOIO ACID C„n„0, i.e. 
l>hC(0,H.){C.^;St).CO.,H (310“-320“). This ■ 
appears to bo one of the products of tho action j 
of CO at 170“ on a mixture of NaOEt and ' 
I’hCHj.CO.,Na (M. Sohroeder, A. 221, 46). 

PHEHYl-OCTOIC ACID. Nitrile. 
C,Hjj.CHPh.CN. (287-). Formed from phenyl- 
BoetonitrUo, hexyl iodide, and NaOH (Eossolymo, 
£.22,1237). OU. 

DI-PHESYI-n-OCTYI TEICYANIDE 
O.H„.0,N,Phj. [43“). (285“ at 15 mm.). 

Formed from OJH[„.COCl, benzonitrile, and 
AlOl, (Krafft a. Koenig, B. 23,2384). 

PHESYL-OCm-THIO-UBEA 0„H„N,S.-.e. i 
6 .H,,NH.GS.KHPh. [63°]. Formed from aniline ■ 
•ad seo-octyl-tbiooubimide (Jahn, B. 8,804). | 


x-PHEKYIUlBCPritlAibia: 0,3,67, it. 

Formed by warming th* 
osototrazone ot glyoxal with FeCl, and HQAq 
(Pechmann,. A. 262, 201^. SI. sol. water, y, sol. 

alcohol. HNO, yields cufii’N>NPh [184“]. 
Tri-pbenyl-osotrUzole cpJj;^>NPh. [122“!. 

Formed by heating tho diphenyl-dihydrazido of 
beazit with alcohol at 210‘VAuwers a. V. Meyer 
£.21,2806). WlAte plates. 

PHENYI-OSOTEUZOLE CAKBOXYLIc' 
ACID CF02“]. Formed by 

oxidising phonyl-methyl-osotriazole with KMnO, 
(Von PeoIimann,aB. 21 , 2760). Formed also by 
boiling_thephonyl-bydrazide of di-niroso-aectone 
witli NaOHAq (Pechmann, A. 262, 283). White 
noodles, sol. alcoholpnot volatile with steam. 
Yields a nitro- compound [236“] which may be 
reduced to an amide- compound [ 2 q 2 °]. 

SaltsKA' aq. -IJaA'., -iaq.—Cd A', 4aq. 
Methyl ether Mo.A'. [00']. (286“U 
Ethyl ether EtA'. [50“]. (300“). 

Amide C.NjllPh.CONH.;. [US-O"]. Formed 
. by boiling tho phcnyl-hydi’azide of acctyl-di- 
; nitroao-acetono with Na.,CO,A(i (P.). Ncoilles. 
Nitrile CJINjPh.CN. [04-5“]. (101“ at 
60 mm.). Formed by tlio action of NaOTI on 
I thcpheuyl-liydrazide of di-nitioso-acctoue (Pecli. 

■ niauii, A. 262, 207). Plales, v. sol. ether. H,S 
anil alcoholic Nil, convert it into the thio-amidc 
143,HN.Ph.CS.NH., [132“J. 

Fbenyl.osotriazole dicarboxylio acid 

' C{Co!i 1 );N^^^'^’ Formed by oxidising - 

plienyl-dl-mcthyl-osotriazole with KlInO, (Peoh- 
mann, A. 26lf, 311). Crystallilio powdef. After 
fusion it melts at 184‘’.-l^CaA": needles.—Ag.,A". 

PHENYL-OSOTRIAZOLE CARBOXYLIC 
ALDEHYDE [70“]. Formed, 

by boiling its oxim with dilute ItSO, Jpoehmann,. 
A. 262, 294). Insol. cold water. 

Oxim C,IIPhN 3 .CII;NOlI, [115®]. A pro¬ 
duct of the octihn of alkalis on the compound! 
CntNOH).C{N,,Hrh).CIl(NOAc). 

Phcnyl-hydrczide CJiPhN,.CH;NaHPh. 
[118®-140®J. Plates, v. sol. alcohol, 
PHENYL-OSOTRUZYL ALCOHOL 
CH“(OH)-g=N^NPh. [67“]. Formed, together 

with the carboxylic acid, by warming the alde¬ 
hyde with cone. NaOUAq (Pechmann, A. 262, 
296), Prisms, v. e. sol. alcohol, si. sol. cold Aq. 

PHENYL-OSOTEIAZYL-AMINE C„H,oN, U, 
CH.,(NHJ.g=N^jjp^ ^233“ at 100 mm.). 

Formed from C,HPhN,.CS.NH., by treatment in 
alooholio solution with Zn and llCl (Pechmann, 
A. 262, 300). — B'HCl. (2295). Tables. — 
B'JE},Pt01,. Prisms. — Di-thio-oarbamate. 
[123“]. Tables. 

PHEKYL.OXALACETIC ETHER 0,,H,Ai.c. 
CO.Et.0O.CHPh.CO.Et. Formed by the action 
of Na on a mixture of oxalio ethe| and phenyl- 
aoctio ether (Wislicenus, £. 20,691; A. 2^ 339). 
Oil, decomposed by dcitillatiou, t. sol. alkalis. 
FeCl, ooloors its alcobolio solution le^ Boiling 



PHENYL OrYETHYL SULPIIONK. 


dilate HjSO* gives CO, and plienyl^pyruvio 
acid [165®]. 

Phemil-hydrazide 

CO..Et.C(N..HPb).CHPh.CO,Et. [70®]. Needles 
(from dilute alcohol), v. sol. ether. 

£!ihyl ether of scmi-)i itriU 
CN.CHPh.CO.CO^Et. [130®]. Ponncd from 
phenylacctonitrilo, oxalic ether, and Na or 
NaOEt (Erlcneieyer, jun., B. ‘22,1483). Plates. 
FeCl, colours its alcoholic solution green. 
PHENYL-OXAMIC ACID r. Oxu.ic acii?. 
PHENYL.OXABKDE v. O.xalic acid. • 
PHENYL.OXAMIDE CAXBOXYLIC ACID r. 
Oxalic acid. 

PHENYL-OXANTHKANOL C„II„0, Le. 

[208“]. Formca by 

oxidatioif of phenyl-anthrano^with Iv^CrO, and^ 
HOAc (Baeger, A. 202, 58). Colourless tables, 
iiisol. water, sol. alcohol. Cone. H,SO,‘forms u 
purple solution, llcddced by ziiuMlust and 
HOAo to phenyl-anthranol. Benzene and 
II.^SO^ fom^crystalline 

Acetyl derivative C.„ll,j\c0.y [lOte®]. 
Mefcrence.—hi-cuLono- and 6xY-rin;sYL- 

OXANTIIUAXOL. 

PHENYL-OXAZOLE CJI,NO U, 

[«»]. (221°). Fomioil by boat- 

ing bromo-acctophenoncwith forniauuJc at 110® 
(Ijowy, B. 2«), 2578; Bliituleiu, B. 17, 2."^0;.— 
irilCi. [80-’].—Byi,PtCl/2a.i: yellow nctMllca. 

Di-phenyl.oxazole ’j. 

(330®). Formed by heating tti-hromo aceto- 
phenono with bcnzaniide at 11.5° (B.; L.). 
Plates (from alcoliol). —B'lICl. Needles. 

Phenyl-iso-cxazolo 

Fovmfd from the oxim of benz^yl-acctic alde¬ 
hyde and AcCl (Claiserfa. Stock, B. 21,131). 
P.HENYL-0XA20IB DIHYDBIDE G,II,NO 

ic. (213®). l'’ormcd by wann¬ 

ing bronf^-ctliyUbenzamide with alkalis (dabriel 
a. Ueyraann, B. 23, 2405). Liquid, smelling like 
pheuyl-thiazole dihydride. Miscible with alco¬ 
hol and ether, si. sol. water. HBrAq forms bromo- 
ethyl • benzamido and CH.,(OBz).Cli.^iI£..— 
B'.,H,PtCl,.-B'.,n.,CrP;.-B'C;il3N,0,. '[177®]. 

DI-PHENYL OXIDE C,,H,oOi.c.Ph.O. Mol. 
w. 170. [28®]. (253®). P5675 at 25®. 

Formation.—1. By distilling cupric beuzoato 
(List a. Limpricht, A. 00,100).—2. By wanning 
diazobenzeno sulphate or chloride with phenol 
(HofmeUtcr, B. 3, 747; A. 150, 201; Hirach, B. 
23,3700).—3. By heating jdicnol with ZnCh at 
350®, the yield being 0 p.c. (Merz a. Weith, B. 
14,187).—4. By heating phenol with AlCl, (M. 
a. W.).—5. Together with diphonylcno kelone 
oxide and a body molting at 111®, by distilling 
sodium salicylate with phenyl phosphate (R. 
Richter, J. jfr. [2J 28, 273). 

Preparmion.—By dLstilUng Al(OPh), (Glad- 
stone a. Tribe, C. J. 41, 6). • 

Prqpcrfies.Prisms (from cold alcohol), 
smelling like geraniums, a^ost insol. water and 
KOHAq. Cone. HjSO* forms 0(C,H^.SO,H)^ 
which foims NajA"scaq, BoA", and Ag.A". 

Sc/ersnees.—Di-AMino-, Di-bboaio-,' and Pi- 
aiTBo* and Di-oxt- Pi^bkyi, oxuw. 


PHENYL-OXY-ACETAKIDINE v. Manubl. 

AUIDINE. 

FB£inrL.OXY-ACETIC ACID o. Mani:»:lio 

ACID. 

DI-PHENYL-OXY-iNGElIC ACID v. Bf. 

/lyJrO-COKNICDLAniO ACID, 

P8ENYL y^-OXY-BENZYL KETONE 
C,lJ,.CO.CH,.C«H,OH. [120®J. l^’oruied from 
CIlBz.C^H^NIL by Iho diazo- reaction (Ney, 71. 
21, 2110). White spangles (from water). 

derivative. [87®J. Plates. 
Isomerldt v. Bunzoin. 
PHENYL-OXY-BENZYl-DREA C„H,.NA 

1. c.[l:2]tyi,(OH).CIl,.NH.CO.NHPh. Formed by 
wyming 4 lJli(OIl).CH.^Nri 5 j with phenyl^yanate 
and benzene. Needles, s^i. alcohol and other. 

Methyl <4crfuaftuc 

[l:2]C,.II,(OMe).Cn,.#H.CO.NnPh. [145®]. 
I'ormod from CuH,(O.Me).Cn.NUj Xnd phenyl 
evauato ((loldschmiiU a. Ernst*, B. 23, 2743). 

FHENYLyOXY-BROMO-PROPlONIC ACIDv. 

BuOMO-OXY-PlIKNYL-VKonoJilO ACID. 

PHENYL OXYBDTYL KETONE 0„H„0, i.e. 
C,.TI..CO.CH,.Cll,.ClI,.CII,OJJ. [41®]. Formed 
by buiiing the anliydrido uf its carboxylic acid 
witn water (I'crkin, jun., C. J. 51,733 ; 67,310). 
Ii-idcp.ccnt plates, v. sol. alcohol. If left to stand 
over Il.SO, it is converted into the atil^dridc. 

Ox'ivi C.,U,.C(NOIl).CJl«Oll. [57^. Minute 
plates, b 1. sol.Jigruin. 

Anhijdride C„H,,.0,'.r.CII.<;^[J 

,{250° at 720 mm.). Formed by heating its carb¬ 
oxylic acid at 200® (Porki:i, B. Ifl, 1792; 19, 

2. ’)59; C.X 51,730). Oil. Converted by IIBrAq 
into nhenyl bromo-butyl ketone. 

PHENYL OXY-BUTYL KETONE CAEB- 
OXYLIC ACID. Anhydride C„HjjO, t.e. 

Cll; Pcfi^oyl-tetramethyl- 

ene carboxylic, acid. Phenyl dehydroliexom 
v.ar}^)xylic acid. [II V'J. P'ormed by sapouilica- 
tion of il3 ether, which is made by the action of 
trimethyleno bromide on sodinm bonzoyl-acetio 
ether (Perkin, jun., C.J. 61, 726 ; B, 19, 2557). 
Monoclinic crystals, a:6:c~2-638:l:3’398 ; 
0 --7 l‘4F. V. Bol. alcohol and ether. Converted 
by cone. IIBrAq in the cold into CJlj.CO.CJlJlr. 
— Ca.V'.—PbA": white pp.—AgA': white pp. 

Kthyl ether KtA'. [60°j. Monoclinio 
prisms ; a:b:c = 1*002:1: *591; 68® 34', 

Jtefercncc. —NiTuo-i‘ni-;.NVL oxy-buiyIi kstonb 

ANlIYDaiDK CAItnOXYLIC ACII>. 

PHENYL - OXY . BDTYRIC ACID Oxi- 

rUENYL-lJUTVniC ACID. 

PHENYL OXY.i|/.CUMYL KETONE 
CJl,.CO.C,HMe,OH. [IS?®]. Formed by the 
action of nitrous acid on plmnyl amido-^-oumyl 
kelone (Frohlich, B, 17, 1806), Plates, V. sol. 
alcohol, sol. alkalis. 

PHENYL OXYETHYL SDLPHONE 
CJIySOj.CaHtOH. Formed by heating glycolic 
chlorhydrin with souium-benzene sulphinate 
and a little water at 120® (Otto, Apr. [2] 30,186). 
Prepared by boiUngC,H,jSO,C.HJ. with KOHAq. 
Liquid, si. sol. water, miscible with alcohol and 
ctlicr. Reactions, — 1. Cone. HjSO^ forms 
C.Hj.SO^j.O^t.O.SOjH, which yields S^BaA'^aq, 
crystallising from water in needles.—2. Sodium- 
amalgam reduces it to alcohol and Ph.SO,H or 
PhSH.-3. PCl« forms PbSOrO^«Cl, crysteiiif- 




r3 rnExn oxycthyi. sulphonb. 


ing from benzene in six-sided tablets [56°].-" | 
4.1’Clj, forms the sparingly soluble anhydride ' 
(Cii.S0,.a,H,),0 [70°J.-5. Aqueous NHj,atl20° 
forms (PLS0,..C.Ji^).^NH. - • 6. Chromic acid 
oxidises it to Ph.SO.^.C42'C03^ 

Acetyl derivative C,„II,..SOj. Oil. 
Bemoyl derivative Ph.SO^.O.Hi.OBz 
[125°]. 

PHENYL OXY . METHYL KETONE v. 

BKN70YL»CAUniN0L. 

PHENYL . OXY . NAPHTHYL K51:0NE. 

Ethyl tiertvativcC,on,j{OKt).OD.C„Hv [75']. 
Formed from C,„H,.Okt, JJzCl, and AlClj (Gat- 
termann, B. 23,1200). Needles. 

Pl^enyl-di-oxy-naphthyl ketone ^ ^ 

C.H..CO.CJI,<S"®}f^{:{: Formed by 

boiling (ol-benzoyl-napbftioquiuonc with SnCl.^* 
andalcohul (Kegel, A. 247, IHd). White plates. ; 
Acetyl derivative. [155^]. Platcjs. 
Isomeride v. Di-oxv riiRSY*^\'APimiYL-KK. 
roNK. t 

PHENYL.OXYPHENYLBIA2YL HYDKAZ - 

IHE [1H1'’J. Formed 

by heating di-phenyl-cavbazidc with COf«l.y <at 
100° (Freutid u. Kuli, B. 2.'{, 2>^;U). White 
crystals, insol. honzene. Oxidised by FcClj to 
0.,N.,Phf)„.N:NPh [200-1. 

PHENYL - OXY - PHENYLXHIOBIAZYL . 

HTDEAZINE ^^"'^'I^^C.NII.NIIl’h. [12rj. 

Formed by tlio jiction of COCK on di-pheny]j j 
thiocurbazido, tlio roaulliiig C/N^PluSO.NKNlMi 
[140°] boing reduced by alonholio ammonium i 
eulpUido (Freund a. Knli, />'. 20, 2827). Needlea. i 
DI-PHEHYl-DIOXYPHENYLENE DI- i 
KETONE V, DioxYPUBN'vr,i!NB inininNn. in- 

KliTONK. 

PHENYl-OXY-PIVAHO ACID v. p oxr- 
PHEMYL-Viiamc ACJD. 

' PHENYL OXY.PROPIONIO ACID v. ^Oxr- 

PlIENYIi-PBOPInmO ACIll. 

DI-PHENYL OXYPEOPYLENE DISOL- 
PHONE CH(OH)(CU...SO,..0,I1,),. Formed by 
oxidation of tlie product of tiic action of N.aSl’li 
on dichlorbydrin (Otto a. lliissing, /i. 23, 7nH). 1 
Oil, V. sol. alcohol. ; 

Bemoyf'derivative. [130^. Needios. | 
DI-PHENYL OXY-PEOPYL SULPHONE. 1 
Anhydride (C.IIj.SO,.CH,.Cri...Cll,,),0. [85“]. 
Formed by heating di-pbcnyl trimotbylcne di- 
sulpbono with alcoholic potash at 120“ (Otto, B. 
24, 1833). Hexagonal tables, insol. water. 

PHENYL OXYTOLYL KETONE. Methyl 
derivative* CriII:,.CO.C„II,Me.05Io. [S 0 “]. : 
Formed from C„H^Me(OMo), BzCl, and AIClj 
(Kooniga a. Carl, D. 21, 3807). Crystals. 

PHENYL-OXY-VALEEIC ACID v. OxY- 
PnENYt-TAtEMC ACID. 

Di-phenyl oxy-valerio acid v. Tetrahydro- 
CaUHioutAaia acid. 

PHENYL-FAEABAWC ACID v. PAnABAMic 
ACID. . 

PHENYL-FABACONIC ACID v. Anhydride 
of OXT-BENZVL-SDCOISIO ACID and Niiuo-phenyl- 
PABACOKIO ACID. 

DI-PHENYL-PENTADEOYL TEICYANIDE 
• 0,N,Ph,(OH,)„CH^ [64“]. (328“ at 13 mm,). 
Farmed by heating bonzonitrile with palmityl 
eltloride and AlCl, from 40“ to 100“ (EraSt a. 


Hansen, B. 22, 809). Qlobnlar groups of 
needles (from isobntyl alcohol), r. sol. ether. 

PHENYL PENTADECYL KETONE 
O.H,-CO.C„H„. [59“). (251“ at 15 mm.). 

Formed from palmityl chloride, benzene, and 
AlCl, (KraOt, B. 19, *)S2; 21, 2260). Plates 
(from alcohol), sol. ether. Yields benzoic and 
penladecoio acids on oxidation. 

lieferenee .— Oxy.phenyd pesdxdectl ketone, 
PHENYL-PENTANE v. Amyl-benzese. 
PHENYL-PENTANE DICAEBOXYLIC ACID 
Ca,n.C,H,.CEt.,.CO,H. fUS”). Formed by th* 
action of KOH.Aq^pon its anhydride 

[53“], which is got by the ao- 

tion of alcoholic potash an<l EtI on dl-oxy- 
ethyl-isoquinoline (Pulvonnacher, 7?. 20, 2494). 
CryKtatline. -na^".—Ag.A"; yellow fowdor. 

Phenyl-pentane tricarboxylic s^her 
0[IEt(CO.,rU).C(Cn.,fh)(C().Et),.. (336° cor.). 

S.G. 1*0899. • l-4Ht)7 at 20°. Formed 

from sodium biifauo tricarboxylic ether and 
benzyl ohlorido (I5iscliolT a. Mintz,*!^. 23, G54). 
Yields, on saponification, two bonzyl-ethyl-suc- 
cinic acids [1.57*5'’] and [123'5°]. . 

Phenyl-pentane tricarboxylic acid 
CMft.,(CO,,M).C(CH.Ph)(C(\lI),^. [178°]. Ethyl 
ether Et,A'". (.337° cor.). S.G. f 1 0950. 

1*4831 at 20°. Formed in like manner 
from isobutanc tricarboxylic other (li. a. M.). 
Ykdds, on saponification, the acid and also 
bonzyl-di-uietliyl-sucoinic acid fl55°], 

Phenyl peutane tri-carboxylic acid 
GllAMo(COoH).Cll2.C(CH.,in))(CO.dl),. [130°j, 
One of the acids got hy saponifying the product 
of tho action of benzyl chloride on sodium iso- 
Imtano tricarboxylic ether (BischoiT, B. 23, 
1917). Plates (from water). 

Bi-phenyl-pcntane tetra-carboxylic ether 
CtJ.,(C((;0,Eti^.CII,Ph).,. (e. at 20 mm.). 
Formed from disodium'propane tetra-caiboxyUo 
ether and benzyl chloride (brnssel, A. 2.56, 191). 
Thick oil. « » 

PHENYL-PENXENOIC i^CID 0,.H,.,O2 i.c. 
C,ilI^G,,H„.COK. Hydrocinnamhiylacrijlic 
acid. [31°]. Eorincd by reduction of phenyl- 
pentinoio add by sodium-amalgam (Baeyor a. 
Jackson, B. 13, 122). Plates. Yields di-oxy- 
phcijyl-valoric acid on oxidation by alkaline 
KMnO^ (Fittig a. -Mnyer, A. 268,51). 

Dihro mi de. (100*^]. Prism.s. 
PHENYL-PENTINOIC ACID 0„H,oO, i.e. 
C«lI,.CH:CH.Cn:CH.CO.,II. Slyryhacrylic acid. 
[166°]. Formed from cinnamic aldeliyde, Ac.,(), 
and NaOAc (Perkin, C.J. 31, 403; Fittig, A. 
268, 50). Prisms (from water). On oxidation 
by alkaline KMnO, it yields benzoic aldehyde 
and racemic and oxalic adds (Doebner, B. *23, 
2371).-SrA',*2aq. -Ag^.V'. 

Chloride Q^.,YlyJdC\. [25°J. 

Amide. [186°]. Tables (from alcohol). 
Di'phenyl-peatiuoic acid c 
0,H,CU:CIl.CU:CPh.CN. [119°]. Formed from 
cinnamic aldehyde, phonyl-aceto'.itrilc, and 
N.iOHt (Freund a. Immerwahr, B. 23, 2356); 
Needles, v. sol. alcohol and ethjr. 

Jie/crcncc.—Nil Ro. and Oxt-rnEim. psk- 

TINOIC ACID. 

FHENYL-PHENTBIAZINE. IX}hydride, 
a28“J, Formed by a^diaa 




PHENYL PllENYL-ETHYL KETONE. 


ta 


KftKO, to a eolation of o*ami(1o-bcn?.y!*phenyl> 
hydraaino or o-amido-benzyl-aniline in HClAq 
at 0^ (Busoh, B. 25, 448). Plates, v. sol. ai- 
".ohol. Salts.—B'HCl.-lVjHjPtCl,,. [130^].— 
B'0,H,N,,0,. [lir!. Orange-red needles. 
PHENYL PHENTEIJZOI.E 0„H„N, U 

[109®]. Occurs as a by- 
pooduct in the q^aniifiiiCturo of aniido-azo-benz- 
cne (Gattennann, B. 21,1033). Formed by tli(‘ 
action of phcnyl-hydra/dne on brom«)-di-nifn>. 
benzene, the rosnltiiijf nitro-phenyl-plientriazi^lo 
Jl:4:5]CJI;,(NO,):N;,Pli being ftduced to auiulo 
phenyl-phentriazole (183®J uiul Nllj then oliuii- 
iiated (Kehrmann a. Mrssingcr, B. 25, 890). 

Isomeride N. Phcni/l-jt/icnt/I^ 

eue-a^imult. [00®]. Formed^ from o-amido- 
diphciiylamiM and nitrous ;ioid (SchoplI, Ji, 2.3, 
1813). NeedTes, sol. .alcohol. 

PHENYl-PHEN-(/3).N*PHTHACRIDINE 

unoor.]. Formed by 

heatingfi mixture of ph(.'nyl-(j0) n.aphthylinniue 
and ^enzoic acid with 1\0,, or /nOl.. (Claus 
a. iliehter, B. 17, 1505). Sublinirs in white 
needles.--IVJI.PtCl.i: glittering yellow needl.-s. 

DI-PHENYL PHENYL-ACETYLENE DI. 
KETONE V. DKnYm:o-.‘n:j:roi-ni;NONii-ni;N/ir., vol. 
i. p. 37. I 

Bi-phenyUdipljciiylacctylcue diketono v. i 
OXYLKI'IDRN, vol. ill. p. 137. 

PHENYL-PHENYL.AMIDO ACETIC ACID , 
C„U,Ph.NJJ.CiL.COdl. Formed from p-aniiilo- ; 
dipiienyl and chloro aoeiio acid (Zimmi'rinann, ' 
B. 1.3, lObll). lOates (fiom hot wateri.—Kt.V'. ' 
[05®J. N(‘edle.'» (from dilute alchol). 

PHENYL PHENYL-AMIDO-hTHYL KE- 
TONEC«H,.CO.C,H,NHrh. [38 j. Formed fmm 
n^id aniline (Pamp^ a. Stdnuith, 

B, 10, 280t)). Yellow cryM.al.-i. 

Acetyl deri i)a tivc, 0 \\^^‘V'\ Ne<-dles. 
PHENYL PILENYL-AMYL jCETONE 
C,U,.COuCHPh.CIIJ'r. |78"]. 
cor.). Fol^lied froni pbenvl benzyl ketone, 
NaOEt, and isobnlyl bromide (V. Meyer a. 
Oedkers, B. 21,120.5). Needles. Yields an oxini 
[118®] crystallising in piisins. • 

PHENYL-PHENYL-BENZAMIDINE . 

Ci^n^Nj i.e. CI'h'^^^^C.,l-r(Ph. [108 J. Formod 

from CJIJMi(NO.d.NIH;z, tin, and lIOAc (Hub- 
ner,d.200,317). Plates (from alcohol).-JJ'iiCl. 
—B'J-I PtCI^.—; nfM'db' 9 , si. sed. wut' r. 

PHENYL-PHENYL BENZYL KETONE 
U. CJi,Ph.CO.CJI.,Ph. [150^!. (ala»ve 
.300®). Formed*from diphenyl, pheuyl-acctic 
<hIoride* and AlCl, (Papeke, B.'2i, 1330). Plates 
(from alcohol). Converted by NaOEt and C.SCI., 
into C,H,Ph.CO.CPh:C8 [above 320®]. 

PHEim PHENYL-BHTYL KETONE 

C. Hj.CO.ClIPhQr. [33°]. (330®). Formed from 

sodium deoxybenzoin and n-propyl bromide 
(BisebofI, JB. ^2, 346). Thread-like needles 
(from alcohol). Yields an oxim [100®]. # 

Phenyl phenyl-ifobutyl ketone 
C^j.CO.CHPhPr. [48®]. (825®). Yields an 

oxim [70°] and a phenyl.hydrazide [72®]. 

BI-PEEBgrL-DLPHENYL'CARBiNOL 
0,H,Hb),CH.OH. [151®]. S. (alcohol) 1-25;• 
ether) 8; (ligrofo) *6 at45®. Got by reducing 


the corresponding ketone with sodium cn'algam 
(Adam, A. Ch. [6] 16, 260; c/, Weiler, B. 7, 
1189). Plates. • 

PHENYL - DI - PHENYL - CARBlNYLAtf INE 

Cy.Hj.O^H^.CTIPli.NH... §77®]. Got by teduciiig 
the oxim 0J£*.C,u;.C{N01I).0JI, by sodium 
amalgam (Koller, M, 12, 508). Needles (from 
ether), in»;nl. \yater. Cone. IPSO, forms a deep- 
! violet colour, becoming clarot-red on warming. 

- l>'HOAc.[161'“'j. White needles (from water),— 
MrilCl. , |252 ]. White needloK.-B'liNO,. 

; i2iri. -B',ll;^tCl,4a<i. [191®]. Yellow needles. 

Pheuyl-triphonylcarbinyl-aniine 
I NHPh.Cl’ic. [Mti®]. Formed from aniline and 
j (ThJlr (Kl*s, ]{. 17, 703; ^Icmilifin a. Slber- 
j stein, B. 17, 74t»). Hexagonal prianiS’, v. sol. 
iCS.. Yifdds a •nifrosaminc |c. IbO') and ii 
i ft'l.va lailpljoiiic ;wi<l *C..H,,(SO,l!),^ which 
i yields easily soluble Ibr-.V’ and Cii A*'. 

I PHENYL TRI-PHENYL-CARBINYL KE 
TONE V. (O) B^Zl’lNAt'OMN. 

• DI-PHENYL. DIPHENYLENE-DI.UEEA. 
NnPli.(:'O.Nn.C,.[I,.C,.H,.N!I.CX).NIIPh. iabove 
300 j. (kmcoiitric nei'dles (from aniline). 
l’onn#d*l)y adding pliciiyl cyanate (2 mols.) to 
an «thcreal solution of benzidine (Kiihn, B. 18, 

; U7S). 

I PHENYL PHENYL-ENNYL KETONE 

C..II,.CO.(:i!Pii.CJl„. lorj. {:WV355®). 
Formed from d' oxybenzoin (E. Bischol'f, B. 22, 
318). Yields an oxirn [lOP*] crystallising in 
long needle;'.. 

• PHENYLPHENYL - ETHYL ALCOHOL 
[l:3J(J..ll^Ph.Cll.Me.()II. [80’]. Formed by re¬ 
ducing 0 ,,li 4 ph.C().ClI, with Bodium-umulgam 
(Adam, A. (Jh. [0] 15, 257). Crystalline mass. 
L'aiinot be distilled. 

DI-PHENYL DIPHENYLETHYLENE DI- 

KETONE CHPliBz.CllPliBz. Bidesyl Hydro^ 
i25r>''-'j. Formed as described in 
; V(d. iii| p. 139. Needles (from benzene), inaol 
alcohol. On boiling for two horns with alcohol 
it cliaiiges to an isomeride [201'''], sol. alcohol 
(Fehrlin, B. 22, 553). 

‘ Isomeride. (161 ]. Isohi/icsyl. Accompanies 
hidc.'^yl when prepare.I from deoxybenzoin, 

I NaOJ'.t, and I, or from B/(yHBrPh.^NaOEt, and 
(leoxyinmzoii> (Ivnovcmi.;’/-!, /i.21,13.56). Prisms 
(from alcohol). Beacis with hydroxylamine 
I'onniti -, C.,.H,;N.,0, [116-'-120''|. Cone. ILHO^ 
form.i with hiilcsyl and isobidesyl a green 
: solution, turning brown. Nli^ forms totra- 
’ plu nvl-pvrrolc. 

1 PHENYL PHENYL-ETHYL KETONE 

C. 11. .CU.C II .Me.C, 11 ,. [53 ^ t. (318® cor.). 
Fojmcl from O..H,.CO.(UlNa.C,lf, and Mel 
: (V. Meyer a. Oelkers, B. 21, 1297). Needles 
i (from alcohol). Forms an oxim [120'-’]. 

! Phenyl phenyl-ethyl ketone 
I [7;rj. (above 

bonncii by rciluci-g pbenyl Btyryl kotone witn 
/,inc-du&t arid ll(>Ao (Schncddewirid, B. 21, 
I’latos (from alcohol). Yi»ld« an oxim 
[ |87'j. I'ioamyl nitrite and Na01ii( torra 
i C,.H,.NO., [126°]. 

! Phenyl diphenyl-ethyl ketone 
j C.H..CO.CHrh.CH.Ph. [120°]. Formed from 
i phenyl benzyl ketone, NaOKt, and benzyl 
chloride (V. Meyer a. Oclkere, B. 21, 1300). 
Needles (from alcohol). Yields an oxim [200°).' 




n PtIENYl. rflENYL-ETHYL KETONl OAHBOXYLIC ACID. 


fHEKYl PHEHYi-EIHYI KETONE 
CASBOXrilC ACIfl 0,EyCO.Cm'b.CH,.CO,H. 
P52“] (J. a. M.); [161°] (M. a. 0.). Formed by 
oxidising dehydro-acetone-benzii with OrOj and 
HOAo (Japp a. Miller* B. 18, 184). Needles.— 
BaA'j2aq.—AgA'. 

Ethyl ether EtA'. Formed from 
Ph.CO.CJINaI>h and ClCHjCOjEt (V. Meyer a. 
Oelkers, B. 21, 1305). When boated it yields 

an anhydride 0<Ccpi,.c^ [162°], whence am¬ 
monia forms mi'CcPh'oPh Fh<i“yl' 

hydrazine acting on desylacetic acid forms 
Cjd*„NiO [110°] and (C,.JI„N,0),<213°].. The 

f'Ti ' 

former, NHPh.N<^Qp,be reduced 

• _f'TT® 

by Na ohd isoamyl alcoliol to CHPh 

[207°]. Aniline converts the acj^d into 

““‘1 , 

^*’’’<^CPh CPh.ClOiiCPh^^^’*’ melted at 
800°. • 

Phenyl phenyl-ethyl ketone carl^oxylio 
acid. Methyl ether 

C8njfO.CH(CO.,Me).CILPh. (c. 253° at 50 
mm.). Formed from methyl bcm/.oyl-acclalc, 
NaOEt, and benzyl cliloride (Perhin a. Caiman, 
C. J. 49,155). 

Phenyl di-phenyl-cthyl-kctone carboxylic 
acid C..U,«0, i.e, CJIj.CO.CU,.CPh„.C(l*II. 
[183°]. Formed by heatinj,' the lactone of oxy- 
tri-phenyl-erotonic acid with alcoholio potash 
(Japp a. Kiingemann, C. J. 57, 081). Plates. 
Keducod by boiling HIAq to tri-phonyl butyro* 
lactone. Phcnyl-hydrazine in alcoholic solution 
yields C.^8H2.N.^0, which is reduced by Na and 
isoamyl alcohol to oxy-tri-phcnyl-pyriolo di- 
hydride CjjHjuNO.—Nll^A'.—AgA'. On ho.ating 
with alcohol and hydroxylamine hydrqphloridc 
it forms C,. 5 H,.NO,, [152°] and C,.,H„NO [143°]. 

Methylawide C^jIPjNO^. [156°]. Formed 
from tri-phenyl-crotolactoue and methylamine. 
Ethylamide. [130°]. Noodles. 

Phenyl tri-phenyl>ethyl ketone carboxylic 
ftoid. MeJ h ylamide 

C,H,.CO.CHPh.CPh,.CONnMe. [200°J. Formed 
by heating the lactone of oxy-lclru-phcnyl-cru- 
tonicacid with alcoholic NH.,Mc at 100’ to 200° 
(Kiingemann a. Laycock, B. 24, 514). Plates, 
si. sol. alcoliol. Yields, on distillation, 



PHENYL PHENYL-HEPXYL KETONE 
C,H,.CO.CHPh.C 6 H, 3 . [69°]. (345°), Needles 
or plates (from alcohol). Yields on oxim [89°] 
(Bischoff, B. 22, 347). 

PHENYL-BI-PHENYL-HYPBAZINE 
NHPh.NHC„H,Ph. [127°]. Formed by reducing 
OyHi.N^-CftH^Ph with ammonium sulphide 
(Loober, B. 21,911). Needles or plates (from 
mlute alcohol). Yields a di-acetyl derivative 
[203°]. 

PHENYL-BI-PHEKYL KETONE v. Tnunih- 

BBNZOrlIE^OMB. 

PHENYL-PHENYL HEECAPTAN C„H,„S 
Le, 0«H4Ph.SH. [111°]. Formed by educing 
CfH^Ph.SOsCl with tin and HGl (Gabriel a. 
I)eutach,£.13, 386}.~Pb(S.C!,H4PhV Beddish- 


brown pp.—CjaHaSMe. [f08°]. Needles (Ober- 
mayer, R 20, 2927). 

BI-PHENYI-BI-PHENYL-HETHANE 
(CjH^PhjjCHj. [161°]. (360°). Formed from 
diphenyl, methylal, HOAc, and HjSO^ (Weilor, 
B. 7, 1188). Fomftd also from diphenyl, 
CH^Clj, and AICI 3 ; the yield being bad (Adam, 
A. Ch. [ 6 ] 15, 254). 

BI-PHENYL BI-PHENYL-METHYLENE 
BI 8 ULPHIBE CPh 3 (Srh) 3 . [139°]. Formed by 
p&sing dry IICl into a hot mixture of benzo- 
phenone, phanyl morca]ftun, and ZnClj (Bau* 
mann, B. 38, 88 i). Prisms (from ether). 

PHENYL-PHENYL BI-PHENYL-ETHYL 
KETONE CJl^Vh.CO.CIIPh.CH^Ph. [158°]. 
Formed from C^jHJ’h.CO.OH^Ph, NaOEt, and 
benzyl chloride (Papeke, B. 21,13.39). Needles 
(from alcohol)^ Yields an oxim [178°]. 

PHENYL PHENYL - PEOPINYL KETONE 
CAEfiOXYlIC ACIBCPh:C.CHBz.C03n. [135°1. 
(c. 275° at 40 mm.)» Formed from di-benzoyU 
propionic ether and alcoholic potash (Kupf a. 
Paal, B. 21, 1188). Yellow needles or plates, 
insol. water. Plionyl-hydrazine forms €.^JL,,N^O 
[100 ’]. Boiling with alcohol and nClA(j forma 
(li-phcnyl-furfurane carboxylic acid [217 ']. Al- 
coliolio NH,, yields di-phcuyl-pyiTolc carboxylic 
ether.—KA'2a(i: yellow needles (from alcohol). 

PHENYL a - PHENYL - PEOPYL KETONE 
CJIj.CO.CinitPh. [58 ']. (324° cor.). Formed 
from phenyl benzyl ketone, NaOEt, and EtI 
(V. Jfeyer a. Oelkers, B. 21, 1299). Needles. 
Yields an oxim [130°]. 

Phenyl phenyl-propyl ketone 
C„II,.CO.CH,.CJU’li.Cil 3 or Cjr,.CO.CMc.,l‘h 
[70°]. (340°-3i5° i.V.). Formc<l by boating 
acetophenone with III and P at 140° (Gratdio.jb*. 
7,1025). Plates (from alcohol), v. e. sol. ether. 

PHENYL BI-PHENYL-PEOPYL THIO- 
UEEA Nnj’h.CS.NII.CU,.CHFh.CfLHi. [129°]. 
Formed from di-phcn^l-propyl-amine and phenyl 
thiocarbimide (Frcinid a. Itemse, B. 23, 2802). 

PHENYL PHENYL - PYilAZYL KETONE 
C 3 n.,PhN 3 .CO.C,H 3 . [123°J. Formed by heating 
piienyl-pyrazolo with BzCI at 245°^Balbiuno, O. 
19 ,139). Needles (from dilute alcohol). Yields 
an oxim [1.5-1°] and a phenyl-hydrazide [140°]. 

BI-PHENYL-BI-PHENYL sulphibe 
OS^H.^S i.c. (C,H,rh) 3 S. [172°]. Formed by 
distilling Pb(S.C6lT,Pli)., (Gabriel a. Dcutsch, B. 
13, 380). Plates, sol. alcohol and ether. 

Bi-phenyl di-pheayl disulphide (C„H 4 ph)..S 3 . 
[150°]. Formed by atmospheric oxidation of 
C^HJ’h.SII (G. a. D.). Needles, sol. alcohol 
and CS.. 

PHENYL-PHENYL SBLEHOCYANIBE 
C^H^Ph.SCN. [81°], Formed from Pb(SC«H 4 Ph), 
and ICy (Gabriel a. Deutscb, B. 13,389). White 
crystals. 

BI-PHENYL-BI-PHENYL SBLPHONE 
(C,H4Ph)..S02. [216°]. Made by oxidising 

(C,H 4 Ph),S with KMnO^ (Gabnel a. Dentsch, B, 
13, 387). Plates, si. sol. ether. « 

•PHENYL ■ PRENYL - SBLPHONO -BENZ AM- 
IBINE PhC(NPhH):NS 03 PJ. [ISD'p. Formed 
by the action of aniline on the imido-chloride 
obtained from the anUide of benzene solphonio 
acid by the action of PGl^ (Wallaok a. Gossmann, 
A. 214, 214). Narrow plates (from aloohoi). 
Appears not to oombne with HCI. On dry dis- 
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tilbtion it given di.phenyiaiSime, benzonitrile, 
80., Kid phenyl sulphides. 

FHSHYl-PHES'n.TraOOAEBIMIDK 
C.H,Ph.N;CS. [68°]. Formed by distilling 
(C,H,Ph.NH)..CS witl* P^O, (Zimmermami, B. 
13, 1904). Needles. 

PHENYL PHENYl-THIO-OlYCOLLIC ACID 
C.H,Ph.S.CIl,.CO,H. [170”]. Formed from 
chloro-acctio acid and C.U,Ph.SNa (Gabriel a. 
Deutsoh, B. IS, 389). Colourless crystajte, si. 
sol. water. • , 

Pbenyl-phenyl-di-thio-^-glycollic acid 
C„H,(S.CH.^CO,H),. [232-]. Formed from 

C,^.S.,Pb and CIC1I,C0 ,H. CiysUila. 

DIPHENYL-DIPHENYL-THIO-DKEA 
CS(NH.O.H,Ph)j [228’]. Formed from ^j-amido- 
dipnenyt and CS, (Zimniormann, B. 13,1903)# 
Plates. * 

PHENtL PHENYL DI-TOLYL-CAKBINYL 


yields tri-phenyl-thiophosphato PS(00,H,)„ 
together with phenol and some diphenyl and 
di phenyl oxide. On distilling with MgO, PbO, 
ZnO.orCaO the chief product is phenyl, together 
with some diphenylel»o-oxido (Kreysler, B. 18, 
1716). Chlorine passed into its cold ethereal 
solution forms {C,HjO)jPCl.j (A. a. E.). 
/fi'fiwm-c.—NiTnopnESYi..i'noai’nAn!S. 

PHENYL-PHOSPHINE O.H.l’U.. Mol. w. 
110.. (101'). S.G. 14 l-OOl. A product of the 
aetioB of alcohol on C^IIjPIsH and on CjHjPCl. 
(Michaelis,!!. 7. 6; 10, 807; 12, 338; 4.181, 
303). Pungent liguid. * 

licaclit'iJts. ■ - 1. Ab.sorhs oxygon, forming 
C^HjPliaOlI [70 ’j.-2. Sulphur at lO#” forms 
Uquid C.ll,,Pll..S and solid {C.H,P),S [138‘'].-3. 
CHj at 150 ’ fSrms 0*11, .P..S,. 

Salts.-CJIjPlI,!. Needles. -Jl'.,lI.,PtCl.. 
Phenyl-di-chloro-phosphine CJljPCIj. 

Phmpiu')n/lxhloridc. Mol. w. 179. (22.3’ cor.). 
S.<1. " 1-312* (Thoriie, C. J. 37, 347). Formed 


KETONE V. PHEXVt,.ToiVL-pisic-<ii,is-. 

PHENYL - PHENYL-p - TO LYL - CAEBINYL- 
DEEA NHPh.CO.Nn.CHPh.C.II.Me. [200 J.*^ by passing benzene and PCI, through a red-hot 

phenyl ■ tube. Formed also by healing I IgPh, with PCI, 
'at 180”, and by the aclion of AlCi, on a mixture 
of ^elTzono and PCI, (Michaelis, B. 12, 1009 ; A. 
181,280). Pungent fuming liipiid, dceoinpuscd 
by water into llCl and C,1I,P1U).0U [70’J. 
Chlorine forms C-lPPCl, [73’J, whiches split up 
at ISO’ into C,tl,Cl and PCI,, and is converted 
by water into 0,ll,PO(Oli),. SbCl, forms 
C,iII,PCI,SbCI„ an unstable yellow crystalline 
powder. Br yields CJl,PCI..I!r, [208“] and 


Formed from CalliMe.ClIPh.NH., and pile 
cyanate (Goldschmidt a. Stoker, B. 21, 2802). 

• PHENYL PHENYL-DI-XYLYL-CAEBINYL 
KETONE V. PiiENVL-xvi.vL-1'mACOi.ix. 

PHENYL PHOSPHATES. 

Mono - phenyl di - hydrogen phosphate 
0,H,0.P0(01I).,. Phnxjl-phosiAwric acid. (98’]. 
.A product of the action of P,0, on phenol (Item- 
bold, Z. 1860, 632; Jacolrsen, B. 8,1019; Jhiin’. 
A, 224, 137). Delitpieseont needles. Partially 


decomposed by boiling water into phenol and• C.,ir,PCI,Hr,. ill forms 0,II,PI1I;,. IPS yields 
phomhoric .acid. Yields phenol and IIl’O, on i oily (C.H,,PS). and crystalline G,,H,„N,S, [193’|. 
distillation. -CaA".—Ba\'': prisms. S forms liquid C,U,PSCI, (270") (Keller, B. 13, 

Chloride C,H..O.POC1,. (21-2"). A pro-| 461)..... 

Form, d 


Chloride C,H..O.POC1,. (21-2"). 
duct of the action of POCl, on phenol. 


Phenyl-di-bromo-phosphlno 0,11,PBr,. [3^1°]. 


also from Cil.O.PCl, and SO, (Anschiit/. a. Got from IlgPh., and PBr, (Miehaclis, B. 9,619). 
Emi«y, 4.2.3.3, ilO). I Liquid. Br yields C,IP,PBr, (207°] and 

Di-phenyl hydrog^ phosphtte C,lJ,PBr,. 

(C.n,0),,P0.01I. [6C°J (K.). A product of thn I 
action of P.jOj on phenol. Formed also by boil- ' 


Oqj. (31.3’at272mtn.). 
POCl,. Oil, slowly do¬ 


ing (PhO),PO (Imol.) with alJucousKOll (Imol.) 
(Glutz, b 4. 113, 493), and by decomjiosing the 
chloride with water.- BaA',. — AgA'.—Nll,PhA'. 
[o. 160°] (Wallach, B. 8, 1233) 

Chloride (C.H,0).,POC' 

Formed from phenol and Pi 
composed by water. 

Anilide (C„H,0)-PO.NIIPh. [129’]. Si-x- 
sided tables, v. si. sol. water f\V.). 

Tri-phenyl phosphate (C„II,0),PO. [13’] (J.). 
(245°atll mm.) (.A. a. E.) Formed, together with 
chloro-benzene, by the action of PCI, on phenol 
(Williamson a. Serngham, C. J. 7,210). Formed 
also from phenol and POCl, (Jacobsen), or PCI, 
(Glutz), followed by water. It is also a pro.luct 
of the action of water on C,ll,O.PCl, (Auschiitz 
a. Emery, 4. 253,110). 

Preparation.—k. mixture of phenol (280 pts.) 
and phosphijfus oxychloride (150 pts.) is heated 
to boiling with an inverted condenser for 16 
hours, the,excc3s of phenol is removed by dis¬ 
tillation or by shaking with dilute NaOU; the 
yield is 90 p.c. of the theoretical (Heim, B. 16, 
1763). * 

Properties.—Needles, insol. .water, si. sol. alco¬ 
hol, V. soL ether. 

^eocnons. — By distillation with sodium 
acetate or benzoate |)t gives phenylacetate (n 
(lenzaat^ Heated with potassium sulphide it 


Di phenyl-phosphino (C„H,).,PU. (o. 280°). 
S.W. -t- 107. Formed, together with the acid 
(C,H..).1'0.01I hy tlio action of dilute NaOllAq 
on (CJl,)-PCI (Michaelis a. Glcicluuann, B. 15, 
801 ; Dorken, B. 21, 1.308). Oil, v. sol. aloehol. 
Weak base. Yields (C,H,).jPO.OIl on oxidation. 
CS, forms (C„1I ),P,U.,CS, [157°]. - B'HCl. 
Orj-stallino. B',lO>tCl,.—B'ni.A 

Di-phenyl-chloro-phosphiue (G„H,).,PCI. 
(320'). S.G. t- 1-229. Formed from HgPh., 
and C.n.PCl, at 223’ (Michaelis, B. 10, 627; 18, 
2109; 4. 207, 208). Formed also by heating 
C,II,PC1, in a scaled tube for 120 hours at 300° 
(Dorken, B. 21, 1505). Thick liquid, decom¬ 
posed by water or Na.,CO,Aq into (C,HJ,PH and 
(C,H,),PO-OH. Absorbs oxygen from the air 
forming (C,lI,),POCl. 

Tri-phenyl-phosphino P(CjH,),. [79°j. 

(above 360°) (Michaelis, B. 16, 802, 1610 ; 4. 
229, 297). Formed from C.HjPCI^ btomo- 
benzeno and Na. Prepared by adding sodium to 
a mixture of P--/1, (1 mol.) and C„H,Br (3 mols.) 
diluted with 4 volumes of dry ether and kept 
cool. The reaction is complete by boiling lor 
12 hours, and the ether is filtered oS and 
evaporated to crystallisation. 

Properties. —Iiarge prisms or tables, sol. 
alcohol, ether, and benzene, insol. water. Very 
weak base. Does not combine with CS, 

Salts.—B'HI. [216°]. Prisms,sol. aloqbol, 
•insol. water.—B',H^tCli.—B'HgCl, 
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AlkyU.halida.-^’Ufil, [183®].- 
B'MeOlaq, [218®]. Crystals, v. e. sol. water 
and*alcoliol, insol. ether.—B'jMeaPtCl*. [238®]. 
B'Etl. [105®]. - B'PrI. [201-5®].-B'FrI 2aq. 
[191®].-B^OH„PrL [177‘=5.-B'C,H„I. [174®].— 
B'CH..PhCl aq^ [288®J.-B'CH,PhBr. [275®].— 
B'CH.;PhI. [253°]. — B'^CHlj. [231®]. - 
B'^C^H^Brj. [above 300®]. 

Bfinzylo-nitrate B'C^H-NOj. [203®]. 8. 
•838 at 15®. Needles (from water). « 

Benzijlo-picrate B'C,H-C„H^A- &*-d8®]. 

Benzylo-bichromate (B'CjH,).Cr.p,. 

Benzylo-iulphocyanide B'C^Uj^^N. 
[189®]. Prisms, v. sol. alcohol, si. sol. water. 

Tri.^h8nyl-pho8phiBe oxide 
[153-5®]. (c. 3(>0°). Formed by oxidising tri¬ 
phenyl-phosphine with Br^and NdOIlAq or with 
cone. HGlJVl And KCIO,. Prisms (containing aq), 
el. sol. water, v. o. sol. alcoliol. Yields two tri- 
nitro- compoands [08°j and [242®]. the latter of 
whichyieldsatri-amido-coinpound *258®],whence 
bromine water forms <)P(C^HJ}r,,(NH;,))., [200®]. 
- 'B'HNOy [75^]* Yellow needles, decomposed 
by water. 

Tri-phenyl-phosphine sulphide (C^h,,)»PS. 
[167-6®].' Formed from Ph.,P and S in CS^. 
Colourless needles, v. sol. alcohol, insol. water. 

Tri-pl^nyUphosphine selonide {C..TI,,).,I’.So. 
[184°]. Formed from Ph,P and So. Needles. 

Tetra-phenyl-diphosphine P^{0,TI,),. [(57 1. 
(400°). Formod from (C,ll,)oPCl and 
(Dorkon, B. 21, 1509). WUh C8,. at l.is'-’ it 
forms Pli,P.CS.SPH 2 Ph, [157®]. insol. ether. 

PHENYI-PHOSPHINIC AClD v. PnKNVt. 

rUOSPUtTES. 

Di-pheayl-phosphinic acid (CJf ),.PO.OiI. 
[190®] (Michaelis, B. 8, 922; 11, H85; *15, 802; 
18,2113). Formed by oxidation of (CjlJ.PCl or 
of di-phonyl-phpsphine. Needles, sl. sol. cold 
alcohol.—CaA'.^3a(i.-“AgA': bulky pp. 

Ethyl ether [105®]. Needles. 

Phenyl ether (0.,H,).PO.OC.H.. [18C®]. 

Formed by oxidising (C.,H,),POC„TI. (2(55®-270®), 
which is got by warming (C,iIIj,)4*Cl with phenol. 
Small needles, sol. hot alcohol, insol. water. 

PHENYL PHOSPHITES. . 

Mono-phenyl dihydrogen phosphite 
0«HjO.P(OH).^c Formed by mldiiig watoi to 
OaflfcO.PClj (216°) which is got by the action of 
PClj on phenol (Noack, A. 218, 90; Anschiitz, 
A. 239, 310). Uncrystallisablo syi'iip, decom¬ 
posed by addition of more water into phenol 
and HaPOg. 

Isomeride C,HaPO(OII).a. Phenyl plio'^pUinic 
add. Pho$phe7iylic acid., Benzenepkosplumic 
acid, [168°]. S. 23'6 at iS®. Formed by the 
action of water on C^HaPCl, (Michaelis, A. 181, 
321). Plates, sol. alcohol and ether. Yields, on 
nitration, Can 4 (NO.JPO(On)^ [132®], wliich may 
bo reduced to crystalline Cji,(NIL).rO(OH).a.— 
NaHA"«aq. — Na^A" 12aq. — CaHaA"y — 
CaA"2aq.—SrH 2 A''ja(j[.—CuA".—Fe2A",2iaq. 

Ethera.-Ue^”. (247®).-Et,A'^ (2‘(i7°). 
-^-EtHA".-EtAgA".-PhHA". [57®]. Formed 
from CgHaPOClj by successive treatment with 
phenol and boiling water. Needles, sl. sol. 
water.—PhA". [63*6®]. Formed from phenol 
and CgHgPOIg. 

Chloride CgH^POCl,. (258®), Formedfrom 
C„HgPCIg and water, and also from CgH^PCl, and 
0. Thick liquid. • 


Ol-phenyl hydrogen phosphite (CaH^OlgPOIt 
Formed by adding a little water to the compound 
(CgH,0)3PCl (295® at 731 mm.) which is got 
from phenol and PClj (N.). Uncrystollisable. 
Decomposed by more \^ater into HjPO, and 
phenol. 

Tri-phenyl phosphite (ChIIjO)^?. (220® at 
11 mm.). S.G. 1184. Formed by heating 
phenol (3 mols.) with PCI3 (1 raol.y at 230® in a 
curreptof dryC02(Noack, A. 218,91; Anschutz 
a. Emory, A. 230, 311). Ne^Ural liquid, v. sol. 
alcohol, Dcconipo.«od by waicr into phenol and 
ll.,P03. Dry bromine forms {C,iU50)jPBr2, which 
is converted by water into (0^11^0),PO. 

PHENYL-PHTHALIDE v. Anhydride of 0x1- 

nENZVL-fiSNZOIC ACID. 

^ Di-phenyl-phtl^alide i.$, C«H*<^^***^0. 

Phlhnhyhcnone. Tn-i>hcnyl-carhinot carboxylic 
anhydride. ' [115®]. Furnicd by the action of 
AlCi-, on a mixture benzene .and phtlialyl 
chloride (Friednl a. Crafb'., A. Ch. [0] 1, 523, 
Ihieyer, B. 12, 612; A. 202, 50) or of beuzeno 
with [i;2]0,jlI,l5z.CO,(JAc (Von Peebmann, B. 
11, 1866). (lotulso by heating phtlialyl chloride 
witlj UgPh.^ (Noelling, B. 17, 387). Piales (from 
alcohol). Insol. KOlIAt}, sol. boiling alcoholic 
pota.sh, but reppd. by acids. 

Bc/crcWC(3.--Dl-AMrno-DI-PlIENYL-PnTUAniDF!. 

Dl-PHENYL-PHTHALIDE CARBOXYLIC 
ACID V. AnJnjilride of Tni-nin.sYL-CAUurNOL i>i- 
CAKnoXYTJC ACIJ>. 

PHENYL-PKTHALIMIDE v. Phenijl-imide 
of Phtiiat.ic acid. 

PHENYL-PHTHALIMIDINE ChH„K0 U. 

C,;n,<[^^||'^^NPh. [1(10®]. Got by heating 

plithalide with aniline at 210® {Ilcsscrt, B. 10, 
1150;'ll, 239; lUcino, A. 239^ «S8). F^riicd 
also by reduehig the phcnyliniido of phuialio 
acid with tin and lIClAq ((rr;icbe, A. 217, 305). 
Plates (from alcohol), v.sl. sol. liot water. 

PHENYL.PIPHRAZINE u. Pirf:NVL-i*Yi;AZiNR 

UEXAllYDUIDE. < ^ 

PHENYL-PIPERIDINE v. PuBNYL-PYRiDiNir 

IIUXAIIYDlUJlE. 

PHENYL-PROPANE v. CuuiiKB. 
Di-phenyl-propdne ClF(CHoPh)3. IH-henzyl- 
methane. (290®-300®). Formed by heating di- 
benzyl ketone with IlTAq and P at 180® (Graebo 
B. 7, 1623). Got also from CHXl.CHCi.CH,Cl, 
benzene, and AICI3 (Claus, B. 18, 2035). Liquid. 

Di-pheayl-propane CH^Ph.OHPh.CHj. (201®- 
295®). S.G. 2 -ooG. Formed from benzene, 
AICI3, and propylene chloride or allyl chloride 
(Silva, C. ii. 89, 606). Formed also by adding 
ILSO4 ^0 & cooled mixture of toluene and sty¬ 
rene (Krncmer, Spilker, a. Ebcnhardt, B. 23, 
3274). Oil, sol. alcohol and ether. 

Di-pheayl-propane CMo^Phy (282®). 
Formed by the action of benzene and AlClg on 
CCLMe, or CHgXCl.CH, {Silva, Bt! [2] 34, 674; 
85, 289). 

Tri-phenyl-propane C8Hj(CaHj, (340®). 
Formed by the action of AlCl, upon a mixture 
of benzene and glyceryl tri-Womide or tri¬ 
chloride (Claus a. Mercklm, B. 18, 2935). Oil. 

PHENYL - PROPANE TRICABBOXYIIC 
ACID CHaPh.C{COgH),.CHj^CO,H. • [168-6®]. 
Formed from beuzyl-malonio ether, Na()E^ 
and ohloro-acetio ether *(FUtig, 4. 266, 92);, 



PIIENYL-PROnONlC ACID. 


n 


Sm&U prisms, m. sol. warm water. Yields 
benzyi-BUCOinio acid [161^] when boiled with 
water.—C.^aq.—Ba 3 A’"« 2jaq.—Ag^A"'. 

Ethyl ether EtjA'". (33G® cor.). S.G. 
y 1*1075. jUo = 1*481 at 20°. Formed from 
sodium ethane tricarbfxylic ether and benzyl 
chloride (Bisebot! a. Mintz, B. 23, 053). 

Bi.phenyl-propane tetra-carboxylic acid. 
Di- nitrile of the di^ethifl ether 
(CO;;Et) 3 C(CIL.CuH,.CN).,. [K0°j. Formed from 
sodium malonio ether and [1:2]C,11^(GN).(?1LCI 
(tlausmann, B. 22,9019). rri.sin^t. • 

Iri'phenyl'propane dftarboxylio acid. 

rmi(2« [171“]. Found 

from benzyl chloride, and 

NaOEt (Pulvermaclior, B, 2(J, 21? >). Yellow 
plates (fron^ alcohol). 

Benzyl’imide C 3 „n..-,NO.. [109°]^ 
PHENYL’ PBOPARGdfL OXIDE C..U,() i.e. 

C.H,. 0 .C 3 H,. (210 ), H.G. ^ 1-210. iM.i-tiird 

by the actiqn oi alcoholic potash on the luomo. 
allyl derivative of idicnol (Henry, ('. ll. 00, 
123^). Liquid. 

PHENYL-PROPARGYL-UREA C,J1„N ,0 i.o. 
CniC.CH^.NH.CO.NUrh. [1.5:5 ’]. Formo.lfrom 
propargylaininu oxalate, phenyl cyauate, and 
K.COsA*! (Paul a. llempol, IJ. 21, :5oi2). Need N s. 

' PHENYL.PROPENYI AMIDINE G,,I1, N... 
[o 8 "J. Formed from propjonitrile, lIO'l. and 
aniline (Michael a. Wing,.!/». 7. 72), Hexa¬ 
gonal plat(!.s,s'd. alcohol and'‘iher.—B'.II.l'lGl,. 

PHENYL PROPENYL MEXHYL KEIONE 
CARBOXYLIC ACID C, U,..0, t.c. 
ClL.CO.C(Ca.,.CO.,U):CllPh. 1125°). S. 3 at 
100''; *5 at i5\ Formed by boiling ben/.tiie 
aldehyde with acetyl-propionic iieid and NaOAc 
(Erdmann, z4.25i, 1H7).—Ba.V^.^afi. -C(l.V?. 2 a |. 
“-Ca.\'.?3.3aq : group.s of ^lecdlf s. 
Methyl ether Me.V. (o. 215*^ at OS mm.). 
PHENYL PROPEN’^L SULPHIDE 
CaH^.S.CMeiCIl^. (208 ). l-Vmed l)y heatiisg 
phenyl-sulphydro-crotoni(? acid (.\utenrieth, .1. 
254, 232).* Y .llowTsh oil, volatile with st< am. 

TEI-PHENYL PROPEN YL TRISULPHONE 
C.Hj,(S 03 Ph) 3 . [220°]. Got from Cnnr(ClI.Bi),, 
and sodium benzene sulphinatc (Stutter, B. 2 :i, 
1413). Needles, m. sol. hot alcohol. 0 
DI-PHENYL-PROPENYL-DI-UREA 

propionamidine and phenyl cyanate (Pinner, B. 
23,2021). Needles, m. sol. aieohol. Vhdd.s di- 
phenyi-urea [234°] when boiled for a long time 
with alcohol. Boiling dilute IlO.Ve hnnis 

NHPh.CO.NH.CO.CjH, [E^7°]. 

PHENYL-PROPIOLIC ACID CJI.Og i.e. 
C^Hj.CtC.CO^H. Mol. w. 140. [137°]. 

Formation.-^!. By the action of Na and 
on «-bromo-styrene (Glaser, Z. [2] 1, .328; A. 151 j 
140).—2, Bytboiling a^-di-bromo-phenyl-pro- 
pionic acid or its ether with alcoholic potash 
(G. ; Perkiiii^'un., C. J. 45, 173 ; Wegcr, A. 221, 
70; Boser,,A. 247, 138).—3. By boiling o-bj^)»o* 
cinnamic acid with alcohollo potash (O.f 
Bairisch,[^ 20 , 181 ). 

Pre^sertw.—Trimetric twin crystals. Re¬ 
duced by i^c and HOAo to cinnamic acid : 
(Arowtein a. Hollemann, B. 22, 1181) and by ; 
lodiom-amalgam to pboByLpropionic acid. D 17 


; HCl passed through its solatioti in llOAo forms 
! two cbloro cinuamio acids [142°] and [I32°J 
I (Micliacl, J.w. [2J40,t)3). • 

I Salta.—ICA^—BaA'jaq: square tables.— 

! BaA' 32 aq: needles. -43aA'.;3aq. -CuA',4aq.— 
AgA': spuringly soluble jip. 

; Ethyl ether EtA'. (2(;0°-270°). 

i Bc/ere/wi's.—AmoO’ and Nn-no- miknyl* 

: PROP 101 . 1 C .\cu>. 

I tt-^ENYL-PROPIONIC ACID 1 . 0 . 

I CIis.CyH‘h.Cp,H. Uydratropic acid. (208°). 
I Formed by reducing ntropic acid (15 g.) with 
’ (5 p.c.) sodium-iunalgam (00 g.) (IVinius, A, 
: 227, 202; cf. Kraut, .4. 148, -il.t; Fittig, A, 
\ 19^, 105)ja Got also from ^etophenono by treat* 
I inont with liCy, the resulting c;il3.(3Ph(OU).CN 
^ being saponilifd nnd^lie oxy-phenyl-propionic 
' acid reduced by HI and P (Janssen, v4 250,1:1.5). 
I Oil, with charaeloriatio odour. Yields atrolaclio 
I acidQIIj.CPii(Oil).COjII on oxidation by alkaline 
KMnO^.—Ba9'-.2aq.—(JaA'._.:laq. — CaAVJaq.— 
leAg/V'; plates (from hot \va4er). 
i Methyl ether McA'. (221°). 

Ethn't ether EtV. (230°). S.G. 
l-0M7-*ilv;. -.s:wi{l{riihl). 

;imif/cGHMePli.CONH,. [92°]. Plates. 
Nitrile GHMePh.CN. (232°). Formed by 
theuciion of PCi^on the amide, and froig sodium 
phcnyl-aoolonitrile and Mel (Olivori, G. 18,572). 

3-Phcnyl-propiouio acid CiPPh.CHj.CO H. 
Ihltlroeinjinviic acid. Mol. w. 160. [48*7 
(iSOM.V.). Jl.C.v. 1,081,000. ll.C.p. 1,086,600. 
41.F. 105,500 (Stohmann. d. pr. |2j 40, 135). S. 
•0 at 20 A product of the putn-faction of albu* 
nion, 20 g. being got from 6 kilo.s oi ux-brain 
(Sleekly, J.pr. [2j 24, 17). 

h'oyniation.—i. Py reduction of cinnamic 
acid by soilium-anialgam ur ill (JOrlonmcyor, A. 
121, 37:»; 137, 327; Popoll, Bl. [2] 4, 875; 
Oiacosa, Jf. 8, 108).—2. By reducing o^-di* 
bromo-plichyl-propionio acid (Schmitt, A. 127, 
:il9).*~3. Fjom cthyl-hcn/.eno vid C]l.,Ph.GIl..ci 
and CH,Ph.GI!,.GN (Fittig, Z. 1809,' 100; A. 
1.50, 24!lj.- 4. By oxidising phenyl-propyl alco- 
I hoi (W, von Miller, Ji. 9, 271).—6. By heating 
benzyl-mnlonic acid (Conrad, A. 204,176). 
j —Needles (from water), sol. alco- 

j hoi and cllier; volatile with gl^am. When 
I taken internally it is Becreted as hippuric acid 
i (E. a. U. Salkowski, B. 12, 653). 

Sails. - NfljA'. Plale.s, v. e. sol. water.— 
, GaA'._, l|aq.—Ca.\'.^2aq. — BaA'..2aq.—PbA'^aq. 
i /nA'j.-lAgA'. Phonyl-hydiazine salt: 
! [57°]; silky needles (fiiebormann, B. 24, 1107). 

I Sfethyl ether (239° cor.). S.G. ® 

1*015.5. S.V. 190-0. Liquid, with peculiar odour. 

Kthyl ether EtA'. (218" cor.). S.G. ® 
1-0343. aV. 221-5 (Lessen, A. 254, 63). 
i n-Propyl ether ]dvk'. (262° cor.), S.G. 
' U 1-0152 (Wegcr, A. 221, 79). S.V. 246. 

laoamyl ether aH.iA'. (202°). S.G. « 
•981; -952 (?:.;. 

Benzyl ether C,H,A'. ( 0 . 800°). SO, 
1074. I'orracd by warming benzyl acetate 
with sodium (Conrad a. Hodgkinson, B. 10,254; 
A. 193. 300). 

ifwtdc C#H„NO. [106°]. Formed by heat¬ 
ing the ammonium salt at 230° (Hofmann, B» 
18, 2740). Small noodles. 

Nitrile C.H,N. (201° cor.). S.G. « 1*0014. 
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Odoon in the oil ot Nasturlium offlcmaU (Hof- 
numD, B. 7,520). 

fil-a-pbenyl-propionio uid CH,.OPh,.CO^. 
{above 300”). Made by oxidation of the 
3)-pinacolin of acetophenone CPh.Me.CO.CHj 
[41°] with chromio acid mixture (Thomer a. 
Zincke, B. 11,1093). Formed also by dissolving 
pyrovio acid and benzene in IX^SO^ at 0° (Bot- 
tinger, B. 14,1595). White leaflets, sol. ether, 
alcohol, and hot water.—KA'—CaA'j lj|iq.— 
BaA' 2aq.—AgA': white pp. ^ 

aiS-Bi-phenyi-propionlc acid ^ 
CH^h.CHPh.CO^. [84®]. Formed by the 
action of sodium-amalgam on a mixture of 
benzyl«chloride and glC02Et (Wurtz^. B. 70, 
860}. Got also by reducing phenyl-cinnarnic 
acid (Oglialoro, J. 1878, 821). bteedlcs, s). sol. ^ 
boiling water.—CaAV—P&AV [146^].-AgA'. r 
jPfifrtreCH,Ph.CHl>h.CN. [58®J. (o. 835®) 
(Janssen, A. 250,133). ^ 

Bi-jS-phenyl-propiottio acid ** 
CHPh 2 .CHyCOjH. [d45®]. Formed from allo-« 
cinnamic acid, benzene, and R^SO, (Llobcrmarin 
a. Hartmann, B. 25, 900). Needles.-CaA'.„ 
aa0-Tri.phenyl-propionio acid * * 
CHaPh.CPh.^.COaH. [102®]. Formed by saponi¬ 
fying the nitrile with liOAc and fuming HGlAq 
at 220° (Neure, A. 250, 147). White needles, v. 
si. sol. water.—AgA': white insoluble powder. 

2^i<riZeCH,Ph.CPh,.CN. [120°]. Formed 
from CHPh.^CN, benzyl chloride, and NaOEt. 

Tri-i3-phenyl propionic acid PhsC.CH..COJI. 
[177®]. Formed from PhaC.CHfCO.Et), by 
boiling with alcoholic potash (Henderson, C. J. 
61, 226; B. 20, 1014). Prisms (from alcohol), 
V. si. sol. water.—ICA'aq.-NaA'aq.—BaA'aaq. 
—AgA'. Minute needles. 

Ethyl ether [81°J. 

References . —Amido-, Amido-sulpiio-, Bromo-, 
Brouo-sulpuo-, Biiouo-AiiiDO-, Buouo-Nrrrn-, 
Chloro-, Iodo-, Iopo-oxy-, Nitro-auido-, Nrrno- 
OXI-, Nitro-, OxY-AMiiK)- and Oxy- phknyl- 

PROPIONIO ACIP. 

phbnyl-pbopionic aldehyde 

C,^yCHa.OHj.OHO. [208°]. Formed from ^ 
n-oumene by^suocessivc treatment with CrO^Cl, ' 
and water (l^itard, A. Ch . [5] 22, 254). Oil. 
Forms a crystalline compound with NaHSOj. 

Oxitn. Oil. Yields a solid hydrochloride. 
Xc.fi rapidly forms phenyl-propionitrile; hence 
it is a syU’ oxim (Dollfus, B. 25,1918). 

PHENYL-PEOPYL ALCOHOL C^H.^O i . e . 
CHPhEt.OH. Mol. w. 136. (216°). S.G. » 
1’016. Formed by reducing phenyl ethyl ketone 
with sodium-amalgam (Errera, O. 16, 322; cf. 
Barry, B. 6, 1007. Got also from benzoic alde¬ 
hyde by successive treatment with ZnEt^ and 
water (Winner, Bl. [2] 42, 330). Yields 

CHPhEt.OAc (228® i.V.) and oily CHPhEtCl. 

Phenyl-propyl alcohol CHjPh.CHj.CHjOH. 
(285® uncor.) (218® at 360 mm.). S.G. 1*0079. 
fi 0 1*5478. Rgo *‘®8*79*(Briihl, A. 200, 191). 
Ooours in storax as phenyhpropyl cinnamate 
(Miller, A. 1%8, 202). Prepared by reducing 
cinnamyl alcohol with sodium-amalgam (Biig- 
heimer, B. 6, 214; A. 172, 123; Hatton a. 
HodgkioBOD, C. J. 89, 819; Errera, Q. 16, 310). 
Viscid oil. Heating with oono. HClAq yields 
CH^h.GR.OH,Cl (219®), whence NaOEt forms 
CH,Ph.OHvCH,OEt (220®). 

Acetyl derivative OfEfihfiXa. (245®). 


Phenyl-isopropyl aloohor 

CH^h.OH(OH).CH3. MethyhbeneyUcarhm^ 
f215®). Got by reducing benzyl methyl ketona 
(£.). Liquid, with pleasant odour. 

Di-pbenyl-propyl alcohol 
Cn,Ph.CHPh.CHj,OH. 1301®). Formed by 
warming di-phenyl-propylamine nitrite (Freund 
a. Itemse, B. 23, 2663). Oil, sol. alcohol. 

PHENYL-PEOPYL-AMINE C,Hi,N t.e. 
CR,lih.CH,.CH,NH,. (222® i.V.). Formed by 
reducing the ph6nyl-hydra|ide (20 g.) of cin- 
nai^io aldehyde di^olvcd in alcohol (300 g.) by 
(2*- p.c.) sodium-amalgam (700 g.) and HOAo 
(70 g.) at about 30°, the yield being 30 p.c. of 
the theoretical (Tafel, B. 10, 1930; 22, 1857). 
Liquid, m. sol. water, miscible with alcohol and 
ether. Absorbs CO^ from air, forming g. crystal¬ 
line mass, 'fho Aqueous solution is strongly 
alkaline.—B'HCl. [218°]. Plates.-* B'lr^SO*,— 
B\fififi^. [156°]. Noodles. — B'lI.CA.— 
B'jjIIFtCl,. Plates, sot. hot water. 

Phenyl-isopropyl-amine CHjPh.CHMe.NII.,,. 
(203°). Formed by the action of Br and KOHAq 
on the amide of plionyl-isobutyric acid (Edeleano, 
Ji.20,618). Liquid.-B',R,PtCla. Needlctf. 

Isomeride v. CuMiniNK. 

Di-phenyl-propyl-amine 

CRPh.ClIPli.ClJ.^Nn.. (316°). Formed by re¬ 
ducing the nitrile (30 g.) of phonyl-cinnainio 
acid dissolved in alcohol by treatment with Na 
(75 g.) (Fnnind a. Itemse, B. 23, 2860). Liquid, 
sol. alcohol. Forms with HgCL a crystalline 
compound [107°].—B'llCl. [190°]. Needles.— 
Auroohlorido [145°]. 

Bi.acetyl derivative. [85°]. Needles. 

PHENYL - n ■ PEOPYL ■ TEIAZOLE CARE- 
OXYLIC ACID [101°]. 

Formed by saponifying tlio nitrile which il made 
from phenyl-hydrazine* dicyanide and butyric 
anhydride (Bladin, B. *25, 179). Cubes (from 
alcohol)orpri8m9'(frombenzene). -CuA'j’iiq.— 
AgA'. Bulky white pp. , 

Amide C,NjrhPr.CO.NH,. [12^3°]. The 
thio-araide C.^NgPhPr.CS.NHj [130*5°] is got 
by the action of alcoholic ammonium sulphide 
on the nitrile. * 

Phonyl-isopropyl-triazole carboxylic acid 
[Ii5°]. Formed in Uke 

nmnner (B.). Prisms.—HA'HCl. Needles.— 
CaA'.^2l^aq.—AgA : minute tables. 

Methyl ether McA'. [76°]. 

Amide. [123°]. Needles, The thio-amide 
C,N,PhPr.CS.NH, [148°], formed by the action 
of alcoholic NH, and n,S on the crude nitrile, 
crystallises in yellow needles. 

DI - PHENYL - DMSOPEOPYL-TETBAZONE 
NPhPr.N:N.NPhPr. [79®]. Formed by oxi- 
dising phenyl-isopropyl-hydrazine with HgO 
(Michaelis a. Philips, A. 252, 2Sl). Octahedra. 

DI-PHEHYL-PEOPYL TEICy4NIDE 

[78-6'>]. (239° at 16 mm.). 

Formed from benzonitrile, butyryl chloride, and 
AlCl, at 76® (Krafft a. Von Hansen, B. 22, 807}. 
Decomposed by dilate HjSO^ into NH,, butyrio 
Boid, and HOBz.—B',H|PtGl,. Ne^es. • 

PHENYL-PEOPYXME V, AuiVL-BSNalNI. 




PHENTL-PYRAZJHE. 


7# 


FHENTl PEOPYLBHl - + • THIO - 0BEA I 
«.e. [117“]'. I 

^?i?omied from the isomeric plieiiyl allyl-thio-urea 
and HClAq at 100" (Prager, B. '>}, 2002). 
Oxidised by potassium cmoratc and IlClAq to . 

[192°]. - Ii',H.rtCl,. - ; 

[154'^]. Yellow needles. i 

D1 . PHENYL. ISOPBOPYL • GLYOXALINE i 

TETRA • HYDRIDE WU’Kxphcu'- I 

formed from di-pbonyl-olhylAc-dianuue and ; 
isobulyric aldehyde (Moos, B. 20, 734). Crys* ^ 
talline groups (from aleoliul), si. sol. water. ! 

PHENYL-PBOPYL-HYDRAZINE C,H, ^ 
CjUjNH.NHPr. I’ormed by luaiing i 

propionamido with phenyl hydr^zine (Freund, ■ 
li. 21, 2401|. #Plutes (from chlorofortii). | 

Phenyl-isopropyl-hydrazine CJl.Nrr.'KlI.. ' 
(233'^), Formed frniii phi'iiyl-hydra/.intj ; 

and isopropvl bromide (.Micliaeiis a. Philips, li. 1 
20, 2485; .4.252,27H). ]niCl. [1.35'"]. Crysfal- ; 
line. Yields a tofnizone '8;?']. Plieriyl-lhio- ; 
carbiinide forms NPhPr.Nll.i'-S.NIlPIn 'MO j. j 
Accti/l (Urivfitivc. fl02'"j. Needhs. 
DI-PHENYL PBOPYLIDENE DISULPHIDE ; 


PHENYL METHYLENE PBOPYL M- 
XETONE V. Butyryl-acetophenonk. 

PHENYL-PBOPYL METHYL KETONE « 

CHj.CO.CHMe.CH,Ph, (230°). Formed by 
distilling calcium acolato with calcium phenyl* 
isobutyrato {Von Wilier, />. 23,1884). Oil. 

PHENYL - PBOPYL METHYL KETONE 
CARBOXYLIC ACID V. BKXZYI.-.MRTIiYL-ACKTO- 
ACETIC ACID, vdl. 1. p. 25. 

Di'phenyLisopropyl methyl ketone trioarb- 
oxylic acid. Kjhvl ether of the dinitriU 
(YU':(.0(011,.(;J(,.CN)...a>.CHs. [I20 J. Formed 
fnnn sodium nceltmeetic ether and the nitrilo 
11:2.CILC!.0 ,j 1{4.0N (Oiihriel a. Hausinann, B. 
22, 2(il8). l4isma (from alciliol). * 

Hexa-phonyl-ijopropyl methyl ketone carb* 
oiiylic acidC4dl,,,U,t.«'. ((•l'h.,)0((U).ll).C0.CH,. 

Formeil from sodium acetoacutic ether 
and FrOPh^ (Allen a. Kolliker, A. 227, 111). 
Crvslal!^(fr(>m c^jer). 

.PHENYL-PBOPYL-PYRAZOLE C,,1I„N, i.e, 
('280"). S.a. ] 01i)5. 

Fm-ined fi^nn bulyiyl-aoetic aldehyilo and j'hcnyl* 
hydru:«?iie (Clivisen a. Stylos, B. 21, 1148). 
Litpiid. 


Me..C(.Sl'h)_.. [5(» J. Formi'd from pheiiyl-jin‘r- 
captan and acetone (K. Ihuimami. B. 10, 2801). 
Crvstal.s, insol. water, v. sol. alcolio). 

Dl-PHENYL-PROPYLIDENE DI8ULPH0NE 
Me,C(SO,rh):- l'.)7-j(!’..); [l82"j(F.). Formed 
by oxidising Me C(SPh) . (Baumann,/j. 10, 2S1(0, 
and also by treating C1F(SB1))_. witlj NaOll un<l 
hfel (Fromrn, .1. 2.53, Bi2). Crystals, ahno.-^t 
insol. cold water. 

PHENYl- PROPYL KETONE i.:. 

rh.CO.Fr. Mol. w. 118. (221“). S.O. -OO'i. 

Borviatiiytu — l. By distilling calcium butyrate 
with calftnm bmi'Amle (Schmidt a.•i*’ielH'rg, B. 
f.,4'.)8).—2. Bythe action i»f AlCl., on a mixture 
of benzene and bufyryl chhulde (Bureker, BL. ‘Jj 
37, 1).—3. By boiling beiizoyl-.atetic acid with 
dilute alt -diolio pota^i (Bueyer a. 1‘crkin, B. 10, 
2131 ; ( ,/.*45, 181). 

/Vo/'cr/h’S. — Oil. Does not unite with 
KallSOj. Oxidised by OrO, and II.SU, to 
benzoic and propionic acid.s (i'epoJT, B. (J, 500). 
CrO^Clj forms C,„H,/)2Crt)^,OL, a brown powd^-. 

Phenyl isopropyl ketono Vh.CO.l’r. (2n'.r- 
217"). Formed by distilling calcium is«jbutyiute 
with calcium benzoate (I’ojHnT, B. 0, 1255). 
liiijuid. Yields benzoic acid, 00^, and IKiAc on , 
oxidation. | 

- Ph,C(NOn)l’r. [58"]. riate8(from ; 
Egroin) (llattner, B. 20, 50t»). j 

PHENYL PBOPYL KETONE CARBOXYLIC , 
ACID t’. ElhyUbenzoyUacetic acid, vol. i. p. 482. | 
Phenyl isopropyl ketone o carboxylio acid i 
C„H,.A Pr.CO.C,H,.00,11. [121°]. Formed ; 
by boiling isopropylidene-phthnlide with alcohol i 
and KOHAq (Holer. B. 17, 2777). Crystals. i 
PHENYL • PBOPYL METHYL KETONE 
CARBOXYLIC e^ACID CH^Ph.CHAc.CA.COjH. 
[99°]. (235° at 40 mm.). Formed by reducing 
benzylidene-B-acetyl-propionio acid with sodium* 
amalgam in presence of HjSOf (Erdmann, A. 
954, 203). Needles. It yields on oxidation 

[86°].-CaA',3aq.- 

AgA'. « 


PHENYL PROPYL SDLPHONE l>h.M0..1'r. 

[11'J. Formed by tlie action of KOlIAq of'iOO" 
on l'li.SO,.CUKt.CO.dl[J21°J,which ismadefrom 
a-hromo-butyric aci«i and sodium benzene stilpli* 
inate (Michael a. Fulmer, Am. 7, 07; e/. Otto, 
B.iiX, 038). Pearly })lates, v. Bol. alcohol. 

TRI - PHENYL * DI - PBOPYL * DI * THIO * 
BIDKETC,SN,Fh,Fr.,. [154°]. Formed bythe 
action of anilirio (1 mol.) on NPliFr.CKCl (2molB.) 
(Pillclcr a. Strold, B. 21, 103). Yellow needles. 

PHENYL * PROPYL * THIO * CARBAMIC 
CHLORIDE NPhPr.F8.Cl. [30^. Formedfrom 
ju'opyl aniline and CSOl^ (Billcier a. Htrohl, B 
21, 102). Prisms (from ligroin). 

DI - PHENYL - ISOPROPYL * THIO - SEMI * 
CARBAZIDE NIIPh.CS.N Il.N PhPr. [110°]. 
l■'orm^‘d from |diq»yl-lliiocai bimide and phenyl* 
i-it'prupyl-liydrazine (Michaelis a. Philips, A. 
252, 2HO). Crystalline. 

PHENYL.PROPYL-THIOUREA C,oHrtWj8 
i.e. NIlPli.CS.NIlCJI,. [03°]. Foflfned from 
uniline and pr-tpyl-thio-carbimidc and also from 
propyl-amine and phenyl thiocurbirnide (U. 
Ifccht, li. 23, 286). Pearly ])lates (from dilate 
alcohol). 

Di-phenyDpropyl-thio-urea CSNJIPh.^Pr. 
[104°]. Formed hy heating propyl-anilint 
witli plicnyi-tliio-carbimido on the water-bath 
(Billeti r a. Strolil, B. 21,109). Needles. 

Di.phenyl.di-propyl-thio*urea C8(NPhPr)y 
[103°]. Formed from propyl-aniline and C8Clj 
(B. a. S.). Large plates. 

DI-PHENYL-PROPYL-UREA C,„H,.N„0 i.e. 
NIl.CO.NH.CH,.ClIPh.OH,Ph. [112°]. Formed 
from di-phenyl-propylamine hydrochloride and 
potassium cyanate solution (Freund a. Kemee, 
B. 23, 2861). Needles, sol. alcohol and ether. 

PHEKYL-PYRAZINE. Ilexahydridc 

bromo-bonzene (8 pts.) with pyrazine hexa- • 
hydride (8 pts.) at 270° (Sehmidt a. Wiehmanq, 
B, 24, 8239). Tbicb liquid, v. sol. water. 
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Si-pbMyl-pymiiis C„H,jNj, i.«. 

Iso-indole. [19C' cor.]. 

V.D. V96 (Treadwell a. Meyer, JJ. 1C, 342). 
Formed by the action ef cold atcoholio NHg on 
(i>-bromo*acetophenoneor on amido-ucetophenoue 
(Stacdel a. Kleinachmidt, B. 11, 174‘1; 13, 
837; MOlilau, B. 18, 1G3; Wolff a. Udders, B. 

20, 432 ; Gocdcckemoycr, D. 21, 2087). llroad 

yellow needles (from alcohol). ~ , 

Bronzed plates (from HClAq) quickl£*decom- j 
posed by water. • 

Hexahydride [109®] and [123"^]. ' 

Formed by reducing di-phenyl-pyrazino with Na 
and isoaroyl alcohol. Occurs in twc^onns. The 
(a)- variety fl23®) Crystallises from ligroJh in 
white noodles, and yields B8 21101 [c. 310®J, 
B"H.^PtCl„ ,Uq, and n Ciitrosaiuine C,„H,„Ny(7, 
[143®]. ^riie (3)-variety [109®J crystallises from 
alcohol in wliite needlea and yields B" 2HCI 
[c. 296®] and B"H,l’tCl„ 2aq. 0 ^ 

Di-phenyl-pyraime [U9*]. 

(c. 340®). Formed by distilling tlio dihydrido 
(M.). Needles (from ligroin), pp<l. by addnig 
water to its solution in tJCJAij.—B'JLBlAy. 

Dihydride [181»J. 

Formed by boiling honzil with ethylene-diamine 
and alcohol (Mason, B. 20, 208 ; C. J. 97), 
I’rlsins (from alcohol),insol. water. Split up by 
IJClAq into the parent substances. 

l)i>phenyl-pyraziue. Hexahydride ,v. 

I)M‘IIENYL-J>I-KTIIYLI!:NK-J)IAM!NK. 

Tctra - phenyl - pymeine 

Vi - tolane - azotidc. [241®] (P.); [247®] (G.). 
Formed by heating benzoin witli ammonium 
acetate (vol. i. p. 477). Formed also by reducing 
tlio di-oxim of di-phonyl-glyoxal in alcoholic 
solution by sodinni-amalgam (PolonowsKa, Ji. 

21, 489), and by heating tienzoio aldehyde with 
CPhIi(NH.,).CPhH(NH.) (Grossjininn, B. 22, 
2302). White needles (from llOAc), v. si. sol. 
alcohol. Cone. H.^SO, gives a blood-red colour. 

PHENYI-PYEAZOtE C„1I,N, i.e. 

S.O. 

l*U3. Formed by boiling cpichlorliydrin wllli 
phenyl-hydrazine and benzene (Ijulhiano, 0. 17, 
176; 18, 864). Got also by distilling its tri¬ 
carboxylic acid (Ktiorr a. I/auhniann. B. 22,180). 
Oil, sol. alcohol and ether.— B'aU.PlCl„2iiq: 
needles, decomposhig at 176®. 

Eihylo-iodide B'KtI. [117®], Prisms. 
Dihydride 

at 754 nim.). Formed from phenyl-hydrazine 
(120 g.) dissolved in ether (000 g.) by addition of 
aicolein (50 g.) in ethor (100 g.) (Fischer a. 
Knoevenagel, A..239, 190). Si. sol. hot water, 
V. sol. alcohol, ether, and benzene. SI. sol. 
dilute acids, sol. cone. HOI. May be distilled 
wth steam: KCr.G, colours its solution in 
dilute reddish-violet, or, in very dilute 

solutions, blue. Gives no indole derivative when 
fused with ZnCl;. 

Reference^ —Di-bbomo-phexyl-pybazolb dx- 

BIBBIDB. 

. mra-hydride 


165 nun.). Formeu irom in-metnylene bromide) 
sodium phenyl-hydrazine, and benzene (MB 
chaelis a. Lampe, B. 24, 8738). Liquid.—* 
B'C^HaNjO,. Short yellow needles. 
Bi-phenyl-pyrazole i.e. 

i CPh;N“>NPh or ^|;^^'*>NPh.[56»].(336<>). 

• Formed by distilling its carboxylic acids (Beyer 
' a. Claison, B. 20,2187; Knorr a. Laubmann.T?. 

' 21,1212; 22,176). White crystals. 

*Dihydride C,sH,^N.^ [136®], Formed by 
reducing the base. Small ficedles. An isomeric 
or identical bod^ [138°), got by distilling th^ 
phcnyl-liydrazide of cinnamic aldehyde; dilleva 
by lluorescing sliglitly in alcoliolic solution. 

I Tri-phciiyl-pyrazole Cj,H,.,N,. [206®]. A 

product of tho action of plienyl-hydrazine on 
aiiliyiiro - acctc;j»himon«-benzil (Jap{> a. Klingc- 
maiin, C. J. 57,709). Stellate groups of needles, 
Tri-phenyl-pyrazjIe^|,j^;^*'*^^NPh. [138®], 

Got by wanning CIIBz. willi phcnyl-hydrazino 
(liiKur a. liaiibniaiiu, B. 21, 1206). Plates (from 
ellicr). Weak base. 

Mcthylo- iodide B'McI. [17G°j. 

Dihydride 1135°]. Got 

by reduction or by warming bon/.ylidcuo-aoelo- 
phene with phenyl - liydruzinc and alcoJiol. 

, Yields C.,ll,-Br.N. [179®!. 

PHENYL-PYRAZOLE CARBOXYLIC ACID 
1 C,„H,N.O^. [220®]. Formed by distilling tlie 
I tricurboxylic acid (Knorr a. Laubmaun, B. 22, 

■ ISO). NeedU'.s (from Aq), v. sol. alcohol, si. sol. 
ether. May be sublimed. AgA': amorphous pp. 
Phenyi-pyrazole dicarboxylic acid 

ci?S('c(U[)>^i’‘^' (“•); (C- ‘ 

,U.). Formed by oxidising plnmyl-di-methyb 
]>yr:izolo o^; phcnyl-iuelhyl-jj|ira7,ole cirboxylic 
acid with alkaline KMttO, (Balbiano, //. 23,1449; 
Claisfiii a. Koosen, Ji 21, 1892). Small while 
plates in sidn*iioal groups ^fi’oni alcohol). — 
(Nil,),A". [212‘'J.-Pl.A".-Ag,A". 

I Meth-yl ether Me.A . [128®]? 

1 AmBfc C,N.,HPh(CO.NI].),. [PJO®]. 
Fhenyl-pyrazole tri-carboxyiic acid 

oxidising phenyl-methyl-pyrazole dicarboxylic 
acid witli alkaline liMnO^ (K. a. L.). Wiiitc 
needles (containing aq) (from etlu r), sol. water 
and alcohol.—BaHA"'^aq: plates. 
Di-pheayl-pyrazole carboxylic acid 

C|oH,.N\Oa i.6. 

CO-.H.G^ sapouifie.'ilion of 

its ether, which is obtained by boiling benzoyl- 
pyruvic ether CII;,Bz.CO.COvEt (20 pts.) with 
HOAc (100 pts.) and plienyl-hydrazino (10 pts.) 
(Beyer a. Claisen, B. 20, 2186^ Crystals (con- 
tainingEtOH), which melt at 185®,v.8ol.acctone. 
Kihyl ether EtA'. [OO®]* (c. 400®). 
.Di-phesyl-pyrazole dicarboxylic add 

Oi,H„NjO, t... co.JI.C.C0CO^)^bI^b- [218°]. 
Got by oxidation of di-phonyl-methyl-pyrazol. 
carboxylic acid (Knorr a. Laufamaap, B. 32,175), 
Satiny needlas (containing 4 aq) (from H9Ao).— 
NH,HA". [0. 270°].*BaA''aq.-CaA" 2aq. 
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^ Re/srtncM.’—O^i'r- i^nd Oxt-amido* phenyl* 

^iYBAZOIil CABBOXYUC ACID. 

DX-PaBNYt-PTBAZOLONE v. Oxv-di- 

I fSEHYL'pIRAZOLK. 

PHEHYI.PVEAZTL ^ METHYL KETONE 

' CjN^jPh.CO.CHj. [122® cor.]. Fomied by 
heating I'-phenyLpyrazolo with AcCl at 150^ 
(Balbiano, G. 1}), 130). Small jioo<lK*s. Yields 
an oxini [131® j and a phcnyl-hydmzido [M4®1. 
TETRA - PHENYL - PYKIDA2INE DHtT- 

DBIDE i.e. 

Cormedfrom desyl-acetoplienonc.plumyl-hydraz- 
ino, and liOAc (Smith, C. J. 57, Yellow 

needles (from alcohol), v. sol. hot JIOAe. Ac¬ 
cording to Klingemann (.i. 10(1), tliis body 

is probably plicnyl-amido-tri-plu-nvl-pyiToie, 
since on boiling with HOAc ft yields tetra- 
phenyl-pyrrol#. 


xCPh.Cflv 


CH. 


(a).PHENYL.PYBIDINl 

|270"). A product ol the dislillatiim of its di- 
carboxylic acM with lime(Skrau{) a. Cobeii/,1,37. 
4, 472). Heavy oil. Yields picolini(5 acid on 
oxidation.—lJ',Hd’tCl„2ttq. -I’icrate [o. J70-'J. 

(S)-Phettyl.pyridiae 

(270°). Formed by di.stilHng its carboxylic 
acid with lime (Skraup a. Cobcnzl, M. -1, t.Yl). 
Got also by heating pyrrole with ben/yliden»' 
chloride and NaOl'lt (Ciamician a. Silber, )>. 2(), 
191), Heavy oil. Yield.s nicotinic acid on 
oxidation, — li'.lI.PtCI Jhiq, — B'CuHjN;,0,. 
[KhV'J. Groups of yellow needles. 

W-Phenyl-pyridine N ; J' [ ['>CX'li. 

[78®]. (275" uncor.). Formed by distilling its 
tetra-carboxylic acid with lime (ilant/scli, B. 
17, 151^. Plates (from water). Yields iso- 
nicotinic acid [3(U°J on oxidatbm.-^PJIJ’lCl^. 

■B'.^HGr;^0.. [155°]. ]: Orange needles. — 

Picrato. [I9()°h Yellow needles. 

Ilcxahydriac (250® at 

727 nim.). by rahicing the base. (Pally, B, 
20, 2590). Strong base, almost insol. water.— 
B'UCI. Needles.-B'jHJ'tCl,. [201®-207 ]. 
K-Phenyl-pyridine bezahydrido 

Phenyl-piperidim. 

(249°). Formed by heating i)ii)eridine with io<lo- 
benzene or bromo-benzene at 200® (Bolliinmn, 
B. 20, CSO; 21, 2279. Alkaline oil, v. s.d. 
alcohol and ether.—B'.^Hd®tCl„ 2ari: noedlts or 
plates.—: platen. 

Jicferenccs.—AiiHio- and Nirno- tjiknvl- 

i’lPERIDIKE. 

Di-(a)-pheayl-pyridine 0,^11, i.e. 
®<CPh;CH>C«- (P. a. B.)i [730J (1).). 
Formed by distilling its carboxvlic acids witU 
soda-lime (Paal a. Strasser, 'U. 20, 2701; 
Doebner, 249, 121). Yellow needles, v. sol. 
alcohol. Yields an oily hexahydride.— 
B',H,jPtClr [205^. — B'HAuCI.. [202"J. — 
B\HfCr,0),. Orange-red needles, * 

Methylo-iodide B'Mel. [203°]. 
Tri-phenyl-pyridiae OaH„N. (135% Formed 
by passing NH, through acetophenone, and 
adding P,0, (Shgler, B. 6, 639 ; 19, 40 ; A. 238, 
a7).-B*,H,PtCl,. , 

iJe/srntoe.—Orr-PBKSii-rntiDont. 
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PHENYI-PYBIOISE o-CAEBOXYhlC ACID 
C.,n.NO, i.«. [185% 

Formed by heating the dicarboxylio acid at 185® 
(Skmup a. Cobcnzl, M. 4*450). Needles, si. sol. 
cold water. Yields nicotinic acid (ui oxidatiou,— 
Cu.\'.^ 2uq ; long nellies, v. sol. cold water. 
{a)-PbeDyI*pyridine dicarbozylio acid 

c,.ti,n;>. i.c. (OSO*- 

235’], Formed by oxidation of (a)-nuphthO' 
qniiiolinc (Skraup a. Cobcnzl, JIf. 4, 403). 
iSlinuto crystals, gives off indigo-bluo vapours 
when hoaU'i^ Wlicn distilled witli GaOity^lds 
(a)-i)kenyl-pyri(lino and llie €ompound C,.i^N() 
11H»'-142 j (31(j'^). which crystallisea from 
ai*u)jol ill yellow plate#ftnd yields B'.^lLPlCl^ 
Yields a di-bromo* derivative |205°J. • 

Salts. — CaA"2jiq. - Cu.A" 4aq : violet 
crysfallftio pp. « Ag.A"l'.u<|. — H;jA"HCl. — 
(H,A").,rTd’tCI.,3aq, 

(i3)-Phenyl-pyridino dicarboxylio acid 

‘^^Cll.tllVlU (207 ]. Formed 

Ity oxilTution of (/Ij-miphllioquinoliuo (Skraup a. 
Coben/J, M. 4, 442). Prisms (containing aq), 
si. sol. coM water. Salts. HA'HCl. — 
(H.V).,H,VtC1..2,'.a(i. - K,A"3aq.-KllA"2uq.-. 
Ca7V"3a(|. BaA"4'aq.-- CuA"4a(j. ■ Cu.,TL.A" . 
-AgH.A'V 

SII l/>ho7iic acid C,.,li.,NSO, i.e. 
^,^0(C(),II):C.Cjr,(SO,H)(CO.,H)[l:2:(>] 

Furmed, as well as C,.,H,,(.SO,H)NO a'j, by'-xidn* 
tion of (/>)-nn])htli(>-quinolino sulpliouio acid 
witli alkaline KMiiO^ {immerlioiser, /?. 22, 405). 
(by.'^l.ils (from water). - K.A'". - BajHjA'",.” 
Pb,A"\(()H)j. - Ag:,A"' (dried at 100'). 

Tlio by-product 0,^lI,(SOjH)NO aq yields 
KA'aq, BaA'..,2aq, PbA',3uq, AgA'aq, an oxim 
[290 J and a phonyl-Iiydra/.ide [c. 205®]. 
Phenyl'pyridino dlcarbozylic acid 

^<cli:C(aull>Cl''>-t250”J(l.ydruted);[246»] 
(anliydrou.s). Formed by heating tlio tetra- 
carboxylic acid at 17U® (Welicr, A. 211, 131. 
Gveehish-yellow piale.s (coiilainijm aq>~ 
CuA"2aq : blue pji. 

( 7 )-PhenyI.pyridine tetra-carboxylic acid 

laOT-J. Formed 
by oxidation of tlm phenyl-di-m«thyl-pyridlne 
dicarboxylio acid, which is got from aootoacetie 
ctlK.r, Nil,, find benzoic aldeliydo (llanizscfay B. 
17,1515). Crystals (containing 3aq), v. sol. water. 
KH,A’'aq: small prisms or pyramids, si. sol. 
cold water.—Ba,(NU|)jjA'''aCaq : minute tables. 
—Cu A'* 7aq. 

Di-phfeiiyl-pyridine ( 7 )-carboxylic acid 

[276°]. Formed by 
heating (CH,Bz),,C(CO,H). with almholio NH, 
at 120° (Paal a. Strasser, IS. 20, 2761). Needles 
(from alcohol).—AgA'; pp., al. sol. hot water. 
Bihydride CuH^NOj i.«. 

NH<^^}j:g“>CH.CO,H. Crystalline flakes.- 

NH,A'. [270°]. Formed from (CH,Bz).,CH.CO,H 
and alcoholic NH, in the cold. Needles, v. sol. . 
water/ 




PHENTI^PYRIDINE OABBOXYUC ACID. 


Bexahydrii$ 

“®<CHPh:CHp>CH.CO^ [8390]. Formed, 
in smell quantity, when di-benzoyl-di-methyl- 
malonio sold is hesWd with alcoholic NH. at 
120° (P. a. S.). Crystals, v. si. sol. water. 
Yields a mtrosamine [169°]. 

Di-phenyl-pyridine tricarboxylic acid 

^’^CPh'.CJiSS^C.Co’H' Formed by 

oxidising phenyl-naphthoquinoline miboxylic 
acid with alkaline KMnO, below 50° (Doobner, A. 

249, 120). Needles (from dilute alcohol)_ 

AgA : white flocculent pp. 

it 100°the chie^product is phen^lenepkfinyl. 
ketone carboxylic acid C„1I,,N0, 
L226 ], which on distillation with soda-lime yields 

^^^C^H'phN '''''ieh forms an oxim [84°] 
and B'jCrb,. 

Be/ersnco.—OxT.PHENTi.-pviRi)i!(EOAKBnxYi,io 

icn>. « ^ 

PYKIDYl KETONE C,.,H„NO i.e. 
0,Hj.CO.C,H,N. (307°). Formed by heating 
Its carboxylio acid (Beriittisen a. Metfegang, li. 

[143*-6°]*-B^"a*rtCl “ P'lenyl-h^razido 

PH^l’ (’‘;8 ).PraiDTt KETONE CASE- 
OXTUC ACID O.H,.CO.C.H,N.OO.H. [147°] 
Fomed from quinolinic anhydride, benzeno 
and AlCl, (Bemthsen a. Mettcgang, B. 20,1209)’ 
Prisms, T. e. sol. hot water. 

di-phenyl-pyhone 00<;;°”;®f}J;;>0 . 

Formed by heating itscarboxylic acid 
(Feist, B. 23, 8734). Got also by heating de- 
hydro-bonzoyl-acetio acid with HClAq at 245° 
Needles resembling asbestos (from benzene). 
Its solution in cone. H,SO, exhibits violet 
fluorescence. Alcoholic NH, converts it, on 
heating, into oxy-di-phenyl-pyridine. 

DI.PHENYL.PYBONE CARBOXYHC ACID 
CO<g^«W>0. [201°]. Formed by 
warming chloro-dehydro-benzoyl-acotio acid 

IIPaV *2 1“*®° (Feist, B. 23, 

3730). Small crystals (from benzene), v. sol. 

. (13®°]- - BaA' 6aq. - 

^jAyAgNO,: curdy pp. 

Di-phenyl.pyrone dicarbozylic ether 

°°<c!co:^!l:opbo- [11®°]- Formed by 
allowing a mixture of cupric bcnzoyl.acetie 
ether (24 g.), COOL (10 g.), and toluene (40 g.) to 
stand for six weeks (F.). Got also from acetone 
dioarboxylio ether, Et,0, Na, andBzCl (Diinsoh. 
mann a. Peohmann, A. 201, 189), Plates, v. 
8ol. most solvents. 

PHENYL-PYBOTABTARIC ACID 

Benzyl-succinic 

acyl. [161°]. ^t by heating phenyl-propane 
tnoarboiylio acid and by reducing phenyl-ita- 
oonio aoid ffiisehoff, B. 23. 653; Filtig a.Koeders, 

A. 266,87, qf. Baeyer a. Perkin, B. 17, 449). 
White plates, si. sol. cold water. Yields an an- 
hydride [102°].-BaA' iaq—CaA".—AgjA" 
Phenyl-pyrotartarie acid 
0(XH.CHPfoCHMe.CO,H. Two varieties [171°] 
and [193°] are formed by saponifying ths pro- 
duot ol the reEction of NfiOEt on e miztuTe of 
8-cyftoo>propionU) aold and a-bromo^phenyl* 


(^sliosky a. Buohstab, B. 24,1877). 
At 320 It forms an anhydride which on treatment 
mth water yields a mixture of the two isomeric 
phenyl-methyl-succinic acids. 

^^^e/ereticc,—O xy-a^do-pbentl.pvbotabtaiuc 

PHENYX-PYEOXIIIIDINE DIHYDEIDE 

Formed from y-bromo- 

PSpPyj-henzamide by shaking with hot water 
(Gabriel, B. 24, 3214).. Liquid, si. sol. cold 
«ater.-B',H,Ptjll,. [185^.-B'Cfl,N,0,. [161°]. 
DI-PHENYL-PYKEOIE 

[143°]. Formed by the action of alcoholic 
potash on its carboxylio ether (Paal, B. 21, 
“i®? heating the dicarboxylic acid 
C|NH,(C„H|.C(h,H), with lime (Baumann, B. 20, 
llOO], Plates (from HOAc or tiilute alcohol), 
norms a red solution in H,SO,. Colours pine- 
wood, moistened wifh HOlAq, red. 

Tri.phenyl-pyrrole NPh<^}^{'JH [229°]. 

Formed by heating its carboxylio acid or its di- 
carhoxylio acid C,NH,Ph(C.II,.CO,Jl), with lime 
(r.; iJ.). Needles, si. sol. ether and alcohol. 
Tri-phenyl-pyrrole NH<^®jj;^Fh 

Formed by healing desyl-aoctophcnone with 
alcoholic NH, at 160° (Smith, C. J. 67, 645), 
blonder needles with violet tliiorescpiice. 
Tetra-phenyl-pyrrole C„H„N i.e. 

^^^‘^CPh.CPh" Formed from both 

hidesyls by heating with alcoholic NH, at 150° 
(Garrett, B. 21, .3107; Felirlin, B. 22, 653- 
Wagnanini a. Angeli, B. 22, 855). Got also by 
distilling Its Idienyl-v-amido- derivative (Klinge- 
mann. A. 269,122), Needles or plates. 

Acetyi derivative. [226°]. Niodles. 
Tetra-phenyl.pyrjole Nl’h<;pp{j;^Fh 

[197°]. Formed by boiling desyl-acetophenone 
with aniline and HOAc (gmith, 0. J. 57, 646). 
Wliite silky needles, v. si. sol. cold jlcohol. 

di-phenyl-pyreole carboxylic acid 


[261°]. Formed by saponi- 


f.cing the ether, which is got by the action of 
alcoliolio NH, or of boiling NH.OAo and HOAc 
on di-fl-benzoyl-propionio ether (Kapt a. Paal, B. 
21, 1491, 3061). Orange needles, si. sol. alcohol. 
Bthyl ether EtA.'. [159°]. Needles. 
Amide C„H,,N,0. [217°]. 
Di-phenyl.pyrrole di-o-oarboxylfo acid 

'^®<C(c‘H®C0i^j;CH- (®3®°]- Formed by 
0?H.(C0-C.H,.C0,H), with alcoholic 
NH, (Gabriel. B. 19, 840). Slender needles. 

fonls^%ro“ir 

Tri-phenyl-pyrrole oarboxj’lic acid 

^^*|^CPh:0H^^' Farmed by sapo¬ 

nifying the ether, which is got by boiling di- 
benzoyi-propionic ether with aniline and HOAo 
(Paal, B. 21,3061). Needles (from HOAo), 
£thylalherEU'. [170°]. Needlea 
Tri-phenyl-pyrrole di-eazboiQ^ls acid 

Fomed ty 
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lymiiig C.U 4 (CO.O.H,.C! 0 ^), with aniline 
uumann, B. W, 1487). Crystals, insol. water, 
[g^"! bulky pp. 

-Ethyl other Et^". [122^. Needles. 

M . a - PHENYL-8-PTaKOYt. PEOMOHIC 
IlCID C,H,N.CO.CH,.CPh,.CO,H. [216°]. 
formed by saponilication of di-phoDyl-pyrryl- 

Wtolactone [J.84»] which is 

|{ot by warming (a)'Pyn 7 l methyl ketone witjj 
benzil and oouc. KOH^q {Angeli, R 23,135ti). 
Colourless crystals, almost insol.^water.—KA'.—* 
light-yellow pp. 

PKBNYL PYBRYL KETONE C„n,NO i.e. 
»C,H,.CO.C,Uv [78°]. Formed by heating 
pyrrole with NaOBz and Bz^O (Ciamieian a. 
Dennstedt, B. 17. 2055). Yields CnUyAgNO. 

PHENYI.PJEOVIC ACID »,* Puesvi, ulj- 
cinio ACID. 

PHENYI.QDINAZ01INH 

[101°]. Got by distilling o-anu<lo-benzyl-bon/.- 
amide (Gabriel a. Jansen, B. 23, 2810). Yellow 
needles. Weak base. 

Phenyl*qoinazollne. Dihydride, 
C„H,A [9r.°]. Fonned 

by reducing [l;2JC,H,(NO,).Cli,.NPh.CHO with 
zinc and HClAq (Paal a. Busch, B. 22, 2(j8(>; 
Donuer, Vh. [3] 20, 43). Six-sided tables (from 
etlierdigrofn), almost insol. water and alkalis. 
Split up into aniline and benzonitrilc by heating 
witli zinc-dust.—B'HCl 2aq. [80°J when }iy<lra* 
ted; [221°] when anhydrous. Concentric 
needles, sol. water.--B'llSnCly [130'’-134°J. 
White crystals.—B'^irptCl^. [208°J. Yellow 
crystals.—B'.^^SO* 2aq. [79°]. Melts at 140^- 
143° when anhydrous. 

Meih^lo-iodide B'McI. [WO^] and 
[180°].--B'MeL^. [157°]. Golden plates. 

Tetrahydridf . [117“J. 

Got by reduction. Nj^edles. Yields a crystal¬ 
line acetyl derivative and a brick-red nitres- 
amino. 

Bi-phenyl-qainazoUne. Dihydride. 

0„H,.N.W. [Iis-J. Fort.,od 

by redaction of the benzoyl derivative of o-nitro- 
benzyl-aniline in HOAowith tin and HCl (Lell- 
Djann a. Stickel, B. 18, KIM). Small needles, 
r, sol. alcohol.—B'HCl; silky needles. 

Uc/arcMc. -OxT-rnENvr.-oniNazouii*. 

(B. 2).FHENYL.QDIN0LIN£ 

BH :CH.C.N==CH' [111°]. 

(260»at77mm.). S.G. is 1-1945. Treparedby 
beating p.amido.diphenyl with glycerin, iiitro- 
lenzene, and H^SO, (La Coste, B. 15, 5V2; A. 
230, 8 ). Triroetrio plates (from ether). — 
B'jHJMClr Ora*ge crystalline powder. — 
B',H,Cr,0,- [136°J. —Tartrate B'C.H-0,3a<i. 
;i53‘’]. Needlea 

Methylo-iodide B'MeI2a.j. [194°]. . 

Ethylo-iodide B'EtI2aq. [169°]. 
Tetrahydride C^,.PbN. Got by reduo- 
ion. Unstable pp. Yields a nitrosamine 
3.1l^hjNO)H ai9°l, an aeetyl derivative [10O°], 
tnd a Mnzoyl derivative [187°].—B'H0 liaa. 
;204°].-B'0ja,N,0,. [166»1. 


(B. 4)-Phenyl.qta.oUae g^-CPh.tN^c" 
o Phenyl-quinoline, (273° at 80 mni.). Got in• 
like manner, using o-omido-diphenyl (C.). Oil, 
with vcllowish green fluorescence.— 

—B'JI,Cr,0,. [126°]. Orange plates. 

Methylo-iodide B'Mel. (163°]» Crystals, 
▼. sol. water.- B'^MeoPtCI, [193°]. 

{By. 1) - Phenyl • quinoline 

[62^J. *Qot by he.ating its carboxylic acid 
(Ktuiigs a. 19, 2130). Needles (from 

other or ligrom). Solutions of its sulphate and 
liydrocliioride fluoresce blue. • B H-^CrOg: 
needle|.—B'gldjPlGl^: yellow ^our-sided tabloa. 

{By. 2).PhenyliqulaoUne 

Formed by ailding a little^'aOll toasotujiion of 
u-amido-benzoic aldcltyde and phenyl-acetic 
aldf'hydti^ in dilute alcohol (Friedliiiuler a. 
(lohring, B. 10, f830). Oil, sparingly volatile 
wili steam. - B'llCl. [93°].- B‘.Jl^PtCl„. 

{By. 3) - Phenyl • quinoline . 

[86°]. 360'’). 

Formation.- 1. By heating cinnamic aldo- 
hydf' (30 pts.) with aniline (20 pis.) and cone. 
llClAq (20 pis.) -for two hours at 210-' (Griiii^^ux, 
a B. 96. 584; Doelmer a. Miller, B. 16, 106.5; 
19, 1194).—2. By warming o - amido - benzoic 
ableliyde with acetophenone, dilute alcohol, and 
a little NaOH (Fiiedliindor a. Gohring, B, 16, 
ls3r«).—3. By di-stilling m-oxy-phenyl-quinolino 
or di oxy-phenyl-quinoline with zinc-dust (Miller 
a. Kiukolin, B. 18, 1908; Wei«lcl, M. 9, 151;.- 
4. By distilling its carboxylic acid with soda-lime 
(Drcbner, B. 20,280; A. 212, 294; Pfltzinger, 
J. i>r. [2j 38, .'383). 

Properties. - Silky needles (from dilute al¬ 
cohol), sol. ether, si. Bol. water. Yields 
NHBaC..H,.CO^ [1:2] [182°] on oxidation by 
KMnOq in acid solution. 

Salt3.-B'..n,riCl,2aq.-imAuClq. [100°]. 
-(B HC)).AuCi,. [204"]. Needles.— B'lLCr.,0, : 
stable golden plates. -B'C^H^NjOi. [188*°1. 

Alkylo-iodides B'McI. [197°]."B'ElI. 
[195 ’]. -B'KlCl 2aq.-B^EUHCL^ 

Tetrahydride (342°)» Oot^fly 

reducing tlic base with tin and HGlAq (Doebner, 
Z>'. 19,1198). Oil, yielding an oily nitrosamine.— 
It'ilCl. Needles (from alcohol), v. si. sol. water. 
[Py. l,d)-Di-phenyl-qainolixie 

. [112°]. Formed by heating 
the anilide of CH^Bzg with H^SO, (Beyer, B. 20, 
1772). Mass of white crystals. -B jlijPtCl, 2aq. 

- B'H^SO,. Needles, v. si. sol. dilute R^SOg. 

{Py. 2.3)-Di-phenyl.qttinoUno 

tl’h • <“• ^2“°)- by 

Inducing [1:2] O.H,(NO,).CH,CHPh.CO.C.H, 
with iron and HOAc {Buddeberg, B. 23, 2075). 
Large crystals, sol. alcohol.—B'Ji»PtCL. 

{Py. 2)-PHEHYI-ISOQ0IR6UH» 

C,.H.,N i.o. [105°]. Obtoinrf 

by reduction of the {By. 4)-ohloro. derivative by 
heating it witli HI and Pat 170° lor three houre; 
also by distilling phthalimido with zinc-dust 
(Gabriel, B. 18,3477). Rhombio plates. Bligbtly 
volatile with steam.—B',E/ll,PtCl,: needles. 
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Ttlrahydride [45'- 

*48^. Formed by reduction of an aloohoUo 
solution of the (P^.)mono- or di- chloro-deriTa- 
tives by boiling with (3 p.c.) sodiutn-amaigam 
(Gabriel, B. 18,3479). Crystals, v. sol. alcohol. 
References. — Auido-, Ghloro*, Cuiioko- 

N1TRO-, NiTRO*, OZT-AUIDO*, and OXY* PKKNYL- 
QCINOLIMB. 

(By. 1) - PHEHYL - QFIKOIINE , (Pw, 3)- 
CABBOXYLIC ACID 0„H„N0^ U. , 

H* Got by oxidation 

of phenyl •methyl* quinoline'phthalone with 
chtomic acid mijfture (Koenigs t. Nef,^. 19, 
2428). Yellow needles (from dilute alcohm), sot. 
acids and alkalis. ^ * % 

(Ptf- 3)-Phenyl-quinoUiie {Py. l)-caTboxylic 

Mid . [207“J. Formed by 

warming pyruvic acid with ficni^oic aldehvdc, 
aniline, and alcohol (Doebner, Ti. 20,280; A. 142, 
291). Formed also by heating isatin with 
acetophenone and alcoholic ])otash (riitzinger, 
J.pr. [2] 83, 5.38). Needles, in. sol. cdbl^alcohol. 
Yields phenyl-quinoline [84°] on distillation 
with soda-lime. — (llA')..Il2rtCl,i. — PbA'jaq.— 
0uA»3aq.- ZnA'^aq.- AgA': white pp? 

Phenyl - quinoline • o - di - carboxylic acid 

c.h.(CA)N(CO,h), w. 

Formed by oxidation of phenyl-acridine with 
KMnO^. 

Salts.—BaA'Maq: glistening needles (Claus 
a. Nicolaysen, B. 18,2700). 

{Py. 2,3) • Di - phenyl • quinoline carboxylic 

acid [lOl']. Formed by 


the action of isatin and alcoholic potash on 
deoxybenzoin (PUtzingor, J. p)'. [2] 88, 583). 
Needles, insol. water, v. sol. hot alcoliol. * 

{Py. 3)-PHENYL-QDIN0LINE {B. 2)-SDL- 

PWOWTC ACTn SO,H.C:CH.C.CII:CH ... 
PHOSIC ACID HC:OH.C.N==CPh* 

together with the more soluble {D. 3)-sulphonio 
acid, by heating {Py. 3)-phenyl-quinoIine with 

M O4 and SO, at 100° (Murmann, M. 13. 00).- 
es, sK'sol. water, almost insol. alcohol. Gives 
oxy-phonyl-quinulino [238°J when fused with 
potash at 250°.—BaA',: plates.—NII^A': plates. 
—AgA': granules. 

{Py. 3) - Phenyl-quinoline (B. 3) -tulphonio 
acid. Formed as above (M.). Granules. Yields 
oxy • phenyl • quinolino [15G°] on fusion with 
potash. — KA'aq. — BaA'^lJaq: needles.- 
AgA'l^aq: needles. 

(B. 2) • Phenyl - quinoline p^ sulphonio acid 
0.»H„N80, i.e. [l:4]SO,H.C4H4.C:CH.C.CH:(pH 
HC:CH.C.N=CH' 


Formed, together with the following more soluble 
i8omeride,by8ulphoDation of ^-phenyl-quinoline 
(La Ooste a. Sorger, A. 230, 80). Needles (con¬ 
taining 2aq). Turns brown, without fusion, at 
300°. Alkaline KMnOf gives quinolinic acid and 
»-sulpl o-benzoio acid.—NH^A'. [above 310°].— 
NaA'aq.—HgA',: white pp. 

(B. 2) • Phenyl - quin oline {$) • sulphonio acid. 
Formed as above. Plates (containing aq), not 
melted at 300°.—NH.A': small scales. 

PEENYL-DIQUIHOLTI-IIETHAHE. Octo- 
hydrideCBPh(0^uH)r [153°]. Formedfrom 


quinoline tetrahydride, benzole aldehyde, and 
ZnOL in alcohol (Einhom, B. 19, 1243). Its 
solution in HClAq is coloured green by FeClj. 

Di-ph6nyl-(B. l)-quinolyl-inethane 
CHPhj.C:CH.O.CH:CH „a.oi ™ .i u 
HC;CH.C.N=OT 

Skraup’s method from amldo-tri-phenyl methane 
(Fischer a. Frankel, B. 19, 749; A. 241, 304). 
Prisms, v. sol. alcohol. Yields a nitro- derivative 
[^13°].-B',RPtCl, (dried at 100°). 

DI-PHENYI,.(P;/. 3)fQUIN0LYl-irBEA 
•C„lI„N.NPh.C(y^HPh. [1.50°]. Formed by 
heating carbostyril with phenyl isocyanate add 
benzene at 220° (Goldschmidt a. Meissler, B. 
23, 270). Needles (from benzene), sol. HClAq 
and re-ppd. by NHt. 

DI-PHEra-ftUIKO»E 

CPh^^y Qjj^CPh. [214°]. Fotmed by heating 

phenyl methyl dik^onewith NaOHAq and a little 
K;,FoCy^, at 100° (Milllcr a. Pechmaim, B. 22, 
2130). Orange-yellow plates, m. sol. benzene. 
Zinc-dust and liOAc reduce it to di-phenyl- 
hyJroquiiione [219°]. 

DI.PHE»yi.aCIlfOXAlIHEC.n,<;^:^{’Jj. 


[120°]. Formed by Iieating benzoin with o- 
phenylene-diaminc in tho air at 10.5° (Fischer, 

B. 24,720). Needles. 

Dihydride [149°]. 

Formed by heating benzoin with o-phenylene- 
diamine at 10.5° with exclusion of air. Prisms. 
Its solutions in ether and benzene iluorosoe 
yeUowisli-grr(‘n. 

Phen I/! 0 -hydroxide 

[155°]. 

Formed f,'*om benzil and o phenylefce-phenyl- 
diamine (Kchrmann a. Messinger, B. 24, 1239). 
— C^IIiiiN^CIFeCla. r Golden prisms, m. sol. cold 
water, insol, etlior. — (0«jiH,9N.,Cl).^PtCl4. — 

C. «U,«N3HgCI,. Yellow scales. 

Tri-phenyi-quinoxaline. Diltydride 

[117°]. Got by heating 
benzoin with .'i-phenylenc-phenyl-diamine in a 
pealed tube at 175° (Kehrmann a. Messinger, B. 
24,1875). Crystalline, v. sol. ether. Its solu¬ 
tions fluoresce bluish-green. 

Tetra-phenyl-diquinozaline, so-called. 
<?Ph:N.C.CH:C.N:gPh 
Cl’h:N.C.Cn;O.N;CPh' 

tetra-ainido-benzone and benzil (Nietzki a. 
Miillcr, B. 22, 44C). V. sol. hot HOAo. Forma 
a blue solution in cone. K.SO,. 

Dl-FHEEYI-auIKOXALINE CABBOXYLIC 
ACID 0„H.,NA. 4.e.[4^]0JH,(C0,H)<N;g^J. 

[288°]. Formed by mixing benzil and di-amido- 
benzoic acid, both dissolved iA*hot HOAo (Zohm, 
B. 23, 8027). Yellow plates or needles.-— 
BoA'gSaq: needles, si. sol. hot'.rater. 
ft Ethyl ether'EiW [151°J. Needles. 
TETEA.PHENYL-DIQDIKOXALYL 


OPh:N>°'H-OA<N;S [»'»™270°]. 
Formed by mixing acetic acid sohtioos of benzil 
and tetra-amido-diphenyl {0,H,(NBJfA:S;4]), 
(Brunner a. Witt, & 90, 1026). Oryztala (ftm 
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^i^esoI-HOAo). Forms a brigbt-ied solbtion in 
»ono. HjSO,. 

PHEHTIi SEIiXHIDE v. Organic comjiounds 
ot Selknicu. 

TETBA-PHEirYI..8IUCANX v. Organic 
compounds of StEicoK. 

PHENYt SILICATE Si(OPli),. [48°]. (420°). 
Prepared by IiCttting phenol with SiCl,; the yield 
being 78 p.c. ol the theoretical amount (Hert. 
korn, 13. 18,1679). Long colourless prisms,». 
sol. alcohol. Dccompased by hot water into^ 
phenol and silicic acid. £oiii%! alcohol forms 
dlhyl silicates and phenol. 

TEI-PHENYL-8T1BIHE i;. vol. i. p. 291. 

PHElfYL-STYETLHYDEAZINEC,jH„N .i.c. 
CHPh:CH.OII,.NPh.Nn,. [51^]. Pormcd from 
styryl bromide and sodium phenyl-hydrazidtt 
(Michaclis a. Clocssen, B. 22, 22S9). Crystals, 
V. sol. alcohol Ind ether. 

PHENYL-STYEYL KKTq^E V. UeNZYUIiF.NK- 
ACBTopHEXoNB. Its c;ivbox>iic otlicr is (leseribfMl 
as Bmsi/lidfne-benztiuUau’tii' eUur, vol. i. p. -Irtl. 

PHENYL-SUCCINIC ACID C,„lI.„Og, i.e. 


I Formed, together with the isomeride by 
heating phenyl-aoetoQUrile with mandelio nitrile 
aud alcoholic KCyat55*’(Chalanay a. Knoovena-* 
gel, sD. 25, 289). V. e. sol. alcohol. Converted 
I into the [$)■ isomeride by boiling with HOAo. 

! Phe7tylivtidca.,H^M\. [231®]. Got by 
I heating either the (a)- or the {$)■ anhydride with 
: aniline. 

I 1^/ienyl - aviic acid C^yH„NO, i.e. 

I CO,li.CHHi.CHPh.CO.NHrh. [220']. Got by 
I boiling tlfe phegyliniide with baryta (Anschuta 
1 a. Bomlix, A. 250, 03). 

I (8)-Di-phenyl-8uccinie acid 
CO.Il.CIirh.CiaMi.C().H. [2:10®J.1I.C. 1 , 823 . 000 . 

' 8. (alw:>hol) 1%2.1 at 21". . • 

1. Jly heating iU nitrile with 
HtlAq at 200'. -IW liiluctinn of di phenyl- 
! maleic anhydride, a. JJy heating the a-Momor- 
j ido with JK-Aq ul 200^. 

j Pra))9iiics. —Reedies, sol. nicoliul, si. sol. 

^ beiueno, insoJ. water. On distillation in vacuo 
: at ioO® it yields u mixture of 0f)e (a)- anhydride 
' (80 )t.c.) and the (8)- anhydride (11 p.c.). 


CO.ii.OHini.CIL.CO.JI. [167=]. 

Fonnation. — 1. By saponification of the 
nitrile wliich is got froiri w-cliloro-styrene and 
KCy (Itiigheiincr, D, 14,428). • 2. By saponiliea- 
tion of the product of the action of u-bromo- 
phonyl-acotic ellior on sodium acflomaitic etlier 
(K.).-3. At 101= from CO.,II.CHrb.CII((X)J[).,, 
got from a-chloro-phenyl-acetic ffthcr and sodium 
mulonic ether (Spiegel,/i. 14,873, 1603; A. 210, 
32; Alexander, at. 2.>S, 74).-—4. From liydro- 
coruicularic acid by potash-fusion (S.). 

Prc)j)cv7iV,s. - Needles, s(d. hot watfir and al- i 
cohol, si. sol. chloroform. Dr and I’Br_, yield a 
bromo- derivative [llO 'j converted by hot water 
into phenvl‘]naleic acid. 

Salt^~CaA".-Ag,A". 

Anhydride -[c. 54'’]. * 

(a)-Di*phetiyl*succinic Jacld O .lli^O^ i.e. 
CO.H.OHPh.CHFh.CO-H. [222*^ (when dry); 
1183=] (when livfuatcd). H.C. ^,818,300 (Ossi- 
poff, a, R. lUO, 223). *8. (alcohol) 41 at 21=. 

Fortnation By heating a bromo-phcjiyl- 
acetic acid with KCly (Franchimont, />. 5, 1018). 
2. Together with the isomeric J/3)-acid, by re¬ 
duction of di-phenyl*maleic anhydride with 
sodinm-amalgam or Zn and HCl. Separntdh 
through the sparing solubility of the Ba salt 
(Keimer, B. 14, 1802 ; Ansohiitz, A, 250, 67).— 
8. By heating the (fi)*isomeride with baryta- 
water at 200= (It.). 

Properties. -- Prisms(containing a«i) or needles 
(from dilute IIOAc). Yields di-phenyl-«tharie 
and di-phenyl-ethylene when distilled witli liun-. 
HGIAqat 2(MV’ converts it into the (/3) acid. 

8alt6.-BaA"2aq. S.32at 18®.-BaA'Maq. 
—Ag;A": white pp. 

\iono-cthyl ether HEtA". [140'J. 
Di-ethyl [8^’]* Needles. 

Anhydride C,flH|wO,. [110=]. (240= at 
11 mro.). Fori^cd when either of the two ii-di- 
phenyl-succinic acids is heated. Got also by 
heating the (a)- acid with AcCl at 120= (Tfll- 
manns, A. 258,87). Trimetric crystals; a:b:c 
=•508:1:’SIC. V. sol. chloroform. Yields the 
(a)- acid on boiling with water, and a mixture 
of (a), (Stf p.c.) and {$)- acid (14 p.c.) when 
treated with £OHAq. ^ 

mriU ^ ON.CHPh.CHFh.ON. [160®], 


liciu tii^ns.- 1, Yields s-di-phenyl-cthano and 
di-pheiif'l-C’thvleno on distillation with lime 
{Keimer, B. 14, 1802).- 2. Baryta-walor at 200® 
converts it into the (a)- isomeride. 

Salt 8.-BaA" 7aq. 8.21 at o. 18®.-AftA". 
Ethyl ether Kt.A". |141®], Needles. 

Anhydride J;;{}pJ;co>0- (»• 1<>7°]. 

Formed hy heating the {$)- acid with AoCl at 
I KK)'’. and al.so by the ac.tion of AcCl on its salts. 
\Vlien boiled witli water it yields the («)- acid (75 
p.c.) and some {(3)- aidfl (25 p.c.). Cold KOHAq 
forms only (he (^)- acid. On heating with aniline 
it gives (he. plienylimide [231®]. 

Jdlihensuccihdone 

, iMutiied hy heating the acid (5 g.) with cone. 

* 71...SO, (8g.) until dissolved, and then pouring 
inlo water (Uoser, A. 247, 153). White crystals, 
insfjl. water, sol. alcohol. Yields a dloxim 
C„,lln,(N()lI),. [254"] and a phenyl hydrazido 
C„lI,o(N,.Hrh)., [0. 265®]. Reduced by HI and 
rtoC,.ll,,[100’l. 

Nitrile CN.CllPh.CIlPh.CN. [«0®]. 
j companies the (u)- isomeride (v.stfpm). Colour- 
! less needles, sol. liot alcohol. 

I Tetra-phenyl-saccinie acid 

• CO.,H.CPb.^.CPh,.CO.^U. [262®]. Formed by 
: heating a-chloro-di-phonyl acetic ether with 
; finely-divided silver at 125-’ (Bickel.B. 22, 1538). 
i Insol. water, v. sol. alcohol and ether. 

Ethyl ether Et,.A". [80®]. 

Nitrile CN.CPh.,.CPh,.CN. [o. 230®]. 

; Formed by the action of NaOEt and I on di- 
j phenyl-acetonitrile (Auwers a. V. Meyer, B. 22, 

I 1227; cf. Anschutz a. Romig, A. 238, 849). 

' Formed also by the action of nitrous acid on di- 
j phenyl-acetonitrile (Neure, A. 260, 148). Flat 
needles (from IIOAc), v. si. sol. Imt alcohol. 
Liquefied by heating for a long time at 180®. 
PheByl-isosaoei^o acid v. BsNZYii-iULOiiio 

ACID. 

References. — Nitbo* and Oxi- fbbntl- 

SCCCINIO ACIDS. 

di-fhehyl-succihuodihe o„h,*n, u. 

C»H,<;^Q^^^NPh. Formed from ethylene * 
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ejftnide and aoiliDe hydrochloride at 154^ 
JBlochmann, B, 20, 1856). Groyish-yollow 
crystals, insol. water. Yields the phenylimide 
of siicoinio acid when boiled with HGlAq.— 

FHEKYL-SOrLFHAUIC ACID G,H.NSO,t.e. 
0,H,NH.SO,H. Formed as a salt from G1S0,H 
(1 mol.), aniline (3 mols.) and chloroform in the 
cold. Got also by the action of solid fuming 
sulphuric acid on aniline in GHCl, at a«low tern- 
perature (Wagner, B. 10,1157 j Traule, B. 23, 
1665; 24,360).-NaA'.-KA'; leullets, sol. hot 
alcohol.—BaA',2aq: leaflets or needles, sol. hot 
water. Decomposed by acids into aniline and 
Hj*feO..-NHFhHA'. (192°]. Plktes. ^ 

PHENYL SBLPHAtE. 

Hydrogen phenyh sulplidte CJIjO.SO..(iH. 
Phenyi'Sulphurie acid. Occiiva in urine of 
horses, men, and dogs (Baumann, B. 9, 55; 11, 
1907 ; II. 2, 336), the quantitv being gieutly in¬ 
creased by administration of phenol. The K 
salt is formed adding (125 pts.) Vo a 

solution of phenol (100 pts.) and KOH (60 pts.) 
in water (90 pts.) at 05°. Tlie free acid (juickly 
splits up, in aqi6.>us or alcoholic sofutfon, into 
phenol and KA'. S. 14 at 15°. PlaU-s 

(from alcohol). Not Attn(5kcd by potqsli. The 
dry*sait changes at li>0°-160° into phenol 
sulphonicacid.—BaA'^.’laii; needles. 

DI.PHENYL STJtPB AZIDE v. BIuwjU 
hydraside of Benzenk sulphonic acid. 

DI-PHENYL SULPHIDE C,..ir„S i.c. Ph.S. 
Mol. w. 186. (293°). S.G. M19. 

Formation.~\. By the dry distillation of 
sodium benzene snlphonato (Stenliousc, Pr. 14, 
351; A. 140, 2BM). - 2. From S(C.,II,.NH,), by 
elimination of N J by the diazo- reaction (Krattt, 
B. 7, .H84, 1104). - 3. By distilling Pb(Srh)j 
(KckuUa. Szuch, C. li. 64, 752).-4. By the 
action of Naon S()(C„Iis). (Colbya. McLonghlin, 
Am. 9, 67).—5. By the action of NaSPli on 
C„HvN.^Cl in molecular proportions (Ziegler, Ji. 
2.3, 2471).—6. By healing benzene with Sand 
AlCl, at 80° (Friedcl a. Crafts, A. Ch. [0] 14, 
438). 

Preparation. — Ammonium sulphide is slowly 
^-l^cd to an acid solution of diazobcnzcne, 
C^ed wMi ioc, the oil which separates is eo- 
hobnted for 2 or 3 hours to decompose tlic fli- 
sulphidc, and finally distilled; the yield is good 
(Gracbe a. Mann, B. 15,168.3}. 

Properties.-~Oi\, with slightly allioceous 
odour, V. sol. hot alcohol, miscible with ether. 
Its alcoholic solution is not ppd. by AgNO, or 
HgCl.« Yields di-plieuyl-sulplione on oxidation. 

Di-pbenyl disalphide Ph.S.^. Mol. w. 218. 
[61°]. (310). 

Formation. —1. By oxidising phenyl mer- 
mptan with dilute HNOj (Vogt, A. 119, 142; 
Otto, A. 143, 213), with chromic acid mixture 
(Kekul4, a. 1867, 194), and by exposure of its 
ammoivacal solution to air.—2. From NaSPh 
and CyCl (pleium, J. pr. [2] 1,147). - 3. Together 
with mercury by distilling Hg{yiMi).j (Dreher a. 
Otto, A. 154, 178).—4. From NaSPh and I 
(Hiibner a. Alsborg, A. 156, 330).—5. In small 
quantity by adding zinc-dust to a mixture of 
S^Cl^ and benzene (Schmidt, D. 11, 1173).—6. 
By reducing 0«H,.80.^01 with HI (Clove, B. 21, 
IlOO).—7. By heating OcH^tSO^JQ with HSPh 
(OttOi B. 9, 1589).—8. By passing SO, into a 


Bolutiofl of phenyl-hydrazine in benzene, and 
heating to boiling (Michaelis a. Buhl, B. 23, 
476). 

Needles, with faint odour, insoL 
water, v. sol. alcoholtand ether. 

Beactions.—l. Beduced by zinc and dilute 
H,;S04 C,HjSH.—2. Oxidised by nitric acid to 
benzene sulphonic acid.—3. Split up by long 
boiling into Ph^S andS (Gracbe,^. 174,189).— 
4r Alcoholic potash forms KSPh and C^fljSOjK. 
6. Alcoholic K.^S forms KSPh.—6. Bromine 
‘forms crystalline PliBBr,. 

DBphenyl tetra-snlphide (C„HJ.^S4. S.^. 

11® 1*297. Formed by the action of H.^S on a 
cone, alcoholic solution of benzene sulphinio 
acid (Otto, J. pr. [2] 37, 208). Formed also by 
the action of S^jCl^ on phenyl mercaptan. Thick 
yellow oil, m. bol. alcohol, v. sol. ether. 

Di-pheayl hexasulphide (C^HJ^S,,. An 
amorphous solid fprmed by heating benzene 
(20 g.) with S..C1.. (lOg.) amt iodine (1 g.) for 
100 hours at 120° (Onufroviteh. B. 23, 3308). 

/fe/erentvs.—A mido-, Amido-imido-, Bhomo-, 
CiiLORo-, CiiLORO-NiTiu)-, loDO-, Nitbo-, and 
O.VY-DI-1'IIENVL 8ULrHll)ES. V. also l)l-PUENYL- 
D1-)*TIICNYL SULPniDR. 

DI-PHENYL SULPHIDE o-CARBOXYLIC 
ACID CsIlj,.S.C,n,.CO^H. Formed by the action 
of alkalis on the product of the action of NaSPh 
on diazotised o-amido-benzoio acid (Ziegler, B. 
23, 2471). Plates (from benzene), insol. water. 

PHENYL SULPHINIC ACID is Benzenb 

8DLPHINIC ACID. 

Diphenyl salphinic acid GyIl,Ph.SO.^. Got 
by reducing C,jIlft.SO„CI in ether with sodium- 
amalgam (Gabriel a. Deutsch, B. 13, 388). Crya 
tallino powder, decomposing at about 70°. 

PHENYL SULPHITE (Schall, B. 25, 1490, 
1875). The salt NaSO.,..OPh is formed from 
NaOIMi atfd SO.,, and exhibits the following re¬ 
actions :—1. Alkyl i |>dides convert it into phenyl 
ethers of the sulphonic acids R.SO.^.OH.— 
2. Benzyl ethhr forms phenyf benzyl oxide, SO^, 
and NaGl at 180° (yield lG*p.c.).—3* COCl. forms 
GO(OPh)._,, SO,, and NaGl at 180°.— 4. Iodoform 
(1 mol.) heated with NaSO .OPh (3 mols.) at 
180° forms Mel, GHi-SO^-OPh, and ‘ rubbadin.’ 

Bubbadia C^HsoS^Oi^mol. w. 830 (by Baoult's 
fiiethod, calc. 806). Bub. crystallises from dilate 
alcohol in minute brownish-red plates, S. (alco¬ 
hol) 43 at 20°, and forms a claret-coloured 
solution in alkalis. Its solution in NH,Aq dyes 
silk and wool pale-claret colour, and cotton 
' yellowish-violet. 

lieuctions .— 1. Beduced by zinc*dust and 
NaOlJAf] to C„Hj 4 SjO,.— 2. Cone. HNO,, free 
I from nitrous fumes, at 0° forms C„H„{NO.J„S,0,, 

' a red crystalline powder, m. sol. hot alcohol, 

! which may be reduced toC,4H,j(NOJ,(NH,).^S,0,, 
a glittering black crystalline powder (from ether- 
phenol) which yields a black crystalline di-acefyl 
derivative.— 3. HClAq at iWO® forma phenol 
(2 mols.), HjS (2 mols.), and a 

reddish-brown crystalline pow^r wnich yields 
the derivatives Ct4H„Ac.^S,0„ G,jH|,Me.^S,0,« 
and C;,;jn,4Br,Ac..8.p,.—4. Fusion wiUi NaOH 
forms SO(C„H4.0iij;, [96°J and salicylic acid. 

Di.acetyl derivative C^iHmACjS^O,. 
Dark-brown powder, decomposed^ by heat with* 
cut previous fusion. Split im by Itmg boil¬ 
ing with aloohol into OaB[,,I^Op soL alcohol 
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0/ 


and 0HHnSxO4i insoK alcohol. Br in chloro¬ 
form converts the di*aoetyl derivative into 
C4*H^^r^Oj840(|. 

Sl-methyl-nibbsdin C44H«,Mc..B40,. Qoi 
from rabbadin, KOHAq^ and Mol. Dark reddish- 
brown powder. • 

PHEHYL STJLPH0CYA5IDE aH,.SCN. 
(231°cor.). S.G.”:?l-15i>. Formed fromPb(SPh), 
and CyCl. Prepared by adding cuprous Rulidio* 
cyanide to a solution of diazobenzenc sulphate 
and potassium sulphocyanide (Bllletor, B. 7, 
1753; Gattermann ef? Hausskueclit, B. 23, 7^). 
Liquid. Yields phenyl merotplau when heated 
with alcoholic potash. 

Polymeride (Ph.SCy),. [97°]. Got from 
PhSNa and cyanuric chloride (Klason, *7. j>r. [2] 
33, 120). Prisms (from lIOAc). 

Reference. --Nituo-phenyl auLPiiocvANiM?. 

PHENTi SULPHOCYANO-ETHYL KETONE 
C„n,NS() i.e. C^Hj.CO.aUvSCy. Got from 
C,Hi.C0.CjH4Br and KSC1|* in alcohol (Pumpel a. 
Schmidt, B. 10,2897). Liquid. 

DLPHENYL BULPHONE {C..n,),SO,. 
Sul 2 )hobcmide. Mol. w. 218. [128-^]. (379°) at 
722 inin. 

F()rvui(io7i. — 1. From benzene and SO, 
(Milscherlieh, P. 31, 028; Fround,/I. 120,70; 


NaA' 8aq.-CaA',7»q.—BaA',4iaq. - PbA .SJaq. 
_CuA'..7iaq. 

Chloride. [99°]. White needles. 

Amide Ph.SOrC.H,.SO,NH.,. [ISd”]. 

Anilide. [131°]. Hard nodules. 

£i;.«rs.-EtA'. [89°].-PbA'. [106°]. 

Bi-phenyl sulphone di-enlphonio sold 
SO,(C,H,.SO,ll),. Formed from diphenyl 
sulphone (1 mol.) and HO.SO,Cl (2 mols.) at 
lo.'i^ (Otto, D. 19, 3124). Deliquescent mass.— 
KjA" itq.- Nn.A"3aq. - CaA" ejaq. — BaA" 6aq. 
—l’liA*!lnq. ,Cu.V" S'.aii. 

Chloride C,,n,S,()„Cl,. (176'’]. I’latee. 

il7«i.(e. (•ifi'’). Nearly insol. ether. 

Anilide. '212°]. Inistious plates. 
eUlher^ EtA”. [82°]..-l>li,A’'. 119*°]. 

DIPHENVt SOLPHOHIC ACID 0,.,H,.SO, 
|<t.f.O,U,l’li.Sl),ft. Formed, together with the di- 
sulphonio aeid, by lieating diphenyl with H.SO, 
(Engeihardt a. Lutsrihnotl, 71. 4, .'>01; 6,193). 
—KA-aq. (iLVstals ((rum 40 p.e. alcohol).— 
JhaA'.,.— Cu.A'. »0(i. 

Klhyl ether VdU. |T4‘’]. Needles. 

Chloride C,.JI,.SO.,CI. (11, 

A nude C,JI,.SO,,Nil... [227”-230°] Slender 
neeihcs (Gabriel a. D(jntsch, H. 13,3s0). 

Diphenyl di-o-snlphonio acid C,.dI,„S.,0, i.e. 


Otto, A. 13(i, ’lOO), fuming II SO, (liei thelot, 77. | SO,U.C.H,.C„H,.SO,U. Formed by eliininntior 


9, 349), or I1S0,CI (Knapp, 74. [2J 5, 41). - 2. l!y 
oxidation of I’hjS (Steuliouse, A. 140, 290; Ke- 
kule a. Szuch, lil. [2] 8, 204).—3. by distilling 
benzene sulphonic acid (F.). -4. F'rom benzene, 
C,II,SO.,Cl, and AlCl,; tho yield being 80 p.e. of 
the theoretical amount (llecliurts a. Otto, 7f. 11, 
20()6).—5. By lieating benzene (200 c.c.) with 
cone. U,SO, (300 c.c.), the yield being 0 p c. ol 
the benzene employed (fstrati,77f. [3J 1, 4112).— 
6. By heating C.Ij;SO,,Cl with Hgl’h, (Otto, IS. 
18, 248).- 7. By oxidation of di-phenyl snlph- 
oxide*>ith KltnO,and HOAo (Colljy a. Mcl.ough- 
lin. Am. 9, 67). , 

Fropofic-r.—Monocinic prisnis (from benz¬ 
ene) or (dales ^from alcohol), 4. sol. ether. I’Clj 
at IGO” forms CJl,,SO,Cl and chloro-bonzeno. 
Convci ted by potash-fusion intupbenol,di|ihcriyl, 
l’h.,S. FhSII, and other bunies (Otto, IS. 19, 
2425). Hot fuming H,SO, forma benzene sul¬ 
phonic acid. • 

Itcferences. — Amido-, Buomo-, Ciii^nio-, 
Nmo-, Oxv-i«u>o-, and Oxv- m-riiKsxn sun- 
enoNes. 

FEEHTL BULPHONE ACETIC ACID «. 

PBBNYL-SUI.eiiOXO-ACliTIC ACIU. 

DI-PHENYL SULPHONE o-CARBOXYLIC 
ACID 0„H„SO. t.«.C,H,,SO,.0,11, 00-11. [1.52°1. 
Formed by oxidising PhS.C„ri,.00,11 with UNO, 
(Graebe a. Schultess, -1. 263, 7). Needles (oon- 
•aiiiing aq). Melts at 99” when bydratod. 

Di phenyl sslphone p-carboxylic acid, [above 
800°]. Got by oxidation of phenyl tolyl sulphone 
with EMnO, (Michael a. Adair, B. 11, 119). 
Prisms (frommlcohol), si. sol. Iiot water.—AgA'. 

Di-phenyl snlphone di-carbozylie acid 
SOj(C.H,.Cp.,H)r [above 800°]. Got by oii- 
dismg di-p-toiyl sulphone (M. a. A.). Small 
prisme, sol. nitrobenzene. * 

DI-FHXNYL SULPHONE m-SULPHONIO 
ACn> CJI,.SOrC,H,.SOpH. Got by heating di¬ 
phenyl inlphone (1 mol.) with HO.SO.,Ci (1 mol.) 
at t60° (Otto, B. 11,307S; 19,2417). Fibrous 
etysteilina mass, T.esol. water. — KA'aq.— 


of Nli, from benzidine disulplionio acid (Lim- 
pricht, A. 2(11, 327). Viecid mass. Yields di- 
o.xy-diidienyl (99°jbypotasIi-tusion, BaA"6Jaq. 
—PbA" Oaq : needles, v. e. sol. water. 

Chloride C,.H,(S0,C1),. (138”]. Prisms. 

A wide C„H,’(S0,Nn,),2>ui. Prisms. 
Anilide C„H.(SU,NllPh).. [I57“]. 
Diphenyl di p-salphonio acid C„H,p80,H),. 
[72-5’]. Formed by siilphonating diphenyl 
i (Fittig, A. 132, 209; Engeliardt, H. 1871, 260). 

1 Deiiipiescent prisma. — K_A" 2.faq.CaA". — 

i Ba.V". 

Chloride. [203”] (G. a. I).). Prisms. 
Amide, [abovo 300°j. Ne,edles. 
iie/craicc.'i.- Nrruo-, Oxv-AMiiio-, and OlT- 

DIPIIKNYI. SOI.l’HONIO ACID. 

PHENYL-8ULPH0N0-ACETIC ACID 

C,H,SO. i.e. 0.n,.S0,.CU,.C0,H. [112°]. 

]i'ormation. — i. From sodium benzene sul- 
pliinato and oliloro-acctic acid (GabrieL^l t, 
834).—2. By saiionifying its etbe^ which is got 
by boiling sodium heiizena sulphinate with 
chloro-aceto-aoetic ether (Otto a. Ildssing, IS. 23, 
755).—3. By oxidising plionyl-thio-glycollic acid 
(Claesson; Blomstcand, B. 4, 712; 8, 120; 
Otto, 77. 19, 8138),—4. By warming phenyl oxy- 
ethyl sulphone (1 vol.) with HjHO, (1 voU, 
diluted with water (2 vols.), and extracting with 
j ether (Otto, J.pr. [2] 30, 340). 

! Vroperties .—Monoclinio crystals, m. sol. 

water, hut separated by addition of NaCI, Sol. 
alcohol and etiier. 

BaicUons.— l. Deduced by eodium amalgam 
to benzene sulphinio and acetio acids.—2. Gives 
ofl CO, above 160°, forming phenyl methyl suI- 
phone.—3. CAforine, passed inte its warm aque¬ 
ous solution, forms CHCl,8(j;,G,H, [69°].— 
4. PCI, gives tho chloride [68°], and at 110° 
forms G„U,.SO,.CCI,.COCI, which on treatment 
with water gives C,H,.SO,.CHCI, (Otto, J. pr. 
[2] 40,640). 

Saltn.—BaA', 2aq.—CaA', 2aq.—CaA', 2l8q. 
—PbA', Saq.—AgA'. Sparingly soluble needles. 
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Methyl ether MeA'. Oil (Otto, J. pr. [3] 
BD, 436). 

, Ethyl ether EtA'. [4f] (0.). Beadily 
aaponified by NaOHAq, while KOHAq gives 
phenyl methyl sulpbone. Bromine at 90’, lol- 
lowed by NaOHAq, forma CoIIi.SOa.CHBr 2 [76®]. 
Alcoholio potash forms Ph.SO.;.Me (Mioboel a. 
Milner, Am. 7, 66 ). NaOEt forms the compound 
C„n,.SO,CHNa.CO.,Et, which yields PhA Ph,S, 
PhSEt, and Ph.SO..Me on di.stillntion (Otto a. 
Bossing, B. 22,1453 : 23,1647). 

Chloride Ph.SO.,.CH.,.COCl.' [58®T. 

Amide Ph.SO.,.CH.,.CONH,,. [153®]. Needles 
(from water). Yields Hg{CJiHNSOs )2 [215'^j on 
boili{)g with HrO. « 

PHENYL-SULPHONO-ACETONB v. TuftNYL 

USTUYLBNK METUYL flULPJlOJiK i.'KTONE. ^ 

Bl*phenyl'di- 8 ulphofto-acetone v. Bi*pn£NYL 

DI-METhW.BNB DISOIil'IlONE-KETONR. 

PHENYL-SriPHONO-ANaELIC ET^R 
0„H„SO^ i.e. C„n,.SO,.CH(a,H,)CO,,Kt. r(>4’r>°]. 
Got from riiSOj.CJ£Na.COMKt and allyl iodid> 
(Michael, Am. 7, 07). Prisms (from alcohol). 

PHENYI-SULPHONO-wBUTYRIC ACID 
0,Hj.S0,.CHEt.C0,H. [I24°J. Porm^d from 
benzene sulpbinic acid, a-bromo-butyric^acid, 
and Na.^COaAq (Otto, 21, 90G). Needles, m. 
aol, water. Yields phenyl propyl sulphone on 
heating. 

Di-pbenyl-di.sttlphono.batyric ether 
(OflHj.SO^,OMo.CH,.CO,Kt. 197°]. Got by oxi¬ 
dation of (PhS).^CMe.ClLC0..l!3t (Aiitenrieth, A. 
269, 307). Small crystals, insol. water. Con¬ 
verted by KOHAq into benzene sulpbinic acid 
and /3.phonyl-isocrotonic acid. 

PHENYL-SULPHONO-CROTONIC ACID 
C,Hj.SO,.OMc:CaCOJl. [158°J. S. . 39 ; 
JiiS 25. Pormed by heating tbe Na salt of 
B-chlorO'Crotonic acid [94‘5°J with sodium benz¬ 
ene sulpbinato in aqueous solution at 170° 
(Autenrieth, A. 259, 345). Plates (from water), 
m. sol. ether. At 210° it slowly changes to the 
followingiBomerido[127°].“KA' l,Viq.- l>aA^n<i. 
— MgA'j 7aq. — Zn A'.., Oaq. — Cu A\. aq. — AgA'. 
[200°]. Matted needles (from water). 

Fhenyl-salpbono-isoerotonic acid 
Oji«SOj.OMo:CII.CO.JI. 1127°]. S.-26 at 15°; 
6 arriO®. Cf'ormed by heating jS-cbloro-isocro- 
tonio acid with sodium benzene sulpbinato in 
aqueous solution at 145°. Got also by saponify¬ 
ing di-phcnyl-di-sulpliono-isobutyrio ether (Au¬ 
tenrieth, A, 259,335). Feathery needles. Yields 
benzene sulpbinic acid [H1°J on boiling with 
potash.— KA' 3aq.-—BaA w 2.laq.—MgA'^ Gaq.— 
ZuA', Caq. [120°] (hydrated).—AgA'. [ 0 . 243°]. 
Ethyl ether EtA'. Oil. 

DI - PHENYL - DI - 8DLPHONO - DI - ETHYL 
OXIDE C,«H,AOs i-e. 0(C.A SO.Ph).,. [70°]. 
Formed from C 8 H 5 .SO.^.CiI^Cl and dry Ag.,0 
(Otto, J. x>r. [2] 80,202). Needles, sol. bonzetto. 
A polymeride [88°] is got by heating the com¬ 
pound (0,H4 .SOj)2C .H 4 with KOHAq. 

DI. PHENYL. DI • 8ULPH0N0 • DI - ETHYL 
8DLPHIDE S(C,H,.SO.,Ph),. [124°]. Got from 
OaHySOifO^^Ul and alcoholic KSH (Otto, J. pr. 
[2] 80,348). Needles (from dilute alcohol). 

DI - PHENYL . DI • 8DLPHONO • HEXOIC 
ETHER (0,Hj.SO^,CMe.CHEt.CO,Et, [111°]. 
Got by oxidising 5’hS)sCMe.CHEt.CO,^t (Au- 
teorietb, A. 259» 872} Crystals, ▼. soL alcohol. 


llI.FEEirn..DI.STIlKB0]tf4.SI.FSSHn 
OXIDE {CA-80,rC,H,),0. [70®]. (above 200®). 
Oot by heating C,H,(SO,Ph), with alcoholio 
potash at 166® (Otto a. Bossing, B. 20, 187). 
Needle's, v. e. sol. alcohol, insol. water. 

PHENYL-a-8DLPHt)N0-PR0PI0NIC ACID 
C«H,.SO.,.CHMo.COaH. [116°]. Formed by 
heating a-bromo-propionic ether with sodium 
benzene sulphinate and ether. Minute needles. 
—NaA'.—BaA'j 2aq.—EtA'. [c. 17°]. 

‘ Phenyl-B-sulphono-propionic acid 
CtHySO.,.CH 2 .CHo.CO,H. ® [124°]. Got from 
A-bromo-propioni^ aci^, benzene sulphinio acid,* 
and NajCOjAq (OUo, B. 21, 89). Plates, si. sol. 
cold water. 

DI-PHENYL 8DLPH0XIDE (C«H..).ySO. 
[71°J. Formed by the action of or SOCl.; 
on benzene in*, presence of AlClj (Colby a. 
MoLoughlin, Am. 0, 07; B. 20,19»). Triclinio 
crystals, v. sol. alcohol. Oxidised by KMnOj to 
Reduced b/sodium to Ph..S. NaNO., 
and IT..SO 4 give SOiCyiyNOj.)^ [116°] and 
«0„(C,,H,.NOJ, [103°]. 

Di-phenyl-di-suiphoxide v. Phenyl ether of 

BbNZRNK THIOSULPlIi'NIC ACID. 

PHENYL-SULPHURIC ACID v. Pjienvl 
suiiPHATE and PuENon, Ikaction 19. 

PHENYL SULPHUROUS ACID ti. Benzbsi! 

SUI.rUONIC .ACID. 

PHENYL SULPHYDRATE i>. Puenyl mn- 

CAl-XAN. 

PHENYL-SULPHYDRO-ACETIC ACID v. 

PUKNiL-TjnOOLYCOLUC ACID. 

PHENYL - SULPHYDRO - ACETOPHENONE 

C^H^.CO.ClK.SPb. [53°]. Formed from w-bronio- 
acotophenone and NaSPh (Oclisle, B. 22, 300). 
Crystals, v. sol. ether and acetone. 

DI. PHENYL - DI - 80LPHYDR0 - BUTYRIC 
ETHER 0,glI,oS,0., i.c. (PhS).,CMe.CHjCO,,Et. 
[58°]. Got by passin* HCl into a mixture of 
acetoacctic ether and plienyl mercaptan (Escales 
a. Baumann, B. il.9,1790). Pearly plates (from 
alcohol), V. sol. ether. , 

FHENYL-SULPHYDRO-CROTONlC ACID 
ClIyCH:C(Srh).CO,H. [ 86 °]. Formed by the 
action of Na and phenyl mercaptan on the Na 
suit of a-chloro-cjotonio acid [97°] (Autenrieth, 
A. ;]54, 240). Noodles or plates. Its K salt is 
hygroscopic, S. (alcohol) 20'8. 

Isomeride CHMe:C(SPh).GO,H. [80°]. Got 
in like manner from the storco-isomorio liquid 
chloro-crotonic acid. Wliite plates. Its £ salt 
is hygroscopic, S. (alcohol) 10'4. 

Pheuyl'3-8ulphydro-orotoiiic acid 
CH:,.C(SPh);CH.CO,II or CH.,:C(SPb).CH,.CO,H. 
[177°]. S. (alcohol) 2 in the cold. Formed, to¬ 
gether with small quantities of an isomeride 
[145°], by warming di-phonyl-di-sulphydro> 
butyric ether with alcoholic soda (Escalcs a. 
Baumann, B. 19,1791). Plates (from alcohol), 
insol. w'ater.—BaA'..2aq.—AgA'^'amo^phouapp. 

Isomeride CHj.C(SPh):CH.COjH. [158°]. 
Formed from phenyl mercaptan aiKl the Na salt 
of cliioro-crotouio acid[95°] (Autenrieth, A. 254, 
230). Both acids form a ohorry-red solution in 

'DI-PHENYL 8ULPHYDB0.ETHYLIDENS 
DISULPHONE. Phenyl derivative 
0,H..S0J,CMe.3Bh. (194“]. Got by h&ting 
0,H..SOJ,CH.SPta wn4> alcoholio qotia and 
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Mel >t 100“ (riftTes, S. 93,1416). Crystals (from 
chloroform). 

DI. PHENYl. DI. SOLPHYDRO ■ HEROIC 
ETHER CH,.C(Srh),.CHEt.CO,,Et. [71°]. Got 
from ethyl.ncetoacetic ctjer, phenyl mercaptan, 
and HCl (Autenricth, J. 2.5!), 371). Shining 
crystals, v. sol. ether and alcohol. 

DI-PHENYL 5OLPHYDR0-METHENYL DI- 
SHLPHOHE. Phenyl derivative 
(C,H,.SO.;)jCH.SPh. [175°]. Got hy the actipn 
of KMnO, and diiute^Il.SO, on Cil(SPh), dis* 
solved in benzene (Laves, Tl. JH, ]1U). Sill^ j 
Cieedles, m. sol. chloroform, nearly insol. water 
and alcohol, sol. alcoliolic NaOH. May bo oxi¬ 
dised to CHi.SO.l’h), [215°]. 

DI - PHENYL - DI - SOLPHYDRO-PHENYL. 
ACETIC ACID C,.H,,.C(SPh),.CO.H. fM.)’]. 

Formed from phenyi.glyo.xylic^ acid, plionyl- 
meroaptan, add 1101 (Escales a. Ilauniaqn, fj. 
19, 1799). Insol. water, v. sol. other. Orystal- 
lises from benzene with ICffl,,. —KA' l.'.aij. 

PHENYL - SDLPHYIiRd - PHENYt-THIO- 


with elhylone bromide (Gabriel a. Heymatm, B. 
23,158; 24, 784). Formed also by the action 
of rClj on S..(C,H,.NHBa), (Gabriel a. Coblentf, 
71. 24, 1124). Oil. Yields a crystalline lU. 
bromide. — B',3HCI. - B'C.HjN.O,. [172“]. 
Yellow needles.--Byi..PtCl.. 

v-Phenyl.thiasole. Tetrahydride 

ptr o 

. Got by reducing ethylene 

phenvUli thio'Ciirlmniatc [128^j with tin and 
HOI (Foster, 1^. 21,1871). Oil.- H jH,PtCl,. 

Di-phenyl.thiaiole >l<cp|I‘crF 
(above ilCO*’). Got from thiobenzaniido and 
1 bron^ aectofhenone in alc«)hol (Hubachef^ ^1. 

! 251i,237). riuto.<, V. sol. alcohol and ether. 

j ' Tri-pUenyl-thiaiolo 187°]. 

i <Tut from tliirdx'n/.iiMiidu and bromo-dooxy- 
j l«‘n/()ir*(Ilulm(‘lior, ,^1. 2"»0, 2ir»). Prisms (from 
I ctiu'i ), in. sol. alT^oliol, nearly insol. IJClAq. 

I ® /i’l'/V/voicc.—OxY-ii‘iii':Nyi,- iiiU:\/.OLr.. 


BIAZYL-HYDRAZINE ”*''’y>C.NlI.NllPh. 

[142'’]. Got by reducing the corrcspomliiig azo- 
compound with alcoholic ammonium sulphide 
(Freund a. Kuh, li. 2D, 2830). Plates, si. sol. 
alcohol. 

DI-PHENYL - DI - SULPHYDRO -PROPIONIC 
ACID CH3.C{SPh),.0041. [117^’]. Got from 

pyruvic acid, pliciiyl mercaptan, and 1101 
(Kscalcs a. Dauiminn, B. 10, 17H7|. Nccdlna 
(fromligroin).— NaA'. PaA^2a(i: v.sol. liotAij. 
A7)iide. [OD’j. Needles (from alcohol). 
DI-PHENYL SULPHYDRO-PROPYLENE 
DISULPHONE. l^hr.nyl derivative 
CJi,.SO...ClL.OMe(Sl*h).SO,.0„lI... fllO'l. 
I'ormed by oxidising CJI,.SO..(zir.CMe{SPh)_. 
with K^iO, in the cold (Otto ti. Ibissing, B. 21, 
234). Crystalline granules, si. sol, (^)ld alct !,ol. 

DI. PHENYL - DI - 8D|PHyDS0 - VALERIC 
ACID CIl3.C(SFhje.CH,.CH,.CO.,H. [00°]. G.)t 
from phenyl mercaptan, A-acetyf-propionic acid 
and HCl (!^scalcs a* Baumann, B. 10, 170')). 
Prisms (from chloroform-ctlmr'.—BaA'... 

PHENYL-TETRIC ACID' C.^W'o^ i.e. 
CHwPh.CH.CO ,, ,K , t 

CO CH^ronio- 

beiLzylacctoacetic ether (Mosclu los, B. 21,200^). 
Not affected by HClAq at 170’. Yields a. ben¬ 
zoyl derivative CijIIyB/.Oj [110"^] crystallising in 
needles. 

PHENYL-THIAZOLE C.,H,-NS i.e. 

diazo-reaction from the umido-pheny!-thia/.oI<> 
that is produced by the action of tluo-urea on 
bromo-acctophenono (Popp, A. 2.50, 279; cf. 
Arapides, A. 240, 25). SI. sol. cold water.— 
[80°]. Ne(*dle.s.--Byi,PtCle2aq. [100°]. 
—“B'HHgCla. J153°].-Picratc. [105 ].— 
"B'HAuCl,. [1TO°J. Needles (from alcohol). 

M-Phenyl-tkiarole (269''). 

Formed by heating thio-benzamide with ‘di- 
chloro-di*ethyl oxide at 100°. Oil.—B'HCl 2aq. 
[62°].—B',HjPlCl*2aq. [175°] (when anhydrous). 
-Picrate. [125°]. Yellow needles. 

Dikydrtde CH-' 

ins* (276).^ Got by hating thiowbenaamide 


I PHENYL-DITHIENYL C.ll^S.C.HjPhS. 

[200 j. A )>rodnct of the aclioii of S on toluene 
at a niil lu'at (Bcnard, C. Ji. Ill, 48). Plates, v. 
si. sol. alcohol and ether, (lives a blue colour 
with isatin and HBO^, and a green colour with 
plicnanthrafiuinono and H.,SO,. Gives itse to 
; C„lI,Br,S.. [320 ] and C,,H;(N0..),.S,. [273°]. 

PHENYL THIENYL KETONE v. Tuiknyl' 

. rni'NYi. KnroNK. 

! (a)-PHENYL.(/3).THI0-ALL0PHANIC ACID 

i Ethyl ether. C,„11,_,N^S03 i.c. 
NJJ,.('S.NPh.CO.,Kt. [127°]. Foirnod from 
MlAc.CS.NllPh'niul ClCO.Bt (Scddel, J. pr. [2] 
32. 'z75). Monoclinic tablets, coiivoited byalco- 
; liolic Nllj at 100° into phenyl-lhio-uroa. 

(/9)Phenylthioarophanic acid. Ethyl 
ether NlJPh.CS.Nll.COJ'lt. Got from phenyl- 
; lhio-ur<!U and GlCO..Kt (Seidel, J. pr. [2] H2, 
270). Oil. AcCI at 00° forma NllAo.CS.NHPh 
: [170'’]. 

Pheayl di-thio-allophaitlc acid. Isoamyl 
ether NIirh.CS.NH.CO.SC,lI„. [102°]. 
Formed from })lienyI-thio-urca and Ol.CO.SCjH,, 
(Schi)ne, J. pr. [2] .32, 250). Needles. 
unstable. Forms an acetyl derivaliw [24(f*jr 
Di-phenyl-thio-allophanic acid. Ethyl 
ether NJlPli.CS.NPh.CO.Et. [95°J. Formed 
from di phenyl tliio-urea and ClCO.^Et (Seidel, 
J. pr. [2] .32, 202). Prisms (from alcohol). 
Alc<iholic AgNO;, ppts. Ci^Hj^N^SO-^AgNO,. 

Heaetums. —1. Camiic potash regenerates 
CS(NIIPh),.—2. Aqueous ammonia at 100° 
hirma NIlPh.CS.NH, and NHPh.CO.Kt. — 3. 
Alcoholic aniline at 100° forma CS(NlIPh)- and 
NHPh.CO^Et. -i. IlgO in presfuice of alconolio 
ammonia forms (NIIPh.CO.NPh.C03l5t)jHgO 
[129°], a crystallino body that is reconverted by 
H.^8 into di-phenyl-tliio-allophanic etber.—6, 
By heating in a cu./cut of HCl it is converted 
into CS(NHPh)w, aniline, and phenyl-thiocarb- 
imide. • 

Di-pheny l-di-thio-allophanio acid. 
amyl ether NPhH.CS.NPhmSO,H„. [87^. 
Got from di-phenyl-thiurea and CLCO.SO,H,| 
(Sebone, p>r. [2] 32,268). Needles (from alco¬ 
hol). It is insoluble in cold water, but decom¬ 
posed by hot water. Its alcoholic solution is 
ppd. by AgNO„ HgCl, or PtOl^. HgO and ' 
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wovert it (in slooholis solntion) into di-pben;!- 
guanidias, [147°]. 

* IBI.FHSinnL.THIO-AXH£UNX 
C«H„N.8t.«. C(SH)<^p^ [238°]. 

Fonned from phenj^l'Cyanamide and phenol- 
thiocarbimide, and got also bj heating tri-phenyU 
biguanide with CS, at 100^ and by beating di- 
phenjl'guanidine with phenyl-thiocarbimide, 
alcohol, and morooi^ snlphocyanide (Bathke, B. 
20,1065; 23,1673). Plates (from cmloroformj. 
Converted by alcoholic potash 'into tri-phenyh 
ammeline. Alcohol and EtBr at 100° form 
CjiH^EtN^SHBr, crystallising from alcohol in 
plates.AgC,HPh.,NjS : ).ilIow pp. 

DI.PHEN7I.-THI0.B£NZAM11)E 
Pb.CS.NPh.^. Porme^ by Irjating di-phcn/1- 
benzamidinc with or GS.^ at (Bcrnthsen, j 

A. 192, 88). Yellow triclinic crystals (from : 
benzene); a:6:c - ‘927:1: ‘706, o = 93° ^-29', 0 - I 
100° 66', 7« 84° 14'. Insol. cdld water, si. sol. 
cold alcohol. *’ 

PHENYL-DI.THIO.BnJBET C«11„N,S, i.e. 
NHPh.CS.NH.CS.NH,. fl74°]. Formed by 
beating aniline with perthiocyanic acid (Glut/, 

A. 164, 44). Got also by boiling car'bimidO' 
phonyhthio-urea with ammonium sulphide 
(Wupdorlicb, B. 19, 46*2), Prepared by adding 
phenyl-tbiocarbimidc (36 g.) to an ulculiolie solu¬ 
tion of cyanamide (11 g.) and Na (6g.), and de¬ 
composing the pp. by dissolving in a solution of 
NH4CI (14*6 g.) containing NH^Aq (50 c.c.), 
passing in H,S, and heating to boiling (Hceht, 

B. 25, 766). Pearly plaUis, si. sol. hot water.— 
B'JICl-B'HNO,. 

Ethyl derivative C,HjBtN,8.. 

Ck>t by adding alcohol, NH;,Aq, and Kll to the 
base (Tursini, B. 17, 584). Trimetric tables. 

PHENYL-THIO-CABBAMIC ACID 
NHPh.CO.SH. Methyl ether NHPh.CO.SMe. 
[84°]. Formed by heating di-phenyl-methyl-'l'- 
thio-nrea NHPh.C(NPh).sikfo wdtli dilute Ii.,SO, 
(Will, B. 15, 339). Plates, sol. alcohol, ether, 
and benzene. Pcoomposed by KOH into aniline, 
MeSH, and CO,. Boiling alcoholic NU, forms 
Me8H and phenyl-iireu. Aniline gives methyl 
-JBfireaptan and CO(NIIPh)... 

ether NHPh.CO.SEt. [73°]. 
Needles. Got by heating N!IPb.C(Nrh).SEt 
with dilute and by the action of aniline on 
Cl.CO.SEt (Will). 

laoamyl ether NllPh.CO.SC,!!,,. [67°]. 
Got from aniline and Gl.CO.SCjHit (Schonc, 
J*. pr. [3] 32, 249). Needles (from ethor). 

Ethylene ether [79°]. 

Got by beating di-phcnyJ-ethylene-^-tbio-urea 
with dilute HClAq at 200° (W.). Formed also 
by the action of chloro-acetic acid on the ethyU 
enc ether of phenyl-di-thio-carbamic acid (Evers, 
B. 21, 976). Needles, sol. alcohol and ether, 
insol. acids and alkalis. 

Phenyl ether NUPh.CO.SPh. [125°]. 
Fonned heating phenyl mercaptan witli 
phenyl oyanate (Soape, C. J. 47, 778; B. 18, 
2432). Needles, v. sol. alcohol andethor. 
Phenyl-^-tbio-carbamio acid NHPh.CS.OH. 
Ethyl ether i.a. NHFh.GS.OEt 

or NPh;C(SH).OEt. (72% Fonned by heating 
phenyl-thiocarbimide with alcohol (Hofmann, 

' D. 9, 120; 8. 778; Bamberger, B. 16, 2164). 


Formed also by the action of alooholio potash 
on phenyl-thiocarbimide (B. Sobiff, B. 9,1S16). 
Triclinio prisms, sol. alkalis and reppd. by COl 
B esolved by distillation into alcohol and phenyi* 
thiocarbimide. Oxidised by alkaline £,FeGy, to 
C,«Hj<,NAS, or S,(C(NPh).OEt), [102°], which 
is also got by the action of I on C^HjoNOSAg 
(Llebermann a. Natanson, B. 13,1675; Jacob¬ 
sen, .B. 19, 1076).—(C,H„NO.S)jPb2aq; small 
needles. - 0,H,„NOSAg. - C,H„NOSHgCIHCl: 
needles.—(C„H,aNOS).4Hg. [78°] (Stephanovitch, 

B. 7, 692).-(C,H,oNOS)..HgAgNOa. Needles.— 

C, H„NOSMo. f-i«0°-266°). Oil.-C^,„NOSEt. 
[30°J. (276°). Prisms; decomposed by dilute 
R.SOf at 200° into aniline and CO(0£t)(S£t) 
(Liebermann, B. 13, 682; A. 207, 148).— 
C,H„N0SC4H,. [75°] (Myliiis, B. 5, 977). 

Phenyl other NHPh.CS.OPh. Got by 
heating phenyl-thiocarbimide with phenol at 
146° (Dixon, C. J. 57, 268). Sulphur-yellow 
octahedra; decomposed by heat. 

Phenyl di-thio-carbamio acid NHl°h.CS.SH. 
Splits up into CS^ and aniline when set free 
from its salts. 

Salts.—The salt NIIPh.OS.SK is formed by 
iiolling potassium xanthato EtO.CS.SK (1 mol.) 
with an alcoholic solution of aniline (1 mol.) 
(Uathke, B. U, 958). Prepared from CS^, aniline, 
other, and alcoliolic potash (Losanitsch, B. 24, 
3024). Yellow monoclinic needles, v. c. sol. 
water and alcoliol, insol. ether. Yields CS(NnPb);. 
when heated. Boiling water forms phenyl-thio- 
carbimido and CS(NHPli),--NHrh.CS.SNH.. 
Yellow prisms- Converted by I into(NnPh.CS),jS 
[138°]. BaA',: yellowisli plates.—NiA^ 

Methyl ether NHPh.CS.SMo. [93*5°]. 
Formed from the NH, salt and Mel (L.) and also 
by heating NnPh.C(NPh).SMe with CS., at 160° 
(Will, B. 15, 342). Decomposed by alkalis into 
MeSH andtanilino. 

Ethyl ether NFPh.CS.SEt. [60°]. Formed 
from plienyl-thiocaroimido and mercaptan at 
150^ (Hofmann, B. 2, 120; Will, B. 15, 1305), 
and also by tlio action of on the ammonium 
suit (L.). Tables, v. sol. alcohol, sol. alkalis. 

Isoamyl cfher CJI,,A'. [171°]. 

Ethylene,^ derivative 
[d31°]. Formed, together with pbenyl-tUiooarb* 
iniide, by heating C(NPh)<^g^'^^* with CS^at 

200° (W.). Needles. Converted by Mel into 
C«H«NS,Mcl [149°]. 

Hefercnces.—Bmvio-^ Culoro-, and Nitbo- 
rnSNYri-THIO-CARDAUlC ACID. 

PHFKYI-THIOCABBAMINB-CTAXIDB v. 

C-iRfinilDO-PBEKYL-TUIO-nREA. 

PHENYL . THIOCABBAMINE . ETHYL - 
CYAMIDE V. ETaiL-CiBBlUIDO'PUENYL-TBIO- 
VRE4. 

PHEK7L.TH10-CABBAZI0 ACID 
NHPh.KH.OO.SH. The pbdbyl hydrazine salt 
NHPh.NH.CO.SN^,Ph [84°] is formed from 
phenyl-hydrazine and COS (Helier, A. 263,260). 

• Fheayl di-thio-earbatic acid 
NHFh.NH.CS.SH. Formed, as phenyl-hydiazina 
6altNHPh.NH.CS.SN^h [97°] by adding CS, 
to an ethereal solution of phenyl-hydrazine 
(Fischer, A. 190, 114). Plates, sol. alcohol 
j and ether. Beadily decompose by Beat into 
! OS(N,H,Ph)„ OS., ^ and NH^ 
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rHSVn.TKI0.8BXlGABBAZXDZ 0,H^^ inann, S. 3,453 ; Rudneff,jr.i?.10,184).-4. By 
le, NH,.OS.NH.NHPh. [201®] (F«; P.); [190®] heating phenyl oyanate or phenyl-carbamic ether 
(8. a. R.)* , with P^^ at 160® (Michael a. Palmer, 

For^tim.—l. By warming di-phenyl-thio- 268).—6. Formed, together with o- or p- tolyl- 
earbazide with alcohtlio or aqueous alkalis thiocarbimide, by heating phenyl-o- or p* tolyl- 
(Fischer, A. 212, 324).-2. By heating phenyl- cyanamido (C,H,N:C:NC,H,) with CS, at 180®- 
hydrazine aulphocyanide.—3. Byheatingphenyl- 200® (Huhn, B. 19, 2409). 
hydrazine with thio-urea or with phenyl thio- Properties, — Pungent oil, volatile with 
urea (Pellizzari, Q, 16, 203; Skinner a. Ruho- steam. 


mann, C, J. 63, 650; B. 20, 3373). , 

jPropcriies.—Neeiles, insol. ether, si. sol. hot 
water, v. sol. hot alcohol. Cgnc. IICIAq at I'iO® 
• forms phenyl'thiocarbizine C,H„Na8. COCl.^ 
forms CO;NaPh.CS.NH^ [c. 270®] crystallising 
from HOAo (Freund, A. 21, 2406). 

Acetyl derivative NIIPh.NH.CS.NIIAc. 
[179®]. Formed by mixing solutions of acetyl* 
thiocarbimide and phcnyl-li^drazine in dry 
benzene (Diion, C, J, 55, 303). Hmnll prisms. 

Benzoyl deriraliyi CjJIjjNaSO. Silky 
needles. Does not melt at 220®. 

Dl-phenyl-thiocarbazide C8(NH.NH Ph)^ 

[o. 150®]. Formed by heating the compound of 
phenyl-hydrazino and CS.j at 110®-140® (Fischer). 
Formed also from phenyl-hydr.azine and CSCl. 
(Heller, A. 263, 278). Triangular prisms jfi’om 
alcohol). Dissolves in hot aniline, forming a 
solution which is green in thin layers, but red 
in thick layers. Hot alcoholic potash also forms 
this dichroic substance,di-phenyl-thiocarb* 
azone C„H„N,S or CS(N,Ph)NH.NHPli, which i 
yields (C„H,.jN4S).,ZnO, and may be reduced by ! 
zinc-dust and NaOHAq to phenyl-tliio-scinicarb- 
azide and aniline. Di-phcnyl-thio-carbazonc 
may be oxidised by ppd. MriO.. in presence of 
alcoholic potash to red needles of di-phcnyl- 
thiocarbodiazone CS(N..Ph).. 

Di-phenyUthio-semicarbazide 
NHPlvNH.CS.NHl'h. [177®]. Formed from 
phenyl-hydrazino and phonyi.thi?>carbimido in 
alcoholic solution (Fi8c]|cr, A. 190,122). Prisma 
(from alcohol), si. sol. ether. COCI3 forms 
CO:N,Ph.CS.NIlPh [188®], •crystalliaing in 
needles (Freund, D. 21, 2106). 

Butyryl derivative 

C,H,O.NPh.NU.CS.NHPh. [156®]. Formed 
from sodium phenyl-hydrazine, phenyl lliio- 
carbimide, and n.-butyryl chloride (Micbaelis a. 
Schmidt, A. 252, 309). V. sol. hot alcoliol.* 

Benzoyl derivative 

NPhBz.NH.CS.NHPh. [310®]. Obtained from 
NPhBz.NHj and phenyl-thioearbimido (}.[. a. S.). 

Reference , — Nituo-ih-i'iienyl-tuio-skuicaku* 
Jlzioe. 

J>1 * PHBNTL • THIO • SEMICABBAZIOE 
CABBOXYUC ACID 0„H„N,0,S i.e. 
NHPh.CS.NH.NHC,H,.CO,H. [204®]. Formed 
by warming m-bydrazido-bonzoic acid with 
phenyl thiocarbimide and UOAo (Boder, A. 236, 
173). Colourless needles. 

PHENTL-UIIOCARBIXIDE C,H,NS i.e, 
C.H*N.08. Mol. w. 135. (220®) at 750 ram. 

(Schiff, B, 19, 668). 8.0. i 1*059 (Nasini a. 
Soala, <?. 17, 66). S.V. 143*4 (Schiff; Losaen. 
A. 254,78). 

Formation.—L By distilliog phenyl-thio¬ 
urea with P,0, (Hofmann, Pr, 9,274,487; C. J, 
IB, 309; B. 15,980).—2. By heating di-phenyl- 
ihio^ea 4Hth cone. HClAq at 165® (Merz a. 
Weitb, Z. 1869,569}*—8. By the actioQ of I on 
a benMMjwlotioa of tn-phenyl-gnaaidloe (Hof- 


I Reactions. — 1. Alcolwl at 100® forms 
j NHPhfCS.OE^, while mercaptan gives rise to 
NHPh.CS.Slft. — 2. Alcoholic potash forms 
;CS(NHPh), and CO(NlIPh),. - 8. Ammofiia 
'■ form8CS(NHPli)(NlI,,),n«//tticgive8 CS(NHl»h)j, 
a^ othcrltniines act in like manner.—4? PE^ 
acts violently, and forms CjjH^NPS, while 
forms oilj C,oHnNPS, which yields crys¬ 
talline B'HCl.- 5. Chtorine passed into its solu¬ 
tion in chloroform forms (PhNCS)..CIj [150°- 
; 100®]e and WiNCCl, (212®). The chloride 
I JrhNCS).^Cl2i8*converled by II„S intoCS(NHPh)^ 
j and by warm spirit into (PliMCS)j,0, crystallising 
I ill yellow needles [11H°] (Helincra, B. 20, 786). 
j 0. Bnminc in chloroform or HOAo forms red 
' crystals of (PhNCSBr..).;, decomposed at 100® 

I into palc-ycllow plates* (PhNCSBr), [190®] (Hel- 
mers; cf. Proskauer a. Hell, B. 9,1262).—7. SO, 
forms CjU^NS^Oj [180®-183®], crystallising from 
benzene, and converted by water at 100® into 
aniido benzene p sulpbonio acid, OOj,, and H,S 
(Mugatti, B. 11, 2207).—8. PCl^ at 100® forms 

CJI.NCCI, and CJI,<^^CC1 (248'’) (Hofmann, 

In. 12, 112()).-!). CISOjH forms C„H„15IA 
! [151®], insol. water, and SO:,II.C„H4.NOS aq, sol. 
j water (Pawlewski, B. 22, 2200). -10. Reduced 
I copper at 200® forms benzonitrile.—11. H,S 
j forms phenyl-thio-urea. — 12. Boiling water 
forms CH(NHPh).„ CO„ and H.^S (Bamberger, B. 

1 14, 2012). — 13. IlOAc forms, on beating, 
CO{NHPh)^, AC.40,11..8,and CO,; thedi-phenyl- 
' urea being further split up into aniline and GO,, 
with formation of kc.fi (Gain a. Cohen, G. J, 
59, 327; cf. Oumpert, J. w. [2] 32, 294).— 
M. Chloro-acetic acid and mcohol at 170® form 

PhN;C<^Q^y- [118®], which yields aniline, CO,, 

and thioglycollic acid on boiIin(^ with water 
(Licbermaun a. Vooltzkoff, B. 13, 276).— 
15. Sodium malonic ether in presence of alco¬ 
hol forms OnH^jS.VO^Na, whence acids liberate 
G„H„SN04, or (CO,Et),CH.08.NHPh [60®] 
(Michael, i.pr. [2] 35, 451).—16. Sodium cyan- 
amide and alkyl iodides form oyano-phonyl- 
alkyl-thio-urcas (Hecht, B. 23, 1064). lo this 
way the following compounds may be prepared: 
NHPh.CS.NMeCy [ISO®], NHPh.CS.NEtCy 
[144®], NHPh.CS.NCyCjH* [100®], crystallising 
in needles, NHPh.CS.NCyC,H, [108®],cry8taUU. 
ing in needles, and NHPh.CS.KOy.CHjPh [182®]. 
n. Aldehyde-ammonia forms C,^iK,S,0, [148®], 
crystallising fr.jm alcohol in silvery needles (B* 
Schiff, B, 9,567; 0, 6, 244).—1& Benzamidlne 
hydrochloride and dilute RaOHAq form 
CPh(i\H).NH.CS.NHPh [126®] (Pinner. B. 22, 
1009). Prisms. 

Be/erencss.—BaoMo-, CHLonO', lono-, Kitbo-, 
and Oxt* PHSNTt<*THioGxnniifu>K. 

PHEKYL-TBXOCABBIZIHS 0,H,K,B 

CS<^^. [129^. Formed by healing phenyl- 
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fcio-iemicarbazide (10 g.) with dilute (20 p.o.) 
HCUq (80 O.C.) for 13 hours at (E. Fischer, 

4.^212, 826). Plates (from water), v. e. sol. 
alcohol. May bo distilled. Mel forms OjHjMeNjS 
[123*]. Does not reduce Fehling’s solution. 
HlAq at 200* forms aniline, H,.S, CO^, and NH^ 
Aqueous NaOCl forms a violet pp. which dis* 
solves in witli deep-red colour. Dr in 

chloroform gives 0,HiBrN„S [210®] crystallising 
in needles. • 

Salts. - BUCK [240*]. ^Needks. — 
B'jjHaPtCl*. Yellow prisms.—CjI^NjSAg: fioc- 
culent pp. got by adding ammoniacal AgNO,. 

Acetyl derivative C,HsAcNaS. [187*]. 
Got by heating phenyl-thiocarbizino^th A^O 
(F.). An isomoride [74*] (275*2. got by heating 
iicetyl-phenyl-hydrazine witli CSCl^and benzene^ 
(Freund, J3. 21, 24(18), is converted by boiling 
with alcohol and HgO into acetyl-phenyl-carb- 
izine. * • 

Benzoyl derivative C,HjI)zN.B. [180*]| 
Got from the base and BzCJ (Fischer). An i s o- 
morido[H0*] is got by heating NHBz.NPhll 
with COCl- in benzene at 100* (F.). 

PHENYL THIOGAEBONAXE Cb*(Qil^h),. 
[97*]. Formed from NaOPh and CSCl^ (Bor- 
green, J3. 21, 346). White crystals, sol. alcohol. 

PHENYL-TEI-THIO-ORTHOFOEMATE 
CH(SPh)3. [40*]. Got by boiling aqueous 
NaSPh with chloroform {Gabriel, B. 10, 185). 
Thick prisms, sol. ether. Split up hy fuming ; 
HClAq at 100* into formic acid and PhSlI. j 
PHENYL-THIOOLYGOLUC AGID OJI^SO,, 1 
t.c. CH,(SlTi).CO,H. m. Formed by sapo-! 
nifying its ether, which is got by adding CICO J'lt j 
to a solution of NaSPh in absolute alcohol | 
(ClaesBon, Bl [2] 23, 441; Gabriel, B. 12,103U). , 
Thin tables, si. sol. cold water. Oxidised by 
KMn04 to phenyl methyl solphono (Otto, B. 19, 
3138). Salts.—KA'.—NaA'.—BaA'.^.—CaA\..— 
MgA'aSaq.—Cd.\'jaq.—i5nA'3 2a([.—PbA',. [00*]. 
—MnA'.,5aq.—CuAV—AgA'aci: crystalline pp. 

Ethyl ether KW. (277*). 8.0.^1-186; 
IS 1-127. 

Amide. [104'-’]. Tables (from alcohol). 
References. — Amido- and Biiosio- Puenyl- 

TPmflliVCOLLIC ACIDS. 

(S^flEPYL-THIOKYDANTOXC ACID 

CnHi^NsSO^tu!. NU,.C(NPh).S.CH,.COJl. [148*- 
162*]. Got by heating aniline with amuionium 
Bulphocyanide, chloro-acctio acid, and alcohol 
(Glacsson, B. 14, 732). Needles (from HOAc); 
m. sol. hot water and ether. Cold NaOHA(i con¬ 
verts it into C„H„N3SA [112*-116*j (Licber- 
niann, A. 207,329). 

(i3)-Phenyl-thic*hydantoio acid 
NHPh.C(NH).S.CH.^.CO.,H. Got by ovaporating 
an alcoholic solution of ammonium ehloro- 
aeetate and phenyl-thio-urea at 100* (Meyer, B. 
14, 1669). Decomimscs on heating without 
melting. Insol. water, alcohol, and ether. Boll ing 

auute HOI lorms 

Itometide i. Vaesuh-tHio-mviSTdin, 

Dl-phesyl-hydantolio aeid 

NHPh.O(NPh).S.CH^CO^. GotIrom potassium 
ohloirD-acetate and di-phenyl-tbio-urea (Gauge, 
B. 12, £97). Yellow ootabedra. 

PHEHTG-THI04-HY]>AiriOltll C^fiS, 


[178°]. 


acetic anilide and ihio-urea, and obtained also hy 
boiling (/8).phonyl-bydantoio acid with HOAc or 
cone. NHaAq (Meyer, B. 14, 1661), and by the 
action of phenyl-oyanamide on thioglycollic acid 
(Andreasch, B. 16,324). • Needles, sol. NaOHAq. 

PhenyI-thlo-hydanto'inCS<[^g^Qg^. Oot 

by melting glycocoll with pbcnyl-thiocarbimide 
(Aschan, B, 17, 424). Monoclinio plates, de¬ 
composing near 200°. Boiling alcoholic potash 
converts it into a salt of an oilpphenyl-thio-hydan- 
toic acid NHPh.C8.NH.CH,.CO,H which, when 
set free, rapidly changes again to phenyl-thio- • 
hydantom. 

Di-phenyl-thio-hydantoin CuHjjNjSO, i.e. 

? [176°]. Gottromchloro-aoetio 

acid and di.phen^-tiilo.urea (Gauge, B. 12,595). 
iridescant plates, insol. water, v. sol.mot sicobol. 
lloiling dilate nClAa forms tbe compound 
C„II,NSO., [148°J.-B'.HjPtCV Yellow needles. 

Di-phenyl-thio-hydantoin 

(253°]. Formed by the action of alkalis on 
Nni’h.CS.NH.CHPh.CO.,Et (Kosscl, B. 24,4152). 

BfAircticc.—Ox'r-ni-ruENri.-'ruioeYDANioijt. 

PHEHYL-DI-THIO - DI-METHYl-KEIDEET 

NlI<;™‘j[‘ |>CMc.,. [239°]. Formed from 

' phcnyl-di-thio-biurct and acetone (Fromm, B. 
i 25, 1278). Sol. alkalis. Converted by benzyl 

I chloride into j g^CMOj [128*] 

I winch is insol. alkalis. 

DI.PHENyi-THIO-OXAMIDEC,S.,(NnPh),. 
[133*]. Formed from di-pheiiyl-oxamido by 
successive treatment with PCl^ and HjS (Wal- 
hu-h, B. 13, 527). Golden plates. 

(al-PHENYL-THIOPHENE C,„H,S i.e^ 
C,SII:,Ph. [41*]. Formed by heating either 
CH.Bz.CH(CO.H).i or 4-b^''^zoyl-propionic acid 
with BA (Kues a. Paul, B. 19^3141). Small 
tables, insol. wat?r, v. e. sol. ether, v. sol. alco¬ 
hol. Volatile with steam. With isali.n and cold 
H.BO4 it gives a splendid bluish-violet colour, 
changing to dark blue. Bromine gives rise to 
O.AttBroS [5(5°J and C.SBvCgH^BrCDd] [146*]. 

(/3).pjtieiiyl-thidphene CAPhS. [170*]. 

(33(i*'). A product of the passage of the vapours 
of toluene and sulphur through a red-hot tube 
(Konard, C. R. 109, 699). White spangles, m. 
sol cold alcohol. Gives a blue colour with isatin 
and H..SO4, and a green colour with phonanthra- 
quinono and H..80,. Yields C4H-^BrS.08H4Br[l:4] 
[105*]. C.H.,(NOu)S.CJl,.NO,[l:4] [178*], a di- 
sulphonic acid, and a tctraBulphonio acid. 
Di-(a)-phenyl-thiopheno [153*] 

Formed by heating with P^Sj at 180* 

(Paol, B. 21, 3058). White plates (from alcohol). 

Trl-phenyl-thiophene C^PhjIW. [127*]. Gut 
hy heating desyl-acetophonone with P,8i at 150* 
(A. Smith, C. J. 67,647). Plates, v. sol. benzene. 
Gives a greenish-yellow colour witft H^SOi and 
isatin^r phenanthraquinone. 

Tetra-phenyl-thiophene u$, 

Kmicw 

Formation .—1. By the dry di^Uatiw of 
thiobenzoic aldehyde (l^urent, A. 62, 8641.—2. 
By distilling bansyi silphide or bjKiByl di* 
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folpiiide (BiSroker, il. 186, 94).—8. B; distilling tolTl-carbamio ather (Schiff, B. 23^ 1818). 
benzylidene sulphide (Fleisoher, A. 140, 239; Prisms (from alcohol), v. si. sol. alcohol. 
144,194).~4. By distilling barium phenyhacetaie jDl>rE£NTi-Bi .n*TBI0UBAMIl)0 -I)!* 

with 8 (Forst, A. 178, 376),-6. By heating TOLYL-o-SULPHIDB C~Hg,N<S, ♦.«. 
phenyl-acetic acid with S for 6 hours at 2C0'’ S(0^l5,Me.NH.CS.NHC,H.Jj. 

(Ziegler, B. 23, 2473).*-0. By heating phenyl phcnpUthiourca. [134®]. Formed by the action of 
benzyl ketone with S. — 7. By heating s di- phenyl-thiocarbimide upon di-D-amido-di-tolyl- 
phenyl-ethylene with S at 250® (Banmann a. sulphide (Truhlur.B. 20,670). White prismatic 
Klett, B. 24, 3311). Minute needles, si. sol. needles. V. sol. alcohol, ether, and benzene. 


alcohol, V. sol. benzene and CS_.. Yields 


PHENYL-THIO-UKEA C,U,N,8 i.e. 


sulphonicacid.andalsothefollowingdeiivatfres: NHP8.CS.NH.. Mol. w. 152. [164®]. S. *20 at 
C^H.gCIjS [219®] (l)An. A. 153, 350). C,JI,.13r,S I 18®; S’OB at m >. S. (alcohol) 6-50 at 1C® ; 08 
. [2G5®-270®]. C^H„(NO,),S [a»ovo 2.50®]. ' at 78®. 

DI-PHENYL-1)1-THIO-DI-PHENYL-KE- j Formation.—1. By heating phenyl sulpho- 
TATE CPho(SlMj)j. Phcnijl-mercaptol of bcn:o- \ cyanide wkh alcoholic NH, (Hofmann, ffr. 9, 
pho-WM. [139®]. Formed bypassing 11 Cl gas j 2'®).—2. By hoiling aniliiie with ammonium 
into a hot mixture of benzophenone, phenyl- j^ulphocyanide (4>chilT, yl. M8, .3.38; Hatlike, B. 
mercaptan, and ZnCh (Baumjjinj, B. 18, 8H8). i8, 3104).—3. By Ifcating aniline sulpho- 
Short prismg, si. sol. alcohol and ether. • cyanide at 100' (Salkowski, B. 21, 2728; c/. ])« 

PHENYL piOPHOSPHATE PStOBli),. ; Clornmnt, C. ll. 82, 5l2).-4. By passing H,S 
[49®]. (above 3G0®). GoUby boiling rSCl, with into a*solutioniof phenyl-cynnaniido in benzene 
phenol (Schwurze, J. pr. [2] 10, 222) imd by ^Weith, B. 0, 810). 

heating phenyl phosphate with K.S (Kieysler.B. Propertica. -Needles, soT. alkalis and reppd. 
18,1718), or with S at 190® (Anschiitz, A. 25J1, by acids. Tastes bitter. 

118). Needles (from alcohol), turning red in air Jira4lious. — 1. Jloatrd in a sealed tube at 
and light. Not decomposed by water. [ 180®*it yields CS(Nlirh)^, ammonium sulpho- 

Phenyl tri-thiophosphate rO(Srh),. [72®J. cyanide, NHj, 1£^8, and aniline.—2. AmTnonia 
(lot by boiling PhSIl with rOCI.,. Pii.sms (from at 140° forms aniline and aimiionium sulpho- 


alcohol). Decomposed by w'arm water. 


cyanide.—3. Boiling rfm/t«^?foijnBCS(Nfll*li),.- 


Phenyl tetra-tbio-phospbate PS(SPli),. 4. llCIAq at 120® forms aniline, li^B, NH,, and 
[8C®]. Got from PhSII and PSClj. Silky wliitc CO.^. —.5. By boiling with alkaline lead acetate 


needles, not affected by boiling water. 

PHENYL THIOSULPHUBIO ACID 
CJIj.y.SOj.OH. Phenyl hydrogen thio. 
(ioi. by dissolving Pli^S in H.SO, (Stenhi 


solution it gives plienyl cyanamidoNiO.NHC,!!^, 
which polymerises on Iieating to tri-phenyl-iso- 
melamine (13iN:C),(NlI),.~C. Wlicji boiled for 


Oj.OH. Phctujl hydrogen thiosulphate, melamine (13iN:C)3(NlI)j.~C. Wlie»4 boiled 
;ssolving Ph^S in H.SO, (Stenhouse, Br. I several hours with froslily-pn.-eipitated I 


17, C2; i4.149, 254).—BaA'2 2aq: crystalline, jit yields asymmetrical tri-phenyl-molamino 
PHENYL-THIO-UEAMIDO-ACETIC ORTH- i., v,/C(NlI).NPiw « 

ALDEHYDE. Di-ethyl derivative ^''^<^C(Nil).N >C.NHMi (Ilofnmnn, B. 18, 

NHPh.CS.NH.CH2.CH(OEt)2. [1)G®]. Got by i»220). -7. Cl.CO.COJ:lt forms oxalyl-di-phcnyl- 
mixinj^phenyl-thiocarbimide with*amido-aeeta.l ,. . ,.,iT/CS.NPh\^.. . ,, 

N14CIi^CU(0Et)., (Wokl a. Marckwald, B. 22, i ^^KcS.NPh>^^^^ (*'■ 

509). Needles (from dilmo alcohol),in.sol. water ; oxiilio Exiinit).—8. ClCO.Fit forms i)henyl-thio- 
and ligroin, sol. ctlier. CWld cone. IL.SO, allophanic ether.—9. Silicon tctrah7Qmide giwn 
forms NHPh.C8.^1I.CIl2.ClI(OH){OHt) [04®] • solid SiBr,(C,lI„N.^S),, sol. hot benzene, but de- 
which yields, by loss of H^O, tlie salts composed by boiling alcohol (Uoynolds, C, J, 
(C„H„N,SO)3H.^>tCl, and C.Jl^N^SOCJIjN.O, i 53, 85G).-10. An alcoholic solution of allyl 


[190®]. 

PHENYL-THIO.ffBAMID(VBBNZ0IC ACID 

V, m-AjUDO-BENZOIC ACID. ^ 


j bromide forms a base CiuIIj.N^S (Werner, (?. J. 67, 
,302). — 11. Benzyl chloride in al^bok-^ 

! CS{Njg»h)(yi,(;i [II2®] (W.).-I2. Ethylene 


o-FHENYL - THIO - URAMIDO - CINNAMIC i Iroinide forms CiulIi^N.^S [139®], which gives the 
ACID NHPh.CS.NH.C,H,.CH:CH.C02lJ. (237 ]. | salts B"2IlBr [214®], B"2llCI [218®], B 'H^’tCI,. 
Formed by heating o-amido-cinnamic acid with ^ and B"2C,iIl2(N02),0H [19G®J (Bertram, B. 25, 
phenyl-thiocarbimide on the water-bath (Roth- , 59).—13. If^Oj oxidises it, in alcoholic sulutiori, 
Bchild, B. 23,3343). ! to di-phetiyl-di-amido oiazthiole (Hector, B. 22, 

DI-PHENYL-DI-THIOURAMIDO-TETRA- I 117G). 

OXY-LI-PHENYL. Tetra-methyl dcriva-\ Salta.--ByiJ»lCg~B',Cu.,Cl, Caq. [146®] 
tive C„igOMe),(Nn.CS.NIlPh).. [181']. • (Rathke, B. 17, 305). Trimetric crystals (from 
Formed from C,H2(OMc)2(NIl.,).C.,n2(OMe),(Nil.,) ' alcohol). 


and phenyl thiocarbimido (Baessler, B. 17,2128). j 
White flakes, sol. hot alcohol and benzene. j 


Acetyl derivative NIIPb.CS.NUAo. 
[173®]. Formed from acetyl sulphocyanide and 


PHENYL-THIOURAMIDO-PHENYL-ACETIC : aniline (Miguel, A. Ch, [5J 11. 318), and by the 
ether NHP]i.CS.NH.CHPh;CO^.t. [102 ]. action of Ac^O on the product ot the action o( 
Formed from pben;l-amido-acctic ether and phenyl thiucarbimide on aldehyde-ammonia 
phenyl-tbiocarhimide (Kosaol, B. 24, 4151). i (Schiil, B.9,'(170). Tables (from ^ute alcohol). 
White crystals, sol. hot alcohol. ’—B'UBr. [270“]. Frisms, t. e. sol. water. 

PHENTL-THIO-DRAMIDO-THIO-EOBHIC 1 Benzoyl derivative NHPh.CS.NHBa. 

ACID V. PB*NTr,-M-THio-Ai.LOPHANio ioii). ' [149°J. S. (alcohol) 4 at 78“. Needles, insol. 

PHENYL.THIODHAIIIDO.TOLYI.CAKB. water (Miguel). 
AMlOETH:^JtNHPh.CS.NH.O,H.Me.NH.CO.Et. o-Oivy-beneoyl derivative 

[U6<>> Formed, together with CS(NHPh)„ by NHPh.CS.NH.CO.C.H,OH. [192“]. Formed 
(be aetion o( phenyl-tUocatbimide on omido- from ealicyl-tbiocatbimide and aniline (H.). 
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phentt^thio-uhba. 


228, [161»J (Lellmann, 

w B. 19,1821). 

...j *>oiIuig aniline with CS, 

inn alOThol (Hofmann, A. 67, 266 j 70, 144) 
*■ Bj heating aniline with potassium eulpho- 
rgi* (I'SH'ent a. Gerhardt, A.Ch 


NHPh.cs.NPh, pan, 

PWl-thiooarbimide witC 

See «» Pf •.»' ‘he theo. 


m 22, loa ro^ iVoT-a ftom Se and ' Seal ‘hbeiLg 60 ?:«. of SirtW 
phenj|.thiocarbimide.-4.Fromdi.phenyl oyan-il530? EWm"] (Bomthaen a. Friese, B. 16, 


imid'eana™;S,l-77m^^^^^^^ 

HVioor*"^ (hlo^iann, 

(from aloo- 

ether. Se^ iTi® ’ ''' “'“hoi and 

ve "bitte? laste ‘ 

Jocdtnposcd on disJ 
Mlat^ into tn-phenj-guanidine, CS„ and^ 

atinina*' ^1®*’ or HCl split it up into 
Miline and phcnyl-thiocarbimide.—8. Boiling 
<*ohofw potash forma di-phenyPurea.—4. k! 

"hon the alcoholic solul 
tion la bmled with HgO. -6. A cold solution of 
‘ri-phenyl-guan- 
laai a'af B (Glads,■». 4 

/odtm, added to its boiling alcoLlio 
‘ri-phenyl-guanidine and phenyl 
IH "f"*'*”* forma, on heating, 

tll*PiieXlvl>ffl]A.ni4linA ow/1 t.T C« t\ « ,. 


/i» ' **wiu juxuru, ana t/tsuL 

alcohol, inaol alkalis. Yields diphenylamine on 
heifting with diluted (70 p.o.* H..SO , 

CHLOKO-.Iono., 

^ P“E''n<-THIO-BBEA. 

PHENYI.THIO BBEA CABBOXYMC ACID 

V. nt-AMiDo-BENzoto ACID, Reoctim 7. 

• ®^;?NBNYL.T01,ENTI.AMIDirE 0 H N 
t.e. CXMe.qNPh).NHPh. [losoj. Go ‘by 
3X5. °«H.Me^(«5‘)=NHiCl iith anilini 
and alcohol (Glock, B. 21, 2656). Plates (from 
benzene), V. sol. alcohol. ' 

DfpHWVVT* “'‘■rnm-MPHEKTi,. 

DI-PHENYL-mDIC ALDEHYDE C H O 

».e. CPh2H.C.H,.CHO. [-16“1. (190’-195»‘“at 
hvd^^mth^'r””"^ f^rophthalic aide. 


‘ri-phenyl.g-uanid 7 ne “'3 nrr ZS’ ffient*'' “"o- W mToOO 

amalgam reduces it to aniline HS and rw'' (‘’PP'“hoimer B. ig, 2028). Oil. Eeduoes 

fegcTIf Xerr.m“L»L'’:;:f!! ‘<>.‘r‘- 

2 4W® in / ‘^llPhonyl-guanidine (BulT, 
hUtinl’/ H^SO, decomposes it on 


crysiallisLin pSand^s^^ I ri. 2 To il . 

COS and di-phenyl-ojanamide /Will Ji ii I * [41®]. (806® i.V.) at 728 

henzeno forma C,!h,„N,S,! ' with NHP°h .*’‘”("‘*‘1' ‘ogethcr 


w,i 1—7. useii oxmisea to tri. 

phenyl-methane carboxylic acid. KMnO, gives 

with nXn .P-“rboxylio acid. Reacts 

with phenyl.hydrnzme. Vielda C.,^l,.ONaHSO, 

PHEI»Tr^*’TnTn5n;2'‘‘^ ®'“hol. 


Vpi -- •wa.iva^ XVIUIB 

NPh:0< ^“>CS (79°) (Freund a. Wolf, B. 26, 

^^0° forms aniline and CS 

"’*** '"rm alkyl 
derivatives, which may perhaps be formulated as 

,Th“?. Mel forms 


Phenyl-m-tolnidinef (300°-305®). Got hv 
boa m« [1:3:5] C„H,Mo(NHPh).OfI with zinc! 
dust (^ega a. Buoh, J, pr./Ji] 33. 642). Oil. 

xnus, Mel forms I ° i HNO,, 

«[^^.C(SMe):NPh [110®J. which is decompo^d ( US® fv tt 79 h C,Hy.NHPh. \& 7 % 
bynesti inS^MeSH and C(NPh) and hvftii.« I jY' 7^ mm. (Graebo, A. 238, 863) 

iml'“ PX* “‘“.MeSH and CO(NHPhL In A 


hollo potash into MeSH and Co’(NHPhf In 
hke manner EtI forms C„H,.N,B (79°) {% Di 
raENVL.ETH«..tTHro.oBEA):andet^^^ 

5 «• h, 1490).- 

16. Allyljmnntde m alcohol yields C,.H.,N SBr 

chloride in alcohol 
/W? ^'{>i“8®’®^J“‘“B>sing in prisms [163°] 

1X‘.T Vtiii » presence of benz- 

ene at 180 forms di-phenyl-urea and phenvl 
sulphocyanide /Goldschmidt a. Mcisslcr, B. 23, 
n h-*?-. AOjO yields acetanilide and some 
?ii (Werner, C. J. 69,398).— 

1 J. Chlon.glj/oaeylic ether forms di-phenyl-di- 
fti^parabamo acid 0 H n g.O,. [216°]^ and 

h:.‘l L’nlj A vn*^' * “°h hy boiling with alco¬ 
hol and AgNO. is converted into di-phenyl- 

®x8. while by boil- 
mg alMhoho anunoma it is convert^ into 

o!!h'N o' flS’ *Tr“ 

1236°]. The compound O..H. N a_0 
(g converted by fuming HNO, intoC &!l*^ 
(S86°) (Stojentfn, J. pr.[l] 32,8). 


~ -^ wi-wiyi-rosaDii iHe acetate 

(Ilo-mann, A 132,291) Obtained also, togethe? 
wi th diphenylamine and ditolylamino by heating 
p-toluidine (1 md.) wit.i aniline (1 mol.) and HCl 
(Be fjaire, Girard, a. Chapoteaut 
if. 1M7, i. 300: A. 140,347). Prepared by beat-’ 
mg phenol with p-toluidine and ZnCL, or p-cre 
sol with aniline and ZnCl, at 200°, or with SbCl 

bv HNO^’ W ?h®h Colonred blue’ 

by HNO, With benzoic acid and ZnCl, at 260° 

A’’‘|H®P.^®“y‘-”e‘¥-“ridineC„H,.N(Bonna, 

1 ®-j’ r?5l'o. Bromine vapour forms a totra- 
bromide [135 ], a hepta-bromo- derivative ri86°l 
ms ,of NC,.H„Br, or NO.^.B^' 

Int ““ “ ®‘“'‘ ‘*“e NC Sjbr, 

io HOAo added to a^ 
[1567] ““ '®™®e‘e‘r»bromo.derivatiT. 

Salt.—B^Cl: plates. 

derivative O.JB.JtoN. rsi®! 
Yields C„H,,BrAoN [ 72 °],oi 78 talli 8 ingin plates! 

Beneoyl dertv£ttips ^ ^ %rr%^ rt_i-_A-»_ 
Yields crystalline 0 “ 

Jfilrosamine ( 
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; ncedlei (trom ligrobi). Br fonns 0||H„BrN,0 
[166°] {Bonn*, A. 239. 66). 

PHEim.TOI.TI.ACETAHIDIlIB 
i.e. CH,.C(NC,H,).NHPh. [76°]. Formd from 
acct^l p-toluiaine by sut^asive treatment with 
PCI, and aniline (Wallaob a. Fasabender, A. 214, 
200).-B'„HJ>tCl,. 

PHEHTL-p.TOLyL.ACETIO ACID 
C,H,.CHPh.CO,H. [116°]. Formed from a- 
bromo-phenyl-acetic acid, toluene, and zi«c. 
dust (Zincke, B. 10, •!)(>: Neure, A. OoO, 149). 
Plates (from water), v. sol. alc^ol.— KA' 4aq.— 
NaA'Coq.—CaA',2aq: noodles (from dilate al¬ 
cohol). 

Ethyl ether Eik'. [31°]. Plates. 
i4mi<feC|,H„NO. [151°]. 

Nitrile C,H,CHPh.CN. [59°]. 
Pheayl-di-tolyl-acetio acid (79°- 

83°]. Got bj oxidising {C,H,),CPh.CaC„II, 
(Thamer, A. 189, 123). ^morphous powder, 
insol. water, v. sol. alcohol. 

PHENYL-TOLYL-AMINE ». Phenvi, told- 

iniNE. 

PHENYL.p-TOI.YL.BENZYl.BHrEET 
NHPh.CO.N(CH,Ph).CO.N[IC.H,Mo. [c. 100°]. 
Formed from p-tolyl.bcnzyl.urca and phenyl 
cyanate (Klihn a. Hensohel, B. 21, 505). Needles 
(from dilute alcohol). 

PHENYL-p-TOlYl-BENZYL-DHEA 
C.„H„N,,0. (113’]. Got from p-tolyl-bcnzyl- 

carbamio chloride and aniline (nammerich, B. 
25, 1823). Dimorphous: prisms or plates, sol. 
ether and alcohol. 

PHENYL-DI.p.TOI.YL.BHrRET C,J1„N,0, 
i.e. NHPh.CO.N(C,n,Me).CO.NHO.H,Mi;. [140°]. 
Formed by heating di.p tolyl.urea with phenyl 
oyanate at 170° (Kiihn a. Ilenschel, B, 21, 605). 
Crystals (from alcohol). 

Di-jAenyl-tolyl.biaret • 

NHrh.CO.NPh.CO.NlIC.H,Me. [216°]. Got by 
heating di-phcnyl-urea wth p-tolyl oyanate at 
170° (K. a. H.). • . 

PHEHYIi-p-TOLYL-CARBINOL C„H„0 i.e. 
C,H,Me.CPhH.OII. [53°]. Cot by rc<lucing 
phenyl tolyl ketone in alcoholic solution by 
sodium-amalgam (E. a. 0. Fischer, A. 194, 265). 
Stellate groups of needles (froril ligroin). 

Si-phenyl-tolyl-carbinol C.„H„0 i.e. • 
C,H,Me.CPh.,.OH. [150°]. Formed by oxidising 
di-phenyl-tolyl-mothane with CrO, and HOAo 
(F.). Crystals (from ligroTn). May bo distilled. 

PHENYl.p.TOLYL.CaBBIKOI, o-CARB- 
OXYLIC ACIB. Lactone v. ToLYL-riiTHALinE. 
Bl-phenyl-tolyl-carbinol carbozylio acid. 

Lactone C,H,Me<;^^*’*>0. [147°]. 

(above .360®). Formed by oxidising di*phcnyl* 
rn-ijlyl-methane with chromic acid mixture 
■ (HemUian, B. 16. 2361; 19, 3063). Prisms. 

The isomftio j^4jJc.H,Mo<pQ‘‘»>0, 

[179°], (abova 360°), is got by oxidation of di- 
phenyl^iylybrnethane, and is accompanied by 
ll:2:6]0Ph.,(0H).0,H.Me.C0,H. which yfelds 
BaA', and CaA', and does not form a lactone. 

PHEinnK).mTI.-OARBniTUXIN£ 
tl:3]0;H.Me,PHPh.NHr (M9°) at 721 mm. 
Farm« reducing the oxun of phenyl o-tolyl j 
ketone dissolved in alcohol by adding sodinm- ' 


amalgam and HOAo (Goldschmidt a. StOcker, 

B. 24, 2806). Yields an acetyl derivative [124°]. 
—B'HCl. [249°]. Needles, m. sol. water. • 

m-Isomerids. (299°) at 724 mm. Yields 
B'HCl [243°] and an acetyl derivative [97°]. 

p-Isomeride. (296°) at 723 mm. Yields an 
acetyl derivative [131°] end the salts B'HCl 
[252°], B',n,PtCl, 2aq [119°], B'C,H„0, [167°], 
13'-C,1I,0, [73°J. 'Pile hydrochloride is con¬ 
verted by potassium sulphocyanide into the com¬ 
pound *g.H,M6.CHPh.NH.C8.Nll, [101°] and 
by potassium Pyanate into the urea derivative 
CJ4,Me.CHrh.NH.CO.NU,, [158°]. 

PHENYL 'TOLYL - CARBINYL KETONE 
CAMOXYLK ACID C„H„0, t.e. • 

C, l^Io.CH,.CO.C.H,.a).,U. [112°]. Formed 

bf heating with 

KOHAq at 100° (Heiinmnn, B. '23, 3100). 
Vilrooti| prisms.—Ag.\'. ConvertuJ by heating 
with an alcoh(^c solution of hydroxylamine 
hydrochloride into 
[134°]. 

PHENYL-o TOLYL.CYANAMIDE 
N NC„I I^Mo. Carbophenyltolyliinide. 

(320°-326® iitioor.). Formed by adding IlgO to 
a boiling solution of p))cnyl-o-tolyl-thioivca in 
dry boiixcno, the yield being 6a p.o. of the 
theoretical. Oil. On keeping, it polymerises to 
a brittle glassy solid [68®-71®J. V. sol. beu^eue, 
si. sol. ether. By boiling with dilute alcohol it 
is converted into plienyl-otolyl-urea. HjS 
])assed into its boiling solution in dry toluene 
converts it into phonyUo-tolyl-thiourea. Heated 
with CS^ at 180'^-200® it yields a mixture of 
jilicnyl- and o-tolyl-thiocarbiinidcs. It com¬ 
bines with o-toluidine, forming u-phenyl-di*o- 
ttilyUguanidiuo (Iluhn, B. 19, 2410). 

Pheayl.;>-tolyl-cyanamide NPh:0:NO,H,. 
(325®-330® uncor.). ICcsembles the preceding 
isomeride in mode of preparation and properties. 

DI - PHENYL.TOLYLENE - TETEA-AMIEO- 
METHANE t.e. 

C,H.<^“>C(NHPh),(?). [161°]. Formed by 

heating C(NPh).2 with tolylene-o-diamine 
(Dahm a. Gasiorowski, B. 19, 3067)!? l^edles 
(from benzene). ~B'j3HCl. [174®].—B'II.^804. 
DI-PHENYL-m-TOLYLENE DIAMINE 

i.e. [l:3:6]C.lI,Me(NPhH).,. [106®]. 

: Formed by heating orcin (1 pt.) with aniline 
: (•! pts.) and a mixture of ZnCl, and CaCl, at 
220® (Zega a. Buch, J. pr. [2J 33, 542). White 
needles (from glacial HOAc). 

Di-acetyl derivative [160®]. 
Di-benzoyl derivative [190®]. 
Dinitroeamine [170®]. 

Iteference. — Dl‘NlTBO-PHENYL'TOLTIiKNB.Dt* 

AMINE. 

PH£NYL.o-myLEN£.ODANlDINS 
C,H,<^®>C:NPh. [167°]. Mo^w. 229 (calc. 

223). Formed from o.tolylene-diamine and di* 
phenyl-cyanamide fKeller, B. 24, 2614). Needles 
(from warm aloonol). Di.p4o!yl^}yaQamida 



while phenyl eyanide (^vei the eomponnd 
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0,H/ >0:NPh ^NPh [234'’].-B‘H01.- 

B'^tPtCl,.—B'jHaSO^: white needles. 
Mono^aeetyl derivative. |147'’J. 
Di-bensoyl derivative. [222*^]. Prisms. 
Nitrosainine OuH^N^O. [125°]. 
DI-PHENYL .m* mYLENE-DMIIETHYl- 
W.AHIlfECj,H.,N,t.c. C,;H,Me{NPl»Me),. [124°]. 
Formed from G,H,(NHPh)2, NaOH, and Mcl 
(Zega a. Buoh, J. pr. [2j 35| 546). Wbitelaminte 
(from HOAc). t * 

DI. PHENY1-O.T0I.YLENE - DI - THIO - DI- 
irBEAfl:3:4]C,H,Me(NH.CS.NHPh)2. [c. 150°]. 
FoiTped from tolylone-o-diamino |iid phenyl- 
thiocarbimide in alcohol (Lcllmann, i4.221»^^0). 
Thin plates (from dilute alcolv>l), v. sol. 
NaOllAq, si. soK water.* 

Bl-phenyl'm-tolyleQe-di-thio-dl.urda 
[l:2:4]O.H3Me(NH.CS.NIIPh)2 [168°]. Formed 
from tolylenc-m-diamino ari^ pher^l-thio- 
carbimido (Lussy, B. 8, 670; Gehhardt, B. yj, 
8046; Billeter a. Sfeiner, B. 18, 820:j; 20, 228). 

]>i-pbenyl.^-tolylei>e-di-thiodiurea 
[l:2:6]C,H;.Mc(NH.CS.NHPh)». [181°].^ Formed 
from tolylcnc-p-diamino and* pho.nyl-Dilocarb- 
imide in alcohol (Lolhnann a. Wiirtlincr, A. 228, 
206). Plates, nearly insol. alcohol. 

Dr-PHENYL-TOLYLENE-DI-UilEA 
C,H,{NH.CO.NHPh)^ [above dOO"]. Formed 
by adding phenyl cyanate to anothereal solution 
of tolylene-diamino [‘Jl)°j (Kuhn, B. 18, 1477). 
White pp.' Insol. water, alcohol, etluir, and 
benzene, v. si. sol. acetic acid. By boiling with 
aniline it yields s-di-phenyl-uroa. 

PHEKYL-p.T0LYl-ETHANE i.e. 

CH.;>h.CH,.C,H,Me. [27°]. (286° uncor.). 

Formed by reduction of tolyl benzyl ketone by 
HI and P (Mann, B. 14,1646). White plates. 

Phenyl.j)-tolyl-ethane CII^.ClIPh.C.U.Me. 
(279°). Formed from C„H3.C.Ji,Br, toluene, and 
ainc-aust (Bandrowski, B. 7,1016). Oil. Yields 
p-boDzoyl-beuzoic acid on oxidation. 

PHBHYL-p.T0LYX.ETHYLEHE i.e. 

OnPh:CH.C„H,Me. Methyl-stilbcnc. [120°]. 
Formed by boiling ^j-tolyl-bcnzyl-carbinol witli 
dilute H.BO4 (Mann, B. 14, 1616), and also by 
p-tolyl cinnaniato (Anschiitz, C. J. 47, 
698; B. 18,1945). Pearly plates with blue lluor- 
esoenoo, v. si. sol. alcoiiol, v. c. sol. etlier. Yields 
0,.flyBr,[187°]. 

BI. PHEHYL. W. p. TOEYL - ETHYLENE 
OXIDE? 0„Hj,0. Phenyl tolyl {aypinacolin. 
[215°]. Formed by the action of zinc and HGlAq 
on phenyl y)'tolyl ketone in alcohol, and got also 
by heating a mixture of the ketone with phenyl- 
tolyl-carbinol, alcohol, and ZnCl, (Tliorner a. 
Zincke, B. 11,71; A. 189, 104). Minute needles, 
m. sol. hot alcohol. Cone. HCIAq at 150° 
changes it into the isomerio (iSj-pinacoHn 
Citj.CO.CPh(C,H,Me).i [137°]. 

PHENYL p-TOLYL ETHYLENE D18DL- 
PHONE 0,H3.S0.C.JI,.S03.C,II,. [162°]. Got by 
boiling C^Hj.&'Oj.CgHtCl with an alcoholic solu¬ 
tion of sodium toluene p-BuIphinate (Otto, J.pr» 
[2] 80,199). 

PHENYL . TOLYL. ETHYLENE. ^ - THIO. 

TrSKiNPh:C<|(®W>CH,. [128^. Fomed 
by boiling the methylo-iodide of the ethylene 
foirfttiT* of toly2<di.tluo-oarbamio aeid with 


aniline (Will a. Bidschowski, B. 15,1315). SBky 
plates. 

PHENYL .p . TOLYL • ETHYL • TEIO-DBEA 

0„H,8N,S,i.«.NPhEt.CS.NHC,H,. [90°]. Formed 
from |>-tolyl-thiocarbimide and ethyl-aniline 
(Gebhardt. B. 17, 2091^. Colourless crystals. 

s.FH£NYL.DI.o-TOLYL.OT;ANIDIN£ 
CJl3N:C(NUC,H,),. [102°]. Formed by the 
action of an alcoliolic solution of aniline upon 
di-o-tolyl-thiourea in presence of PbO. Got also 
by* the combination of p«Hj.N:C:N.O,H, with 
aniline (Iluhn, B. 19, 2412). Foltcd needles. 
V. sol. warm a?eohol, ether, and benzene.— 
B'HCl.—: orange-yellow tables. 

7t*Phenyl.di-o-toIyl-guanidine 
0,H,N:C(NIIC,H,)(N^IlC,H,). [112°]. Formed 
from o-toluidinc and C.H,N:C:N09H3 (Huhn). 
Long needles, V. sol. alcohol. Salts.—B'HCl.— 
B'^lI^PtCIgi orange-yellow tablcs.t 
5.Di.ph6nyl.p-tolyl-guanldine 
C,H,N:C:(NIIC,II,).^. • [121°]. Formed by the 
action of an alcoholic solution of p-toluidina 
upon dl-phcnyl-thiourea in presence of PbO 
(Hofmann, B. 2, 4.59; Huhn, B. 19, 2412). 
Felted needles. V. sol. alcohol and other.— 

: B'HG1.-B’,I1,.CLPICI,: reddish-yellow pp. 
j fi-Di-phenyl-p-tolyl-guanidine C^jHigN,, i.e. 
C,H,N:C(NHCA)(?^HCH,). [127°]. 

Formaliofi.—h By heating phcnyl-p-tolyl- 
thiourea with an alcohoUo solution of aniline in 
proscnce of PbO.—2. By the combination of 
C„U,N:0:NO,II, witli aniline (Huhn, B. 19.2109). 
—B'lJCl.-B',H,,GLPtCl,: sparingly soluble pp. 

PHENYL TOLYL-IMIDO-BENZYL KETONE 
I CJI,.CO.C(NC,H,).C,,Hi. Formed by heating 
i o-to!uidino with benzil at 100° (Bandrowski, M. 

I 9, 689). Yellow plates (from alcohol). 

I PHENYL o-TOLYL KETONE C„H,..0 i.e- 
j CJJj.GO.CJIjMe [1:2]. (314°) at 735mm- 

' (Smith, B. 24,4016); (295°) at 722 mm. (G. n- 
H.). Formed by the i :jtion of AlCl., on a raix- 
. ture of o-toluic chloride and benzene (Ador a. 
{ Billiot, B. 12, 2:^1; GoldschmuU a. Stocker, B. 

■ 24, 2805). Formed .also, togetlmr with a much 
I larger quantity of the p- isoraeride, from BzCI, 

■ toluonc, and AlGl^ (Fibs, J. pr. [2] 35, 466). 
Oil. Yields anthracene on long boiling or on 

; heating with zini5-diist. 

'■syn-Oxim C,H,.G.C,Hj. [C9°J. 

HO.N 

anti-Oxim 0,11,.. '-.CJl,. [105°] (S.). 

N.OH 

Phenyl-w-tolyl ketone CJI,.CO.C«H,Me [1:3]' 
(315° i.V.) at 715 mm. S.G. S 1088. Formed 
by the action of AlCl, on a mixture of fn-toluio 
chloride, benzene, and AlCl, (A. a. B.; G. a. S.f. 
Got also by cautious oxidation of phenyl-m-tolyl- 
methane (Benlf, A. 220, 252). Oil, miscible with 
alcohol. Boduced by HlAq at 200° to C„H,| 
(269° at 725 ram.). 

Oxim. [101°]. Beduced by sodium-amal¬ 
gam in presence of HOAc tom-toluio anilide and 
0,H,Me.CPhH.NH,. ^ 

?henyl.p-tolyl ketone C,Hj.CO.C,H,Me [1:4]. 
[60°]. (827° i.V.). 

Formation.-^!. Togethei* withtheo-isomerido 
by lieating benzoic acid with toluene and P,0, at 
200° (Kollarits a. Merz, B. 6,446;*Thdrner, A. 
189, 83).--2. By oxidising C,H,Me.mH, 
(Zinoke a. Plascuda, BS7,982).—A. By distilling 
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ft mlxtord of calcium p-toluute ftQ^ benzoate 
(IladziszewBki, B. 6, 810).—^4. By beating BzCl 
with toluene and zinc at 190^ (Orucarovtc a. 
Merz, B. 6» 1243).—d. By the action of AlCl, 
on a mixture of jp ioluio^hlonde and benzene 
(A. a. From BzCl, toluene, and AICI,. 

Prqperttex.—Prisms, m. sol. alcohol, v. sol, 
ether. Dimorphous. Yields p-benzoyl-benzoio 
acid on oxidation. Reduced to CtfH,Mc.CH,;Ph 
by distillation over zinc-dust. Sodiuui anuvlgapi 
forms phenyl.toIyl-cdr|inol. Zinc and flCIAq 
acting on the alcoholic solutiomform two pina* 
colins Tho (oj-pinacomi [216*^] may bo 

oonvorted into tho (d)-it5omerido by heat- 

ing with HOAc. 

onti-Oaiim C^Hj.C.CJl^Me. [154®] 
HO.N 

(Ilantzsch, B. 23, 232.'5, 2776 ; 24g58; cf. Wegor- 
holf, A. 252,11^. Converted by HOAc andJlCl 
into p-toluic anilide. Yields an acetyl dc>riva- 
tive[124°J anda benzpylderifhtivo [85®J (Auwers, 

B. 23. 399). 

syn-Oxim CgHj.O.CuII^Me, [llB'^j. Con- 
N.OII 

verted by HOAc and HCl into benzoyl-toluidine 
and sometoluic anilide. Yields an acetyl dt^riva- 
tive [118®-122®] and a benzyl derivative 

Phenyl o-tolyl diketone CallyCO.COCJI,. 
Formed by heating di-bromo-deoxybenzoin with 
water at 183® (Bucher, B. 22, 2819). Yellow oil, 
Bolidif.ed by cold. 

iie/erences.—D i-amido-, Nitro-, Oxv-amido-, 

and OXY- PHEHVL-TOLYn-KKruNlS. 

PHENYL TOLYL KETONE CARBOXYLIC 
ACID V. ToLCYL•nK^izoIO acid. 

Phenyl p>tolyl ketone dlcarboxylic acid 
i.e. C,HyCO.C..H,Me(CO,H), [1:4:2:6]. 
Bemoul-uvitie acid [245'^]. Formed by oxidising 
phenyl mesityl ketone with dilute UNO, (Elbs, 
J.pr. [2J^5, 489). Needles.—Ag^A''.* 

An isomeric acid, got bv oxidation of phenyl 
4'-camyl ketone CJlyCO.CjHjMe, [5;i:2:4j, yields 
AgjA". • • 

PHEHYL-oJOLYIrMETHANE C„H,, i.e. 
CaHj.CH,.C„H4Me [1:2]. o-Benzyl.toluene. Mol. 
w. 182. (284®). Formed, together with the p- 
isomoride, by heating benzyl chloride with 
toluene and zinc-dust (Zincke, B? 6, 906; SonfT, 
A. 220, 249). Got also from 
benzene, and zinc-dust (Barbier, IS. 7, 1544). 
Yields anthracene when' passed through a red- 
hot tube. 

Phenyl-wtolyl-methane 

C, H,.CH,.C,H4Me [1:3], (275° IV.). S.O, “ 
•997. Got by reducing the ketone with HI and 
P (Ador a. Hilliet, B. 12, 2300). Prepared by 
heating (tf-chloro'm xylene (1 pt.) with benzene 
(7 pts.) and AlClj (Senff, A. 220, 230; cf. Bur. 
bier, C. B. 79, 660). Oil, sol. alcohol and ether. 
Gives a di-nitro- derivative [141®]. 

Phenyl.p.tolyl.«iethane 

C4HyCH,.C,H4Mo (l:4j. (280® i.V.). Formed, 
with the 0 - isomiride, by heating benzyl chloride, 
with tolnene and zinc-dust (Zincke, B. 7, 115||; 
A. 161, 93). Formed also by the action of zinc- 
dust on benzyl chloride (Frost, Bl. [2] 46, 24^, 
and by beating phenyl p-tolyl ketono with ammo¬ 
nium snlphide and S at 320® (Wiligerodt, B. 20, 
2470).^ gil. Yields j>-benzoyl-benzoie acid oa 
oxidation. Does not form anthracene when 
VOL. IV. , ^ 


passed through ft red-ho) tube. Yields ft disnl* 
phonic acU [38®], whicli gives K,A"3iaq,^ 
13aA" SAaq, and CuA" 41aq. 

PhenyMi-tolyl-methaae CHrh(C,H,)a. [66°J. 
Got by heating (0,H,)jCPii.aO.C4H* with soda- 
lime at 300® (Tliorner a. Zincke, B. 11, 70). 

Bi - phenyl. o-tolyl - methane C3,H|« i.e. 
C4H4),Cn.C4H4Me. [69-5®]. (S64®). Formed 
rom loucaniliuo by diazotising and boiling with 
alcohol 4^isc}icr, A, 194, 282; itosenstiehl a. • 
Gerber, Am Ch. BJ] 2, 342). Spherical groups of 
prisms (from Mt^OJI), v. sol. ether. Oxidised 
i.y CrO, and UOAo to (C4H4),C(ON).C,H4Mb 
[150’]. 

U-phenyNfn-tolyl-methane. [62®]. (ab9ve 
360^ Formed by distilling its carboxylic acid 
wim baryta (Heiitiliai^, B. 16,*2368). Long 
thin needles (from alcoliol), v. sol. ether, Tlio 
crystals omit light when powdered. Its dilute 
8oI(itiun%lluoreBoe blue. 

Bi-phenyl-p-tAyl-methane. [71®], (above 
36(^). Formed by distilling* its o-carboxylic 
acid, and also by tho action of P^O^ on a mix- 
tore of toluene and di-phenyl-carbinol or of 
benzene aftd phcnyl-p-tolyl-caihinol (Hcrailian, 
H. 7, 1209; 19, 3006; Fischer, A. 194, 2(53). 
Needles or prisms, v. sol. hot alcohol. 

liefvrences,— Di-amido-, CiiLono-, Nimo-, 

NlTIlO-AMIlJO-, and O.XV- PIIKNYL-TOI.TL-&tl£TJtANK. 

' PHENYL .p . TOLYL - METHANE-o-CARB- 
OXYLIO ACID C4 H,Mo.C?H,. 0,114.00,11. [134®]. 
Formed by warming 0,!l4Me.C0.QiIl4.C0,N 
with Nir,,.\q and zinc-dust (Gresly, A. 234,236). 
Needles (from alcohol), nearly ineol. water.— 
BaA',: plates, v. sol. water. 

Phcnyl-tolyl-methane dioarboxyllc acid 
CO,tI.C,H4.CH(C,H,).CO,H. [154®]. (abovo 
30()'’). Got by saponifying tho nitrile, which is 
prepared by treating an alooholio solution of 
ON.(5eH,.ClI,,CN witii benzyl chloride and KOU 
(Eiclielbanm, B. 21, 2679). Prisms, sol. alcohol. 

Amide, [224®]. Small plates. 

Imidt [17C»]. 

(above .300®). Got by Iniating tlie amide with 
cone. HClAq. Needles, v. sol. alcohol. 

Nitrile. [110®]. (above 300®). Plates. 

Di-phenvl-p-tolyl-mothane carbox«dK ««cid 
C4lI.Me.CHPh.C,H4.COJI. [155®]. Formed by 
warming ^-tolyl-phthalido with benzene and 
AlCl, ((Jresly, A. 234, 242). Needles (from 
alcohol).—BaA', 2.Uq: si. sol. water, 

Bi-phenyl-p-Wyl-methane carboxylio aeid 
CnPli,.C.,H4Me.CO,H[4:2:l]. [217®]. Formed 

from di-phenyl-p-tolyl-carbinol carboxylio acid, 
NaOHAq, and zinc-dust (Hemilian, B. 16,2363). 
‘Transparent ta^s, v. sol. alcohol.4Bq. 

—Aj.fA': minute needles, insol. water. 

Di-phenyl-p-tolyl-methane carboxylio acid 
CnPh,.(:„Ii,Me.CO,H; 4:1:2]. [203®]. Formed 

from di-phenyl-mctbyi-phthalide, NaOHAq, and' 
zinc-dust (lletiiiltan, 19, H064). Needles or 
tables, sol* hot alcohol.—BaA', 3aq.—AgA'. 

PHENYL-p-TOLYL DI-METHYIBKE DI- 
aiTLPHONE KETONE 0„H„SA »•«. 
C4H4.SOyCH,.CO.C;H4.S05,C..H<Mc. [112°], 
Formed from CHjBr.CO.CH,.HO,.C,^4Me by 
treatment with C4HjSO^aftnd obtained also from 
C4H,30,.CH,.CO.CH^3r and C,H4Me.80,,Na 
(Otto, J. pr. [2] 36, 427), Plates, m. sol. alco* 
hoi, V. sol. CHCl,. 


H 
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FraHTI ■ 0 ■ lom - KETEYI. ■ PYBEOLS 

(82n- 

h«ating its carboxjlio acid {199°]^ederer a. 
Paat, B. 18, 2596). Plates, v. e. sol^cohol. 

Ph6nyl.p.tolyl-metbyl.pyrrol6. [91**]. 
(above H50°). Got by heating its oarboxylio acid 
[227**]. Tables (from ligroin). 

PHKNTl.. 0 ■ lOITL. Mi£THTL- FTBBOLS 

OAKBOXTUO ACID O.H.MeN<°S’,^Ho^. 

[109®]. Got by saponifying iU ether, which is 
formed by boiling acetophenone-acetoacetio 
ether with o-tokidine and HOAc (Ijederer a. 
Peal, B. 18,2596). Small prisms/from alcohol). 

y)-Isomeride. [227®]. Made in like idc-nner 
from p-toluidme. Plates, v. sol. alcohol, 

Ethyl sfAsr EtA‘. [116®]. Crystals. 
PHEKYL-o.TOLYL.METHYL.THIO.UBEA 
C„H„N^ t.«. NMePh.CS.NHC,H,.. [121®]. 
Formed from methyl-aniline and o-iolyl-thio* 
carbimide'(Gebh{irdt, B. 17, 2091,3035). PlMes. 

Pheayl-j^tolyl-methyl-thio-nrea. [124®]. 
Formed in like manner from p-tolyl-thiocarb- 
imide (G.). Small trimetric tables. *]3y (lintil- 
latioo with steam it is resolved into the parent 
substances, which slowly recombine in tlie dis- 
iiliate. 

5»henyi.toi.ti.haphthyi;-gfanidine 

0„H„N, %.$. CN,H,Ph(C,H,).C„H,. [below^ 
C0®J. Formed by boiling an alcoholic solution 
of pheiAl-tolyl'thiO'Urea and naphthylamine 
with Pbo (Tiemann, B. 3, 6). Brittle resin, 
forming a crystalline hydrochloride. 

PHENYl-DI-TOLYL-PHOSPHIlfB 
(C,H,M0)^C^Ij. [67®J. Formed from p-bromo- 
toluene (2 mols.), C«HtPCI, (1 mol.), and Na 
(Ddrken, B, 21,1512). Crystals, v. sol. ether. 

D^phenyl-tolyl-phoiphine * C,H,MeP(C,HJ,. 
[68®]. Formed from (C,Hj),PCl, p-bromo* 
toluene, and sodium (Ddrken, B. 21, 1511). 
Small prisms. Yields iC,Hj)jPO(C„H,Me) 
[180®] and (CJl,),PS(C,H,Me) [130®]. 

PHEKYL.T0I,YL.(a)-PINAC0LIK C.^H„0 u. 

Pl'raBNXL'DI-p'TOLtli'STHTLBMX OXIDB. 

PheByl-tolyl-(8)-phiacoU]i 
C,H*.CO.OPh(0,H,),. [137°]. Formed by the 
aot^n of AcCl on phenyl tolyl-(a)-pinacolin or 
on pbenyl-tolyhpinaoone (Zinotcoa. Tliorner, B. 
10,1477; 11. 66,1396; A. 189,110). Prepared 
by boiling phony) p-tolyl ketone with alcohol, 
BClAq, and zina Small dimetrio tables, si. sol 
oold alcohol On beating \vjth soda*lime at 800° 
it yields phenyl-di-tolyl-methane. 

PHENYL-TOLYL-PIKACONB U, 

C,H,XPh(OH).CPh{OH).C,H,. [165®]. Formed 
by treating an alcoholic solution of phenyl p-* 
tolyl ketone wi^ aino and 9,80, (Zincke a. 
Tfadrner, J5. 10, 1476). Minute needles (from 
alcobol|. Decomposed by fusion and by boiling 
alcoholic potash into phenyl tolyl ketone and 
phenyhtmyl-oarbinol. Converted into phenyl- 
tolyl-(8)*pinaoo)in by beating with dilute HjSO, 
at 160®, with HOAc at 190®, with AcOl, or with 
HClAq. AJeoboiio HCl in the cold forma 
pbenyl-tolyl-(a)-piiiaoolin. 

PHEmri-mYL-PEOPAHE C„H,, ic. 
CH,.CHPh.CH.,.O.H,Me. Theo.(817®),«- (312°), 
andp- (803^ compouhds are formed by the action 
oono. H,S04 on a mixture of styrene and o-» 
m-ijand jp-xylene respectively (Kraemer, Spilker, 


a. Bbenhardt, B. 23, 3271). They are oOs, 
miscible with alcohol and ether. * 

PHB!m.TOI.YL.PEOPIOHIC ACID 
CH.^h.CH(0,H,Me).CO.;H. o- [95*5®], w- [80*], 
p- [1.05®]. Forme^ from the corresponding 
nitriles, which are got from the tolyl-ooeto- 
oitriles by treatment with NaOKt and benzyl 
chloride (Papeke, B. 21,1331). The o-nitrile is 
an oil (840®-353°); the m-nitrile [53°] (350®- 
8JJ0°), and thep-nitrile [79°] are crystalline. 

Di-phenyl-p-telyi-prqpfcnic acid, NitriU 
<}H,Ph.CPh(C,H,Me).C^ [121®]. Formed 
from phenyl-^Ktolyl-acetonitrile, NaOEt, and 
benzyl chloride (Neure, A. 250, 160). Neales. 

DI-PWENYL-TOIYL-PYBBOLE U. 

The o- [115»] {aboTa 300'>) 

andp- [203°] tf<ompound8 are formed by distilling 
the corresponding carboxylic aoid.s with lime 
(Hafimann, B. 20, 1492; Paal a. Braiko£f, 22, 
8089). Both crysLliise in white needles. 

DI-PHENYL-TOLYL-PtREOLE CAEBOXY- 

lie ACID Thoo-aoici 

[227°] and its p- isomorido [206°] are got by 
saponification of the ethers, which melt at 135® 
and 146° respectively, and are formed by boiling 
the corrc.spoiiding toluidine with phenacyl- 
benzoyl-acetic ether CH..jB3.CHBz.C0^Et and 
HOAc (Paal a. Braikoff, B. 22,3088). Both 
acids are crystalline and si. sol. ether. 

Di-phenyl-p-tolyl-pyrrole diearboxylic acid 

[253°]. Formed by 

heating C^l,(CO.C,H,.CO^H)4 with p-toluidine 
on a water-bath (Baumann, B. 20, 1489). 
yellowish needles, v. sol. alcohol and CS-. 

PHENYL p-TOLYL SULPHIDE Ph.S.C.lf,. 
An oil got by the action of NaSPh on p-diazn* 
tofuene chloride (Ziegler, B. 23, 2471): 

Phenyl p-tolyl disulphide Ph.Sj.Ctllj. 
Formed by adding l^r to an ethereal solution of 
PhSH and Q.H,8H. Got a)so, together with 
Ph;,S.., by heating toluene p-sulphinic acid with 
PhSH (Otto a. Bossing, 'B. 19,w3133). Thick 
oil, insol. water, scarcely volatile with steam. 

PHENYL p-TOLYL 8ULPHONE C,,H,»SO, 
f«.C,H,.SO,.C.H,Me. [125°], S. (alcohol) 1-62at- 
20°. Formed by the action of P.Pj on a nyxture 
of toluene and benzene sulphonic acid, or of 
benzene and toluene p-sulphonic acid (Michael 
a. Adair, B. 11,116). Formed also from benz- 
efie sulphonic ohlorido, toluene^ and AiCI, 
(Bcokurts a. Otto, B. 11,2068). Prisma or tablets. 

FHEKYL-o- TOLYL-SEMI-THIOCABBAZIDE 
C„H,»N,S U NHrh.CS.Nn.NaaH,Me. [146°]. 
Forrued from phenyl-thiocarbimido and o-tolyl- 
hydrazine fA. E. Dixon, C. J. 57, 260). Pearly 
prisms, v. si sol. water, v. sol. hobalcohol. 

Isomeride C.H^MeNH.CS.NH.NHPh. [163®]. 
Formed from o^tolyl-thiocarbimide and phenyl 
hydrazine. Titreous prisms^v. si. sol water. 

PHENYL o-TOLYL-THIO-DEEA 
UNHPh.CS,NHC,H4Me. [140^. Formed from 
o-tolyl-thiocarbimide and aniliim (Staats, B. 13, 
1S7) and by passing H^S into a boiling solution 
of phenyI-tolyl>oyananude Nrh:0:NC,£[, in dry 
benzene (Huhn, B. 19,2411). Long needles, sL 
sol water. Boiling HGlAq (84 p.o.) splits it up^ 
into aniline, o*toloidine, phenyl'tnioc|rbimide,* 
and o-toiyl-thiocarb^ide ^ainzwr, B. i5,1419). 
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HgO» tu its soldiion in boiling bonzene, 
forms phonyl-tolyl-cyanainide. 

Phonjl-p-tolyl -thio-area 
NHPh.CS.NHO,H4Me. [187®] (S.); [141®] 
(F. a. W.^. Formed fron»p-toiyl4niocarbimide 
and aniline (S.), and from phenyl<p>tolyl-cyan* 
amide and (H.). Platastsl. sol. water. Split 
up by HClAq in the same way as the o- isomeride 
m.), and decomposed by HgO in like manner. 
COCl, passed into its solution in toluene forms 

NPh:0<'^ <^»^^’N cO* r89°l. crystallising ii> 
white needles (Freund a. Wolf, %. 2S, 1466). 

Tetra.w.phenyl-di.o-tolyl>thio-nrsa 
C„n„N,8 t.«. (CHPh,.O.H,.Nn),CS. (123°). 
Formed from CHPhrO,n,.NH, and C8,{Fiaolier 
a. Frauckel, A, 241,368). White needles, insol. 
cold alcohol. • 

iJ«/smiccs.*-NiTBO- and Oit- PoEHTn-TQLTt- 
rnio-uREi. 

PHENYh-p-TOLTL-TrilO-trEEA-a-CABB. 
OXTLIQ ACID. Nitrile 
NUPh.CS.NII.C.H,.CH,.CN. [141°]. Formed 
by warming phenyl-thiocarbimide with amido- 
phenyl-acotonitrilo (Freund a. Iniraerwahr, li. 
23, 2856). With fnrfuraldohyde it forms 
NHPh.CS.NH.C,H,.CCy;CH.C,H,0 (160°) crys¬ 
tallising from aleohol. 

PHENYI-O TOI.YI..DEEA *C,.H,.N,0 U. 
NnPh.CO.NHO.H,Me. [212°]. Formed by 
boiling NPh:C:NC,H,with dilute aleohol (Ilulin, 
Ji, 12,2410). Slender needles. 

Phonyl-m-tolyl urea. (166°). Formed from 
phenyl oyanate and m-toluidine in ether 
(Uuchka a. Sehachtebeck, B. 22, 840). Needles. 

Phenyl-p-tolyl-nrea. [211°] (H.); 1218°] 
•[Freund a. Wolf. B. 25, 1467). Formed by 
boiling phenyl-p-tolyl-eyanamide with dilute 
alcohol [Uuhn, B. 19, 2108). 

Phen:^.di-p-tolyI.nrea C„H„N,0» [136'’]. 

Fomied from [C.H,Me},bLCOCl and aniline 
[Ilammericli, B. 25,1821). ^lecdles, sol. alcohol. 

Dl-phenyl-y).to»yl-nrea N l>lij.CO.N I IC.Il.. 
[130°]. Formed from lJPh,.COCl and n-toluidin'o 
(Michler, B. 9, 713). Needles. 

ife/crenees.—OxY-piiKNYL.ToLTL-nREA. 
[8).PHENYt-D]IIBELUFER0NEO„H,.O,t.e. 

[4|]_O.H.[OH)<gPJ^gH 

"y the action of H^SO^ on a mixture of benzoyl- 
jeetio ether and resorcin (Pechmann a. Duis- 
16, 212C). Plates (from dilute alcohol). 
PHENYL - TTEAMIDO . ACETO - NITBILE 
C4HyCH{CN}.NH.C0.NHy Phaiyl-acetO' 
^triU-wea. [178®] with decomposition. 
Formed by heating equimolecular quantities 
of benzaldehyde'Cyanfaydrin and urea at 100® 
O'lnner a. Lifschtitz, J5. 20, 2355). Prisms. 

V. wl. alcohol, m. sol. hot Water. By boiling 
with dilate HCl it is converted into di-oiy- 

phenyl.glyoxalino «(o)H)-N^°-®®- 

PHEHYl-UBAlIIDO-BEirZOIO ACID t>. vol. 


M.'nI. hot aleohol. By boiling with dilute 
HCl it is converted into di-oxy-styryl-glyoxaliiMk 
n„^NH.CH.CH:CHPh ' 

"”\Nn.eo 

PHENYt - DBAKIDO - PHElTYli. AOETIO 
ACID NHPh.OO.NH.CHPh.CO.JH. [164°]. 
Formed by the action of potash on di-phenyU 
thiohydantoln [Kossei, B. 24,4168). Sol. water. 

Ethyl ether EtA'. [1U6°], Pormod'from 
phenyl-aroido-acotic ether and phenyl oyanate 
(K.). CrystalliM powder, sol. hot alcohol. 

PHEHYl-DRAJCIDO-PBOPIONIfl ACID 
C,„H,.;N,0, t.«. 0,HjNH.CO.NH.OH,.CH,CO^. 
[172'’], Formed by heating D-amido-propionio 
acid^th pBbnyl-urea at 140° [Hoogcwerfl*a. 
van^orp. It. T. C. 9, 49). Tablets and needles, 
m.^sol. cold alcohol. AoCl forms 0„H,.N,.0, 
[234°] and C,„H„AcN,0, [138°]. KOBr and HCl 
form C,Jl,„Br,N,0, [202°] and C,.H,Br,N,0, 
[220’].-d{A'.-CaAV- AgA'. 

Ethyl elhey EtA'. [85°]. Needles. 
fclPHEHYL-UBAZINE «,.H.,N,0, iA 
^NH.CO^ 


I. p. 157. , 

„ „^SEHTL - o - HBAMIDO - CROTO-HITEILE 
0,H,.CH:OaC[CN)H.NH.CO.NH,FW.cro&. 
rAtr^-urea. [160° with decomposition]. Prepared 
°y'“®AtiDg eqaivalent quantities of oinnamio. 
aldehyde-cyanhydrin and urea to 96° tor several 
fmurs j dfae yield is 40 p.o. of the cyanhydrin 
[Pumer a. LifschOta, B. 2363). Needleq, 


NPI<co.nh>” 1''>- Formed by 

hcatingjilfenyl somicarbaEide at 160° [Pinner, 
B. 21, 2329) or phenyl-carbazie other at 240° 
[Heller, A. 263, 282). White needles, v. sol. 
warm HOAc. Yields the aoetyl derivatives 
C„H„AoN.O, [173°]. C„n„Ao,N.O, [163°] and 
the ether C,,H||EtN,0, [137°]. 

FHEHYL-DBAZOIiE v. Di.oxT.riiB)ivi.-Tiu- 

XEOI.E. 0 

PHENYL-DB^ 0,H,N,0 f.«.’NHPh.CO.NHr 
[147°]. Formalum. — 1 . By passing oyanio acid 
vapour into cooled aniline or from aniline sul¬ 
phate and potassium oyanate (Hofmann, A. 63, 
■W; 57,205 ; 70,130; 74,14; Woith, H. 9,810). 

2, From aniline and moist cyanogen cliloride.— 

3. From plicnyl cyamate and Nil,.—4. From mer- 
curio fulminate and aniline [Steiner, B. 8, 618). • 

, 5. From henzamidoxim, NaOH, and benzena 
I sulphonio olilorido (Pinnow, B. 24, 4171). 

IVopcrties. —Monoclinic needles, v. sol. alco¬ 
hol and boiling water, sol. ether. Decomposed 
at 1,50“ into s-di-phenyl-urea, CO„ and NH,. 

Reactions. —1, Cone. KOHAq yields aniline, 
NH„ and CO 2 .-- - 2 . BaryUi-ioater yieilda phenyl- 
bigunnido [Emich, M. 12, 16).—8. AnHim at ' 
190’ forms s-di-iihcnyl-urea.—4. Fuming sul- 
phurio acid forms [1:4] C,H,[NH,).SO.U and 
SO,H.C,H,.NH.CO^ [Hentschel, S. 18, 978).— 

6, OlCO.CO^t forma phenyl-allopbanio ether 
and phenyi-parahanio acid. 

Acetyl derivative NHPh.CO.NHAo. 
[183 ’]. Noodles (MoCrcalh, B. 8, 1181; KOhn, 

B. 17, 2880; Pinnow, B. 24, 4171). 

■ Propionyl derivative. [137°]. Prisms. 
Beneoyl 'derivative NHPh.OO.NHBz. 
.[199°]. Silky needles, v. sol. alcohol. 

s-Di-phonyl.urea C,.n„N,0, i.e. CO(NHPh)_ 
Mol. w. 212. CarbanUide. [235°]. (260°). 

Formation.—1. Prom aniline and.phenyi- 
oyanate [Hofmann, A. 57,206; 74,16).—2. From 
aniline and COCl, [Bofmann, A. 70, »88; Hent- 
sehel, J. pr. [2] 27, 499).—8. By heating dl- 
phenyl-thio-nrea with alodholio potash.—4. By. 
distilling phenyl-urea [H.; Pinnow, B. 24,4172). 

5. By dry distillation of amline oxalate [Hof¬ 
mann, Pr. 16, 835).—6. By heating urea [1 pt.) 
with aniline [3pta.) at 160° [Beeyer, A.131,261) 
or phenyl-urea (1 mol.) with aniline [1 mol.) at • 
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18S® (Weith, S. 9,891).-7. Together with 
^nzamide, and bcnzanilide, by heating di> 
Mozoyl-nrea with aniline at 180’’ (Holleman, 
JR. T. 0. 10, 72).—6. By the action of an ethereal 
eolation of ClCOyCCl, on aniline (Hentschel, J.pr. 
[2] 36, 810).~9. From NHrh.CO.Et and aniline 
at 160° or NaOPh at 220°.-10. From CO(OPh), 
and aniline at 160° • 180° (Eckonroth, B. 18,516). 
11. From C(OEt )4 and anilino at 280° (Bender, 
71. 13, 699).—12. By heating carbamic ether 
with aniline (3 mole.) at 180°-^5° (Saiolka, ilf. 
11,200).—13. From bonzamidine hydrochloride, 
phenyl oyanate, and NaOHAq (Pinner, B. 22, 
1607). 

•ProperftM.—Prisms (from alcotol),v. ^ sol. 
water, v. sol. alcohol and ether. May bo disced. 

iieoeftons.—1. Cone.* R^St), forms CO^Aid 
C,H 4 (NHj)SO,H.— 2. Alcoholic NU^ forms urea 
and aniline (Claus, B. 9, 69.3).—3. PCI, forms 
phenyl pyanato (Weith, B. 9, 810). Q/COXCl, 
also forms phenyl cyanate on floating.- 4. P.,Oj 
forms phenyl cyanato and aniline.— 6 . I5ry 
KaOEt at 220 ° forms aniline and tri-pbonyl- 
guanidine. — G. ClCO.CO.^Et forms di-plicnyl- 
parabanio acid. * , 

Acetyl dertvaftve NHPh.NPhAc. [116°]. 
Xiaminm (from water) (McCreath, B. 8,1181). 

^-Oi-phenyl-urea NPl^.CO.NIl 2 . [189°]. 
Formed from NPlij.COCl [86 ’] and alcoholic NH, 
at 100° (Michler, B. 8 , 1666; 9, 396, 715). 
Foodies. Gives a blue colour with Il^SO,. Split 
up by distillation into cyanic acid and di])heiiyh 
amine. 

Tri-phenyl-nrea Nrh,.CO.NlIPh. [1.36°]. 
Formed by heating a solution of NPh.^.COCl, 
dissolved in chloroform, with aniline at 130° 
(Michler, B. 9, 396, 716). White needles. Iter 
solved by heat into diphcnylamino and phenyl 
cyanate. 

► Tetra-phenyl-nrea CO(NPh,;) 2 , [183°]. 

Formed by heating NPh 2 .COCl with NPh^H and 
zinc-dust (Michler, B. 12,1166). Got also from 
diphenyiamine and COCl, (Girard a. Wiilm, Bl. 
[2j 26, 248). Besolvcd by llClAq at 260° into 
diphenyiamine and CO^ 

llcfercnces* — Atwido*, Bbomo-, CnBoao*, 
CflLojio*NiTBO*, Nitbo- and Oxy- i iiESYL-niiKA. 

m-CABBOXYLIC ACID 
NHPh.CO.NH.C.H 4 .CO,JI. [270°]. Formed by 
heating rn-amido* benzoic acid with phenyl 
oyanate at 100° (Kilhn, B. 17,2882). Prisms, sol. 
alcohol, b1. 8 oi..efher. 

Di>phenyl>nrea di-m-oarboxylio acid * 
CO(CJI,.Na.C(),H)j.. 

Formation,—‘\. By heating w-uramido-benz- 
oic acid (Oriess,^. 1868,650; B. 9,796).—2. By 
heating a mixture of m-uramido-benzoio acid 
with nt-amido-benzoic acid at 176° (Traube, B. 
15, 2122).—3. From tn-amido-benzoic acid and^ 
COCI 3 (Sarauw, B. 15, 44). — 4. By boiling 
CS(C,H,.NH.CO.^), with HgO and KORAq 
(Griess, A. 172,169).—6. By heating urea with 
m-amidO'benzoic acid at 130° (T.). 

iVc^Kies.—Minute ne^idlea, almost Insol. 
water, alcohol, and ether. * 

Salts,—BaA" 8 aq.—PbA".—AgjA". 

Ethyl eiher^i^'\ [162°]. Needles. 

A mide 00 (C 4 H 4 .NH.C 0 .NHj),. Got by heat¬ 
ing urea with m-amido-benzamide at 140° (Schiff, 
A. 232, 140). White powder, insol. water, de¬ 
composing above 270°. 


Bi-phe&yUtireafli-jp-earbozylic acid. Formed 
when urea is heated with p-amido-benzolc Bci<> 
(Griess, J.pr. [2] 6,370). Small needles. —BaA". 

TETBA - PHENYX. UVINONB 
Formed in small quantity in the prepaiution of 
di-phenyl-furfurane by heating di-phcnyl-fur- 
fnrane dicarboxylio acid (Perkin a. Bchlosscr, 
C. J. 57, 966). Thin yellow needles, not melting 
at 280°. H.,S 04 forms a dark-green solution with 
bvek-red fluorescence. 

DI-PHENYL-VALEBAMIDINE C„H„N„ i.e, 
t5,H,.C(NPh).N^JPh, [111°]. Formed by heating 
isovaleric acid with aniline and PCI, at 160° 
(Hofmann, J. 1866, 416). Crystalline, nearly 
insol. water. 

B-PHENYl-n-VAlEBIC ACID 
CHPIiP^CO,H. [52°]. Formed by heating its 
nitrile with FIClAq at 185° (Bossolymo, B. 22, 
1235J. Needles. * 

ATtfrifeCIIPhrr.CN. (261°). Formed from 
phonyI-acetonitrile,*PrI, and NaOH. Oil. 

/3-Pheayl-i.so-valeric acid 0,,H„Oa i.e. 
CH,Ph.CHEt.CO,H. (272°). Formed by reduc- 
tion of plicnyl-angelic acid with sodium-amalgam 
(Bacyer a. .Jackson, D. 13,118). Formed also by 
heating benzyl-cthyl-acetoacetic ether witli cone. 
K01lA(j (Ansohiitz, A. 261,306). Oil.—AgA'. 
Chloride (c. 147°at24mm.). Oil. 
Amide G^Hi^NO. [89°]. Monoolinio 
crystals; rt; 6 :c = *817:l:l*189; /3a'70°2H', 
y-Phenyl-valeric acid 

CILPh.CII.Me.CH,.CO^. (176*5° at 15 mm.). 
Got by potash-fusion from ‘ diethyl carbo- 
benzonic ’ acid, which is a product of the action 
of alcoliolic potash on deoxyberizoin (Anschiitz, 
A. 261, 302). Oil, yielding benzoio acid on 
oxidation. 

Ethyl ether C^HigOa. (M 6 ° at 16 mm.). 

■ Chloride C„H„bCI. (131° at 11 mrm). 
Anilide C,,H,,,NO. [102°]. sTrimetric 

pccdles; a:6:c«'685'l:-608. 

5- Phenyl-valeric ^.cid 

Cn,Ph.CH,.CH,,CH,.00,11. [59°]. Formed by 
reducing CIIPh;CH.CH,.^H,.CO,H (Baeyor a. 
Jackson, B. 13,122). Leaflets, si. sol. water. 

Benzyl ether. (330°-310°). S.G. 
1'027. Got by heating benzyl butyrate with Nfi 
at 130° (Conrrd a. Ilodgkijisou, A. 193,378). 
Liquid. 

Isomeride v. BKKzTL-isonnTYRic acid. 
Itcferevce. —A?.ij>o-, Br- promo-, Di-bromo- 
AM1D0-, Nitro- and O.xy- phenyl-valeric acids, 
PHENYL-VIKYL- v. Stybyl-. 
DI-PHENYL-VINYL-DIAMINE C„H„N, i.e. 
NIlPh.CHj.CH:NPh. [105°}. Formed by heating 
Cil.^CI.Cli:NPh with aniline (Berlinerblau, Af. 
8,187). Sol. alcohol and ether. 

PHEKYL VINYL KETONE CAEBOXYLIC 
ACID V . Bknzovl-acrvlio acid. 

DI-PHENYL-VINYL NITBITE C, ,H; .NO* i.e. 
CPhgtCH.NO,. [87°J. FormedJi»y^aduaUyadding 
HNO,(l pt.) to a hot solution of di-phenyl-ethane 
(1 pt.) in HOAc (10 pts.) (Ansohiitz a. !^mig, A. 
233,327). Needles, v. sol. aloonol and etbe^. 

? TBI . PHENYL VINYL TBISDLPHONE 
C.HvS0,.CH^CH(S0.,0,fl»)y [ 86 °]. Formed by 
oxidising the product of the action of NaSPh on 
OHCl.,.CH.p (Otto, B. 24,1835). Crystalline. 
PHENYL-XYLEKS v. Dx-iiSTHYL-siPB<NTZ 

^d BbBNYL'TOLTL-^TUANB. 
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PHBina-xTUDnrK o„h,.n 

C,H.MvN.HPh. [62°]. (173*at 15inm.). Formed 
by boating xylidine with aniline hydrochloride 
(Oirard a. Vogt» BU [2] 18, 67). Sol. alcohol. 

PHENYL-o-XYLYL-C^INOL C„H,sO U, 
C,n».CH(OH).C,H,Me, [1:3:4]? [68°]. (336® i.V.) 
at 744 mm. V.I), i07’7 (for 100). Formed from 
tho ketone, KOH, and zinc-dust (Kibs, [ 2 ] 
3.^, 460). White radiating needles (frorn alcohol). 
Somewhat decomjiosed by distillation. , 

Pbenyl-tn-xylyl-casbinol 
CBHi.CH(OH).C,H,MoJl:2:4]? [67®]. (331°i.V.t 
at 744 mm. V.P. 102*7 (for lOllJ. Formed from 
the corresponding ketone by reduction (Klbs, 
J. pr. [2] 35, 472). 

Phenyl.j 3 -xylyl-carbinol 
C,H,.CH(OH).C,H 5 Mo,, [1:2:5]. [ 88 °]. Formed 
from tho ketone, KOH, and zinc-dust (Klbs). 
]*i'isins (from idcuhoi); v. si. sol. water, m. sol. 
llOAc, V. 0 . sol. alcoliol and ether. 

PHENYL-p.XYIYL-p.tYMYL-METHAKE 
[2:.5:l)Me,C,n,.CJIPh.CJf,MePr[l:2:r>]. Formed 
from phcnyl-p-cymyl-carbino!,p.xyIene, and P,Oj 
(Klbs, J.pr. [2] 35,1'JB). Oil. 

01 - PHENYL -0 ■ XYLYLENE . DIAMINE 


C.,.,n,„N,t.e. C,H,(ClI,.NfIPh),. [172°]. Formed 
by boiling di-w.bromo-o-.\ylcne with nn alcoholic 
solution of aniline (Lesser, B. 17, 1825). Small 
plates (from alcohol). 

PHENYL o-XYLYL KETONE C,JI„0 i.e. 
C,H,.CO.C,Il,Me, (1:3:4]? [4s'^j. (:M0°i.Y.)at 
711 mm. V.D. 102*2 (for 10.5), Formed from 
li/.Cl, o-xylene, and AlCIl.,; tho yield is 80 p.o. 
(I'dbs, J. pr. [2] 35, 407). Groups of snowy 
needles (from alcoliol). Insol. water, si, sol. 
cold HOAc, V. sol. alcohol. 

Phenyl M-xylyl ketone CJIi.CO.C.H.Mo, 
[1:2:4J. (321° i.V.) at 744 mm. V.D. 102*3 (for i 
i0.>). From m-xyleiio, IlzCl, and AlCI,|S<>llRcher, ■ 
iy.l5,16re; Elbs,/.pr.[2J 35, 40'.)). 6 il. Partly 
ctinverlcd by long boiling vinto (Z*’. 2 )-methyl- 
ntitbraquinone. In presence of a little of tho 
corresponding phenyl - xylyl - caAiinol, {B, 2)- 
methyl-antbraccne is 4ormcd. 

anti-Oxim *• [126°]. Con¬ 

verted by PCI, into C,H,.CO.NHPh (Smith, J3. 
24, 4048). Yields an acetyl dAivative [91°j, 
crystallising in flat prisms. • 

syn-Oxim[152°]. Formed, 


ns well as the preceding body, by tlio action ol 
an alcoholic solution of hydroxylnmine on the 
ketone. PCh at-20° forms C,.H,.C0.NHC,1V 
Yields an acetyl derivative [103®]. 

Phenyl - p . xylyl ketone C«Hi.CO.C,H,Me, 
[1:2:6]. [36°]. (317® i.V.) at 744 mm. V.D. 
106*2 (for 105). From p.xylene, A1C1„ and BzCl 
(Klbs, B. 17,2847; J.pr, [2] 36, 472); the yield 
is 65 p.o. Transparent prisma (from alcohol), 
if.sol. water, m. sol.HOAc, v. e. sol. ether and al¬ 
cohol. Very slightly volatile with steam. Yields 
methyl-anthracene when boiled for a long time. 

ifeaefion.—If has no action in the 

cold, but' on warming HOBz is split off.-»- 
2. H^,0, forms a disulphonio acid 
C,H,Mej.CO.C^(SO,H)„ whose salt BaA'^2aq 
18 V. e. sol. water. ~8. HNO, (S.G. I*r6) at 180° 
forms benzophenone dicarboxylif acid 
C.H*.CO.«,H,(CO^), [1:2:53. 


PHSNTI-O-XYI7L.XXT0NX oiCAEB 
OXYLIC ACID 

[4:3:1] C„H,Me,.CO.C.H*.COJl [2:1]. XyUne^ 
phthaloylic acid. [162°]. Formed by tlio action 
of Aid, on a mixture^! phthalio anhydride and 
o-xylene (F. Meyer, B. 15, 636). Minute prisms 
(containing aej)- Yields benzoio and {4,3,l)-di< 
mothyl-benzoio acids when fused with potash. 

Phenyl-m-xylyl-ketone o.carboxyUe acid 
[4:2;h] CAMo,.CO.C„U,.CO.,H. Formed in liko 
manner'from m-zylone (M.). Needlos, sL soL 
water, sof. alcollbl. 

Pbenyl-p-zylyl-ketone o^arbo^ylie acid 
[5:2:1] C„H,Me,.CO.CJI,.COjU [1;2]. Formed in 
like manner^rom p-xylcne. Amorphous solid, 
ins^wator, sol. alcoliol and benzene. 

(||(^eayl-m-xyly)-ketone (a)-carboxyUe acid 
C„Hj.(;u.C,U,Ma^CO.,H (4:5:3:lj. [160°]. 

Fonned, togctiior with the following isomeride, 
by oxidising benzoyl-mesitylene with chromic 
acid miAure (Lc#ifle, IH. [2] 44, 418; A. Ch. 
[ 6 ]^), 218). Noodles, v. sol. other, insol. cold 
water.— BaA'.^ 2a<i. - MgA'^ Caq!—AgA': needles. 

Phenyl-m-zylyl-kotone ( 6 )-carboxyUc acid 
C,H,.CO.C,IJ,Me,.CO,H [2:6:3:!]. [185°]. Formed 
as aboi«. Tho Mg salt is more soluble than 
that of tho isomeric acid. Eillorcscont needles, 
v. si. sol. hot water. Converted by 0,0, into 
di-methyl-anlluuquiDone [158°].—AgA': neoffies. 

Phenyl-xylyl-kotone dicarboxylio acid 
C.,ri^.CO.CaIIMc,lCO.^H),. Bcmoyl-cumidicacid. 
[85°J, Formed oy oxidation of phenyl duryl 
ketone (F. Meyer a. Ador, J. 1879, 662). Melts 
at 85°, becomes solid, and melts again at 173°. 
—BaA'..2.',aq : long silky needles. 

PHEITyL . DI-p-XYLYL - METHANE 
C..H,.CH(CJI,Mo,)., [1:2:6],. [93°]. (above 860°). 
Fiom plienyl p-xylyl oarbinol and p-xyieno 
(Klbs, J.pr. [2] 35, 476). Or from di»p-xylyl 
carbinoi, benzene, and P, 0 ,. rrisms (from 
ligruin). Its solutions show blue fluorescence. 

Di-phcnyl-o-xylyl-methane i.c. 
(CJl 5 )Cll.C,U,Mo,[1:3:4]. [68*5°J. (above 360°). 
Formed from di-phcnyl-carbiuol, o-xyleno, and 
P-Ps lilernilian, B. 19, 3070). Needles, v. sol. 
alcohol and ether. 

Di-phenyl-w-xylyl-methane 

Me, [1:2:4]. [Cl* 6 °], (ab ove 3flD °). 
Formed by boiling di-phenyi-carbintn with 
w-xylene and P.,Oj (Ilcmilian, B. 19, 3061). 
Prisms, v. sol. alcolml and ether. Oxidised by 
chromic acid mixture to methyl-di-phcnyL 
phthalide and di-phenyl-pUthalide oarboxylio 
acid. 

Di-phenyl-p-xyly!-methaae. [92°]. (above 
300°). Formed by digesting di-phcnyl-carbinul 
withp-xylene and P.,Oj (Hemiiian, B. 16, 2360; 
9L [2] 34, 326; Petrieff, Bl.' [2] 41. 316). 
Monoclinio crystals, v. sol. alcohol and ether. 
Oxidised by chromic acid mixture to di-phenyl- 
methyl-phthalide [179°J, di-phonyl-tolyl-carb' 
inol m-carboxylic acid [c. 253°] and di-phonyU 
phthalide carboxylic a<.id [215°]. 

/({c/erewc.—NiTao-w-XMii)0-pnENY^w-XYLYiF 

UEXnASB. * 

PHENTL-DI-XYLYL-METHANS o-OABD. 
OXYLIC ACID [4:2:1] C,H,Me,.CH,.C.H*.COJf. 
[168°]. Formed by 'reducing phenyl-w-xylyl- 
ketone carboxylic acid with zinc-dust and NH,Aq 
(Gresly, A. 234, 237). Small needles (from 
alcohol).—BaA',aq: pUtos (from dilute alcohol), 
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- Mwrn.-«-XTiTL («)-piirACoii!ro*H„o 

<;*. 0A.C(C,H,M«,),.C0,0,H.. [146°]. Formed 
•by the action of ziao and HClAq on phenyl 
p-aylyl ketone (Fibs, /.yw. [2] 35,477). Clumps 
of prisms {from ligrofn), nif sol. alcohol and ether. 
Boils-lirae at 820° splits it up into benzoic 
acid and phenyl-di-xylyl-methane. 

PHEHTh-XTlYl-PBOPAJfE 0„H„ «. 

0,H,.CIIMo.CH,.0,H,Mej. (324°). Formed from 
1 ^-cumene, styrene, and cone. H^SO^ (Kraemer, 
Bpilker a. Elwnhnrdt, A. 23, 3273). ' 

PS£im-XYlYl PBOmMlC ACID 
0,H,Me,.CgPh.CH,.COJH. Formed from cin¬ 
namic acid, m-xylene, and H^BO, (Iiiebermann 
a..Hartmann, B. 25, 959). Amo|pbous, v. sol. 
warm benzene. When allocinnamio acid iwused 
it is accompanied by another,acid [220°]. \ 
M.PHEllYL-XYI,YI,.P'ntE01E CAIB- 

OXYLIC ACID [254°], 


formed by eaponifj^ing ita o^j ether,*^hich is 
got from pbenaoyl-beuzojl-aootio* ether And 
(4,2,l)°}n>xylidiQ8 (Paal a. Jiraikoff, B. 22, 30U0). 
Small needles, m. sol. hoi alcohol and benzene. 

PHENYL-XYLYL 8Vl?K0SEC,Jl„8O,,i.e. 
0yH..S0,.0,H,Me2. [80®]. Formed froniAenzene 
•ulpnoniooblorido,m-xjleoe,anid AlCl, (Peckurts 
«. Otto, B. 11, 20G0). Yellowish needles. 

^HBNYL w-XYLYL-TJEEA C,jH„NaO ue, 
C.H,NH.CO.NHPh. [131®]. Formed by mixing 
n»>xylidine with phenyl oyanate (Briimtne, B, 
21,2703 ). Wh ite matted needles, sol. alcohol. 

FHElTYTHEONIC ACID 4f. PnaNYL-UKTun,- 
rusruBANX nioARBOXYua aoid. 

PHILLYEIIT C^H^O,, liaq. [160®]. S.-08 
at 9®; S. (alcohol) 2*5 at 9®. A glucoside in the 
bark of Bhillyrea lati/olia (Bertognini, A.02,100; 
118,124). Crystalline, insol. ether. Split up by 
dilute acids into glucose and crystaliino phniy- 
genia OytHjiO., v. sol. ether.. A glucoside 
C„H„0„ ([184®]; S. *06 in the cold, 12*6 at 100®) 
in Olea hagrans is perhaps identical with phil> 
lyrin. It is split up by acids into glucose and 
0„H„0, [70®] (Bykman, H. T. 0. 6,127). 

PHLEIH C„H„0„. [216°]. 8.G. Vifi. S. 
8'2G at 10®. [a]D» —48*5. Occurs in the bulbs 
of oaPS'tail grass {Phleum pratense) and in the 
roots of Baldigera arundinacta (Ekstrand a. 

B. 20, 3310; 21, 507). Carbohydrate 
resembling starch, but not coloured blue by 
iodine. Induces AgNO„ but not Fehling’s solu¬ 
tion. 


PHLOBAPH2|NS C„HmO„. Named from 
4>hot6s, bark, and colour. Occurs in oak 
bark, and formed by boiling quercitannio ooid 
with dilute acids (Hofstotter, A. 51, 63; Gra- 
bowski, A. 145,8; Oser, J. 1876, 903; Buttinger, 
A. 202,270; 240,838). Beddish-brown powder, 
insol water, ether, and cold alcohol. Alkalis 
form a reddish-brown solution; which absorbs 
oxygen from the air. Tamed black by FeCI,. 
Potash-fusion yields protooateobuic acid (Procter, 
C. J. 36,979). Yields 0,JH,yAc,0„. 
and OiaH,oK, 0,>, whiw is insol. alcohol, v.' 
sol wateiK Bromine yields CxHH,tBr|«0|y and 
CMH^r^O,,, which forms Oj^itBriACyO,,. A 
stiBstanoe resembling phlobaphane 

occurs in hops (Stti, A. 180,223; D. P. /. 226, 
354). 

PHLOmiXO THSOBY v.OoKBUBTtOM,Tolil 


pp. 241-2. 


PELOBAXm iA 

GA(OH)aQ4HJ. Amido-retorciiit Formed bp 
passing NH, oTer phloroglncin (Hlasiwetz a. 
Pfaun^er, A. 119, 202). Thin plates (from 
water), si. sol. cold water, t. sol alcohol, insol 
ether. Tams brownoin air. Decomposed bj 
alkalis. Its solutions are not coloured by Fed,, 
—B'HCl- B'gHjSO, 2aq: long yellowish needles. 

PHlOBEtK Cj»H„NO,. Formed by passing 
nitrous acid gas into an ethereal solution of 
phloroglucin (4 g.) containing HNQ, (4 c.o. of 
^.G. V26) (Benedikt, 7, 445; A. 178, 93). 
Lustrous dork-green powder, insol water, v. sol. 
alcohol and ether, forming a dark-brown solution. 
Alkalis form a purple solution. Yields phloro- 
glucin when fused with potash. Zinc and dilute 
form a colourless body, re-oxidised to 
phlorein by 

PHLOBETlO ACID v. p-OxT-a-PBSNYL-PBO- 
PioNfo ACID. It yields a crystalline di-bromo- 
dcrivative (Hlasiwetz, A. 102,145). 

PHLOBETIN [255®]. Formed by 

boiling phlorizin or glyoyphyllin with dilute acids 
(Stas, A. 30, 200; G. Boser, A. 74,178; Hiasi- 
wetz. A, 96, 118; Schill, A. 166, 2; 172, 357; 
229,874; Bennie, G. J". 49,860). Small laminm, 
with sweet taste, ▼. si sol. hot water and ether, 
T. e. sol. alcohol Inactive to light. Bromine 
forms C„n,oBr40,[205®-210®] (Schmidt a.Hesse, 
A. 110,103). Alkaline solutions absorb oxygen 
and turn orange in air; boiling cone. KOHAq 
splits it up into phloretio acid and phlorogluoin. 
Aniline at 170® forms CjiHmNO,, a scarlet powder. 
AcCl gives amorphous OuHi^AosOjaq. 

Salts.—C„H„(NHJaO,: amorphous. Gives 
off NH, IB air.—OjoHigPbjOjo 6aq. -C|iH„AgO,; 
unstable pp. 

PHLORIZIN C.„H„0„ 2aq. Named from 
<p\oi6s, bark, and root. [109®] (when anhy¬ 
drous). S.G. ^2 1*43. S.*lin theoold. Wo--49 
at 15®. Odcurs in the root-bark of tbeapple, pear, 
plum, and cherry tr^e, from which it may be ex¬ 
tracted by dilute alcohol (Stas a. DaKoninck,A. 
15,75; 30, 193; A. C/i. [2]"69, 367; Mulder, 
i liev. Scient. 8,50; Boser, A. 74,178; Streoker, 

' A. 74,1B4 ; Bonnie, C. J. 51,635). Silky needles 
j with slightly bitter taste, si. sol. cold water, v. e. 

I sol. hot water and alcohol, insol ether. Melts 
at 109®, becomes solid, and melts again at 171®. 
'Licvogyrate. Decomposed by dilute acids into 
glucose and phloretin. Gives pps. with baiyta 
and MeOH, with iime-water, and with lead sub¬ 
acetate. Air and ammonia form reddish-brown 
! amorphous phlorizeinCjjHjaNjO,,. Gives a violet 
colour on boiling with ZnS 04 and KNO, (Nickel, 
Fr. 28,248). FeCl, gives a brownish-r^ colour. 
Aniline at 180° forms C^^HuNjO,, a yellow 
powder, yielding a mono- and a tri- acetyl deri¬ 
vative. 

Acetyl derivatives 0„H3^oO„2aq: 
nee^es (from water). — C^HjiACyOia. •— 
Cy(H„Ao,0,eaq: amorphous solid. 

Tri-beneoyl derivative. Powder. 

. isophlorizin OjiHjfOio. [105®]. Occurs in the 
leaves of the apple-tree (Boohltder,^. [2] 4,741). 
livery needles. Its ammoniacal solution turns 
brown in air. Its solution is ppd. by lead sub- 
aoetate. Dilute H^SO^ splits it up into glucose 
and iaophfbretin 0 „H, 40 «, which is v. sol ether, 
and yields phlorogluoin when heated with oooe. 
KOHAq. 




m 


ftKaOnomltOfiifiO, nn^]. Fanned 
by the tetion ot ezeesi ot bromine on a 
dilate aqueous solution ol phlorogluoin (Benedikt, 

A. 189,165 i 0. J. 84,499). Dimetris prisms; 
a:6<-l:l'9. Ihsol. water. Not attacked by potash 
or HNO,. Warm alcohol decomposes it, forming 
panta-bromo-acetono [76°]. NH,Aq forms CBr,H 
andC,Br,H,Nj,crystalliaing from water in colour¬ 
less laminie [124°]. 

PHiiOBoomonf c.h,o, ut. c.H,<pn), 

[1:8:6]. Mol.w.l26. [219°] (Baeyer, B. 19,2186)., 
H R 153,348 (Stohmsan, J. pr. [2] 33, 471). 

Fomatioii.—!. By boiling pbloretin with 
oono. KOHAq (Hlasiwetz, 4. 90, 118).—2. By 

potash-fusioD £romquercetia,maclurin,cateohin, 

scoDarin, Kawboco, dragon’s bloods liujettin,aiKl 
bemapteke (Hlasiwels, d. 112. 96j 119. 199; 
127, 357: 134, 118, 283; 138, 190; Zwonger.d. 
123, 154; Gautier, Bl. [2] 33, *i3; Tildon a. 
Beck, C./. 5?^ 823; Poinoranz, U. 12, 387).— 

3. By fusing rosoroin witlL a large excess of 
NaOH, the yield being 65 p.o. (Barth a. Sclircdcr, 

B. 12, 603).r-4. By soda-fusion from plienol, 
benzene, trisulphonic acid, orcin, and naringciiin 
(Barth a. Schredor, p, 12, 422; AT. 3, 049; 
Will, B. 20,297).—6. By fusing its tricarboxylio 
other with potash (Baoyor, B. 19, 345B).—6, By 
fusing i-di'bronio-phenol with potash (Bljvn, M, 
7,632). 

By soda-fusion from resorom 
(Tiemann a. Will, B. 14, 954; 18, 1323). 

/■fowcrfiVjj.—Triinotrio crystals (containing 
2ari); a:6:C"*825:l;3-417. Melts at 200*^-209° 
when slowly heated, V. sol. water, alcohol, and 
ether; si. sol. NaClAq. Tastes sweeter than 
sugar. May be sublimed. Its solution is ppd. by 
lead aubocetate. FeCl, gives a bluish-violet 
* colour. Reduces Fchling’s solution and am- 
moniacal AgNO|. Its alkaline solution absorbs 
oxygen and turns brown in air. Colours acidified 
pine-woO® red. An alcoholic solulita gives a 
red colour with HClAq and vanillin (Lindt, Fr. 

' 21 ), 260), oil of cloves, or oil of pimento (Ihl, 
Ohem. ZtiU 13,264). • 

Reactiom.—i. Brcptiiu forms crystalline tn 
bromo-phloroglucin and finally phlorobromin. 
2. Chloriw passed into its aqueous solution 
forms tri - chloro - phlorogluoin C,Cl 3 (OH)a 3aq 
[136'^], which soon decomposes into tetra-chloro- 
acetone hydrate, and di • chloro * acetic acid 
(Webster, C. J. 47,423; Zincke a. Kegel, B. 22. 
1476). Chlorine passed into its solution in 
nOAo forms CHC4CO.CHC44aq [49®]. Chlorine 
passed into a cooled solution of dry pbloroglucin 

in diloroform fonus [48®], 

(269®), decomposed by water into COj, di-ohloro- 
aoetio acid, and CO(OHOyj.—3. Dilute UNO, 
form? nitro-phlorogluoin.—4. Ammonia produces 
phloramine.—5. Nitrous acid in its ethereal solu¬ 
tion forms phloreln. In acetic acid solution it 
gives tri-nitroso-phloroglucin (?ol. iii. p.619).— 
6. Aqueous HI at*140® forms nearly tasteless 
Boaloa of phlorogluoideO,,H.«0,2aq,al. sol. warm 
water. Phlorogiaoide is alao got by heating 
phlorogluoin .alone or with POOl,.—7. Heated 
with s^icylie acid it forms two compounds of the 

form Q;H.<“j>O.H(OH)<go>C.H„ on« of 

tbene (desotibed by Kostatieoki and Nesater) 
which ?i,lds an acetyl derivatiTe OkH|0,(OAc) 


[218°]; th« other loomeride [826°] oryotolijaM 
from HGAo in green-yellow teble».-8. With 
0 . amulo - bcttioie aldehfJt and SaOHAq it, 
forme red possibly dl-oxy-aciidme 

O.H,(OH),<gg>0,ti:„ which forma B'AP‘CI. 

and C„H,Bz,NO, (Eliasberg a. FtiedlSnder, B. 
26, 1752).—9. Plienyl cyanaU unites, forming 
O.H,(O.CO.NHPh)„ a yellowish powder [128°] 
(Goblsohinidta.MciBsler.B.23,209).—lO.Beneme 
stilplwnic cJiloride added to the slightly alkaline 
solution forms (i,H,(0.80,C.H.), [117°] (George- 
I sen, B. 24, 418).-11. Aniline at 210° forme tri- 
1 plioiiyl tri-amido-benzene [198°] (Minunni, B. 

' 21, 1984).—12. I'hloretie acid at 170° foijna 
! C„HfcO,„ orfstallising from water in lanunn 
' '"‘^iwetz, .4.119,199). 

Tri-oxim 0,H,(N0H),. Formed from 

phloroglucinaudac]Ucoa8bydroxylamine(Baoyer, 

B. 19.159). Colourless orystala, r. al. sol. water 
and alookol, sol. %ikalis and acids. Explodes at 
isy. 

Phenyl-hydrazine de^ivativez- The 
salt 0.H,03N,H,Ph [78°-83°] is got from phloto- 
glucin (1 mol.) and phenyl-hydraaine (3 mols.) 
in alcoholic solution (Baejera. Koohenddrfer, B. 
22,2190). Nodules, sol. alcohol and ether. Cold 
NaOHAq sots free phenyl-hydrazine. In aloo- 
I holio solution it changes on keeping to 
•C;H,(OH)(N,,H,Ph)j [144°], which orystallisea 
' from toluene in needles, and yields a penta- 
bcnzoyl derivative [170°], 

Tri-acetyl derivative OjH,(OAc),. 
[106°]. Got by heating phlorogluoin with AcCI. 

Di-benzoyl derivatives Gun 3 (OH)(OBz)j. 
Two isoracridee [1C5°] and [191°-196°] are got 
from phlorogluoin with BzCl. The compound 
[1(15°] is more sol. benzene than the other 
(Skraup, Jf. 10, 391, 722). 

Tri-benzoyl derivative 0,n,(OBz),. 
[174°]. Formed, togother with 0|,H.(OBz), 
[199°], by warming phlorogluoin with BzOl and 
NaOH (S.). Plates, sol. benzene. 

Tri-methyl 'ether 0,11,(OMo),. [62°], 
(250°). Formed by passing 1101 into a eolation 
of phlorogluoin in MoOH, the teenlting 
0,n,(OH)(OMo),, being treated with Uel and 
KOH (Will, B. 21, G03). Orystale, injWfrt%ter 
and alkalis, v. sol. alcohol and ether. Oono. 
HNO, forms a blue solution. Bromine gives 
C,Br,(OMo), [145°]. When pbloroglucin is 
treated with KOH and Mel the products ere 
O.U,Me,0, [184°], O.H,Ms,0, [114°], and 

0,Me,0, [80°] (Margulies, M, 9, 1062; 10, 469). 
When tctra-methyl-phlorogluoin is heated in 
sealed tubes with HOlAq it yields isopropyl 
ketone, isobutyrio aoid, UOAo, and 00.. Hence 

it would appear to bo 

(Spitzor, M. 11,104,287). Hexamethvl-pWoro- 
glucin heated with HJAq at 200° produces iso¬ 
butyrio aoid and C,H,.. and, on oxidation, yields 
di-isopropyl ketone. Uence it would appear to 

b.CMe,<°«;®l:p>CO. 

Di-ethyl ether C.H,(OEt),jOB). [If]. 
Made by passing HCl into an alcoholic solution 
of phlorogluoin or its carboxylic aoid (Will a. 
Albrecht, He 17, 2106). Long while Beodlei, 
May be distilled. 
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TrUtihyl eiher 

'lerwitaJ 


[43®]. Got 
£tl and aloo* 


bj heating the di-ethyl ether 
^olic potash (W. a. A.). 

P6tita-4thyl derivative v. roh ii. p. 605. 
Tri.phenyl ether CA(OPh),? [176®]. 
A product of the action of Na on phenyl acetate 
(Hodgkinson, 0. /. Proc, 2,188). V. el. sol. Aq. 

Be/erences.-Tm-nnom-, BaoMO-W-iono-, 

TRI-Oufiono-, Nitroso-, and Nitro- phlorooIiUCHI. 

PHLOKOOLBCIN CABBOXYLIC ACID v. 
Tri-03Cy-denzoio acid.. • 

Phlorog'Jncin tricarboxylic ^cther'CijH^O, 
i,c. 0,(0H],(C0,Et),. [106®]. Formed from 

malonio ether and ZnEt, (Lang, B. 10, 2937). 
Fr^ared by dissolving Na (14*4 &) in malonio 
etlflr (200 g.) at 100® and heating the pr^nct 
for six hours at 145® (Bneyer, JJ. 18, oW?; 
Bally, B. 21,17(>6). In this preparation an an- 

[170®] is also 


hjdride C.(OH),(CO,Et),<gQ 


formed. Needles (from dilute alcohol), insol. 
water. Does not react with nuroiia acid gas. 

Beactions.-^lf Potash-ftision yields phl«$ro- 
gluoin.—2. Bromine in CS, ppts. bromo-phloro- 
giuoin dioarl^ylio ether [128®].—-3. Chlorine 
gives tri-chl^o-acetamide.—4. Phenyl f^janate 
and 0^, at 200® form 0«(0.C0.NHPh),(C0,Et), 
[195®] (Goldschmidt a. Meiasler, B. 23, 270). 

JPri-aoetyl derivative Ca(OAc),(COaEt),. 
[76®]. Needles (from alcohol or ether). 

Oxim C,H,(NOJJ),(CO,Et),. [171®]. 

BHLOROGLirCIN-PHTHALElN 
Formed by heating phloroglucin with phthalio 
anhydride at 170® (Link, D. 13,1652). Minute 
orange needles, si. sol. water. Its alkaline solu¬ 
tions are orange-red, williout fluorescence. Zinc- 
dust and NaOHAq reduce it to phloroglucin- 
phthalin on amorphous roddish-yoUow 

niMs. 

PHLOROGLUCIN SULFONIC ACID 
C^HjSO, i.e. CuHj(OH),.80^11, Formed by mix¬ 
ing phloroglucin with H„Sp, (SohiiT, JJ, 6,26 ; 
A, 178,191). Yields a crystalline K salt. FOClj 
converts it into the anhydrides C^jHioSjO,,, v. e. 
sol. water, and 0„ll,B30,«, si. sol. water, and 

GjiHiiSjOij. 

PELOROL V. o-Ethyl-pitrnol. 

laif^RONE V, Xyloquinone. 

PH0R0NEC„H„O i.e. CO(CH:CM03)j. Mol. 
w.m [28°]. (197®)at743mm. S.O. Y‘S85. 

1*500 at 20® (Bruhl. A. 235, 16). Be© 
70*93 in a 14*6 p.c. benzene solution. Fonned, 
together with mesityl ozide, by leaving acetone 
in contact with quicklime (Fittig, A, 110, 32), 


Oxim 0,H„:N0H. [48®]. (218®). Table*. 
V. sol. alcohol (Nageli. B, 16,496). 

Isophorone. The substance to which this 
name has been given is a mixture (Laycook, 
i. 258, 230). 

Camphor-phoiose C,H|.0 ic. 

/OHyCHjv 

CMe^-yCFr (KSnigs a. Eppens, B. 25, 

\co-/ 

26p).i (208®) (Kachler, A. 164, 79). Got by 
l^istilling calcium camphorate (Laurent, A. Ch. 
njj 65, 329; Gerhardt 4. Lids-Bndart, A, 72, 
iOd) and by heati ng camphor (1 pt.) with HjSO^ 
(4 pts.) at 100® (Bchwanert, A. 123, 298). 
Colourless oil with aromatic odour. Inactive to 
light. PCI. yields C,II„C1 (205®). Yields a. 
Aiethyl-glutaric and acetic acids on oxidation. 
Na followed by Mel yields- C„H„MeO (225®- 
230”). Na foffowod by AcCl yields C,gH.„Ac03 
(230®.-240°). Bromine in CS^ fohns C,,H,,Br30 
[52®]. 

PHORONIC ACra 0„n,H0j. [184®]. Formed 
by saponiheation of its nitrile, which is got by 
boiling the product of the action of gaseous IlCl 
on acetone with alcoholic potash (Pinner, B. 14, 
1071; 15, 585). Largo prisms (from dilute al¬ 
cohol), si.sol. water.—KIIA" llaq: needles, v. sol. 
water.—CaA"3aq: prisms.—Ag.A"aq: pp. 

Ethyl ether Et^A". [125®]. 

Amide, [above 300®]. Prisms. 

Anhydride CjiHigO.. [138®]. Got by 
heating the acid at 190®. 

Jwitfe C„H„0,(NH). [205®]. Formed from 
the anhydride and alcoholic NH:,. 

Nitrile [above 320°]. 

PHOSRNR V. Bynanthrene. 

PHOSGENE GAS. Another name for COC1,; 
9. Carron oxychloride, vol. i. p. C92. 

PHOSPHAM. (?)PN3TJ. When dry NH, is 
passed into well-cooled PCI,, a solid colourless 
mass is obtained, said by H. Hose t8 contain 
PCI, and NH, in the ratio rCl,:5NII, (P, 24. 
308: 28, 529). This substance is probably a 
mixture of various compound^, other substances 
are formed if the PCI, is uot cooled. If PCI, is 
treated with NK, at the ordinary temperature, 
dNII, are absorbed by PCI, (JI. Rose, J.c.); from 
this product ether dissolves out N,P,CI, (ti. Ni¬ 
trogen vnosPHscnLORiDK, vol. iii. p. 570); if the 
product is lieated, HCl and Nn^Gl are evolved, 
and a white, loose powder remains, to which 
Gcriiardt {A. Ch. [3] 18,188; 20, 225) gave the 
composition PN^H and the name phospham. 
Liebig a. WOhler {A. 11,139) obtained this com¬ 
pound by passing PCI, or PCI, over heated 


Fonned also by the action of cono. HCIAq on | Nil,Cl, and washing and heating the product; 
acetone (Baeyer, A. 140, 801), and by heating they supposed it to be PN,. The same substance 
nitroBO-triaootonamine with potash (Heintz, A. I was obtained by Pauli {A. 101, 41) by heating 
187, 250). Yellowish prisms. Yields acetone, : an intimate mixture of P^S, and NH^Cl, also by 
oxalic acid, and CO, on oxidation with KMnO* heating red P with S and Nil,Cl, and by heating 
(Pinner, B. 16, 591). Slowly combines with ! powdered Ca phosphide with S end NH,CI, and 
NaHSO„forming di-isobutyl ketone di-Bulphonio washing the residue with an acid. Pauli’s 
acid. Yields ^'-cumene on heating with PjO,! analyses showed less N tlianMs required by the 
and mesityleue on heating with cone. H^SO^. formula PN3H. By treating PCI, with NH„ 
Yields mefltyl oxide on ^stilling with dilute washing for a long time withf^ater, digesting 
HjSOi (Claison, A. 180, 18). Bromine in w^h HCIAq, then with KOHAq, washing with 
forss O^IifBr^O [88®]. Zinc and H.SO, reduce water and then with ether, Salzmann (£.7,494) 
it, in alcoholic solution, to deoxyphoronoC,All;2aO obtained a substance resembling phospham and 
[108®]. HI forms CgHigl^O [13°] (Kasaneff, B. j approximately agreeing with the composition 
8, 485). Phorone does not react with benzoic | PaN,H,; Salzmann regarded this substance as 
aldehyde (Claiseu, £. 14, 352). \ probably a mixture of several very similar com. 
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|K>aadf ot P» N, and &. Bosson (C. B. 114, 
riG4) says that PCl^ absorbs 8HN„ and that on 
heating PN^ is formed. 

PhoBpham is a white, loose powder; in¬ 
soluble in ordinary solvents; melts and vaporises 
when heated in absence o#air; oxidised by heat¬ 
ing in air; yields UPO, and UN, when moistened 
with water and heated (Gorhardt, f.c.j; fused 
with KOH or £aO.,H, forms Nil, and ortlio- 
phosphato, with incandescence. 

Phospham may be regarded as one of the 
Ditrilesof thdl P0.0U.(0NHJ,-4H,0 

»* PN.,H; the other nitriles would be PON, which 
is known (t>. Phosphorus oxyntthidk, p. Hi) 
[PO(OH),ONH* - 3H,0 = PON],nnd PN 3 n,.whicli 
has not been isolated [PO(ONH,j^ —4U.,0 
«PN,HJ. Mendelcjcfl {IS. 23, 3172 notr) 
thitiks it likely that phospham ^ a polynierido 
of PNjH, inasmuch as it is amflogous to N ,11 
{hi/drazoic acta, vol. iii. p. 659) and both P and P 
compounds show a greater readiness to poly mm-iso , 
than N and compounds of N. M. Si. P. M. 

FHOSFHAUIC ACIDS AND ALLIED COM- 
FOUNDS. Two aniic acids may be derived theu- : 
rot i cally from PO{OII)„ viz. PONH.,(OH), and j 
PO(NH.,),OH; both aeids have been isolated. 
Tho compound PO(NH,,), is described as 
, pHoBPUAMioK, and PO.NH.NU, as Pjiosphamiih). 
iMiDK {infra). Tho two thiophospliamic aeids, 
rS.NIL.(OII), and rS(NIL)d>lI are probably 
formed by tho action of Nil., on PSCl, (u. 
ruoBPHOBVL cnLOuiDK, Itvantion 7, p. 14H). Tlio 
three amic a(^ls (or salts of ti.esu) derivu- I 
ble from ll,P..O, are Jcnqwn: P.().,N1I,(0H)„ ! 
r.,0,(NH,),(On).„ and P,0,(NIl,),0n. JJy lieal-' 
ing P,0,(NH,),0H tho NH, salt of tho acid 
P.,Oa{()Jl)N is obtained. There are also several 
acids (or tlicir salts) known, which may be derived 
from hypothetical p 40 ;(Oil)rt[ 2 P.,()^(OH) 4 -H ,,0 
== P^O,f<AU),jl by replacing OH by or NH. 
Imidopnosphorio acid, PO.NIl.OII, perhaps 
exists. 

PfiosPHAMio A«i) PO.NH.,(OH^,. { AmidophoH ’ 
phow. acid.) Obtained by Stokes (Am. 15, 198 
*1893)) by suspending the lead salt in a little 
ico-wator, decomposing by excess of Il.^S, and 
filtering into alcohol. White microscopic cry.s- 
tals-; easily sol. water; docs iio^ give NH, with 
caustic alkalis;heated to 100° is slowly chang^l 
to an NH* salt, perhaps NH,.PO.i 5 aqueous f^olu* 
tion soon changes to NH,H.,PO*. Acid an<l 
wormal salts have been prepared. The lead salt 
is formed by adding lead acetate to a solution of 
PO.NH,.OH.OK, which salt is produced by add¬ 
ing alcoholio NH, to an alcoholic solution of 
PO.Cl(OPh),, and saponifying tho PO.Nll.,(OPli), 
thus formed by KOHAq. 

Pbosphodiamic ACID PO.{Nn2).^On. (Diamido' 
phosphoric add.) Stokes (B. 27, 605 (lH94j) 
prepared this acid by saponifying the productof 
the action of Nl^q on POCI,{OPh). The acid 
gives salts PO(NtT 3 ),OM, and also salts of an 
acid P(NHA,(On), (Absiract in C. J. 60 [111, 
1.S8‘[1894]). # 

Pyrophosphamio acu> P,0,(Niy(0H),. Xhis 
is said by Gladstone (0. J. 17, 229) to be the 
chief product of the action of NH, onP,0,; 
Rchiff (A. 103,168) formulated this product as 
PO.NHdDH, imido-phosphoric add ; Stokes {l.c.) , 
stfys thf product is a mixtoro. For details v.J 


O, {Ui also C. /. d, 135; 31 64); ^Iso G. a. 
Holmes (C. /. 17. 225). 

PYBOPlIOSPIfODIAMIO ACID P,0,(NHa),(OH)* * 

(G.. 0, J. 19, 290; O. a. H., Lc.). Formed by 
action of water or alkalis on N,P,C1„ by treating 
pool, with cone. NH,Aq, and in many other 
I ways. A white amorphous solid, easily soluble 
; in water and ulcoliol. Tlie acid is dibasic. Tho 
I salts aro dillicult to obtain pure,, as they easily 
j change into pyropho.sphamatos; salts of Ba, Ag, 
i and Ziiaire doKcribod. 

I PviloftlOSPHiTRIAMIO ACID P,0,(NH.,),OII 
! (G., C. J. 19, 1; 21, .64). Dry Nil, is passed 
: into POCl, until saturated, tho product is heated 
I to 220° and foiled for a short time with water, 

1 the «sidno is Washed with cold water, and if\en 
i w^a little dilute alcohol. A white, amorphous, 
tasteless powder, nearly insoluble in water; 

1 slowly acted on by cold water, more quickly by hot 
water, yielding iy>,(Nl[,).(OH),Aq and NH,.\q; • 
boiled w^lh gives H,PO* and NH,. Pyr*)’ 

jd^sphiftriaviates of Nil,, 13a, Cd, Co, Cu, Cr, 

Fe, 1M>, Mg, Mu, lig, Ni, Pt,*K, Ag, Tl, and Zii 
are described; the acid is said to be tetrabasic. 

PvaornoapiioNTTniLio acid P,(^{0H)N. Tho 
Nil, sftit of this acid is said to bo formed by 
heating P..O;,(NH,) 30 H, and the K salt by boat¬ 
ing PA(NH,),0K (G., O. j. 22.19). 

TliTUAPlIOSPtrAMIC ACIDS ANI» AliDIRD ‘COM¬ 
POUNDS. By tho reaction of Nil, with POCl, 
under dilTcrciit conditions, Gladstone (0. J. 21, 

261; 22, 15), obtained various compounds which 
may be regarded as (1) tetraphrnphodiamic add 

P, OXNH,),(OH)*. (2) P*0,{NH,),(0JI), tetra- 
\ jdiosphoti tramic acid, (3) 2 Mraphosp^-imUlo^ 

■ tetraniidc P*(),(NIl 2 ),NU (called by G. tetru’ 

: phosphopentazotic acid), (4) ? tctraphospliodi- 
I imulo-duimide P*(),(NH.^) 2 (NH), (called by G. 

; ti-traphospholttrimic a>ci(l). Some of the ahovo 

acids are regarded by Mcnte (A. 248, 232) as 
; imido-acids. M. M. P. M. 

I PHOSFHAM1DE3. I. Piiospiioitio tbiamidr 
i O.P(NIl 2 ), {P}iosp}u>ryl triaviidc) [derived from 
; O.P(OH),-lI,PO,]. This compound is said by 
SchilT (A. 101,300) to bo obtained by passing NH, 
gas into POCl,, and treating tho product witft 
. water. Itlsdcscribedasasnow-white,amorphous 
solid; heated out of air gives NH,and PfflT-vfnaAiI 
I with KOH gives NH, and K phosphate; scarcely 
; acted on by boiling water, KOHAq, or dilute acids; 

; soluble ill hot c(mc. H^SO,; slowly attacked by 
boiling cone. UNO, or HClAq. Gladstone (C. /. 

22, 18) could not obtain this compound. 

II. Pnospjionous niAMiDK OH.P.(Nn,), [de¬ 
rived froii^ OU.P(OH),-»H,PO,]. The white 
powder produced by passing NH, into P^O, in 
benzene or ether has probably this composition 
^Thorpe a. Tutton, 0, J. 69, 1027). It dissolves 
in water with incandescence; HClAq reocis 
violently, forming ilon-inflammable PH,, P, 
NH.CI, H^PO^Aq, and Il^PO^Aq. 

TinopitosniAMiDK is described under Thio* 
PHospuoitYL cuLoniDK, llcacUons, No. 7, p. 148. 

MieM. P. M. 

PHOSPHAMIDO-miDE PO*NH.NH, {Phos- 
' phoryl imido amide. Formerly called Phos- 
! phodiamide) (Oerhardt, A. Ch. [3] 18, 188; 

I SchifI, A. 101, 390). Obtained by saturating 
PClj with NH,, boiling the product with water 
as long as UCl passes into solutioa, then boiUog * 
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with potashi then with HNO,Aq or H,SOAq, 
washing, and drying over ^SO^. A white 

t owder.inaoloblein alcohoi, water,or tnrpentine; 

eated out of air gives NH, and PON; heated 
in moist air gives NH, ahd HPO,; fused with 
KOH gives K phosphate and KB^; slowly 
oiidised by fusion with KNOj, but resists action 
of most oxidisers. M. M. P. M. 

PHOSPHATES. SalU of the phospl^oric 
acids. Besides the salts directly derived from 
the three, phospborio acids H 1 ^ 0 „ H iPOf, and 
H,P,0, (v. pHOSPUonio ACii>B,(,p. 124), phos* 
pbates exist which are probably derived from 
hypothetical di-, tri-, or meta- phosphoric acid 
nUPO,; and a few salts have been isolated 
which are perhaps derived from the hypotheti¬ 
cal acids P,0,{0H), and P„0,„(0H),y 

Oampo^ion.—Orthophosphates are ae- 
rived from U:,P 04 ; they may be divided into 
• classes according to the replacing powers of the 
. metals: ( 1 ) monovalent metals form KHjP 04 , 
M,HPO,, andMJ^O^; (2) divnient metals form 
MH,P,0„ MHPO,\ iind M.P,0.: (3) Inralint 
metals form MlIyP^OH and M^P^Oh; (4) tetra- 
valent metals form and M^P^O.^. 

Pyrophosphates are derived from IljP^O,: 
( 1 ) salts of monovalent metals and 

MfP^O;; (2) salts of divalent metals MII^P,0, 
an^M^jO,, <tc. * 

Afetaphosphates are derived from HPO,: 
(1) salts of monovalent metals MPO,; (2) salts 
of divalent metals MP.Pe, &o. Various moditi- 
cationa of Na (and otlier) meta])ho 8 phates are 
known, all having the empirical formula MPO,, 
but differing both in physical and chemical pro¬ 
perties from one another; those salts were clas¬ 
sified by Fieitmann a. Kanneberg {A. 66,304; F., 
jP. 76, 233,338) as: (1) dimetapJmphates, salts 
of H^, 0 «; ( 2 ) trimetaphosphatest salts of 
H,P,0,; ( 8 ) lctrantetap}u)sj>}uifes, salts of 
H 4 P 4 O 1 ,; and (4) hexametapliosphate.’i, SsUts of 
n^P^OiA. Tammann {2, P. G. 6 ,122) has exa¬ 
mined the electrical conductivities, and the de¬ 
pressions of freezing-points, of aqueous solutions 
of several di-, tri-, and hoxa- metaphosphates; 
he comes to the conclusion that Floitmaun’s 
dlmetapbosphates should be represented in 
solution as M 3 (rO 0 ., (t.c.as trimetapbospbates), 
and Idadst-is tri- salts when in solution are really 
M,(P 03 ), («.«. diinetapbosphates). Tammann's 
results point to the existence in aqueous solu¬ 
tion of 6 isomeric hexametapliosphates which 
may be represented as (i.) e.g. 

Na,.Na,(POl,K.;.Na 4 (PO,),; (ii.) M^.MiPb,).,^.®. 
Na 4 .Na.(P 03 LAg..Na,(P 0 ,),‘, (iii.) M.MiPO,), 
e.g. Na».Na(rO,),. (Nii 4 ),.Na(PO,),. There are 
also, according to Tammann, three different Na 
meiaphosphates insoluble in water (v. also T., 
J,pr. [2J 45, 417). 

Tefro- and deka-phosphates. Salts of 
the compositions Na^PfOia are 

obtained by fusing together NafP^O, and 
Naa(PO|)a; these salts may be regarded as de¬ 
rived firom the bypotbotioal condensed acids 
HaP^O,, (-OH^PP, - H.,0). and H,,P,.0„ 
(■i 6 H 4 PaO,- 4 H^), respectively. 

The composition of all the phosphates may 
be represented empirically by the expression 
iiM 0 .fnP, 0 t.«H 30 , where MO stands for a bMio 
oxide. 

Occurrence. —Phosphates of A1 and Ca occur 


I in la^ quantities ^ .wm* ituuBpoaiet 
of Fe, Pb, Mg, NH 4 , Aei are also widely dis- 
I tributed minerals. Goprolites (the fossilised 
: excrements of former land-animals), and guano 
: (the excrement of certain birds) consist very 
largely of Ca phosphate. Phosphates occur in 
some kinds of coal, in the ashes of plants, ahd 
in the bones of animals. 

Formation.—Some of the orthophosphates 
are obtained by reacting on HjPO^Aq with me- 
taMio oxides or carbonates; others are formed 
b,v double decomposition '^rom the alkali phos¬ 
phates ; when a^etaphosphate is fused with a 
metallic oxide or hydroxide a normal ortho¬ 
phosphate is generally formed. Many pyro- 
phosphates are obtained by double decomposi- 
: tion from ,Na 4 P.jO„ which is formed by strongly 
; beating NajHPOi; other pyrophosphates are 
found by neutralising HfP^OjAq by basic oxides 
i or hydroxides. Mctap}wsphate8 ’are generally 
I formed by strongly heating orthophosphates 
I or MRIIPOj, when M or It Is a metal 

! whose oxide is volatile; many are produced by 
! double decomposition from NaPO,; some are 
formed by heating Cu,(P 03)4 a metallic 
sulphide and filtering from CuS. 

The processes by which any one of the three 
classes of phosphates is formed from another 
is perhaps best understood by representing the 
phosphates thus: 

meta pyro ortho 

Metaplxosphate becomes pyro- bj gaining M^O, 
and becomes ortho- by gaining 2 M.p, and so 
on. Metaphosphate fused with metallic oxide, 
hydroxide, or carbonate yields pyrophosphate or 
orlhopbosphate, according to the quantities used; 
tlius (1) 2NaPO,-f Na.,C 03 = Na 4 P. 40 , + CO., ; 
(2) 2NaPO, + 2Na,CO, * QNa-^PO, + 2CO^. The 
metaphosphato of a heavy metal yields an or- 
thophospha^oand HjPO, by boiling witfi water; 
thus S AgPO, -h 3n,0 « Ag^PO, -l- 2 H 3 PO*. The 
change from a pyro- to an ortho- phosphate is 
often effected by boiling with' water, the pro¬ 
duct being on acid salt, ,thus Na^P^Oj + HjO 
= 2Na.JirO,; or the pyrophosphate is fused 
with hydroxide or carbonate, thus 

Ba,P.A + CaO^H., - + H ,0. 

Acid orthophospiiatos with one atom of II yield 
P)WO-phosphate8 when strongly heated, e.g. 
UNajHPO, —H.^ 0 «Na 4 P, 0 ,; and those withtwo 
atoms of H yield metaphosphates, e.g. 

Nana> 04 -H, 0 -NaP 0 ;. 

Similarly a double orthophosphate of the fomf 
MjUl’O, yields a pyropliosphale on beating 
if B forms a volatile oxide,* s.g. 2 Na 3 (NU 4 )P 04 
s«Na4pj0, + H 30 + 2 NH,. The removal of M-^O 
from a normal orthophosphate with formation 
of a metaphosphate is often effected by fusing 
with SiO, or B^O, or other anhydride which 
forms a salt with M,0, e.g» N^P 04 -}-Si 0 « 
-NaPO,-»-NaBiO,. 

The metaphosphates formed by the processes 
sketched above belong to several series of 
salts all of which have the emi^ical formula 
nMPO,. According to Fieitmann a. Henneberg 
(A.' 66 , 804; F., P. 78, 233, 838), these salts 
belong to five series. 

Monomelaphosphates MPO,. Not many of 
these have been obtained with certainty; they 
are produced by heatmg alkaline oxides with 
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^oiv&leni ol H,PO« to redness oniQ 

the residue oe&ses to give an aeid reaction (the 
temperature not being high enough to melt the 
mass), and crashing the residue with cold water; 
some of the 8 alts->e.( 7 . NaFO, and KPO,—are 
formed by heating or MJIPjO, to red- 

ness (c.'816*^)* till the residue ie almost wholly 
insoluble in cold water (Maddrell, C. S. Mem. 3, 
273). 

Dimetaphosphates M,P,0«« The salts of Cu» 
Zn, and Mn are prepared by heating oquivaleht 
quantities of MO ainfUaPOfto redness. Thg 
Ka and salts are obtainedrijy decomposing 
the Gu salt by Na^SAq or NH^ sulphide solu¬ 
tion, filtering, and ppg. by alcohol. These salts 
yield others of the series by double decomposi¬ 
tion. The salts of this series are soluble in 
water and crjstallisable. Tamnmnn (if. P. C. 6, 
122) thinks tl^se salts are really trinictaphos- 
pliates (v. Properties attd Iteactions). 

TrimetapfMsphates M,I40,. The salts of 
this series are crystalline. The Na salt is pre¬ 
pared by slowly heating NaNIl^HPO, with fre¬ 
quent stirring, till the residue has a fuiiiUy acid 
reaction, treating with oold water, filtering, and 
allowing the filtrate to crystallise. The salt is 
also formed by heating NaNU 4 Hr 04 till a glassy 
mass remains, and cooling very slowly. Tlie 
other salts are obtained from the Na salt by 
double decomposition. Tarnmnnn (f.c.) regards 
these salts as dimetaphosphates (v. Properties 
and Reactions). 

TetrameUipJiosphates M^P.Oij. PbO is 
heated with H^rOi to redness, as in making the 
Cu, Zu, and Mn dimotapliospbates (o. supra ); 
the crystalline salt which is formed is insoluble 
in water, and muoh more easily decomposed by 
acids than the Pb salt got from The 

Ka salt is obtained by decomposing the Pb salt 
by Na,BAq; and other salts are obtained from 
the Pb salt by double decompositi<ih. Salts of 
Bi and Cd are obtained similarly to the Pb salt. 
These phosphates are nncrystallisable. Tam- 
niunn {J.pr. 417) says that CuNa.jP, 0,2 

is the only salt whiob certainly belongs to this 
Buries. 

HcxametapJwsphates MjP.O,,. NaNIIJIPO, 
is heated till ar glassy mass remains, which is 
cooled rapidly (Graham, T. 1836.253). The Na 
salt yields others by double decompositioSi. 
These suits are non-crystallisable, and dry to 
resinous-like masses. Tammann's exporinteiits 
Ux.) seem to show that Na^PyO,, is a mixture of 
several isomeric salts (v. p. 118). 

Tammann (Z.c.) describes salts belonging to 
the series of oiltO; deka-, and tetrakau 

deka- n\etap}mphaUs. 

Teirap}iosp}iates M^P^O,,. A few of these 
saUs bava been prepared, e.g. Na^l^O,, by fusing 
2NaP0, + Na 4 p, 0 „ and Ba,P,0„ by fusing the 
Na salt with BaOi, (F,. a. U., A. 65, 304; Uels- 
mann, A. 118,99h 

Dekaphesphe^ The Na salt was 

obtained b^ fusing NafP^O, + 8 NaPO, (F. a. H., 
lx.) ; some otifcer salts were obtained from the 
Ka salt by double decomposition (U., lx.). 

Properties and Peoctions.—The orthopnos- 
phatet MHjFOf ^ssoWe in water, forming acid 
solutions; the dlmetallio salts M^HP 04 dissolve 
in water when M is an alkali metal, the solutions 
are fedbly alkaline. Of tbo normal ^ta M^Oi, 


only those td the alkali metals are solable ia 
water; the solutions have an alkaline rooctiun* 
and are decomposed very easilv, eten by CO.^^ 
forming MjHP 04 Aq. Most of the heavy metals 
form only M 4 PO 4 . Solutions of alkali ortho- 
pimsphates give a yellow pp. (AgjPOi) with 
AgNO^Aq, and a yellow pp. on warming with 
Nil, molybdate solution. The prthophosphates 
M,P 04 are not decomposed by beating strongly* 
unless they are salts of volatile bases; MyHPO« 
give M,l>A»nd H. 4 O, and •MHaP 04 ^ve MPO, 
and U^O.^witen^strongly heated. M|P 04 t 
alkali or alkaline earth metal, are not changed 
by heating with charcoal, but M^HPO^ and 
give MjPO, and P. When Mis a heavy 
meW, the B*t 8 M 3 PO 4 generally give metallio 
plv^phides by heating with C. Orthophosphates 
boated with K or Na yield alkali phosphide. 
Many insoluble orthophosphates are decomposed 
by fusion witli alkali carbonate, but those of the. 
alkalinesoarths |re only partially decomposed. ■ 
decuinposos all orthophosphates. When 
tlio salts MjPOi are heated with SO-^Aq under 
pressure, M 3 IIPO 4 or MH^PO, are formed (Pitior, 
Cfiem. Indust. 1878. 398; Gorland, J. pr. [2] i, 
97). . 

Of the pyrophosphates^ the normal alkali salts 
are solublo in water, with feebly alkaline re¬ 
actions ; the oLliers are generally insolubl^ut 
dissolve in Na,p 30 ,Aq, forming double salts (H. 
Hose, P. 70; 13; Bobwarzenborg* A. 65, 183; 
i’ersoz, A. C5, 103). Solution of pyrophos¬ 
phates give orthophosphates when boiled with 
tiio stronger acids, or heated with water to 280'’ 
(Uoynoso). M 4 p,Oy are not ohanged by heat 
unless they are salts of bases decompo>>ed by 
boat; M^iri^O, give MPO, and R^O when 
strongly heated. All the pyrophosphates are 
changed to orthophosphates by heating strongly 
with sullicient alkali or alkali carbonate. Pyro¬ 
phosphates of metals whoso oxides are not re¬ 
duced by H give orthophosphates and P, 0 « 
when heated in U; those which contain metals 
whose oxides are reduced by H, but.not by beat 
alone, give metallic phosphide when heated in . 
H; and those containing metals the oxides of 
which are reduced by heat alone, yield metaf, 
np, II 3 PO 4 , <fec., when heated in H(Btruve,/. pr, ^ 
79, 345). Pyrophosphates in SQluti<Sjt *igfve a 
white pp. with AgNO,Aq; they do not give an 
immediate pp. with warm NH 4 mqjybdato, and 
they do not coagulate albumen when acidified by 
acetic acid. 

Some nietaphosphates are soluble, others are 
insoluble, in water; some are crystalline, others 
are amorphous (t>. supra : Formation of different 
classes of metaphosphates). Solutions of these 
salts in water are changed to orthophosphatei 
oil long-continued boiling; they give a white pp. 
with AgNO,Aq, no immediate pp. with NH^ 
molybdate, and they coagulate albumen after 
acidification by acetic acid. 

Tammazm {Z. P. C. 6 , 123) has examined 
the electrical conductivities of solutions of 
Ficitmaon’s di- and tri- metaphospbatos of Na; 
his results indicate that the ions of the salts in 
solution are Na^ and (FO,)«. He has also 
measured the depression produced in the freezing- 
point of water by dissolving these salts therein; 
and, taking the results along with the electrical 
ccnduclmticSf ho concludes thatFleiimaan'i <U» 
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siiUb are tri- salts, and F.’s trU salts are really 
di* salts. By the reaction of AgNO^Aq on tho 
of Graham and Flcitriianii, Tanimann 
obtained a crystalline salt Ag„P«iO,g, and two 
salts AgiNajP^Ota and Ag^NaP^O,,, and from 
these he formed three Na salts which he 
formulates as NaJ\ 0 ,K, Na^.Na^.P^O,,,, and 
Nat.Na.P 0 O,B. Ikfeasurcments of the electrical 
conductivities of these salts confirm the above 
formula), and they tend to show that the ions of 
the salts in solution are Naf and iNa^„ 0 ,K, and 
Na, and NaPjOn respectively. Arfuller txamina* 
tioD of Graham’s salt led T. to conclude that it 
contains another isomeric hexametaphosphato 
NasNa..P.O,.. 

Tor detection and estimation of phospha^s a 
manual of analysis must be consulted. \ 

ORTHOPHOSPHATES. Sails derived frtnn 
HjPO^. (For ihioxyortlbophosidiates v, Phos- 
riioino suLpniDK, p. 147.) 

Aluminium orthophosphatei. Man^ccurin 
miivjrals, e.g. angelite, Jischeritc, wavdlUe, Ip-- 
quois. The pps. obtained by adding Na4irO,Aq 
to .alum solutions vary in composition. They 
may be represented as a*Al, 0 :„ y\\0.,, x being 
chiefly 1, 2, fl, and y being 1 and 2 (Mum'oc, A, 
m, Ode; Wittstcin, J. B. 27, 1C7; Fuchs, S. 
24,121; Millot, C. li. 82, 8 fl). 

4Kie ixorvialsaUt AirO,.arH.jO, is obtained by 
gradually pouring neutral alum solution into 
excess of NailPO^Aq; a white loose powder; 
soluble mineral acids, soluble organic acids, 
soluble NH, citrate solution (Erlonnieyer, B. 14, 
1869), soluble A1 salt solution (Fleischer, Fr. 6 , 
28), soluble in potash; infusible at red heat, 
fused with Fe and SiO., gives Fe phosphide 
(Schldsing, C. i?, 07, 1247); partially decom¬ 
posed by fusing with KjCO, (Itammelsberg, P, 
04, 405; cf. Vauquelin, A. Gh. [2] 21, 1.H8). 
When air-dried a; => 4 to 5; dried over 
« « 8 (Bammolsbcrg, Millot, Wittstcin). For 
other phosphates Of Al v, Kummolsberg (he.), 
Schweitzer {B, 3, 310; C, 28), Ludwig {Ar. I’h. 
[2J 69,19), Hautefcuillo a. Margottot (C. Jh 100, 
136), Erlennieyer {Z. 3, 672). 

Double salts with phosphates of Ca, Li, 
and Mg have been described (u. Gm.-K,, i. 2, 
070). 

AlflWQiam orthophosphates. The normal 
$alti Am,PO,.311,0, crystallises in short pyra¬ 
mids, obtained by treating Am.jHP 04 with cone. 
NHjAq (Berzelius, Om.’K. i. 2 , 627). Loses two- 
tlfirds NH, by boiling water (Kraut, 0. C. 1856. 
894). Sestini {D. 11, 1927) obtained a salt with 
5H,0. The di-arntnonium salty Ara^HPO,, is 
formed in monoclinic prisms by allowing Nil, or 
(NH,),CO, in HjPO^Aq to evaporate; soluble 
four parts cold water, solution is alkaline; on 
boiling NH, is evolved; S.G. 1*02-107 (llam- 
melsberg, B. 3,278 ; Schiff, A. 112 ,88 ; Buignot, 
/. 1861.16; Proust a. Brooke, Gm.-K. i.2> 528). 
The mon‘ammo7iium salt, AmH^PO,, crystallises 
in quadratic forms, isomorphous with 
by adding NH,Aq to HHp 04 Aq till BaCI^Aq 
ceases to gfve a pp. S.G. 1*768 (Schiif, he.; 
Mitsohcrlicli, P. 19, 386). 

Barium orthophosphates. The normal salty 
Baj‘,0,, is a heavy white solid, obtained by ppg. 
BaCl^q by Na,rO,Aq (Graham; liotondi, li. 
16,1441). Two acid salts have been obtained: 
•( 1 ) BalirO„ by boiling the normal salt with 


H,PO,Aq, or by ppg. BaClAq by No^PO,Aq 
soluble in 10,000 to 20,000 parts water, easiij 
soluble if NH, salts, BaCl^ or NaCl is present 
soluble in HjPO^Aq or dilute llNOsAq (Berzelius 
Ludwig, Bose, Brett, Wittstein, Bischoff, Mala 
guti, Om.-K, i. 2, 2ft; Skey, 0. N. 22,‘ Cl; 
Erlenmeyer, J, 1857.145; Sotsohenuff, C. 0. 1875, 
97; Gerland, J. pr. [2j 4, 125); (2) BaH,P,0„ 
from a solution of BaHPO, in II»PO,; while 
triclinic crystals; decomposed by much water to 
HjPO^Aq and BaHPO, (Berzelius). 

, Double salts.—( 1 ) hBa;,P,0,.BaCl, (Rose, 
P. 8 , 211; Ludwig, i4r. Ph. [ 2 j 66 , 265; Deville 

а. Caron, A. Ch. [3] 07, 451); 

(2) 4BaHPO,.BaCI, (Erlotimeycr, J. 1857.145); 

(3) BaNaPO,.10H.^O (Hose/ Guyton, Berzelius, 

Gm.-K. i. 2, 313 ; de Schulton, Bl. [2] 39, 500; 
Joly, 0. n. 104 . 1702); (4) BaJiPO,.10Ui,O (de 
S., he.). J 

Beryllium orthophosphates. Tho normal 
salt, BOsl’aOg, is a wVito pp., obtained by adding 
Na.^(lP 04 Aq to solution of a salt of Be. An 
acid salt is obtained by dissolving tho normal 
salt in lI^rO^Aq (Vaujjuelin, Qin.-K. i. 2, 269). 

Do^hble salts, Be.NH, and Be.K phos¬ 
phates are known (Bossier, Ft, 1878. 148; 
Ouvrard, C. It. 110,1333). 

Bismuth orthophosphate BiPO,. White 
powder, obtained by adding to 

H, PO,Aq; little known (Wenzel, Gm.-K. i. 2, 
832; Chancel, C. R. 60, 416). 

Cadmium orthophosphates. The normal 
salt, Cdjl^O,,, is obtained as an amorphous pp. 
by adding NA,PO,Aq to a Cd salt solution (da 
Schultcn, Bh [3] 1, 473). 

Acid salts (do S., he.): ( 1 ) Cd JI,1\0„.4HA 
by ppg. hot CdCI^Aq by Na.JlPO,Aq. 

( 2 ) CdH,P„Oft.'2HG, by dissolving tho foregoing 
salt in cold dilute H.,PO,Aq and allowing to 
evaporate at ordinary teniperaluro. 

Doublksalt 3 Cd 3 p.^O„.CdCl.^ (do S., he.). 
Calcium orthophosphates. Ca phosphates 
are w'idcly distributed minerals. 

Normal salF CajP^On. Obliiincd, as a white 
amorphous powd(’r, by adflifig Nll^Aq to solution 
of bone-ash in UClA<i or llNO^Aq; by adding 
Nn.,P 04 Aq, or a mixture of Na.^HrO,,Aq and 
NHjAq, to CaCl.Aq. For details of preparation 
from phosphprittiy or bonc-ash, Ac. v, Bictionauy 
of Ari’iJKD Cukmistky. The pp. from CaCI^Aq 
in presence of NIlj coulains 511^0 according to 
Wittstcin (J, 1866. 168; v. also Ludwig, Ar, PA, 

I. 2J 69, 286). Slightly solublo in water; one 
litre cold water dissolved 79 mgm. freshly ppd., 
and 31 mgm. strongly heated, Ca;,P.Pa (Volcker, 

1862. 131). Decomposed slowly by boiling 
water into CaII,P.Pg and 2 Ca 3 l\OH.CaO.,II, 
(Warington, C. J. [2J 11, 988). Solubility in 
water is increased by small quantities of alkali 
salts (v. Wohler, P. 4, 166; Liebig, A. 61,128; 
Lassaigno. J. 1847.341; Tlmmson, Ann. PAilos. 
17, 12; Volcker, ch 1862. 13^ Fresenius, Fr. 
10, 133; Hiincfeld, Delkeskampf, Morveau, 
Om.-K. i. 2,867; Twreil, Bl. [2] 35,548; firlen- 
meycr, B. 14, 1253). Presence Of starch and 
varjpus organic substances increases solubility in 
water {v. Wohler, A. 98,143; Hayes, N. Ed. P. J. 

б , 378). Soluble in CO^q; CaCOa CaHPO, 
separate on standing (Liebig, A. 106, 196; 
Warington, 0. J. [2] 4, 296; Dusart a. Pelouze^ 
C. il. 66,1327; von Georgievics, If. 12:^66). 
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Partial!^ decomposed by boiling with 
NaOHAq, or by fusing with NsaCO, (WOhlcr, A. 
61, 437; Rose, i>. 95, 437; Fresenius, Fr. 10, 
133). Easily changed to CaCjO^ by boiling 
with (NHJjCsOjAq (Fresenius, lx.). 

Strongly heated witlr C and SiOj, gives Ca 
silicate, P, and CO; heated in GO, all P is set 
free (Schlosing, C. R. 6'.1, 3S4; Anderson, B. 5, 
1065). Heated with Na, K, or Mg, nietnllio 
phosphide is formed {v. Gm.-K. i. 2, 306). 

Dissolved by SO^; on standing, CalUrtl^ 
and CaSO, separate (v. Gcrland, G. N. 20, 2G{:^ 
Aldred, G. N. 42, 177; RotQilti, ii. 16. 1441). 
Dilute H^SO^Aq forma CaUPO,, or CaH^Pp^* «>* 
CaSO^ and H^PO^, according to the quantities of 
li^SO, and CajPjO,,, the temperature, and the lime 
of action (v. Gm.-K, i. 2, 309; Kolb, C. R. 78, 
825; Joiilie, C. R. 7C, 1288 ; Cr^, A. 63, 391). 
For the (sin^lar) reactions with lIClAq and 
HNO^Aq V. Crurn, l.c. ; Piccard (J. 1880. 46H); 
Dischof (S.C7,39); Birnbawm.a. Packard 
•7,137); Tissier (C. R. 38,102); mrington (O’. /. 
[2J 4. 302). 

Double ealts. (1) CajP^^O^.Ca^SiO, (Carnot 
tt. Richard, G. R. 1)7, .-116). (2) aCajP.Oa.CaCLby 
fusing CojPjOb with NaCl, or liealing to 250'’ 
with CaCl.Aq, or passing PCI, vapour over glow¬ 
ing lime (Forchhanmier, i‘. 91, 568; Debray, 
^1. Ch. [.3] 61, 424 ; Daubr5e, jhin. M. (4) 19, 
684; Devillo a. Caron, A. Ch. [3j 07, 451). 
(3) 30ajP,Oh.C.aF,;; occurs native as apatite 
(with varying quantities of CaCl.J ; obtained by 
fusing Na-.HrO,, CaF.„ and CaCl, (1). a. C., l.c, ; 
Bricgler, A. 97, 95). (4) ■Ca(NH,)PO,.rII,0 

(lleiv.feld a. Fouerlein, Fr. 1881. 191). 

(5) CaKPO, (Rose, I\ 77, 291). (G) CaTdl'O, 
(Rose, P. 77, 298). (7) CuNaPO, (Rose, l\ 77, 
291; Bunge, A. 172,18). 

Acid salts. I. Dicalcium phosphate 
Cu..H.,P.^,. Obtained by adding Na^PO,Aii, or 
NaNH,HPO,Aq, to excess of CaC].,Aq ; pp. con- 
tai}is a little Ca,P.,0^: also by tlie action of CO,.Ac; 
on CaCO, and (liH,).,HPO,Aq (llecquerel, C‘Jt. 
34, 573); and by acting on powdered CaCO, with 
H,PO,Aq (Dcbray, A.KJh. [3j 61,424j; by passing 
CO., into H.,0, holding freshly ppd. Ca,P,0, in 
suspension (Percy, D.Af. [3326,194; Reiclmrdt, 
Ar. Ph. (3J 2, 236). Obtained in crystals by , 
allowing solutions of (NH^),II1^^ and CaCl. to i 
n\ix slowly through a porous cell (Vohl, A. 8^, i 
114), or through a layer of water (Dreverniann, ! 
A. 87, 120); also by allowing a sglution of . 
amorphous CaHPO, in a weak acid to evaporate i 
(Bodeker, 4* 69, 206; Baer, P. 75, 152; Vor- 
briiigor, Fr. 9, 457; v. also Causso, J. Ph. [6J 
21, 644). CaHPO,, ppd. at low temi)eralure8 
and dried quickly at ItX)’ contains 2ii/), winch 
is i(»t by long drying at 100® in a stream of dry 
air. Forms Ca^’jO, when strongly heated; dc- ; 
composed to Ca,'P,0, and CaH,P.,0„ by long bod- ' 
ing with water. For description of various 
hydrates xCaHPtX.yH.^O v. Vorbringer i^r. 9, 
457), Gcrland (/. pr. [2] 4,104), Millot {JH. [2j 
33,194), Skey fC. JV. 22, 61), Dusart a. Pelouze ' 
( 0 . R. 66,1827f. Davies (C. N. 04.287). Soluble | 
in boiling NH,CUq (Kraut, 4r. Ph. [2] Ul, ! 
102); soluble SO^q (Gerland, J.pr. [2] 4, 123), ' 


11. 9[onocalcium phos^^te 


I This salt is the chief constituent of artificial 
* superphosphate of lim* prepared by treating 
• crushed bones, phosphorite^ Ac., with H^SO, (i? 
Dictionary of Applikj) Chemistry}. Prepared 
by dissolving Ca^H^jO. in 31 p.o. HaPOAq, 

' crystallising, washing with absolute alcohol, then 
I w'itii ether, and drying (Stoklasa, Lisiy CAiJMI., 
13, 203, 240, 273; abstract in C. J. 68, 695). 
This salt is also formed by evaporating 
: Ca,H.,PjOg with IlNO^Aq + H^SO^Aq. Also by 
I leaving ^ solution of the commercial honoy-Iiko 
; monocalciuin phosphate in contact with CajP^Og 
I for some time, aud evaporating the solution 
{ formed at a gentle beat; tlie salt is thus ob* 
j tained in crj^tals (Poinlet, Bl. [3] 6, 254). ^ot 
i hy^'oscopic; the hygroscopic nature of the pre« 
j pi^ation made by Birnbaum and others is said by 
Stoklasa {l.c.) to be duo to truces of H,PO^. 
Thin rhombic plates (r.llau.shofer,^. 7C. 7,263); 
S.G. 2 02 (Hobroder, B. 11. 126). Doses 11,0 at 
100®, ddboinposo# at 200® to mixture of OaP.p, 
an^ Ca,P.^O, (Birnbaum, B.J), 898). Decom¬ 
posed by 11,0. Stoklasa (he.) reproseuts the 
decomposing action of water as 

» (M -1 )Crti r,i',o..j r,o -I- i:iin i -o,+ wt.o+h,po, ; 

: the greater the quantity of water the more salt 
is dissolved without decomposition; with 200 
parts ILO to 1 part salt a clear solution is foiltieil 
without any free HsPO,; above this limit 
I Call^PaO^ is re-formed from the products of its 
1 decomposition (for older observations v. Birn* 
j buuni, l.c.; Krleiimcycr, N.J. P. 7, 225; Wa- 
rington, Fr. 1880. 243). According to Reynoso 
{G. R. 34, 795), water at 280® decomposes the 
salt, forming ll^PO^ and crystalline Ca 3 p, 0 „. 
Various salts produce Ca,JI.,P.,0„ from solutions 
oi CuH 4P,0« (r;. Debray, A. Ch. [3J 61, 424 ; 
Dusart a. Pelou/.c, C. It. 66,1327; Vorbringer, 
4.57; Krlemncycr, l.c.; Birnbaum, f.c.). 

Cerium orthophcjsphate CePO^. By fusing 
Co.p, \vith KPO,; also by digesting CojK 3 (PO,)j 
with KClAq. Monoclinic prisms; 8.Q. 3*8 
(Ouvrard, C. R. 107, 37). The double salt 
Ce K,(l’0,)j is formed by fusing KjPO, or K4P,0, 
witii Ce,0,. 

Chromium orthopkosphates. The nonnal 
chromic salty Cr,P./)„ is known in two forms, . 
green and violet. Violet /orm, Cr,P.,vr;ittH,0, 
a violet cry.sta)lino pp. by adding Na^HPO^Aq to 
excess of Cr alum solution; loses 7H,0 at 100®, 
becoming green; changed to green by cone. 
HNOj^q, H,S 04 , or PCI, (Raiuinelsborg, P. 68, 
Jl83; Ktard, O. R. 84, iO'JJ). Green form, 
Crjl’,0„.6H,0, by adding excess of Na^HPO^Aq 
to Cr alum; akso by ]ipg. a slightly acid solu¬ 
tion of a Or salt by Na.ilPO, and Na acetate 
(Rose, P. 77, 291, 298; Carnot, Bl. [2] 87, 482; 
Vauquelin, Gm.-A'. i. 2, 304). Soluble mineral 
acids, also KOHAq {v. Dowling a. Plunkett, 
Chem. Oazette, 1H58. 220; Kammercr, Fr. 12, ‘ 
375). Gives alkali chromates by fusion with 
alkali sulphates (Guindeau, 0. R» 95, 921). 
Forms a double salt with Qs (Dingier, 

D. P. J. 212, 632; Plessy, R&p. Chim. app. 1862. 
453; Kotho, D. P. J. 214, 69). The acid salt 
CrH^PgOs.HlljO is probably formed by dissolving 
CraOj-iH^O in H^PO^Aq (Vauquelin, Om.^K. i. 2, 
304; Haushofer, Z. K. 7, 263). 

Chromous orthophosphate Cr,P,OK.H..O, a 
blue pp. by adding Na^HPO^Aq to CrCl^qj • 
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qnio1[l7 bocomes green in air (Moissan, A, Ch, 
[5] 25. 401). 

^ Cobalt ortbophoipbatof. The normal salt 
Oo,P^,.arEjO is formed by heating CoUPO^.SHjO 
with water,or with Co(NOj),Aq,to 250”in a sealed 
lube (I)ehray,i4.0A[3]Ci,438j; also by treating 
Co(NH,)POvOH,0 with boiling water (Chancel, 
PricU d'analyse [Paris, 16G2J 1, 263). In this 
salt 2 « 2. A salt with is said to be formed 
by ppg. ColliPsOeAq by alcohol (ilcyno^, C. if. 
84,795; 'Reitl<it,Vierteljahr.Pharm.l,^l&). Two 
acid salts are known: (1) CIhP 0,.SB1,0, by 
boiling CoOO,wlth H^POiAq, or boiling solution 
of a Co salt with Gall^Pp,, (Debray, J. Ph. [3] 
40| 121); a 'salt with 5H,0 waf obtained by 
Bodeker (A, 94,357). (2) CoH^PjOg, by heating 
Co ^ophospbaie with water to 280'^ (Iteynbao, 
C. ^34, 795). Double salts: NH, salts v. 
Dinrell, C. if. 89, 903; Popp, Z. [2] 6,305. Tor 
luteo. and roseo- oobaltamine phosphates v, 
Gibbs a. Genth, Am, S. [2J 21.^86; 23, 234,319; 
Braun, Gm.-K. 1,3,403 ; Porumbaru, G. i?.'93, 
842. For K and Na double salts v. Ouvrard, C. It. 
106,1729. 

Copper orthophosphates. Normal salt 
CaiPgOg.dHgO, obtained by adding S little 
Na^POjAq to excess of a Cu salt solution (Mit- 
Bclmrlich, Om.-K. i. 8, C14); also by heating 
CuCO, with H,P 04 Aq to 70® (Debray, A. Ch. 
[3] 61, 437). A blue-green powder; decomposed 
by hoi- water under pressure (Debray; v. also 
lieynoBo, C. H. 31, 1795; Jorgenson, Qm.:K. 
i. 3, 615). Baste salts and acid salts are 
known; composition doubtful {v. liammelsbcrg, 
R 68.383; Metzner, A. 149, 07). For double 
salts with NH 4 V. Metzner, 2.c., and Bchi£F, A. 
123, 41; with Na, v. Weincck, A. 15G, 57; with 
K, also with Na, v. Ouvrard, C. It. Ill, 177. 
For an account of the salts produced by the 
reaction of NaJIPO.Aq with CuSO,Aq *and 
Cu(NO,)^q V. Stoinsebneider, C. C. 1891. ii. 51 
(abstract in C. J. GO, 1423). 

Oidyntium orthophosphate DiPO^: also 
double salts with alkali metals (Ouvrard, C. It. 
107,87). 

Iron orthophosphates. Ferrous salts. 
The norwiol salt FOjP^jOg.Sn^O occurs native 
aa : it is obtained by ppg. FeSOjAq 

with excess of NaJiPO^Aq, and digesting at 
(H)®-80° for eight days. Bmall monoclinic crys¬ 
tals (Hammelsberg, P. 64, 251, 405), nearly 
colourless but becoming blue in air (Debray, 
C. R. 50, 40). A salt with one H.p is obtained 
by heating FeaH^.Ps.4E^O with water at 260® 
(Debray, A. Ch. [3] 61,437). Variousocid ^Iti’ 
are obtained by dissolving Fe ip HgPO^Aq; if 
the materials are air-free, and evaporation is 
effected in GO,, the salt Fe,H,P,OH.4H,0 is 
formed (Erlenmeyer, Debray, Hammelsberg, lx.). 

. For double salts with NH^, v. Otto, J.pr, 2, 
409; and Debray, C. B. 59, 40. 

Ferric salts. The normal salt FePO^is 
obtained by ppg. FeChAq by Na^HPO^Aq; dried 
At 50® contains 8H,0, at 100® contains 4K^O, 
debvdrated by heating strongly; also formed by 
oxidation in air of P'e,F,Og (Debray, Baftnnels- 
berg,Witt8tein,f.o.). Whether the salt ppd. from 
FeClgAq in presenceof acetic acid is the normal 
Of a basic salt is und^idod ( 0 . Winkler, J. 
prakt, Pharm. 5, 837; Heydenrich, C. N. 4, 
158; Struve, N. Peters. Acad. Biill. 1, 465; 


Wnokenrodcr a. Dudwig, Ar. Ph. [2J 53,1; Mobr 
Fr. 2,52&). FePO,.«H,0 is sol. c. 1500 parti 
boiling water; but is decomposed (Lacbowicz, M 
13,357). Acid salts are obtained by dissolving 
Fe,0,.a;H,0 in H,B 04 Aq: Erlenmeyer gol 
FeH^gO,, by evaporating quickly ( 0 . also Waino, 
C. N. 36,132; Wagner, Chem. Zeitung, 1881. 
247). Hautefeuillo a. Margottot (0. B. 106,1357) 
obtained various fenio phosphates by dissolving 
Fe 30 ,.xH ;;0 in glacial phosphoric acid. 

Lanthanum orthophosphate LaP 04 : also 
Uoublo salts with E and Na (v. Ouvrard, C. R. 
107,37). ^ 

Lead orthophosphates. The normal saff, 
PbgPjO,, is ppd. as a white powder by adding 
Na,HP 04 Aq to Pb acetate solution (Berzelius; 
Mitscheriioh, Qm. 3; v. also Heintz, P. 73,119; 
Gerhardt, A. Ch. [3] 22, 505 ; Haushofer, Z. K. 
7, 264). A double salt with PbCL, is obtained 
by action of Na,HP 04 Aq on PbCl, (Debray, A.Oh. 
[3] 61, 419;.Manr9ss, A. 82, 348; DcviJle a^ 
Caron, A. Ch. (3J 67, 451). By ppg. boiling 
Pb2NO,Aq by HjP 04 Aq, Heintz (P. 73, 119) 
obtained the acid salt Pb^H^Pp^. 

Lithium orthophosphates. The normal 
salt, Li,P 04 .H, 0 (? 2 Li,P 04 .n, 0 ). By heating 
Na,ilP 04 Aq with solution of a salt of hi 
(Mayer, A. 9^ 103; v. also Berzelius, P. 4, 
245 ; Hammelsborg, C. N. 38, 240, also B. 15, 
283; Frosenius, Fr. 1, 42; Kraut, A. 182, 165). 
Loses H^O at 100®. Obtained in rhomboidal 
tables, S.G. 2'41 at 15®, by dissolving in fused 
LiCi (de Schulten, Bl. [3] 1, 479). Soluble in 
c. 2,540 parts water. Acid salts: Lin 2 P 04 and 
LiriJ^j^g.HjO, by dissolving normal salt in 
H,PO,Aq (Hammelsberg, Lc.). 

Magnesium orthophosphates. The normal 
salt,. Mg,p 208 .xII.p, is obtained with 4 H 2 O 
by ppg. Mg salts by alkali phosphate and dry¬ 
ing ht IOC® (Graham; Bose, P. 7G, C4; Gre¬ 
gory, A. 54, 98; Stein a. Tollens, A. 187, 79; 
Fresenius). Forma monoclinic crystals (llqus- 
hofor, Z. K. 6,137). Very slightly soluble water 
(Vulker, /. 1862. 1311. For solubility in salt 
solutions V. Liebig (A. lOC, 185), and in citric 
acid V. Erlenmeyer (B. 14, 1253). Soluble 
SO.,Aq fGerland, J. pr. [2] 4,126; Botondi, B. 
15, 141). Crystals with OH^O separate from 
^^gS 04 Aq•^Ntl^PO^Aq at 36® and upwards; 
and at lower temperatures a salt with.l4H20 is 
obtained {v. Percy, P.M. [3} 26,194; Beischauer, 
P.12, 43; 14,57). 

Acid salts. 1. MgHP 04 .xH.p (x 6,7,8,9}; 
by dissolving magnesia alba in jH 3 P 04 Aq (Berg- 
mann, Fouroroy, Gm.-K. i. 2, 44G; Debray, 
J. pr. 97, 116; Haushofes, Z. K. 7, 257),— 
2. MgH 4 P 20 fl; by boiling the foregoing acid salt 
with water (Schaffner; Botondi, B. 15,141). 

Double salts. Magnesium^ammoniwn 
orthophosphate MgNH 4 p 04 . 6 H 20 . By adding 
Na^HPOfAq to a Mg salt to which NH,CiAq and 
exccsvof NHjAq have been a^ed; or by adding 
a mixture of HtPOfAq and excess of NH,Aq to a 
Mg salt. For experiments on different oonditions 
of formation v. Graham (A. 29. 25}; Biffault * 
(An Ch. [2} 19, 90); Mohr (Fr. 12. 86); Gibbs 
(C. N. 28, 51); Lesieur (C. B. 59,191); Stain a. 
Tollens {Gm.-K. 1, 2, 476); KubeJ (A. 8,125); 
Kissel (A. 8,164); Brunner (Fr. 11, SO); Ber¬ 
zelius (P. 4,275); Heintz (Fr. 9,16). (2)>feainei 
in lar^ orystals bjv separating the reacting 
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UqoUaby « nsmbrane A, 88, lU; No- 
nier, 0. k 78,'800; Millot, Bt [3] 18, 20; MU- 
lot a. Maquenno, Bl. [2] 23, 238). Loses Nil, 
in air; strongly heated pves !kf«,P,0,. For 
solubility' in various solutions v. Fresenius {A. 
55, 109); Ebermayer 60, 41); Liebig (il. 
IOC. 196)*; Vaicker (J. 1862. 131); Kissel {Fr. 
8.173); Gerland (/. pr. [2] 4,127); Millot (Z?l. 
[2] 18, 20); Ville (C. R. 75, 844). Another 
Mg-NH, phosphate is described by Gawalovski 
(C. 0. 1885. 721). For other double salts: whh 
MgClj. V. Deville a. Cftron {A. Ch. [3J 67. 456)^ 
with MgCl, and MgF,, o. Bisclml (D, P. J. 237, 
51,136); with MgCl, and CaF,, v. D. a. C. (Z.c.); 
with K, V. Haushofer {Z. K. 7, 257), Ouvrard 
{G. R. 106,1729); with Ka, v. Rose, Berzelius, 
* &o. {Om.~K.\. 2, 476), Ouvrard (l.c.). 

Manganese orthophosphates. Nowial man- 
ganic orthophosphate, MnPO,.I^O, a greenish 
grey pp. by adbing cone. Mn(N03),Aq to HjPO, 
and a little boiling water (Christensen, J. pr, [2] 
.28,1). For properties of products of reaction of 
11,PO, oa manganatcs and permanganates v. 
Ijaspeyeres {J.pr. [2] 15,820); Hermann (P. 71, 
303); Rose (P. 105. 289); Barreswill (C. R. 44, 
C77); Hoppe-Seyler (/.pr. 90, 303). 

^o/7nai manganoits orthophospfuite, 
Mn,P,Og.«H,0. Obtained with 14H,0 by ppg. 
MnSC^.Aq by Na,HPO,Aq; loses 711,0 over 
I1..SO,, and one more H,0 at lOO"^ (Ericnmoycr, 
Al 190. 20H). Salts with 9 to 11 H,0. 711,0, and 
HHjOare obtained bydccoraposingMnHPO,.rcIl,0 
by water, and drying under dilTerent conditions 
(E., lx.). The salt without U,0 is formed by 
strongly heating the hydrates, also by heating 
Mn,P^O, in 11 (Struve, J. 1860. 73). A wliitij 
amorphous pp., soluble minvnl acids and acetic 
' acid, and various salt solutions (u. Berzelius, 
am. K. 1.2, 472; Il-dntz, P. 74, 449; Joulin, 
A. Ch. [4) 30, 272; Gerland, /. pr. (2) 4. 97; 
WittstciiH Oiii.^K. 2, 472; Braun, 7, 310; 
Erlenmeyer, D. 14, 1253). 

Various acid salts have been described:— 

1. MnHPO,.3H,(P(Bddekor, A. 68, 206 ; Heintz, 
P. 74, 449; Erlenmeyer, A. 190, 20H)i — 2. 
MnH,P,0^.2H,0 (Hointz, Erlenmeyer, Z.c.).— 
8. Mn,P,0„.MnIil*0,.a'lLfO (Erlenmeyer, l.c.; 
Haushofer,K.7,257). Doiible salt.Hi with 
MnOl, (Deville a. Caron, A. Ch» [3] 67, 459); 
with Fe^PjOg and MnCl,, and with Fcal\0, ani 
MnP, (D. a. 0., l.c .); with NH, (Otto, S. 66, 28S; 
Heintz, f.e.); with K and with Nu (Ouvrard, 
C. R. 106,1729). 

Mercury orthophosphates. Normal wi/’r- 
curous'ort]u}phosp}iaie, HgaPO,, by ppg. excess 
of Na,HPO,Aq by HgNOjAq (Gcrhardt, /. 1H19. 
283). Brooks (P. 66, 63) describes a basic suit. 
A double salt with HgNO, is described by 
Gerhrrdt (f.c.; v. also Qm.-K. 3, 018). Normal 
mercuric orthophosphate, Hg,P,Og, is obtained 
by heating HggPO^ to low redness, also by adding 
strongly acidihed Hg(NO.)..Aq to NajHPO.Aq 
(0. Gin,-K. 3,754, 9l9 ; also Uaack, C. C. 1890. 
[8)736). Fora double suit Hg.NHyig,O.POg 
V. Hirzel(Gm.*f.3.820). 

» Niekol orthophosphates. The normal salt 
i.7E[yO is obtained as a green floooulefit 
adding Na^HPO^Aq to a Ni salt; heated 
«rongly loses 7H,0 (RarameUberg, P. 68, 383; 
Struve, Om..K, 8, 643). Double salts: with 
NHg (Dq^ray, 0. R. 69. 40); with Mg (Rose, 


Om.-K, 8, 5U8); with Na and with K (Bcbray, 

U, ; Ouvrard, C. N. 106, 1729). 

Fotasiluffl orthophosphates. Normal salf 
K ,PO,. A white solid, obtai ned by adding excess 
of K^GO, to H,PO,Aq, and evaporating; slightly 
soluble cold water, more soluble hot water. 
Acid salts: 1. K^JIPO, (Graham, Funko, Om.‘K. 

2, SO). 2. KHgPO,; by dissolving KyCO, in so 
much H,P0,Aq that blue litmus paper is turned 
red but goes blue again on d ry i ng. (Colourless tetra¬ 
gonal c^stals; very soluble water; at red heat 
gives Kit),; S^. 2 29 to 2-4 {v. Om.-K. 2, 80; 
also Scnarniont, A. Ch. [3] 33, 391; Sohiff, A, 
112, 88; Buigiiet, /. 1861. 15). 

Silver orthophosphates. Normal 
Ag,PO„ a yellow solid, obtained by adding an 
alliRi phosphate to AgNO,Aq (Wetzlar, Qm.'K, 

3, 918; Skey, C. N. 22, 61; Lassnigne, M Ph. 
[3J16, 2S9; Joly, C. it. 103, 1071). The acwf 
salt Ag.^HPO, forms, in wiiito iioxagonal crystals, 
from a Iblution ^ the normal salt in H,PO,Aq 
(Berzelius, P.2,163; Hurtzig a. Geiitlier, A.lll, 
160; Schwarzenberg, A. 65,102; Joly, 0. i?. 
103, 1071).. 

Sodium orthophosphates. The normal salt, 
Na,P0^12Il20, is obtained by adding exoess of 
NaOHAq to Na^lPO.Aq and evaporating. Six- 
sided pyramids; melt at77*^; S G. 1’618 (Schill, 
A. 112, 18); soluble in 2 pts. water at 15'^; 
tion absorbs CO, from air, giving Na^IIPO^Aq. 
The anhydrous salt, Na,PO„ is obtained by 
heating the salt with 12H,0, or by heating 
Na,IIP04.12IIG with NaOH in equal molecular 
proportions (Graham, Mitschorlich, Qm.-K. 2, 
16.3). S.G. 2-511 at 12^ 2-5.36 at 17*5® (Clarke’s 
Table of Specific Oravities). For experiments 
on diilusion of (he diilerunt Na orthophospliatcH 

V. .an Buinmclcn, B. 11, 1075; Uintureggor, B. 
11,1619 : Tobias, B. 15, 2452. 

Disiodium hydrogen orthophosphate 
Na./iPO,.12H,0. {Ordinary sodium phosphate.) 
Occurs in urine of carnivorous animals. Pre¬ 
pared by adding a slight excess of Na,CO, to 
H,P0,Aq, and crystallising. (For preparation 
from bono-ash die. v. Dioxionaut or Apxlixo 
CUKMIKTHY.) 

Colourless, rhombic, prisms; for measnre- 
ments n. Senarmont, A. Ch. f3J 33,391. S.G. 
1-5235 at 16" (j;. Gm.-K. 2, 165); melt^ 35* 
(Kopp, A, 93. 129; v. also Qm.-K. 2, 165); 
elllorcsces in air, losing 511.0. 

Solubility in water (Mulder, Om.-K. 2, 165), 
100 pts. water dissolve NaHPO,, 
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Saturated Ns,.nPO^Aq boils at 105®, and freezes 
at “-46® (Rudorff). S.G. of Na,HPO<Aq at 19® 
(Schiff, A. 110,70); 2 p.o.«1-0083,4 p.o.»I'OlOO, 
6 p.o.-h1025, 8 p.c. = 10332, 10*p.o. =.1-0418, 
iap.c.«l'0608 (p.o. of lia^PO,.12H,0). S.G. 
solution saturate at 15* s l*0lC9, at 16* 1*0511 
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(^fichol ft. Kraft, Stolba, Om.-K. 2,106), Loses 
12 U, 0 {n vacuo over HjSO*, or by heating to 
» 100 °; a salt with 7 n..O crystallisQ ,8 from 
Na,HPO,Aq at 3H« (Biachor, Mulder, Clark, 
Om.-K, 2, 106). For vapour-pressure of water- 
. gas when the salt is warmed v. Debray (C. It, 
00, 196), Horstmann {A. Suppl. 8 , 125), 
Ffuundler (B. 4, 773). For change of volume on 
melting v. Wiedemann {W. 17, 661). 

Absorbs IIGI, probably forming NaH,P 04 and 
NaCI (Thomas, C. J. 33, 27). NajilPO,Aq 
absorbs CO... (Pagonstecher, J, 124 ; Liebig, 
A. 04, 349; 79, 112; Hoidenhain a. L. Moyer, 
A. Suppl. 2, 157; Marchand, J. pr. 37, 321). 
The solution decomposes NII 4 GI [Itose, Qm.-JC. 
2,*106); boiled with S forms Na^l^O^Aq with 
Ka-S-P^q and Na polysulphides (Filhol a.^n- 
dcrc^, C. R. 94, 649; 95, 343; 90,10.57). For 
remarks on character of reactions of NaHPO;Aq 
with solutions of metallic salts v. Jol'y, C. It. 
103,1129. • 

Trisodium dipliospliate NaaIIjPjjO„..TlI.p: by 
exactly neutralisit)g IIJ'0,Aq by NaOIIAq, and 
ovuporating in vacuo (Filhol a. Sendorens, l.c.). 

Sodium dihydrogen phosphate NnlF-PO^.H-^O; 
by adding HaPO^ to solution of Na.,H,l^^Og till 
FaCl^q is no longer ppd. (Mitscherlich, Ber¬ 
zelius, Gin>K. 2,107). A salt with 4HoO was 
obtained by Joly a. Duffet (C. It. 102, 1391) by 
cooling a very cone, solution. 

Double salts. 1. Sodium ammonium 
hydrogen orthophosphate N a(N IJ,) IIPO ,.4 H.jO 
(ATicrocosmic salt). Occurs in guano. Obtained 
by dis-solving 5 pts. NaJlP 04 . 12 iI.p and 2 pts. 
(NH,). 4 nP 04 in water,adding alittle NHjAq.and 
allowing to crystallise in the cold (Berzelius). 
I 4 irge, clear, monoolinio crystals; S.O. 1*5.54 
(Schiff); very soluble water, solution loses NH 3 . 
Tho solid clUoresces in air, losing all Nil, and 
4U.p, and leaving NaH,PO,; when strongly 
lieated leaves Na„(PO,) 4 . For doui»le salts 
formed by fusing with metallic oxides t^. 
Wallroth, D. 10, 3059. —2. NaKHr 04 . 7 H ,0 
(Mitscherlich, Liebig, ijehiff, Gvt.-K. 2, 107). - 
8 . Na(NH 4 ),P 04 . 4 H ,0 {v. Gm.-K. 2, 220). - 
4. Na/NJgP 04 . 12 H ,0 (Ilcrzfeld a. FeueWein. 
Fr. mi. 191). — 5. Na,K,H„(FOj 4 . 22 H.O, 
and Na,(NH 4 ),H;(P 0 ,),. 3 H ,0 (Filhol a. Sen- 
iienirrAC. It. 94, 649; 95, 34.3; ‘96, 1057).— 
0. 2 Na,P 04 .NaF.THp; a;-19 and 22 (Baum- 
garten, J. 1865.219; Thorpe, C. J. [5?! 10, GOO). 

StiontiTim orthophosphates. Normal salt 
Sr,P,0,, is ppd. by adding Na,P 04 Aq or 
Na^lPO,Aq -f- N H,Aq to excess of ^irCljAq; also 
by adding cold ammoniacal solution of 90 pts. 
Na,HP 04 . 12 Ha 0 to 100 pts. SrCI^^ ih Aq (Barthe, 
C. R. 114, 1207). By pouring SrCl^Aq into 
Na,P 04 Aq 6X c. 10 ^ gelatinous Sr,P .404 is formed, 
but rapidly changes to crystalline SrNaP 04 . 9 H ,0 
(Joly, C. R. 104, 1702.)-Aci<f salt SrHPO,; by 
adding Na.,HP 04 Aq to SrClAq (Skoy, C. N. 22, 
61; Berzelius, JOrott, Wittstein, Om.-K. 2, 324; 
Malaguti, A. Ch. [3] 51, ^40; Barthe, l.c.). 
Barthe (l.c.) describes another acid salt, 
BrH,P,0,.2vI,0. 

Double salts. 1. 3Sr,PjO,.SrCl, (Deville 
». Caron, A. Ch. [3] 67,452).—2. SrKPO, (Bose, 
Weber, Qm.-K. 2, 324).-3. SrNaP 04 . 9 H ,0 (R. 
W., Z.C. ; Joly. C. R. 104. 905,1702). 

ThalUam orthophospbatos. Normalthallous 
otihophospluite Tl,r 04 ; by adding HjPOjAq and 


KH,Aq to TlNO,Aq, or mixing TlfSO,Aq ftnd 
Na^HPO.Aq with a little NH»Aq*(CrookeB. C. N. 
3, 193, 303; 7, 290; 8 , 169; Lamy, SI. [2] 4, 
193). While silky mass, or needles; insoluble 
alcohol, easily soluble NH 4 salts (Carstanjen, 
J. pr. 102, 06,129). ticid saWa—TIH 5 PO 4 and 
Tl..HPO,.arH .40 (Lamy, l.c.) ; according to 
Rammelsberg {B. 15, 283) the second of these 
does not exist. Normal thalUc 'orthophosphate 
T 1 P 04 . 2 H, 0 , by adding H,P 04 Aq toTl(NO,),Aq 
(Willm, R/. [2] 2, 89; 6 , 354; Strecker, J, pr, 
102, 05,129). ^ 

* Thorium orthophosphates. Various dloffbfo 
salts of Th and K, andTli and Na, are described 
by Troost and Ouvrard (C. B. 102, 1422; 105, 
30). 

Tift orthophosphates. The compositions 
of the stannous salt, obtained by adding 
Na,HrO,Aq SnCl, in dilute acetic acid, 
and .the sta^inic salt, by digesting SnO, with 
H;,POjAq, are somewhat doubtful {v. Lens.sen, A. 
114, 113; Reynoso* J.pr. 64, 261; Roissig, A. 
OH, 339 ; Girard, C. R. 54,4C8). Ouvrard (C. R. 
Ill, 177) describes various double Sn-K and 
Sn-Na phosphates. 

Titanium orthophosphates. Various double 
salts of Ti and K, and Ti and Na, are doscribed 
by Ouvrard (C. R. Ill, 177). 

Uranium orthophosphates. For U-K 
and U-Nii salts, v. Ouvrard (C. R. 110, 1333). 
Johnson {B. 22, 976) describes-a salt UO,.2P,Oj. 

Zinc orthophosphates. Normal salt 
Zij., 1 \ 0 h. 41 L 40 ; by ppg. solution of a Zn salt by 
Na,HP 04 Aq; pp. is gelatinous, but becomes 
crystalline. Insoluble water, easily soluble 
in acids, NH.,Aq, and NH 4 salts (y. Mitscher¬ 
lich, Gm.-K. 3, 16; Schindler, Mag. Pharm. 
26, 62; Dcbray, Bl. [2) 2, 14; Heintz, A. 
143, 356; Graham, ^4. 29, 2.3). Tho acid salt 
ZnH,p 20 N. 2 H .^0 is obtained in large, triclinic 
crystals by dissolving ZnO in H 3 P 04 Aq (Oemol, B. 
11,1171). 

Double salts. 1. With NH 4 , v. Debray 
(C. R. 59, 40),Uette (A. 15,12f>), Ilointz (A. 143, 
J.56), Sohweikort (A. 145, 57), Bother (A. 14.3, 
3.>6).~2. With Ntt, v. Scheffer (A. 145, 53), 
Ouvrard (C. li. 100, 1729). —3. With K, v. 
Ouvrard (Lc.). 

Zirconium .orthophosphates. For double 
:’aZfswitli K and Na, v. Ouvrard, C. R. 102, 
1422; 105, 30. 

PYUOPHORPHATRR. Salts derived from 
114 ?jO^. (For Thiopyropluisphates v. Pijosphouic 
suLPHiDK, {teactions. No. 7, p. 147; and for 
Selenopyrcphosphales, v . Phosphoric szlenide, 
p. 145.) 

Aluminium pyrophosphate AI,(P;,0,),. White 
amorphous pp. by ad<ling AlCI,Aq to Na 4 P^O,Aq; 
soluble NH,Aq, Na 4 P.p.Aq, and mineral acids 
(Schwarzenberg, A. 65, 147; Rose, A. 76, 10; 
Wittstein, 63, 224). Forms a dduble 

salt with Na (Persoz, A. 65,170; Pahl, Bl. [2] 

22 , 122 ). 

Amroottium pyrophosphates. Normal saXt 
(NH,*),?;,©,; by adding excess • Nll^q to 
H .P«0;Aq and recrystallising from alcohol. Solu¬ 
tion boiled gives the acid salt (NH 4 ),H,P,Or 
(Schwarzenberg, A. 65,141). 

iiarium pyrophosphate Ba 2 p 30 ,.«H, 0 . White 
amorphous solid; by adding NatP^O-Aq to 
BaCLAq, or H^P^OyAq to BaOAq. ^ated io 
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itaaiB glT«* off PH,; givei orthophosphate by 
heating with alkaB carbonates (Hesse, P. «0,71; 
Sohwarzcnbcrg, Ic .; Himbaum, Z. [2] 7 , 139; 
Strove, J. pr. 79, 348; Rose, P. 76,20). Forms 
a doublt tali with Na Olaer, P. 75, lOO). 

Bismoth pyrophosphate Bi,(P,0,), (Chancel, 
0. P.60, 410). 

Cadmium pyrophosphate Cd.P,0,.2H,0 (at 
100’) (Sohwarzenberg, A. 65,153). 

Calcium pyrophosphates Normal salt 
Ca,P.,0,.4H,0, by addigg Na|P,0,Aq to CaCl .Aq, 
or CaOAq to n|P.,0,Aq; sol. in much Na|P„0,'AiJ« 
Amori>hou 3 , but crystallises iPom solution in 
acetic acid or SO,Aq (Schwarzenberg, .4. 65, 
145; Rose, P. 76, 16, 20, 2.30), For action ot 
heat, u. Baer (P. 75, 155). Docoin|ioscd bv 
water at 280° to H,PO,Aq and CajP.,0, (Heyno.so, 
0. P. 34, 795). Partially decon^osed by boil¬ 
ing with NaOlblc] or fusing witli alkali carbonate 
(Rose). The acid salt CaII,PjO,.211,0 is’aaid 
to bo obtained by decomiio.<9ng the normal salt 
by a little IL0.,0,Aq (Paid, 111. (2) 22, 122). 
Von Knorre a. oVpelt (P. 21, 769) tailed to ob¬ 
tain this salt, but prepared the salt 
20air.,P.,0,.Ca,P.,0,.611./) by adding CaCLAq to 
Na,ll,P.,0,Aij. 

Double salt CaNa,P..0..ni,0 (Baer, P. 75, ' 

1.59). .... V . 

Chromium pyrophosphate Cr,(P.O,),. A ; 
reddish green pp. by adding Na.P,0 Aq to Cr 
alum solution; soluble Na,P,();Aq, Koil.-tq, | 
.SO,Aq, and mineral acids (Schwarzeuberg, A, i 
65, 149). 

Cobalt pyrophosphates. Salts having the 
composition Co,P,0,, and Co.lV.O,, are said to 
bo tornn d by strongly healing luteo-cobah plio.n . 
• pliatc (Braun, Pr. 3, -168 ; Uiii.-K. 3, 463). 

Copper pyrophosphates. The normal salt 
Cu/‘.,0,.2II,(), by adding Na,P., 0 ,Aq (not O-Kceas) 
to Cu salifcolutions and drying at lU 0 °q greenish- 
white amorphous pp., becoming cryst.iliiim hv 
boiling in S(),Aq; solublo Na,P,0,Aq, Nll,Aq‘, 
and mineral acid* (Scbwarzenbosg, .4. 65, 156 ; 
Stromoyer a. Gladstogo, Um.-K. 3, 615). Forms 
double saltswilL Nll„K,andNfi (u.Schwarzen- 
borg, /.c.; Schill, A. 123, 1; Persoz, A. Oh. [3] 
20, 315 ; li’letimann a. Hcnnebcrg, A. 65, 387). 

Iron pyrophosphates. The ferrous salt is 
oMiiincd by ppg. FcSO|Aq by Na' ; com# 

position not docidod (p. Schwarzenliorg, A. (>5, 

! Struve, J.pr. 79,318). Tho fnrie salt 
is a yellowish pp., formed liy 
adding neutral FcCl.Aq to Na,P,0,Aq (acidiliod 
reoljAq gives Ver’ 04 ; l^chwarzenbei'g)!. (Had- 
atone [2] 6 , 4:i5) obtained an allotropio 

“‘gating the lordinary salt in dilute 

Double .salts, with Na (Gladstone, l.c.; 
Persoz, A. Oh. (3) 20, 315 ; Fleitmai.n a. Henno- 

r N. J. P. 23,1; Milck, 

J- 1865. 263). 

Bead pyrophospSate Pb,P,0,. A white amor- j 
N. nn . by ppg. Pb(NO,),Aq by ' 

n&^l^u,Aq. Obiained in colourless, trajiRparent, 
prisms by dissolving PbO in molten 
KPO, (Ouvrard, C. B. 110, 1333). Soluble ex- 
J^oAOiAq, insoluble acetic acid or I 
"a,Aq; decomposed by boilingwatcr(Stromeyer. ' 

*• i Oerhardt, A. Oh. ' 
m * double salt with Na ! 

[Gerhardt, U ; Ouvrard, l,eiA. | 

VoL. IV. , 


[ Uthlum pyrophosphate U.P.O,.211,0; by 
adding N8,P,0,Aq to LiCIAq, dissolving in 
I acetio acid, and ppg. by aloohol (Hammclsbcr,!,* 
j B. B. 1883. 18 ; Jlerling, J. 1879. 1043). A 
[ double salt, Li,NaP,0„ is formed in prisinatio 
crystals by dis.solving In,CO, in molten NaPO, 
(Ouvrard, 0. R. 110, 1.333). 

Mngaepium pyrophosphates. The normal 
salt Mg/P,0,.3H..0 is formed by adding 
MgSO.Aq to Na,P'0,Aq (Rose, P. 70,16, 20), or 
by disso];jing llgO in Na;H.,P,0.Aq and heating 
(Schwarzenber^ Om.-K. 2, 448). Pp. becomes 
cryslallino by remaining under liquid from 
whicli it has been ppd. (Popp, Z. (2 ) 6, 305), 
also by boilii^iwith KO,,Aq (.Selmavzeiiberg, /•.). 
The salt is oblained, wilhout II t), by strongly 
he.,liMj;MgNH,PO,. Loses311 Oat 100°; fused 
with soda or heated with cone. Jl.SO, gives 
Mg,P/), (liose; Weber, V. 73, 137'). IS.asily 
soluble UCl.Vq and IlNO.Aii; p])d. jncoin])lf;tely 
by NlljAq (|i'res*iius; Weber). An acid salt, 
5lg^lI,P,0,, comliiiiod willi 1(1),, is said to bo 
formed by evaporating to dryness with lXNO,,Aq 
(l.ilcl;, h'r. 13, 255; Campbell, P. U. (4| '2I, 
389), Forms a double salt willi Na (Persoz, 
A. 05, *60; Hchwarzeiiborg, A. 65, 140; Beer, 

: P. 75, 168). 

I Manganese pyrophosphates. The norQiai 
I manaanom salt Mn,P,0,.311,0 is a white 
amorphous powder; by ppg. a salt of Mu by 
i Na|P,0,Aq(Schwarzciiberg, A. 65,133). Kolublo 
i Na,P,(),Aq (Paid, PZ.,[2j 22, 122). Loses one 
: 11,0 at 120° (,8., I.C.), The suit without 11,0 is 
formed by strongly heating tlie hydrated salt, 
or MnHPO,.3ir O, or JIn,Nll,P0,.H.,0 (S., f.c.; 

: ITeiulz, Ac., (hn.-K, 2, 475); white powder, B.O. 

; 3','1847 at 20“ (Lewis, Am. S. f.'l) 14, 281); 
hcatod to whiteness in H gives Mu,P.,0,: re¬ 
duced by cliareoal to Mn phospbide (Struve, J. 
1860. 7b). Tile acid salt MnlLP.,0,-411,0 is 
said to bo formed by action of oxalic acid on 
tlio normal salt (PabI, l.c.). Various double 
salts are described with K (Paid, l.c.; ,Sohjern. 
ing, J.pr. [21 45,615); with Na (Paid, Bose; 
Christensen, J. pr. [2J 34, 41); with Na and 
Nil, (v. Otto, J.pr. 2, 418). The acid mnuffanze 
salt Mnlfl',0, is said to be formed by beating 
JfnPO, with ft,PO,Aq tol70'-.190° (Chri.- V.ison, 

J. pr. |2| 2.S, 1). 

Mercury pyrophosphates. The nonnal mer¬ 
curous salt Hg,P,0;.ll.,0 isa heavy white powder 
obtained by adding Na,P.,0,Aq to HgNO.Aq (Hose, 
6';«.-Ar. 3,754; Scbwarzenberg,,4.65,133). The 
1 nmmal mercuric salt, lfg,P.,0,, is obtained by 
adding Na,P,,0,Aq to llg(N6,),Aq (S., f.c.; 
Heyno.so, C. It. 34,79.5). 

I Nickel pyrophosphate Ni,,P.,0,, Js green pp. 
j hyaddingNa|P,0,Aq to NiSO'.Aq; solublo excess 
I .N’u,P,0,Aq, NTljAq, and acids; obtained orystal- 
: line by boiling with SO.,Aq; decomposed by water 
at 280'’-vJ()0'’ (H., Lc. ; Iteynoso, l.c.), 

I Potassium pyrophosphates. Thanonmlsalt, 
K|P.,0,.yH,0, is obtained by strongly hcatiug 

K. .IIPO,; also formed by reaction of TOCl, with 
KOHAq (Glad.dono, C. J, [2J 5, 435). Loses one 
H,,0 at 100°, and is dehydrated at 300°. Solu¬ 
tion in water does not change to K,HPO, on boil- 
ing (Sohwarzeriherg), nor on evaporation (Glad¬ 
stone), but change is effected by heating to 280° 
(Reynoso, C. B. 34, 795); boiling with KOHAq 
produces the ortho- salt The acid salf.K^,Oj, 
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ii obtained by treating the normal with acetic 
acid and alcohol, and evaporating over fLSO, 
fBohwarzenberg, A. 65,137). Forms a double 
Halt with 20NU,)HPA-H,0 (S., l.c.)\ also 
with Cr;,H,,(PjO,);j (Schjerning, J./in [‘2J 45,615). 

Silver pyrophosphates. i^or/«alsalt,Ag,PjO;; 
a white pp. from AgNO^Aq and NatP-P^AqiGlarlf, 
Stromeyer, Gm.-K. 3, illlj. H.G. 5'300 at 7'5’; 
soluble NIIjAij, rcppd. by nNO;,Aq; boiled with 
Na-^HPO^Aq gives AgiPOi* Heated witii ILPO^Aq 
at 180®give8.the acid saUA.Q.Ji.tV.fij (ITiIrtzig a. 
Geuther, A. Ill, KiO). • 

Sodium pyrophosphates. The 7iomal salt, 
NajPjOp is formed by strongly heating Na dlPO^; 
a ^ass-like solid, becoming opaque on cooling 
(Clark, N. Ed. P. J. 7, 298); gives Na-jP(), an<l 
PHj when heated in H (Struve, J.fr. 79, 35u); 
heated with NH^Cl gives NaCl, NaPO^,, and PCI, 
(Hose). The hydrated salt, Na^P^Oj.lOlI./), 
cryatalliscB from Na,PaO,A(i (Clark, 1^.; von 
Blucher,P. 60,642) in niouooUiflc crysfaTs (Uam- 
melsberg; Haidingor, P. 10,610; Hand!, IK. APli. 
32, 250; Schacclii, J\ 109, 305; DulTot, C. Jt. 
102,1327). Crystallises unchanged from Aq with 
Nil, or NH,C1 added. Solution boiled witli 
acids gives Na;,PO^Atj. Poggialc {J. Ph.*[3] 44, 
273) gives solubility; 100 parts water dis-solvc— 
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NaH»PO^ to 190'’-2()4" ((Jraham, Oni.-K. 2, Hi9), j 
or by addition of alcohol to an acetic acid soiii- ' 
tion of Na^PPy (Scbwar/.onbrrg, A. 05, 139). j 
Crystallises from aqueous solution with OH.O j 
(Payor, J, pr. 106,601; Itammelsberg, Ii. 10, 21 ; i 
DulTet, 0. E. 102,1327). When strongly heated | 
givetf^'.-ajHjP^Oja (F'citniann a. Henneborg, A. \ 
66,828). I 

Double 8alt.<{. —1. NaM(NH,)jP^,O..T7r,jO, i 
x~6 or 6 (Soliwarzcnberg, .4. 05, *140,112; 
Bammelsbcig). — 2. Na.K..P..O,.12H..O, and 
Na,P,0;.NaJl.,Ps0y.2n,0 {S.,i.c.; Jl.,l.c.). Wall- 
roth \lil. [2] 3*9, 310) lias described double salts 
with pyropliosphates of Al, He, Hi, Cd, Ca, Co, 
Cr, Co, Cu, l)i, Er, I.a, Mn, Rig, Ni, TJi, Yb, Y, 
Zn, and Zr. For double salts with pyro¬ 
phosphates of Sn and Ti v. Wunder, J. 1870. 
3.59; 1871.323. Na,P.p, seems to cornbinewith 
B-.O, by fusing witli boric acid (Prin- 

vault, C.B.74,1219). 

Strontium pyrophosphate, Sr,P.p^. A 
rtyjtaUin^ powder ; from Sr(NOs).Aq and 
Na^P.PjAq ; also by heating SrHP 04 (S., f.e.). 
Forms acid .uiUs (von Knorre a. Oppelt, D. 21 , 
709); also a double salt with Na (Baer,F. 
76,160). 

Thallium pyrophosphates. Normal tlwXloxis 
self, Tl^PjOy; by heating TljHPO^ (Descloizeaux, 
4. Ch. [4] 17, 329). B.G. 6*786. Crystallises 


from aqaeous solatfon with 2H,0 (P., lc,)» The 
; acid salt w formed by heating 

TlHjPOi to 250 ^- 275 '^ (Lamy, llammelsberg, 
Um.-K. 8,177). 

Thorium pyrophosphates. Double salts 
! with K and Na are dcsiribed by Oiivrard (C. R, 
! 105, 30). 

Uranium pyrophosphates. Double salts 
with K and Na are described by Ouvrard {C. R. 
110,1333). 

•Yttrium pyrophosphate. .Johnson describes 
j '^(Pp,)„ formed by heatftig y.^ 3 S 04 with IIPO, 

; to 316^ (H. 22, OJO). 

Zinc pyrophosphate, Zn.^P.G,. By ppg. Zn 
saltsbyNa,1^07(Stromeycr,6'»i.-A'.2,832; Glad- 
. stone, ib'ul. 3, 10; Schwar/enberg). Forms a 
; double salt with Nil, (liette, A. 15,129). 

I Zirconium uyrophosphatus. Double salts 
' with K and Naare described by Ouvrard {0. U. 
i 105, 00). • 

! MET.M’IIOSI’HJTRS. ,1,-rival from 

! The general metliods of preparation, 

properties, and reactions of tlie niotapbosphates 
arc dc3cribe<l al the beginning of this article 
(p. 100); the divisions into memo-, di-, l/d-, 
iidra-, and hcra- rnetaph >.‘<pJiaUs, witli the pro- 
eesse.s by wliich typical .sall.s of oacli division are 
prcp.ared, have al.so been described already (p. 
107). It will siillico liere to enumerate tho 
salts, with an indication in each case to which 
j division the salt is assigned by Mad<lrcll, Fleit- 
j mann a. Henneborg (<?/. Tainmann’s results 
regarding Na, di-, and tri- meiaphosphalcs 
p. 107). T.’a paper in J.pr. [2J 45, 417 should 
also bo consulted. 

Aluminium dimetaphosphate, A1.^P,.0,„. By 
dissolving AljO^.a^lip in n,l’0,A{i, evaporating, 
and }i<‘ating to 310° (Maddrell, (J. S. .lAm. 3, 
373; Jolinson, Ii. 22, 970). For hexa- s<tU v. T., 
J.pr. [2] 45. 417. 

Ammonium metaphosphates. 
from Cu salt by (NIT,)._;SAq; .at 290' 250° 
bet:omes mmo-^salt (NH jPOa ^Fleitm.uin, A. 72, 
230). For (A’ca- and penUi- salts v. T.. l.c. 

Barium motaphosphataa. (1) ? Mono- salt 
HaPgOj; by heating HaCO^ with to 310'^ 

(M., l.c.\ F., l.c.; Hose, P. 70, 5 ; Birnl»anm, E. 
[2J 7.139). (2) Di- salt, Ba..H,0,.^.a-ll,0; from 
Na or Nfl, salt*and HaCl.Atj (F., l.c.). (3) Tri- 
lalt, Ba;jP„0,s.fl’H,.0 ; from Na salt and l}aCl^\q 
(F. a. Ilonneberg, A. 65, 313). (4) Tlcxa- salt', 
from Na salt and HaCL.\q (lluse; Graham, P. 
32, Os). 

Bismuth motaphosphate. ? 'Petra- salt\ by 
fusing II,PO,with 11^0 (F.,l.c.); HPO^Aq, 

HioNO, solution and Nff^jAq give a pp. (Forsoz, 
Gm.-K. 2 , 832)! 

Cadmium metaphosphate. ? 7'etra- salt (F., 
l.c.\ Per-soz, Gm.-K. 3, 54). Double salts 
with Na and K (Ouvrard, C. R. 100,1729). 

Calcium metaphosphates. A salt is obtained 
bv heating CaHPO,; for auction of HPO, on 
ChCOj V. iloso (P.70,6), Liebig {A. 11, 262): 
Di- salt, Ca-iP 40 , 2 .a:U ,,0 ; from Na salt and 
CaClAq (M., l.c.; F., /.c.). Double salts.-^ 
Cc,Aiii 2 l^ 0 „. 2 H 20 (F., 1 . 0 .); CaNaPA (5’* »• H., 

I.C.). 

Chromium dimetaphosphate, CrA^it* ^7 
heating CrO,H, with H^PO, to 316° (M., U .; 
Hautefeuille a. Margottet, C. R» 96, 849,1042; 
Johnson, B. 22, 973^. 
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Otbalt m«taphoiphat«i. 1 Mono- salt 
CoP.,0,: by evaporating CoSO, with H,PO,Aq, 
and heating to 31C° (SI., l.c .; H. a. SU, U.), 
Vi- salt Co.jPjO, 2 ; by heating roseo-cobaltic 
phosphate (Braun, Amiiimi. Kobaltverbitidunarn 
[Gottingen, 18(;2]). ?7i»xo-salt Co.P,..0,,;'l>y 

CoCI..Aq and tlie Na salt (Bose). Okto- salt (T., 
lx.). Double salt with Na (SI., l.c.). 

Copper metaphosphates. Di- salt Cu..\\0,..-, 
by heating CuO or Cu(NOj). with to 

(SI., l.c .: F., l.c.) ; obtained' willi 8H,0 bv eva¬ 
porating CuSO.Aq niiJed witli Na..P, 6 , (b\ t.c.\ 

* Haa- salt', by jipg, CuCl.A^ {ml CiiSt),A.|) 
by the Na salt (Itoso). .Double salts with 
NH, and No (F., l.c. ; T., l.c.). 

Iron metaphoaphate. Di-fetric salt Vv 1\0„; 
by iieating FeCl, with I1,1’0, to 310' ; 

H. a. SI., lx. i Jolinson, B. 22, 97^). 

Lithium hexametaphosphate. A double 
salt Li.Na,PuO, 2 , iadeseribed by Taminann)7.r.). 

Lead metaphosphates. *Di- sail I’b.F.t), ,; 
Irom Pb(NO,),Aq .and the Nasalt; alsobv In aliiig 
U,PO, and PbO {V., l.c.). Tii- .■salt ldi,l’,0,, ; 
Irom tlio Na salt and I'b(NO.J..Ai| (1'. a. II.■ 
Delia-salt, T. (lx.). Double salt Pb,\m..I’,t),., 
(F., I . C .). ■ ■ ■' 

Magnesium metapbosphates. I Mono salt 
SlgP.^O,,, by lioating SIgO with 11,I’0, (M., 

I. C.). Di- salt Mg...P20,,...xlI./); and h i- salt . 
blgjPiOu.s'lI.jO ; from tile eorrcsponding Na 
salt and SlgCbAq (F., l.c.). llcxa-salt .Mg,I’, .0,, 
(Graham, Gm.-K. 2, 211). Double salts, 
with NH, and Na, v. F. (l.c.); F. a. H. (I.,-.); 
SI. (/.(■.); Graham (l.c.); Onviard (C. Ji. lUtJ, 
17211); Tammann (l.c.). 

. Manganese metaphosphates. Di- salt 
Mn.l’.O,.,; by heating a Sin salt with ll.l’O, to 
310“ (SI., I.C.; F., I..'.); with 811,0 by ppg. 
(b'H,),l’,GAi| by excess of MnCt.Aq (F., I.c.l. 
'I’ri- 5 a/rMn,P„ 0 |,.llJf., 0 ; from .Sli]l'l..Ai] (n-’t 
SliiSO,) and Na.PjO,,. Jfexa- salt SIn„l’, 
by using Nii„l’.0„ (Otto, Hose, Gm.-K. 2, 'I'.JO; 
Braun, U.). Deha- salt Sin,,!'.,,,!*),,, (Taninniim, 

J. jrr. [2] 45, 417). Double s'alis, with MI, 
and Na (v. F., l.c. ; Bose, l.e.; T., l.c.). 

Mercury metaphosphates, tvhitc iq.i. are 
formed by adding Na tri- and hexa. inelaphos- 
phate to Hg(NOj),Aq (F. a. H., l.c*; Jto.sc, Gm.-K, 

8 ,754). ^ 

Nickel motaphosphates. Hi-sort Ni..P,0,.; by 
heating Ni.Oj with H.PO, to .'!)(!'' (SI., ‘l.c. ; i I. a. 
M.,I.c.). /too-sortNi,P,.,0,.; by .adding Ni('l,.\q 
to NaJ’.O,, (Hose). Double salt with .Na 
(SI., I . C .). 

Potassium metaphosphates. Mono- salt 
KPO,; by heating KHJ’O, to full redness (SI., 
l.c.; Graham, .Barracq, Gm.-K. 2, 32). S.G. 
2'2639 at 14-5“ (Clarke, Am. ,S. 13] 14,281). Di- 
salt KjPjO,; by treating the Cu'salt with K..HAi| 
(F., I.C.). Uexa- salt K,P.O„ (T., lx.). Do'uble 
salt with Nil, (F.pLc.). Compound with H 0, 
(Prinvault, C. It. 74,1240). 

Silver metajhosphates. Di- salt Ag.,P.,0,; 
i tri- salt Ag^PjOj; from AgN0,,Aq and the 


and ... 

corresponding Na’saUs (F., l.c.; fTb! H!,*/.«.b 
Bexa- salt Ag.P.O,,; from AgNO, heated with 
H,P0, to 316“, or by adding Na,P,0„Aq to 
AgNOjAq (Graham; F.,f.c.i 't.,lx.; Kose, Ber- ; 
lelius). Rouble salts with Al, Or, and Fa : 
(H.a.M.,f.c.). 


! Sodium metaphosphates. For condition.? of 
formation and general reactions v. p. 106. The 
I following salts have been described ; Mono- snip 
NaPO, (F., l.c .; M., l.c .; F. a. II., lx .; Graham, 
Gm.-K. 170; Jamieson, A. fiO, 350; Miiller, 

: P. 127,428); di- salt Na.,P.,0,.2H,0 (F., l.c.); 
Iri-salt Na,lV)„.Gl I,0 (F. a.'ll.,/.c.); tetra-salt 
Na,P,0,, (F., Ic .); hexa- salt Na,P„0„ (F., l.c .; 
T., /.,’.; G., /.c.), For double salts with Na 
and Nil,, v. F. (l.c.). 

StrobUum metaphosphates. ? .Mono- salt 
SrP,0„; By heating SrCO, with H,,PG, (SI., lx. ; 
cf. liuse, 1 ’. 76, 8; Seheerer, J. pr. 75, 113). For 
a deka- .salt, r. T. (/.<:.). 

Thallium metaphosphate. TlPO, said.to 
exist in two forms, one iiisohilde in water (?di- 
salti, and the other solnblo (liamy, Gm.-K. 2. 
1771. 

Thorium metaphosphate ThP,0„ (7di. salt, 
Th .P.O. ); by heating 'I'h(SO,)., with ll.,PO, to 
rediie.s.s H.lohiisoia rt. 22, 1176). For double 
salts with K and Na, i*. Troost a. Oovrard IG. It. 
10.7, 30). 

Uranium metaphoaphate. Di- .sail U.,P,0,. 
(11. a. SI., I.C.). ' 

Zind metaphosphates. Di-siif/Zii..P, 0 , 2 ; by 
heating y.aO with II.I'O, to 350“ (F., Lc.); wilii 
111,0 by adding ZiiClAq to (NII,),,P, 02 .Aq. 
For dauhlc sails with Nil, and Na,n. lAa.TT. 

: (/.c.); Betle (A. 15, 12;i), 

TMTltAPHOSlTIATKrf and DEKAPHOH* 
ITIATKH. .Sails of the hi/polhelical acids 

11.. P,0„ and 1I,.,P,„0„ (v. pp. 106, 107). 

Barium tetraphosphato 11 a,P, 0 „. A heavy 

crystailinu powder; by fusing KilP.G,, with 
BuCI, (F.a.H., A. 65, 313). 

Magnesium tetraphosphate SIg.,P,0„. Pro 
pared similarly to tho Basalt (F. a. II., lx.). 

Silver tetraphosphate Ag„P,G,,,. From the 
Na salt and AgNO,Aq (Berzelius, 10, 331). 

Sodium tetraphosphato Na„P,0|.,. By 
fuBiiig Na,P„0„ witli Na,P,0, or N'a.i’O, (F. O.H., 
/.c.; lielsmaiin, A. 118, lot). 

Silver dekaphosphate Ag,.,I’,„0„. F'rorn 
the Na salt and AgNO,Aq (F. a.'H., lx.', U., lx.). 

Sodium dekaphosphate Na|.,P,„0,|. A glassy 
mass ; by fusing Na,P,0„ and Na,!’,/' -.(F. a. 

11.. t-c.). SI, SI. i’. SI. 

PHOSPHENYL CHLORIDE v. I’musL-Ui. 

chloro-i'itOHPuiuK. 

PHOSFHENYLIC ACID v. PiiivNyL pnos* 

I'lllTUU. 

PHOSPHENYLOUS ACID C.Il.PHO.OH. 

Demcne plwsphinic acid. 170 J. H. 7 23 in the 
cold ; 211 at 100“. Foriiied by adding water to 
C„Il,PCIj, and boiling (.Michaelis, A. 181, 303; 

]i. 10, 816). Lcailels, V. sol. alcohol. Decom. 
posed by heoj into iihenyl-phosphine, benzene, 
and IlPt),. PCIj forms CjHjPCli. -KA'2aq.— 
NJI,A'. BaA'., 4aq,—PbA'^: amorphous pp. 

Ethyl ether EtA'. Oil. 

Di-ethyl ether C/I.,P(OEt)_ (235“). 
Formed from 0,11 ,PClj and NaOEt. Liquid with 
very powerful odour. 

PHOSPHIDES. Compounds of P with ana 
other more po.siUve element. Tho chief phos 
pliides are those of Al, Sb, As, Ba, Be, Bi, Od, 

Ca, Cu, Cr, Au, H, Fe, Pb, Mg, Sin, Hg, SIo. Ni, 

K, Pt, Ag, Na, Tb, Bn, Tl. W, Zn, Zr. (Phos- 



PHOSPHIDES. 


ns 


phides of H are described as PJtosphonis hydrides 
under Fhosphokus.) Many {ilio.spliides are fonned 
^ty heating together P and the more positive 
clement in an atmosphere of CO^ or N; phos¬ 
phides are also produc(!d by Jicating P witli 
several metallic oxides or witli suits in solution ; 
also by licuting metals or their oxides in PII,. 
Phosphides are generally brittle solids; many 
react with wu,t(;r or dilute acids, evolving 1^ 
hydrides; some yield basic pliospliates when 
hooted in air. For des(5nptions of lli^dilToront 
phosphides v. the individual eloPients. 

M. V. M. 

PHOSPHINE. Pir^is Bornotlim-s known by 
thijS namc,^. PiioBritonos, iivnuiDi'jj of, p. PI'*. 

• PHOSPHINES aro the i)iiosphorus analogTios 
of amines, and result from the roplaoemenl of 
hydrogen in pliospliun;tl,ed hydiog^m by alkyl 
radicles. Thoymaybe classified,lik^* tlie aniiin s, 
into primary, secondary, and lerliary b.isi's, and, 
in addition. <|Uiil.«Tnary corni^unds nih known 
analogous to tVio sliUsof compunnd aintnoniiiiits. 

Methods of Jireparation. I. Action of the. 
haloid dcrivafives of hijdrocarlx’n riKlichs on 
rneUiUic }>IuK'<pliidi's. It was by this I'sn'.tlou 
that Paul Theiiard ((/. ii. -1, II1; 25, dis¬ 
covered llio first TiifinlH'JS of the phos]»bine 
group in IS bf -'17. Ho e.vjM.Tinieiiled with inotliyl 
Omoride ami calcium plio.spbido, and api»!irentiy 
iaolatcd triniothyl-pbospliino, (HlI:,)jP< as an 
inert solid, and a substanec (’(1H.,),P. anniogoti.s 
to cacodyl as UBpontaiicoiisly inflammable )i<juid, 
boiling at 250'’, very explosive, poisonous, and 
unstable. Thenard rccoguised Ibo rclafionsbip 
of trimethyUpbosphine lo aitnnonia, and pio- 
dioted tho existence of tbe then luniiscovcred 
organic eompotmds of nilii'gt ii ami aniimony. 

In 1H55 Hofmann u. Cahoms (7*. 1.S57 ; 
A. Ch. fll] (51, 5) investigated tho action of 
methyl iodide on soilium plmspludo, and ob¬ 
tained tetramolbyl-phosphoniuin iodide in addi¬ 
tion to Irimothyl-phospiiine and the phos- 
phorisetl cacodyl of 'Phthiard, Tlu'y found that ; 
the method was dangerous, and fiiriiislnrl mix¬ 
tures tho separation of which prisiulcd niurmoua 
diflloultioB. 

Berltl (X pr, 0(5, 7d) about the same time 
obtaijmd very small quanlities of tricihyl- 
phospdnne by the nef ion at a very liigh tem¬ 
perature of ethyl iodide on sodium phosphide 
obtained by Jieating soclium and phospliorus 
tog<?ther in rock oil. 

.Cahours in Ps5f) (C. Pi. 10, 87 ; J. 1850, 1150) 
prepared tetrcthyl-pl) 0 .sp)ionium ioilidc by tho 
action of ethyl iodide on crystallised zinc 
phosphide (obtained by heating tho metal in 
phospliorus vapour at 180'^). 

In 1882 Letts a. N. Collie [Tr. K. 30 pt. i. 
181 ) investigated tho action of benzyl chloride on 
sodium phosphide, and found that Ictra-bonzyl- 
phosphoiiium ciiloride was produced in abun¬ 
dance. 

2. Action of organMndallic bodies on tri¬ 
chloride phosphorus. Tho action of zinc 
alkyls on phosphorus trichloride was first in¬ 
vestigated by Hofmann a. Cahours (.4. Ch. [3] 
61), and was further studied by Hofmann (4. Ch. 
[3] 62; 63 • 64). By this method tertiary phos¬ 
phines are exclusively formed: 3B.;Zn-f2PGl, 
= 2JRaP-t3Zn01j. It is necessary to treat the 
prodoct of the reaction with caustic potash, in 


! order to decompose the oompoond of the phos¬ 
phine with zinc chloride. By this reaction 
Hofmann a. Cahours obtained PMc^ and P£t^ 
and showed that they resemble the correspond¬ 
ing amine.'} in many respects, especially in the 
readiness with which they combine with alkyl 
iodides to give (juatorimry compounds. On the 
other hand, they prov<-d that, unlike the amines, 

; tertiary phosphines rcaililycombino with oxygen 
to giv(5 very stable compounds of the general 
foniiul.a U,,hO. 

i • 3. Action of ahoh^n on phosphoniwn 
I iodide : and is Action of alhf/l iodides on 
phosphoniuui iodide ond oxide of ^inc (Hof- 
j matin’s nn tbods). In llie year 1871 Hofmann 
i again took up the study of the phnspbiiies (H. 4, 
205), and by tbe action of alkyl iodiilt^.s on pbos- 
plmielted Ityl^ogcn obtained not only tevtiary 
and (ptafrinury (■ompouiid.}, but al^o primary and 
SI i-.indary bases. Hofmann tonk advantage of, 
tbe fact tliat phosiJu)niiini,iodido when liealed 
\\il.h alcediol yields pliospltmvtted itydiogeii, 
ethyl iodide, and wafer. Win n pbospbonium 
iodide (1 iind.) is lieuted willi alfuliol (3 itiols.) 
for H liotir.s ai IHU’ the crystalline produet is 
a mixiuiv of )’13 ,111 and and, on addition 

of caustic soda, triethyl-pbo-pliinc sepaiates us 
a clear licpiid, wliilo tho .solution gives, on 
evaporating, Im aulifiil crystals of lelretliyl- 
)dic*sphonium iodide. Tf tbe tubes arc licabd 
for four lioiir.s only, two layers of lii]uid are 
visible on cooling, and the lubes show great 
jin'ssuro when opened. 11 may be taken for 
granted, then, that tbe rcaetion oeenrs in two 
phases, in tlio first of wliich Htl is liberated, 
wliicli then acts upon I’ll , in the same way as 
it aebs on ammonia. Horniaim employed this 
method sinrcssfully in tbe motliyl {B. 4, 202), 
ethyl (H. 4, 20.5), propyl (B. (5, 222), butyl {B. (5, 
220 ), and ,amyl (B. 6, 227) soric.s. Jjlofmann 
(/>'. 4, 372) endeavoured to I'lepare the primary 
and seoomlary bnse.s according to tbe equations: 

I’H.I tpjI.-O:-C..ll,rU-.HI + H..O 
ril.I -h 2C H.,0 «(C,H,.).,l’iilII + 2H,0, 
by altering tho propoiti»7iiS of phosp'honinm 
iodide and aloolK)!, but without success, the 
terliary base being pnxUiced alone or mixcal 
witli tho (juaternary compound, while with the 
uopoi tions required for tlie second equation tho 
uhos invariably exploded. 

In the menntime Hrechscl a. Finkenslein (B, 
4,352) believed that they had succeeded in obtain¬ 
ing the primary bases by saturating EtI or Mel 
with PH,, and allowing the solutions to remain for 
some lime atllieordinary temperature,or by heat- 
ing them at 100°, and also by heating an ethereal 
solution of Znl. saturated with PIL, together with 
' Mel. Hofmann {B. 4, 372) repeated these ex- 
' periments, and showed that only tertiary and 
. «{nuteriiary derivatives were formed. The idea 
' then occurred to liim of heating the alkyl iodide 
I with pliosphonium iodido rin presence of a 
I metallic oxide, with the hajipiost results; for 
! on heating a mixture of phosphoniom iodide 
! (2 mols.) with ethyl iodide (2 mols.) and zino 
oside (1 mol.) in scaled tubes at 150° for from 
six to eight hours, a complete reaction occurred, 
the tubes when oold containing a crystalline 
mass consisting exclusively of &e hydriodates 
of the primary and secondary bases, tlje former 
being the chief product, while the latter was only 
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/orffi«l io small qaantitlas. The addition of 
wate/ to the product of the reaction iiberatt'd 
the primary phosphine alone, wliicli was dis* 
tilled off in a hydrogen ^tmosplicre, wliiie tlio 
secondary phosphine was sub.sciiueiilly sot at 
liberty by the action of an alkali. Jly means of 
this general inetliod Hoi'inanii prepartd metlivl 
{U. 4, 430), ethyl (if. 4, (iO.a). propyl {B. i\, 
butyl {B, 6, 2DG), amyl {B. 0, 237), and bciwyl 
{B, 5,100) phosphincf^ 

4. Nichaclis's methods. Hofmann’s 
methods, altliough of exccileiif service for ol)- 
taining the phosphines of tlmse radieh s which 
form alcohols, could not ho employed in the 
preparation of phosphines conlaiiiing purely 
aroiimtic radicles {/?. o, 100). Michuolis, on the 
other hand, not only succceilod in obt.ainin}.r all 
the phcnyl-phaspliines, but al;-o in discovering 
a fairly general method for the production of 
primary phosphines. ThoSsubstanec furming 
the starting-point for tlic preparation of phos¬ 
phines by tlioso methods is trirhloridc of ; 
phosphorus. One atoui of cblorino is first 
replaced in tliat body by one or other of tliC 
following processes:— 

(.\) The mixed vapnur.s of a liydrocarlion and 
the trichloride arc repouloilly passed through 
a red-hot tube. Thus when benzene is em¬ 
ployed ‘ phos[)heuyl * chloride is obtained : 
I’CI^ + - (C„Il5)l'Cl.,+ HCl. 

(a) A mercury alkyl is heatetl with tlic tri¬ 
chloride under ine;--.surc : 1*C1, +(C UJ.Hg 

.•.(ClI,)PCl,-lllg(aU,)CI. 

(c) By digesting a hydroc.arbon witl» the 
triclilorido ami aluminum chloride, the reaction 


’ chlorine is gradually displawd by iodine: 
C,H,PC],+3HI «= C.HsPI;HI f 2nCJ. Piom this 
iodide Michaelis obtained plionyl-pho.sphino by 
the action of alcohol: aCJl.PlJlI-rOCJI.O 
= C,HjriJ, + 2C,H4rO,H,.4 311,0 r In 

later experiments he employed a simpler method, 
nanu'ly tho destriiclivo distillation of the phos- 
phinous (phosphinic) acid which, a.s already 
stated, js produced by the action of water or 
alcohol n»^the substituted chloride: 3C.,lIjP0.^1f., 
4 From phenyl phos¬ 

phorus chloriib; Micliuelis obtained diphenyl- 
phos|.diiiio hy the following icactions: (I) Tlu. 
chlprido is dil^e.'^ted with meicnry diphenyl 
2 ( 10 ’: 

(cjjji'ci,! Hg{c,H,),-{cji,),P(;i I Hg('i(o.,ig 

(B. H, 13(.)1) ; or it is heated for hoiuo lime 
at 2t'Uwhen tho following naetiou occurs: 

(2)#l)iphenyl p]ios])lu)nis chloride whoa heated 
with waler or ililute sa»la sofution dnompOfU'.s 
in the following manner: 2(C, II )-,rcl + 2ll,.(l 
r.{C„H 5 ),PH + {(.Uy,ni’0, + 2iKn (Miolmclis n. 
(lleiehiflan, B. 15, 801}. He also obtained the 
torti.ary base; at fir.st by acting upon a mixture 
of phonyl-phosjtliorus chloride and bromo beii/^ 

' cue with sodium: {C,II,)P(JI,-f-2(--,,njtr f 3?sa 
2NuCl-} NaPr r fOJlJji’, hut later this 
method was modified iu a romarkahlo way, by 
I substituting fur phenyl phosphorus chloriilc, 

' phosphorus c}iloi id(} alone, tho reaction occur* 

: ring ijuito easily and very energetically at ordi- 
; nary tciuperalmes according to the tupiation : 
r'-'J, + 3iC,ir,)i:i+'..Va--5Na('I ( 3Nant +.(0,ff,),l’. 


« being tho same as (1). Other substances bcsitlca ! 
hydrocarbons yield Bub.-titulcd phosplionis ' 
chlorides wlim submitted to this ixaclion. I 
Thus H nti.\ture of accdone.PC’h.and aluminium ! 
chloride react spontaneously, according to tlie 
cipiafiou: 

2((:iIj),CO I VCi, - 2HC1 -h (CiI,»CO.CH,) PCI. 

By means of tjicsc. dilTcront reactions | 
Michaelis and liis piipiLs have obtained a cun- ' 
siderahle number of .substituted jdioKplmru.^ 
chlorides, among which are: Phenyl }»liosphurus- 
cliloride by methoils 1, 2, and [B. 0 [1873J, 
COl; 8 [1875],022 ; 12 11870], 1000). Tolyl plius# i 
phorus-chloride by method 3 {B. 13, 053). Xyiyl ■ 
phosphorus-chloride by metliod 3 (.1. 212, 2fJ3, ; 
200). Ethyl pho.'Sphorus-cbloride by metlu»'l 2 . 
(B. 13, 2174). Pjopyl phosphorus-cbloridi! by ' 
method 2 {B. 13, 217i). Naphthyl plio8pln>ru.s- • 
chloride by nieth<)(L2 (B. 0, 1051). Acelotiyl : 
phospliorua-chloride by method 3 (B. 17, 1-73). . 
Tho substituted chlorides resemblo PCh in pro- | 
peCics. As a rule they are fuming liqubl.*!, ; 
combining readily with chloiino to give : 
compounds analogous to pentachloridc of phos- j 
phorus; treated witli water, they yield phos- 
phinous (phosphiffic) acids. Thus ydicnyl ; 
phosphorus-chloride gives phenyl phosphinous : 
(benzene phosy^inic) acid: (C.Hi)PCl;,-f2H,,0 ; 
*s (C.Hj)Pi£.,02-I-2UC1. The products of addition j 
which they form with oblorinc react witli 
water to give phosphinio (phosphonio) acids: I 
(C^4PCl4 -h 3H,0 «(C,H^PHA + 4HCI. Mi* 
chaeLis was unable to obtain more-than mere 
traces the primary phosphine by the action 
of nascent hydrogen on the substitute chlorides, 
^en gaseous^I is passea into the chloride, 


5. Jcti<>no/ ah'ohoU m a iniiinrc of phos¬ 
phorus (uul phdsjfhonis iodide. a. Blake , 

(Ti‘. J'!. pt. 2) liavo shown that veuy iinnarkablo 
rcarlions occur when benzyl ah oliol acts upon 
a mixtiiro of jjliospUuru.s and phosphorus 
iodide (in tho pio\)oiLions (unployed for obtain¬ 
ing pbo.splionium iodide by the action of waU-r), 
wluu'cby a viumbcir of the phospliorua deriva¬ 
tives of bcjizyl uic obtained. Tiio action occurs 
spontaneously at ordinary tcmpiTuturcs, and, 
ailbougli its mccliani.'-m was found difllcuH 
to invcitigato, tlie following equati«.»iiB ac- 
: count for the fonualion of tlio dif/erent pro- 
; ducts:— • 

’ (i)ri,+ c-H-on (HO -(c,H,)H.rt\ i iii 1 1 
: (2) PI..-t-C.Il,01I (-211,0 f I«(C-lldlU’0,4 3ni 
(3)n>2c n^oH ' =((h]i,)..HPo',4ni +1 
(l)n,-430.11-011-1-111 «(C4I,),l’0 4 2Jl.,0-f 31 
' (5)Br,.4 4C II oil 4 4111 « (0-II,),lT 4 411,0 4 51 
; (lijlT, ( 2H.0 «H,l’0,-4lJI + l 

: (7)1T; 44H*Oh 31 «H,rO, + 6JlI 

I (8)2iii-f o.li.oii -O;ii„ tn,o-tr, 

i (3) B -4 Ij "= I’lj 

' All tho products indicated by the above equa¬ 
tions W4'ru obtaine' in (piantity, especially 
; benzyl pliosphinic acid, di-benzyl phosphinio 
: acid, and tri-benzyl phosphine oxidA, and the 
I inothod is uirloubtedly the easiest and best for 
llie i)r('par.ation of those substances. Whethor 
otln-r ulcolioU behave in a similar manner to 
benzyl alcohol with a mixture of phosphorus 
and its iodide has not yet been ascertain^. 

General properties of the primary phos¬ 
phines. The following rimary bases have been 
obtained: 
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% Name 

Cunditiuri 

TluiHujj'iM.int 

Methyl-phosphine • 

Ons 

-Id" 

Ethyl „ 

Liquid 

25“ 

Iso-prnpvl .. ’ 


41° 

Iso-butyl „ * 

»t 

62° 

Iso-amyl „ ® 


106° 

n-Octyl „ ‘ 


184 187° 

J’honjl „ ’ 



Benzyl „ * 

» e 

Iho iH:i“ 

p.Tolyl „ • 

.Solid at 1 4° 

17S“ 


J, irilfmaiin, If. 4, 20H. • J/. 4 , 

• llofimiun, If. 0. 2'J2. * ll.ifniami. /i. «, 21)0. 

• lliiftiiiiiiri, It. 0, 2‘j7. • SIu.-,Iiii:.;. r, II. 'j, l()ii5. 

• Michiurlin, It. 7, 0, lOSa. 

• irofiimnii, B. 6, liKi; 1,4-nsa. Tr. K. a.'i pt. 1. 

• MioliaoJU a. I'aiick, A. 212, 2;;3. 

Most of tJieprimsiry basos are liquids,insoluble 
in water, but solublo in ellief. They fume in i 
the air, and grow 4 f(!ry liot, their va])iMir ignifiug j 
spontaneously at times. The pn)dijels of this ’ 
oxidation appear to have been iusu siigutnl only i 
in a few cases, and chielly in the aromatic ' 
series. Phenyl phospliine (Miehaelis,/i.lU, ho?) ! 
and tolyl phospbino (Mieliaelis a. I'uuek, .1. ! 

5^) both absorb a inolcculo ol oxygon, and arc | 
converted into phoaj)hinous (phosphinic) acids, : 
which are moriobasie,and therefore probably liavo 
the constitution J{PJI(()H):0. These acids are 
readily decomposed by lieat, giving the primary 
phosphine, and the corresponding phosphinic 
(phosphonic) acid i •J1U*IJ,,0„ 

a reaction anulogous to that winch gives rise to 
phosphoretted liydrogen and pliosphoric acid 
when hypophospliorous and phosphorous acids 
are heated. Letts and Llake {2V. E. :)f), pt. 2) 
find that benzyl phosphine yields a mixture of 
benzyl phosphinous (phosphinic) and ben/.yl 
phosphinic (phosphonic) acids with some phos- 
phoric acid. Submitted to tlie action of strong 
nitric acid, many of tlie primary phosphines (and 
probably all) absorb three atoms of oxygen, and 
are converted into phosphinic (phosphonic) acids. 
This has been shown by Hofmann {B. 5, 110) 
to be the case in the methyl, etliyl, isopropyl, 
isobut^i, and isoamyl series. 

The phosphinic acids are solid substances, 
which, with the lower members of the fatty series, 
can be distilled unchanged (1 lofnuinn, B. (>, 803), 
Hut in some other instances a dilTereut reaction 
occurs: thus phenyl phospiiinic (benzene plios> 
phonic) acid when heated slowly to 200^^ gives a 
pyro-acid, while when rapidly heated to 250'^it de¬ 
composes into benzene and mctapluispboric acid: 

C,jll^ + HTt);,. Thepliospbinic(plio.s- 
phonic) acids are all dibasic, and no doubt have 
the structure 111*0(011).^. All the primary phos¬ 
phines liavc distinct alkaline properties. Tliey 
comliuc readily with hydracids forming crystal¬ 
line compounds, which can, ns a rule, bo volati¬ 
lised (with dissociation more or less complete), 
and whicl/ resemble the compounds of phos¬ 
phoretted liydrogen in being instantly decom¬ 
posed by water with liberation of the phosphine. 
The hydrochlorides combine with chloride of 
platinum to give chloroplatinates. The salts of 
the prinjary bases with oxyaolds have been 
scarcely at all investigated. The action of, 
halogens on primary phpsphines has not been j 
suihoiently investigate. Methyl and ethyl 


I phosphine take nro.^hen they come in contact 
wdth chlorine or bromine (Hofmann, B. 4, 433, 
C09). Benzyl-phosphine yields with bromine a 
mixture of its own hjjdrobromido and substitu¬ 
tion-products (Letts a. Blake, Tr. E. 35, pt. 2). 

Sulphur acts on the primary bases. With 
the methyl and ethyl derivatives, compounds 
have been obtained but not investigated (Hof¬ 
mann, Ti. 4, 488, 610). With phenyl pliosphine 
sulphur acts slowly in thg cold, rapidly at a high 
temperature (Mieliaelis, B. 10, HIO). Two sub- 
stances are protKiced, one, atliick liquid, soluble 
ill ether, having the compo.sition (CJI jfH^S, 
the other a crystalline product to which 
Michatdis assigns tlie formula (C,.H^P);,S. The 
first of these liodies decomposes when heated in 
the following iHanner: 

2CJl,,Pi l,S C,,II,PS + C,H,**II., H,S. 
Whoh benzyl phosjibine is warmed with sulphur 
the following reac<i(tn occur.s(iicUsa.B!akc,/.c.); 

2(;,H.I‘H,4 os (C,1I,).,P,,S,.H., + H.S 
and the resulting pyro-bcnzyl-thi’ophosphinio 
acid wlien boileil witli water is dccomposetl, 
yielding niono-thio-benzvl |ilios|iliinic acid: 
(0,HJ,1>,S JI.,4 4H,0 v. 2C;;H,rS(OI[)., 4- 81f,S. 

Iti view of tho analogies existing between 
nitrogen and phospliorus, considerable intei'ost 
is iittacbcd to tlu; action of carbonyl chlorido 
and bisulphide of carbon on the primary phos¬ 
phines. Bisulphide of carbon !i<ds upon both 
melliyl and ethyl phosphine (Hofmann. 7>. 1, 
488, 610), but the pio<laets have not been in¬ 
vestigated. Michaelis a. Ditller {H. 12, 838) 
have Kludied tho action of both reagents on 
phenyl phosphine. When carbonyl chloride is 
passed slowly into that substance, an enorgetio 
reaction occurs in the following inauiKir : 

2COC1., I t:,H.PH^-CJIri’CI.-f 2CO + 2HCI. 
riicnyl phbsphine and bi.sulphidc of efn-bon act 
upon each other when heated in a scaled tube at 
150°, and sulphuretted hydrogen is liberatcil. 
Tlie product of the reaction id' a resinous body 
(0,iHJ'IICS),B, and tlie rq^aclion itself proceeds 
according to tlie equation 
I 2C„II,PIL4- 2CS^- (C,H .1*I1(\S),..S f IT.,S. 
j Mieliaelis a. l)ittler wore not succe ssful in their 
I attempts to prepare a phospliorised mustard oil 
L*oin this compound. 

I They were Cijually unsuccessful in olitaining 
I a phosphorised carbylaniine by the action of 
j chloroform and caustic potash on pheu} ! phos- 
I phine. It is true that a reaction occurs, but its 
course is completely different from that which 
takes place with an amino, viz. : 

4-1KHO 4- CHCl, = 

O^HjPHKO., 4- 3KC14- CH,Oy -i- H,0. 

It thus appears that, in their behaviour with 
I carbonyl chloride and a mixture of caiistio 
potash and chloroform, primary phosphines 
bcliave in an entirely differei^ manner from the 
; corresponding amines, thougn there is a certain 
degree of analogy as regards the action of both 
on bisulphide of carbon. Thisi difference is no 
do^pbt due to the strong alfinity of phosphorus 
for electronegative elements, such as the halo¬ 
gens, oxygen, and sulphur. Chloracotio and 
bromacclio acid react with benzyl pliosphine. 
and chloroformio ether appears to form a 
product of addition (Letts a. Blake, Ac.). 
Probably other phfsphinea act in a similar 
manner with these regents. •- 
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Primary phospliineB teadiiy combine with 
Alkyl iodides to give hydriodides of secondary 
phosphines. 

General properties of the secondary phos¬ 
phines. The following# secondary pliosphines 
have been obtained: 


N'amo 

CoiiiliHoii ! T?(>ili:i;;.jxiiiit 

Pimethyl pbospliinc ' 

J.i»liiid . 

Di-cthyl „ • • 


Di-isopropyl „ * 

iiw’ ' 

Di-isobutyl „ ‘ 

„ 153^ 

Di-isoamyl „ ^ 

„ 21(^-215° 

Di-phenyl ® 

'Jsii ■ (about) 

Mcthyl-isopropyl., * 

Iso-propyl, 

„ 78''-80‘> 

isobutyl „ * 

„ ' : i:i!)“-l40° 


DrCi>l)UKiS(‘S 

Di-benzyl „ * 

^ ? wlicii boilnl 

* Iloftuiiiin. IS. 1, «10. 

* ITi'fmatiii, R. 4, 

• ri-hi. H. (1, -j'.M. 

• //'/'/. R. fi, LM'!. 

• H U. R. 0. I’SH. 

• R. 16, «iU 

’ U U. n. «. L-yr). 

• I>!tls lu IJhU'-, l.t. 

• R. 


All the Rocoiidary phospliincs obtained as 
yet are liquids, having a powerful odour. They 
are insoluble in water, but soluble in ether A-e. 

They have as a rule a strong attraction for 
oxygen, fuming and growing hot on oxpositio to 
th-^ air, and often inflaming spontaneously. 
In some cases they appear to have oven agrejittir 
uHinity for oxygen than the primary bases. Tins 
is so according to Hofmann with all tlio set 'jtid- 
ary pliosj>Iiinofl of the fatty series which lie ob¬ 
tained. But. ajiparently it is not the ease with 
diphenyl phosphine. The proiluefs of this 
spontaneous oxidation do not appear to have 
l)een eAminnd except in the caso^of dili( n/>l 
pliosphiiie, which yields dibcnzyl phosplniiic 
(pliosplioiiic) acid and possibly the oxide also 
(C,H,)jl*0 (Letts a. Blake, l.c.J. But the pro¬ 
ducts of their oxidation by nitric acid liave been 
invosfigaled, cliietly by Hofmann (B. o, 101 ; 0, 
30J1). Tlicse are in all enses pliospliiriio ;u‘i<iR, 
R.BIKL, which are monobasic, and no doubt 
have the constitution 1LP(0H)«0. 

These acids are probably also produced wlitn 
the chlorides B.PCl are oxidised by nitric acid. 
Huch is at least the case with (0^11-.).Smne 
of them can be distilled unchanged, diim thyl 
phospliinio acid; others, diphenyl and di- ; 
benzyl phosphinic acid, lose water, and gi\ e pyro- 
acids. 

Secondary phosphines combine with acids, 
the resulting salts being far more stable tiian 
those of the primary bases. Thus in most casc.s 
they are not decomposed by water, though some 
are (e.fj. salts of diphonyh phosphine). Com¬ 
paratively little known reganliug sc'-ondary 
phosphines, and very few of their compomi'ls 
have been investigated. , 

Sulphur aAs upon them, and in the case of 
diethyl phosphine, according to A. W. v. Hof¬ 
mann a. Mafala {U. 25,2436), triethyl phospliino 
enlphide and diethyl dithiophospbinio acid. 
PEtjSSH are formed, together with a third sub¬ 
stance which probably has the composition 
PSEt^fl.S.S.PSEt,. Bisulphide of carbon also 
acts upon them, but the papducis do not appear 


j to have been investigated. They readily com¬ 
bine with ^kyl iodides, giving hydriodides ef 
; tertiary phosphines. 

I General properties of tertiary phosphines, 
i The following tertiary bases have been obtained: 


Niune 

Coiuiitiou 

noilhig-peiiit 

TrimoGiyl plioRpliiiio • 

Liquid 

■10'’-42‘> 

Tii-clUjl 


127’" 

Tri-isoi/opyl . „ . * 


? 

Triisobiitvl „ * 


215=' 

Tri-isoamyl ,, * 


about dOO*" 

Tri-plieny) „ “ 

Solid 

above 860® 

'rri-benzyl * „ 



KUiyl-isopropyl- 

isolmtvl „ • 

Litjuid 

iilmut 190° 

M< thyi-diphcnvl 

284° 

I'Uliyl-diphonyl „ " 

,, 

203® 

Di-cilrel-piu-nvl* „ 

„ 

220® 

l)i-nu’t)iyl-<‘tlivr „ " 

, 

8;)'--85° 

1‘ii-ctliyl-inoUiyl ,, 

•ti 

110°-112» 

Di-ethyl'propyl ,, 


• 14C.°-149° 

Di-ethyl-isoainvl „ “ 

„ 

18;*.“.187’^ 

Di-ctUyl-bcnzvl ’• 


2*.2®.. 265® 

I'ltliyl-dibcnzyl ,, "■ 


:i2()“~330® 

Dimotbyljj-tolyl „ 


210® 

Di-cthy] 7 >tid\ 1 „ 

„ 

240°. - 

Dimethyl xylvl „ 

n 

230® 

Diethyl xylyl „ 

M 

200° 


‘ • Tff.finiuiu II. (’:Ui<-iir«», A. (% [31 61, 35. 

■ * • I liirinanii, /{. l!, 3(M. 

• Alictia.li.H, n. 16, ftOl. •• 1.1‘llsii. 

» H.'liiiaim,/l.C. 301. • Mirludi^i, .1. 181. 346. 

Mi.-liarlisa. T.ink. J. 107.210. 

II l, >. •• l« J 71-1. 

/I. 16. 

The tertiary pliu.spliiiies liilhftrto obtalnod 
arc, with thecxciiption of Iriidioiiyl and tribenzyl 
]>hn<phiDe, liquids at ordinary lumperaturcs, 
having a powerful odour. They are insoluble in 
water, Imt soliiblo in ether Ac. As a rule, they 
oxidise rapidly in contact with the air, fuming 
and growing hot, and in somo cases igniting 
spontaneously. 'J’ho jiroduct of this oxidation 
is a tertiary pliospliinc oxide of the formula 
UaPO, and, no doubt, of tlie constitution R,P:0. 

Tho final pioducts of the oxidation phos- 
pliuretted hydrogen, and of primary, secondary, 

' ami tertiary pliosphines, are therefore respec- 
tuedy: JIj'PO,, Bll,r()„ HiH’O.,, 11,PO, tho 
ainountof o.xygeu absorbed by thepliospbine de¬ 
creasing in a regular manner as tho series is 
asci-iidcd. 

I’lie oxides of tertiary phosiihines are solid 
' sub.vtaiiceH of rnrnarkablo utahility. They can 
in the majority of eases be dintilled, and even 
boiled with nitric acid, without change. By no 
means as yet di.scovered can they be reduced, 
llydraeidn combine with thorn, and they give 
crystal lino compounds witli a number of metallic 
sails, Bucli as tho cl.lorides of platinum, zinc, 
mercury, iron, cobalt, Ac., also in some cases 
with chloride of acetyl, bromine, aiW sulphur. 

Tertiary pliosphines also combine with the 
elements of the sulphur group, forming com¬ 
pounds analogous to the oxides. 

Tho salts of tertiary phospliines are readily 
obtained by dissolving the bases in acids. They 
are stable, and are not, as a rule, decomposed 
by water. Their compounds with hydracids 
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have been obiefij siadied; those containiiig oty- 
adds have not been investigated (with very few | 
Exceptions). The haloid salts dissociate to a | 
greater or less extent on heating. Their hydro* ^ 
ohloiides combine with chloride of platinum to 
give ohloroplatinates of normal composition. 

Some of the tertiary phosphines combine with 
ehlor&cetic acid to give hydrochlorides of phos* 
phorised betaines. At present only two or three 
of these substances have bocn obtained-tri* 
methyl phosphorus betaine by Meyer (jil. 4,734), 
the corresponding ethyl dbrivatite by Hofmann 
(Pr. 11,6.S0), and in addition to these two the 
closely allied compound, tri-methyl phosphorus 
bewzo-betaine hydrochloride, by filiehaelia a. 
Ozimatis {B. 16, 2018), (CH,)sPCl.C«H,.COOII. 

Thocompoundsof these phosphorised betaines 
are stable and well-defined substances. Letts 
(3V. E* 30, pt. 1, 286) has investigated the re¬ 
actions and decompositions of the ethylali^d body, 
which are of some interest. * 

The hydrate an^l the salts of this betaine l6so 
carbonio anljydride when heated, and give rise 
to the hydrate or salt of mclhyi-tri-etliyl-phos- 
phonium 

(C^j)3PX.CH,.C00n « CO., + (C JIOaPX.CHa, 
a reaction which is entirely analogous to that 
OQ^rring when the corresponding sulphur com- 
pound8(f Acfincs)are heated :(CH,) jSX.CII.COOH 
= 003 + (CI1,)jSX.CH,. While it is perfectly 
different from that which the true (nitrogen) 
betaines experience, as they either dissociate 
into the original trialkyl-ahiinc and the group 
X.CH 2 .COOli (or the products of its decomposi¬ 
tion), or distil unchanged (Bruhl, A. 177, 214). 

Treated with caustic potash, all the salts of 
tri*ethyl pho8i)boru8 betaine yield tri-cthyl phos¬ 
phine oxide : (CjH-J^l’X.Cll^COOIi + 2KHO 
c= (C,H,),VO+KX Clia.COOK + 11,0. | 

Several of the tertiary phospliincs combine , 
directly and energetically with a molecule of 
bisulpMdo of carbon to give highly characteristic 
componnds, usually of a red colour, and possibly 

having the constitution, llaP<[^^.g. So charac- 

teristio and so readily formed is this compound in 
the case of tri-ethyl phosphine, that its produc¬ 
tion may be employed as a test either for bi¬ 
sulphide of carbon or for the phosphine itself. 
a!s yet these (bisulphide) compounds have been 
obtained only with methyl, ethyl, and iso-propyl 
phosphine, and with those of the aromatic phos¬ 
phines containing ethyl or methyl groups. 

According to Czimatis (ii. 16, 2010) those 
mixed phosphines combine very easily with bi¬ 
sulphide of carbon if they contain methyl, the 
readiness with which combination occurs dimin¬ 
ishing, however, in proportion to tlm molecular 
weight of the aromatic radicle, while, if they 
contain ethyl, combination occurs only slowly 
and with diflicuHy. Hofmann (2V. 1800, 431) 
has somewhat exhaustively studied the compound 
of tri-ethyl phosphine and the bisulphide, which 
forms with Explosive violence. Among its pro¬ 
perties are the following: It is insoluble in 
water* difficultly soluble in ether, but easily dis¬ 
solves in hot alcohol, from which it separates on 
cooling in red needles like chromic anhydride. 
From an ethereal solution it is deposited by 
^ntaneouB evaporation in large deep-red mono- 
QUiiie dystals exbibittng diohroism, wbiifii melt 


at 95® sad volatilise at 100^. It Is soluble In 
strong hydrochloric acid, and if the solution is 
mixed with platinic chloride, a yellow amorphous 
compound is produced, 2 (C,H 4 ) 3 PCS^,PtOl 4 . 
When heated with stiver oxide or nitrate, it 
is decomposed as follows: (CjH 5 )jPCS.^+ 2 Ag..O 
«Ag,S + Agg-j-COj-t-(C.^HjjPS, and moist air 
produces a similar change. But if is heated with 
water to 100°O., the following reaction occurs 

4(C.H,),rCS,-t-2)T,0 , 

^ =2(0,H, ),PS+(0,H,),r0% (0Jl,),(CH,)P0H+3OS,. 

Heated with sulphuretted hydrogen, it suffers 
the following change: 3 (C.H,)hPCS., + H..S 

j = 2(c,H,),ra + (ch,S)(C,ii,),pcs 2+cSj. 

j The action of halogens upon tertiary -phos¬ 
phines has not been very fully studied. Probably 
direct addition’would occur in all cases. This 
has been proved to take place •'with tri-ethyl 
phosphine if the halogen is allowed to act very 
; gradually upon it. The chloride (CaHJ.PCI, 
thus obtained is crystalline, nieltiiig at and 
; volatilising readily, though its boiling-point is 
I high. Sunilar compounds of bromine and iodine 
I have been obtained. 

I Compounds of tri-methyl and tri-ethyl phos- 
' phine with mustard oils are formed easily, anti 
give crystalline hydrochlorides. They, no doubt, 
have the constitution, S:C:NR:Pll 3 . 

[Note .—Some of the aromatic tertiary phos- 
■ phinos, especially tri-phenyl phosphine, have 
properties which differ materially from those of 
other tertiary phosjjhines. Thus t’ri-phenyl 
pho.sphino is a crystalline solid having scarcely 
any odour, and it does not oxidise spontaneously. 
It is remarkably stable, and is not attacked by 
clilorine even when heated. The hydriodide and 
hydrochloride arc formed when it is dissolved iu 
the warm concentrated hydiacids, and are crys¬ 
talline, but bn adding water they dissociffto. By 
treating the phosphine with bromine and an 
alkali, or by oxidising it with hydrochloric acid 
and chlorate of potash, the hydrate (CuIIj 3 p(OH)a 
is obtained as a ci'ystalliii<> solid. Tliis when 
heated to 100® readily loses w.T.ter, and is con¬ 
verted into tim oxide, a substance which is not 
n(‘t(!d upon by bromine, oxygen; sulphur, etc. By 
dissolving the phosphine in fuming nitric acid a 
j niArale of the formula (CyH 3 )jP(N 03)2 'is ob- 
• tained.] 

I Tertiary phosphines, apparently without ex- 
' ception, unite with alkyl iodides to form phos- 
I phonium sal ts. 

I General Properties of Qnaternary Componnds 
{P}iosj^ho7iium Salts). So many of these bodies 
have been obtained that a list appears inad- 
! visablo. It would include derivatives of tho 
scries OnH-n;.! to the 6th term, one or two of the 
series G„H 2 r- 7 , and a largo number of mixed 
phospboniums containing various radicles, 
among which are vinyl, allyl, snd ethylene, 
i The phosphonium salts are the most stable 
' of all organic phosphorus compounds. None are 
\ decomposed by water, and most d! them can be 
' obt]^ined readily in the crystalline state by 
evaporating their solutions. 

As a rule, they are soluble in watd^ and in 
alcohol. They are readily prepared from their 
iodides, either by double decomposition ^ith a 
silver salt, or by first obtaining their hydrates 
(bj the aetion of mdst oxide of ailver), and 







itibfeqaautlj neatraliBing lh«' folution with tha 
Mid. 

The hydrates B4POH are solid substancea, 
having a powerful alkaline reaction and many 
properties similar to thoee of an alkali. Indeed, 
in the case of tetrethyl phosphonium hydrate, 
the only remarkable point of difference between 
it and caustic potash (so far as its reactions 
with metallio salts &o. are concerned) is that, 
when added to a zinc or aluminium salt, the zino 
or aluminium hydratS, which is at first precipi¬ 
tated, is insoluble in an cice^. Phosphoniinn 
hydrates are decomposed when heated, and in 
some cases, when their solutions are boiled or 
at the moment of production, into a tertiary 
phosphine oxide and a hydro carbon, 
lt4POII=R3ro + lt- H. 

Tlie aclian of heat upon the salts of the 
phosphoniums has been investigated • in a 
number of cases, partly by Letts and N. Collie 
*{Tr. K. 30, part 1, 213; P, ilL August 1880), 
and partly by the latter cliemist alone. 

As regards the haloid salts, the chlorides de¬ 
compose almost quantitatively into a hydro¬ 
carbon and a tertiary phosphine hydrochloride 
^Collie), furnishing an excellent niclhod for 
‘retrograding’ from quaternary to tertiary 
bodies. 

‘ When the phosphonium chloride contains 
several ethyl groups, then if more than one of (he 
latter is present, ethylene is always formed, c.<j> 

(C,H,)3(C,H,)PCI = (CJls)3(C.H,)r.HCl -I- CJl,. 
But when only one ethyl group is present, then, 
although ethylene is still formed, two decompo¬ 
sitions occur, e.g. (1) 

2{Cjy (ciy.pcu 2(c,no(cii,) .p.HCi+cji* 
(2) (C.^,){CH,),PC1 - (On,)3l'.IlCl + c,!!*. 

If wo compare tlio decomposition by heal of 
phosphonium chlorides with the (^composition 
of any of the compound ammonium salts, It 
must be with tjie Itydroxides and not with the 
corresponding chlorides’ (Collie, C. J. 1888, 
CSC, 711), 6.g. • 

(CjHLPCl =(0,H,)3P.llCl + CJl4 
(CjH.KNOH = (C,H ),N-f CJl. + U.0 
C^H,),(C,H-)P(OHj»(C HJJ’O -j- C.II, 
(CjH,).(CH jNCl = (C:rti),N + CH,C1. ^ 

The effect of heat on phosplionium salts de¬ 
rived from oxyacids is completely ditleicut. In 
the case of the ethyl scries at all events, they 
suffer, as a rule, at least two, and occasionally 
three, different and distinct decompositions. In 
one of these the molecule splits up into three 
now groups, consisting respectively of carbonic 
anhydride, a (paraffin) hydrocarbon, and the ter¬ 
tiary phosphine. In the other, two hydrocarbons 
are formed—namely, an olefine and a paraffin- In 
addition to carbonic anhydride and the tertiary 
phosphine. WMlst in the third, a totally differ¬ 
ent change ocems, in which only two products 
are formed—namely, the oxide of the tertiary 
phosphine and a ketone, 

(X) Et»P<^l3»Et.P + C0, + 0,H,B.. 


It is possible, if not indeed probable, timt the 
third reaction occurs subsequently to the first, 
and that it really depends upon the reducing 
action of the triethylphosphine upon the carbonic 
anhydride, at tiro high temperature at which the 
decomposition usually occurs, whereby carbonic 
oxide is liberated, which combines with the 
hydrocarbon radicle in slain nascemUt forming 
a ketone: 

lit,P-i-CO.-f(Et)-f{K)-Et,PO-i EtCOB 
(or Et>+(0^0 - K) + (Et) - Et,PO + EtCOB). 

If we merely consider the third kind of do* 
composition alone, it appears to be, to a certain 
extent, analogous to the^deconiposition which a 
sulphine compound suiters when heated, ^he 
dilTereuee di'peiuliiig on the greater nttraction 
which phosjthonis has for oxygen, compared with 
tlrat of sulpliur for the same element. In both 
casi's a hydrocarbon group is detached from the 
: molecufe, and 0^0 the residue of the acid, but 
I wjiile with the sulphur compounds these two 
j simply combine (forming a edinpound ctlior),and 
i leave u hydrocarbon sulpliide, in the case of the 
• phosphonium salt the acid re.sidue is reduced by 
: the t(*i’tiary ]il)osplnno, and the group thus left 
! combines with the hydrocarbon radicle, forming 
I a ketone. 

Thus— . 

Ut,,S< + EtOOCB. 


Et,P<f 


OiOCU 


Et,ro + Eioon. 


(8) Et.P<|^|f-Ey? + CO,+C,H. + EH 

W .<3A.C0A 


A result of tills kinil is in iicrfoct harmony 
with the views expressed by Crmu Browa and 
J.etU {Tr. K. 28, 371; Letts, Tr. E. 80, 285) re- . 
Hiirding the analogies and dillcieneos existing 
lietween phosphorus and sulpliur and their com¬ 
pounds. 

When the plios])liotiium salts contain ethyl¬ 
ene they siilTor a dillercnt decomposition under 
tlie inlluenco of heat; at least this has been 
ascertained to be tlie case with the bromide of 
bromo-ethylenc-triethylphosphonimn, and the 
bromide of hydroxy-otliyleno-triothyl phos¬ 
phonium, which decompose as follows (Hof¬ 
mann) ;— 

C,n,Br.r(C,n,) ,I!r = HUr + (C.,n.)(C,H,),PBr 
C,n,(OH).l>(C,iy,Br = H-P + (C,HJ(C,HJ,PBr 
and also in that of tho hydrate of cthylene-ho** 
ethyl dipliosphonium, which decomposes ac¬ 
cording to tlie eijhation: C.H|{P(C,HJ,OH) 

= C,H, + (C,! f,),P + (C,HJ.PO +11,0. 

Masson and fcrkland (C. J. 1889, 126) have 
studied tlie action of bromine and chlorine on 
the salts of tctretliyl phosphonium, the results 
sliowing a very close similarity between the polyr 
haloid derivatives of tetrethyl phosphonium and , 
those of Irimethyl sulphine and of tetrametbyl 
ammonium previously described by Dobbin and 
Masson (C. J. 1885 , 66; 1880, 840). The ten- 
dency to form solid poly-haloid compounds is, 
however, more marked. For the Abie, contain¬ 
ing a liet oi the new substances, the methods 
of forming them, and their chief properties, the 
original memoir should be consulted. 

Organic Phosphonu Oompotmds whieli caa. 
not be placed in any of the above Bronps.- 
A phoepborioed cacodyl (CEy,P| (the methyl 
analogue (d liqnid phoaphorettm pydrogen) waa 
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obtained by Th^nard (C. n. 21, 144, 26, 829) by 
the action of chloride of methyl on phosphide 
of calcium, and is interesting not alone as being 
the sole representative {as yet prepared) of ita 
class, but also as having been probably first 
phosphine obtained. Th 6 nard describes it as a 
colourless, highly refractive liquid, of an odour 
recalling that of cacodyl itself, insoluble in 
water, and boiling at about 260*^. It inflames 
spontaneouslyin conlaci; with air, but if oxidised 
slowly gives a cryslallino acid 
(CH,)^HOj (dimethyl phosphinic acid?), analo¬ 
gous to cacoaylic acid. Treated with an excess 
of hydrochloric acid, it is converted into tri- 
md^yl phosphine, and a solid yellow substance 
(CH,) 2 P 4 (which is also formed in the original 
reaction), and which Th^nard regarded as tlie 
methyl analogue of solid phosphide of hydrogen. 

Miohaelis (Zl. 10, 807) obtained a substance, 
which he named difhos-phcnyl o\r)UospUo9bcnzcne 
0 ,H 5 .P:P.CbHj (corresponding to azobeiiaene), l)y 
the action of phoi^l phosphorous chloride on 
moQOphonyl phosphine C^H.PCL + CaHsrH^* 
(C„Hj 2 pj-l- 2 UCl. It is a palc-ycllow powder, 
insoluble in water, alcohol, and ether, but readily 
Bolublo in hot benzene, and is slowly oxidised by 
the air to (C„TIj 2 r.jO. Treated with chlorine, 
phenyl phosphorous chloride is regenerated. 
With nitric acid it is oxidised to phenyl phos* 
pbinous (benzene phosphinic) acid C..H.PHp 2 
if the acid is dilute, but to phenyl phosphinic 
(ftonzene phosphonio) acid 0 ,;ll,rir.O., if tlie 
acid is strong. Treated with hydrochloric acid, 
it reacts so as to regenerate the subslanccs from 
which it is formed. 

Miohaelis {B. 7, 499) also obtained a sub¬ 
stance, which ho called di-phospliO’bcmenc hy- 
drate 0 ^ 4 .P:P. 0 H, by the action of spontane¬ 
ously inflammable pliusphoretted hydrogen on 
phenyl phosphorous chloride. It is a yellow 
powder, soluble with case in bisulphide of carbon, 
taking flro on exposure to air, and oxidised by 
nitric acid to phenyl phosphinic (benzene phos- 
phonic) and phosphoric acids. In addition to the 
above, Miohaelis {B. II, 885) obtained a phenyl- 
afed solid phosphide of hydrogen ( 0 ^ 11 .,)HP^ by 
treating phenyl phosphorous chloride with a 
quantity of waterinsufllcicnt for complete docoin- 
position (for instance, by keeping it in a badly- 
•toppered bottle). It is a dark-yellow amorphous 
body, having a faint odour of phenyl phosphine, 
soluble in hot bisulphide of carbon, butfflsoluble 
in water, alcohol, and ether. Treated with 
chlorine it reacts as follows: (CjHj)Hp 4 -p 6 CU» 
8 PCl|+(C,Hj)PCl,+HCl. Nitric acid oxidises 
it to a mixture of phenyl phosphinic (benzene 
phosphonio) and phosphoric acids. 

The action of phosphonium iodide on alde¬ 
hydes has been studied by Girard {A. Ch. [7] 2, 
60), while that of pbosphoretted hydrogen and 
hydrochloric acid on the same bodies and on 
ketonio acids has been investigated by Mossinger 
and Engels 21, 328,2919). Girard obtained 
products of addition containing four molecules 
of the aldehyde (valeric, propionic, salicylic, and 
benzoic) to one of phosphonium iodide. 

Messingerand Engels obtained similar bodies 
by acting on the aldehydes with hydrochloric acid 
and phospboretted hydrogen. The compounds 
thus formed are for the greater part solid, orys- 
tallin^ aud fairly stable. By treatment with 


water they are decomposed, and tfte aqfleOttt 
solution gives the reactions of hydrochloric acid 
and phospboretted hydrogen. Their constitu¬ 
tion is probably represented by the formula 
(ll.CHOH) 4 PCl. Cblc^ide of tetra-hydroxy- 
etbylidene phosphine ( 02 Hj 0 ) 4 FCl is decomposed 
by caustic potash into the free phosphine 
(CjH, 0 ),PC 2 H ,0 and the hydrate (CjHjOl^PlOH). 
Benzaldebyde and ita mono-nitro- derivative 
give compounds which differ from those obtained 
iq the fatty series in ^at they contain no 
hydracid. i, 

■ Messinger and Engels have summarised the 
results of their researches as follows: (1) Phoa- 
phoretted hydrogen does not act on an aldehyde 
alone, but is absorbed if at the same time a 
hydracid is present. The absorption occurs 
more completely if the aldehyde^is largely di¬ 
luted with ether. (2) The aldehydes of the fatty 
series combine with a molecule of phosphorotted 
hydrogen and a molecule of hydracid, while* 
those of the aromatic series combine with phos- 
phoretted hydrogen only, though in order that 
the conipoiiiul shall be formed the presence 
of tiio hydracid is necessary. (With benzoic 
aldehyde the compound has the formula 
(CaHi.COH),PHj.) (3) The phosphorised deriva¬ 
tives of the fatty scries have an unpleasant 
smell, and are decomposed by water, while those 
of the aromalio seric.s Iiavo no odour, and are 
nearly insoluble In water. All are soluble with 
dillicnlty in ether, and in some cases arc in¬ 
soluble. 

By the substitution of a ketonio acid for an 
aldehyde in the above reaction, compounds are 
produced in certain cases. Thus Iwvulic'acid 
gives an oil, and pyruvic auid a solid compound, 

,C.,W .. (c,..-p=o)^, 

which is a well-defined crystallflie body, having 
neither bsisio nor acid prjvpcrtics, soluble in 
alkalis with dccuuiposition, and also decom¬ 
posed when healed with acids. It dissolves, 
however, without change in glacial acetic acid, 
and crystallises «fOut on cooling. Boiled with 
water, it is decomposed into the substances from 
which it was originally produced. It forms 
crystalline compounds with aniline, phenyl hy¬ 
drazine, and toluene diamine. E. A. L. 

PHOSPHINIC ACIDS. TIio name oxy-ethyl- 
phosphinio acid has been given to the acid 
CHMe(OH).PO(OH). 2 , which is got from aldehyde 
by successive treatment with PCla and water. 
A more appropriate name for this acid is, how¬ 
ever, oxy-cthane-phosphonic acid, the termphoe- 
phinio acid being reserved for acids BT(OH )2 
containing trivalent phosphorus. 

PH05PHIN0-BENZENE C^H^POr Phos- 
phmylic anhydride, [100®]. Formed from 
phosphenylio acid and POOl, (Michaelis a. Bothe, 
B. 25, 1747). White crystalline powder, t. sol. 
water, being reconverted into phosphenylio acid. 

PH08PHIN0.<^.GUM£NS O.H,Me,PO. 
[216'^]. Formed from C 4 H 2 Me,.PO(OH), and 
aHtMetPOCl, (Miohaelis a. Bothe, B. 26,1749). 
Plates (from benzene), ▼. e. sot ohloSpfomL 
Convert by hoi water into ^cumene pboapbonlo 
aoid. ^ 



PHOspHom0M oouvomm. m 


PHOBPHZHO-mtrKNB 0,H,Me.P0,. Tolu- 
one phosphonie anhydride, [101®]. Formed 
from 0 ,Hj.P 0 ( 0 H )2 and 0,Hj.P0Clj (Michaelis 
a. Bothe, B. 25, 1748). Converted by water into 
toluene phosphonio acid. 

PHOSPHITES. Salts of the acid H,PO,; v. 
Phosphorus, oxyacids of, p. 151. 

PHOSFHO-. Use of this 2 >rejlx applied to t 
organic cowjpou«</ 5 ; for phospho- acids,plmpho- 
ealts, &o., V. the acids, salts, il'C., to which 
phospho- is prefixed!. Thus, phosphomolylnUo 
acid and phosphomolybdatcs§re described under 
Molybdenum, acids of, and thkir salts. 

PHOSPHO-AMIDO-BENZENE SULPHONIC 
ACID P0,H,.NH.C«H,.80:,H. The chloride 
CaHjNSPOjCla [ISS*"] is formed from 2 >-ainido* 
benzene sulphonic acid and P.Clj (Ijaar, J. pr, 
[‘2J 20, 250)^ It is converted by MeOIl and 
alcohol into MejA'" [114°J and [102 J re¬ 
spectively. f 

PHOSPHOBENZENE C..H,P:POJI,. [150^1. 
Formed by slowly adding to C„lI,rCl 2 

in a current of H (Kohler a. Michaelis, IL 10, 
812). Yellowish powder, iiisol. water, alcohol, 
and other, sol. benzene. On exposure to air it 
^is oxidised to (C«IIjr).p. Dilute ilNOj oxidises 
it to phosphenylic acid. Chlorine, diluted with 
COj, forms Cj^IIjPClj. Cone. HCL\q forms 
phenyl-phosphine and 0 ,^ 11 .,PO.JL. 

PH08PH0NIUM COMPOUNDS. PH^ com- 
bines with the halogen acids HX to form com* 


20 atmos. pressure at 14®, or by cooling to ~26® 
under ordinary pressure (Ogier, 0 . if. 80,.705^. 
Skinner (Pr. 1687. 283) found the oritical temp, 
to be 48® under 95 atmos.; and the maximum 
vapour-pressure line to be below those of HGl 
and PH, at all temperatures; from — 80® to 10® 
the line was normal, above 10 ® combination 
began; at toniperaturos near the critical the 
volume of liquid PH^Cl formed was nearly half 
that of tho li(]uid constituents. 

PllctfrUONLUM HYDROXIDE. (?)PH 40 H. Wlieil 
PU, is strongly compressed in presence of water 
the PH, liquefies and lloats on the water. If tho 
pressure is now suddenly decreased, white crys¬ 
tals are fdVmcd; these crystals are proUBbly 
PlljOH (no analyses Imvo been made). The 
production and dissociation of tho crystals ooour 
at definite pr(;ssures and temperatures. No 
fiirmation occurs above 28® at any pressure.- 
Tho eif^stals cjm be distilled from one p.art of 
t^io tube to another by gently warming (Cailfetet 
a. Hordet, 0. It. 05, 58). When equal volumes 
IMl , and CO., are compressed in presence of 
water, below 22 ®, tho gases disappear and white 
crystals are fonnod, which C. a. 11. {l.c.) take to 
bo a mixture of PHjOlIand tho hydrateC 0 . 4 . 8 Ha 0 
discovered by Wrobicwski (0. li, 94, 954). 

Phosphomuh ioiuuk 1TI,I. II.P. [P,!y,Il 
-29,500 (solid PH,I from H, solid P, and solid 
I); [PH®,HIJ*»24,100 (solid PII,I from gaseous 
PH, and HI) (Ogier, 0. H. 89, 705). This com* 



pounds PHjIlX. Tho reactions of tliesc com¬ 
pounds are most simply expres.'^od by regarding 
them as salts of the radicle PH,; following the 
analogy of the ammonium compounds, tho bodies 
PHjX aro calledpko.sp 7 io?ita 7 acoiTJpounds. The 
mol. weights of these compounds have not boon 
determined. 

pHospnoNiUM duomide PlI,Br. H.F. 
fPHMIBr] = 23,000 ; fP,H',Br] = 44.100 (solid 
PH^Br from H, solid P, and liquid Br) (Ogi(!r, 
C. H. 89, 705). Colourless cubes; melts at 30 
V.D. 27‘7 correiponding with that required by 
PU,-f HBr (Bineau, A. Ch. [2] 08, 4311. Deli- 
quesces in mr; decomposed violently oy water 
to PH, and HBrAq. Prepared by bringing to¬ 
gether PH, and HBr (SeruUas, S. 64,231^; by 
leading into cold cone. HBrAq (Ogier, 0. H. 
69, 705); by heating cone. HBrAq with F to 
100®-120® (Damoiseau, 0. H. 01, 883). 

F^osphoniuu chlorids PH 4 CI. Formed in 
eolourless crystals, melting at 0 . 25®, by subject¬ 
ing a mixture of equal rMumas HCl and P^ to 


pound was discovered by LabillardidreandGay- 
Imss.ic {A. Ch. [2] 0, 304), and more fully ex- 
aminr^ by Scrullas (5. 64, 238) and H. Bose (P. 
21, 151; 40. 030). 

Formatlon.—l. By bringing together PH, 
atid HI as gases or in cone. a<|ucouB solutions.— 
2. By the action of gaseous I'il, on I (Hofmann, 
A. 103, 355).—3. By the action of red P on cone. 
illAq at 100® (Oppenheini, IH. [2] 1, 163).—4. 
Along with P,I„ by the action of HI gas on P at 
ordinary temperatures (Damoiseau, C. R. 91, 
8H3).- 5. By the action of a little water on PI, 
(?;. Pre 2 )aration).- 6 . By the reaction of HI on 
IJ^PO, and warming the produci in CO, (Lis- 
senko, B. 9, 1313). 

Preparation.—V and I ore combined in CS, 
solution, and (he product is decomposed by a 
little water (Baeyer, A, 156, 269; Hofmann, B, 
6 , 286). Hofmann U,c.) gives the following 
directions: 400 g. P ore dissolved in the 
some weight of dry CS, in a retort of 1 litre, 
capacity, and to this solution, kept cool, 560fp 
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1 ftre added by amall portions. The whole of the 
QS| is then mstiUed off on a water>bath, an ope* 
ration which takoa 9 or 10 hours. The retort is 
then connected with a long wide condensing 
tube, and a two*necked globular receiver, from 
which a connecting tube passes to two conden* 
sing Miles, the first containing dilute HIAq, the 
second water (see fig.). Heat is then applied ; 
to the retort, gently at first, and 240 g. water are 
slowly added through the drop-funnel. • PH J 
end HI are formed; the HI collects in ^ho con* 
densing bottles, and the PH,1 forms a crust, 
chiefly in the tube, and in smaller quantity in 
tho^iobular receiver, which, to prevent stoppage, 
shdtfld be connected with the lon^ tube by a 
wide tube. To prevent the liquid in the con- 
densing'bottles from being forced back in conse¬ 
quence of the rapid absorption, a slow stream of 
GOy is passed through tlie apparatus daring the 
whole operation. A woll-condu^odsubl^iation 
may be completed in 8 or 9 hours. When it 
finished one end of^the tong condensing tube is 
closed with a cork, and the PH,! is detached by 
means of a stout wire bent and siiarpened at the 
end. Hofmann expresses the reaction 41ius: 
18P+91 -I- 21H*0 « 7P1I,I H- 3114^0, + 2III. The 
PH^I may be sublimed in dry III. 

Large, clear, lustrous, pyra¬ 
midal crystals; boils at o. 80®; may bo sublimed 
in HI. 

lieactiorM.-s-l. With carbon compotmds reacts 
as a very energetic reducing agent, and is much 
used in preparing'pbosphinrs Ac. (u. Puos- 
piiiNEs).— 2. Decomposed rapidly by water or al¬ 
kali solution, evolving non-intlaminablo PH, (u. 
PiiosPROROS TiiinvDRiDK, Ptrjtamlion 2, p. 13G). 
3. With alcohol forms I'ltl and PIL,; if the reac¬ 
tion is conducted in R sealed tube PKt,and PEtJ 
are produced.—4. With phosphorus trichloruL 
forms P,l 4 , IICl, PH.„ and solid P,H (de AVildc, , 
jD, 16, 217).—-6. PHJ is inllamml by contact ] 
with many oono.acidj, e.g. liNO„HCl, H13r,HI. I 

PflOSPUOMiuu BUiiPJiATK. Wlieii PIl, is passcd 
into HjSO. at ordinary temperatures much heat 
is produced, S separates, and SO;^ is formed. The 
reaction is much slower if the acid is cooled by 
ice and salt; if tbo is cooled to - 20 ® or 

—25® (by rapid evaporation of OH,Cl) a syrupy 
liqi^d is formed, from which a white, crystalline, 
very deliquescent solid separates; this solid 
seems to be phospbonium sulpliato [?(PU^),80,] 
(Besson, C.H. 109,644). Exposed to air,H,PO„ 
H,rO„ and H,PO, are formed with SO.., S, and 
a little H,S; dissolves in water with hissing 
noise ahd evolution of PH„ but no reduction of 
the BSOr M. M. P. M. 

FHOSPHOBIO ACIDS. In this article are 
described the three acids, H 3 PO 4 , HPO„ and 
; the salts of these acids are described 
under Phosphates (p. 100) ; for tbo other 
oxyaoids of P and their salts v. Phosphorus, 
oxTioms OF,.^D THEIR 8 XLTS (p. 149). The 
oxide P 3 O, is The anhydride of three acids: cold 
water added to P,0, forms HPO,, the long-con¬ 
tinued action of moist air on HPO, produces 
and H,P 04 is formed by boiling for some 
thine an aqueous solution of HPO, or H 4 P 3 O 1 . 
The thfw acids may be formulated oa P, 05 .H, 0 , 
F,0,.2HyO, and P,0,.8H,0 (e/. Phobpbatss, p. 
106). 


Obtbopbosfiiobic acxn UsPO,. {PhospHoni 
add. Tribasic phosphoric acid.) S.G. 1*88 
(SchiS, A. 113, 188). Melts at 41'76®; liquid 
solidifies at 38®, temperature rising to 40‘5® 
(Berthelot, Bl [2] 29, « 8 ). H.F. [P,0'.H»]- 
302,000 (formation of solid acid); 300,080 (forma¬ 
tion of molten acid); [P,0‘,H*,Aq] » 305,290 (TA. 
2,225). Heat of fusion «-2620 (TA., he.). One 
mol. w. of the molten acid in ^ams occupies 
62’02 c,c. {Th., Ic.). Ma 1*3584, Bo 1*363, Mh 1*3746, 
forH,P 04 Aq, S.O. 1*11 (=29 p.c.) (Gladstone, 
C. J. [2J 8 ,101, 147 ). Affinity in aqueous solu¬ 
tion-c. 25 {Hx\O, = 100) (Ostwald). 

Formation.— 1. By oxidising P, by long expo¬ 
sure to moist air (Leeds, A. 200, 286; Wenzoll, 
Ph. [3] 14, 24), or byHNO,, HC10„ HCIO 4 , SO,. 
NO,, Ac.; pliospjiates are formed by treating P 
I with many metallic oxides, and wi(f alkali car¬ 
bonates.—2. By oxidising lI.POaAq or H^PO-Ai; 
by CIAq, BrAq, or Uq, HCIOAq, HNO„ or by 
Ag.O or HgO; HaPOaAq is oxidised to H 3 p 04 Aq 
by standing in air.—3. ^y reaction of boiling 
water witli P.p.,, HPO 3 , or ll 4 P;^ 0 ,.—4. By burn¬ 
ing PH, in moist air or 0.— 6 . By reaction of 
water with POCl,, or much water with PCI 4 .— 
6 . By oxidising, by HNO^Aq, the mixture of 
lI,PO,Aq and H 3 p 04 Aq obtained in making HI 
by the action of P, I, and HO (Pettenkofer, A, 
138,57).—7. By decomposing many phosphates, 
e.g. Ca-jP.Ps, by H 3 SO 4; PbaP^Og decomposed by 
HjS in presence of water gives HjPO.Aq. For 
production from bones v. Dictionary op Appliro 
CiiEMiaTRT.— 8 . By decomposing (NH 4 )H,^P 04 by 
warm cone. IIClAq, separating NH 4 CI after cool¬ 
ing, and evaporating with HNOj till all Nil, salts 
and HCl are expelled (Joly, C. R. 102,310). 

Preparation.—One part P is mixed with 10- 
12 parts HNO^Aq (free from H. 4 SO 4 ) S.G. 1’2 
(tbo acid m^ist not be more cope. tb;gi this) 
(Krantliausen, Ar. Ph. [3] 10, 410) in a large 
retort, the beak of vvliich parses loosely into a 
receiver placed iji cold water; about *3 to ‘0 
g. I is added for 100 g. P ; the retort is 
gently wanned until the P has completely dis- 
solved. Should any liquid distil over, it is re- 
; turned to the retort. Oxidation proceeds more 
regularly, and at lower temperature, when a 
little I is prosent'lhan when IINOjAq alone is 
' u.^ed (Horn, Ph. [3J 10, 408; 2ieglcr, D. P. J, 
258, 239). If I is not a.lded, and the acid is 
more cone, than S.G. 1*2, violent explosions may 
! occur. Von Schrottor recommends the employ- 
! ment of amorphous P and acid more cono. than 
S.G. 1-2. When the P is all dissolved, the con¬ 
tents of the retort are boiled, and 5-7 parts of 
the liquid are distilled oS (the distillate is 
HNOjAq, S.G. 1*1 to 1*14). During this part of 
the process copious evolution of NO, often occurs, 
due to the oxidising action of TINO 3 on H,PO,. 
According .to lieinsoh {J.pr. 28,.385) little NO, 
but much N, is formed during oxidation of 
P by HNO, at boiling temperature in absence of 
air, but much NO is produced in af open vessel 
: at low tomperatures. The liquid in the retort 
I u evaporated in a basin until the fumes cease to 
turn blue litmus red. During this operation KO| 
is often freely given off (especially if little or 
none of this gas has been produced in the retort), 
as the oxidation of B,PO, is not alwaysecom- 
pleted nntil the liquid has been eva^rated; 
should no gas be evoIvAi it is advisable to add a 
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Buie oono. HNO^q to t&e liquid in the basin 
after concentration, and again evaporate til] 
acid fumes cease to come off. The liquid in 
the basin is diluted with water, saturated with 
H^S, kept in a warm place for 24 hours, and 
filtered from As.Sj (jmd Sb^.S,); which may 
separate (ordinary P generally contains As). 
The filtrate is then evaporated, at a temperaturo 
not above 150°, until it becomes a thick syrup on 
cooling, and the cold liquid is placed over ILSO^, 
when it slowly 8oli«jities. By evaporating tho 
syrup in vacuo over crystalline tablcts^f 

H^PO, are obtained; a fra^moit of these placed 
in acid S.Cl. 1'8 (or more cone.) Inuncdiately 
causes crystallisation (Hiiskisson, 11.17,161). 

Properties .—A tliick semi-solid mass, S.G. 
1*88 (Schiff, A. 113, 183); also obtained in 
crystalline tablets by evaporation of tho syrup 
S.G. 1’88 in^vaciio over H..SO,. According to ' 
Berthelot {Bl. [2J 29,3) crystals of II,PO, nu^It at j 
4P75°; tho liquid solidifit* at 38", with :\ risr- of 1 
temperature to 40*.o°. H^PO^ is tribasic, forming ! 
salts MUI,PO„ M>,1IP0„ and M^PO, {v. Pirns- 
PHATES, p. 107). The aflinity of II,PO, in aqueous 
solution is about 25 {HNOj-=100) (Ostwald). 
Both cry.stallinc and syrup-likoH,P(), doliipiesco 
in air. The acid dissolves readily in waler; 
Hager (in his commentary to tho l-^Jiartnacojnvui 
Germanica) gives tho a<ljoining table. 

According toSicbcr(i^/t. [3J 9,598), H^PO.Aq 
containing *5 p.c. acid (or even less) stops putro 
faction. 

iilcacfions. - 1. Heated to c. 213°, H,P,_jO, is 
formed; at a higlier lenipfi-ature HPO, begins 
to bo formed, and at full rod heat only HPO, is 
produced.—2. Is not decomposed by electric i 
cmreiit, acconling to Luckow {Fr. 1880. 1); by | 
electrolysis of 11,PO,Aq, using C poles, Burtoli a. ' 
Papasogli (O, 11, 239, 468; 12, 113, 117, 12.5) | 
ubtainei^ a substance containing 0 %nd P, which I 
they ctdltidplios2)ho7nidlogen. Molten H-,PO,, on I 
eleetrolysi.s, gives off H and 0, and forms H.P./)., j 
then HPOj, auikthw IlaPO,, and intlammableP 
hydride (Janecek, C. 1888. 273).—3. It is not 
certain whether water forms hydrates with 
H^POj, when the acid is dissolved in water (w. 
Crompton, C. J. 53, 116).-4. By adding a/Ao/i 
solutions to HjPO^Aq till ncutj;al, salts M.HPO4 
are formed; addition of considerable exces%of 
alkali produces M-jPO^. For connection between 
quantity of alkali added and electrical conduc¬ 
tivity of the solution, v. D. Berthelot (C. Jt. 11.3, 
851).—5. lieacts with phosphorus pniUu-hloride ■ 
at ordinary temperatures to form POCl, and IICl; ! 
with pliosplionis oxychloride when hut to form 
HPOj and HCl, or H,1\0, and HCl,according to 
the relative quantities of H,PO, and POGl,; with 1 
phosphorus trichloride to form HPO3, H ,PO,, and 
HCl; and with meiaphosphoric acid to form 
H^PjO, (Geuther, J. pr. [2] 8, 359). For reac¬ 
tions of salts ojtHaPO, V. Phosphates, p. 107. 
For nitriles of v. Piiospham (p. 101), and 

PiiosPHOBUB oxYNiTBiDE (p. 144); fot (miiU and 
tmido amide ^v. Pbospha^upes (p. 105) and 
Phosphauido-iuide (p. 105). For thio-aviide v, 
Phosphobus aoLPQOCHXiORms, Beactiort 7 
(p. 148). 

Ptbopbospboeic Acm, 

Pr^aration, — 1. ^ impnre acid, containing 
come KaPO, and HP6|, ts obtained by heating 
G[,PO| to 218° until a U^lo dissolved in cold 
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ffator gIvM » white pp., without a trace of ! PEOSPEOBIO ETEXB w. Tu^vruyL-raM 
yellow Ag,PO<, with AgNO^Aq, after neutralisa- phatb. 

Uoa Sy NHjAq,—2. P61jgot (A. Ch, [2] 73, 2831 PHOSPHOROUS AOIB HjPO, v. PnosPHoaub, 
obtained crystals of n,l\0, by allowing glacial oxtacips of, p. 149. 

EPO| to stand in moist air in a bottle for some PHOSPHOROUS ETHER v. Ethta phob< 
years. Crystals of H^PO, formed at the top of phites. * 

the bottle, a liquid S.G. I'l in the middle, and PHOSPHORSELLIC ACU) v, vol. iii. p. 782. 
orystale of at the bottom.—3. An aqueous PHOSPHORUS. P. At. w. 30*96. Mol. w. 

solution of is obtained by decomposing 123*84 and 61*92 (r. i»/ra). Tite following data 

Pb^P^^O, suspended in water by H^^S, filtering apply to ordinary crystalline P. Melts at 44*3® 
from PbS, and allowing the H._;b to evaporate at (Schrdtter, P. 81, 299); at 44*2’ (Desains, C,R» 
the ordinary temperature (Geuther, /. [2J 8, 23,149). Boils at 290° (Pelletier, A. Ch. 4, 8); 

359).—4. By beating togetlier H,r04 and HPO^ at 250° (Heiuricl^ Qm.-K. [(ith ed.] 2,102); at 
in the ratio HPOvUaPO,.—6. By the reaction 287*3° at 702 mm., 165° at 120 mm. (Schrotter 
of H,P04 and POClj in the ratio SH.POjtPOCij J. 1847-48). S.G. 1*8367 at 0°, 1*8232 at 20° 
(O-c.). * 1*8008 at 40° (Pisati a. de Franchis, B. 8, 70). 

Properties and Reactions. — A glass-like S.G. at b.p. 1*485 (Ramsay a. Masson, C. J. 39, 
solid; PMigot (A. CA. [2] 73, 286) obtained the 50). V.D. 02*7 to 05*1 at 500°-1000° (Dumas, 
acid in non-transparent crystals resembling A. Ch. [2J 19, 210; Mitsolierlich. A. 12,137; 
loaf-sugar. Dissolves readily in water; dilute Devillp a. Troost, C. 21. 49, 211). V.D. atl700^ 
solutions remain unchanged ai ordinal^ tern- c. 45 (Biltz a. V. Meygr, B. 22, 725). S.H. solid, 
peratures (Graham), when healed tI,PO,Aq,j9 -78° to 10° = *1099,7° to 13°--*1884 (ItegnauU, 
formed. The solulibn, neutralised by NH.Aq, A. CA. [3] 20,280); 13° to 30° = *202 (Kopp, 2', 
gives a white pp. of Ag,P./), with AgNO.,Aq. 15.5, 71); liquid‘^"2011) (Person, A. CA. [3] 21, 
U^P.O, is tetrabasic; for description of salts 295). 8.V.S. c.l7; at b.p. c.21 (Ramsaya. Young, 
t>. PHoapiUTES, p. 107. When heatcdi with G. J. 39, 50). S.V. of P in PClj and PBra^-25*3. 
PClj reacts according to relative masst-s O.E. •0003(;74 + *000000‘21U from 50° to 280°; 
used: (1) H,P.40,-f-5PClj = 7P0Cl3'i-4HCl; {2) C.E. liquid P from 50'-' onward8=»*00051G7-l- 
H5P,0 ; + PC1j- 2HP0, + P0C1, + 2HC1 (Geuther, •000000.37 (f = 50) {Qraham-Otto, 1881. II. 2, 
J. pr. [2] 8, 359). PCla heated with H,P.p, 283; v. also Kopp, A. 93, 129; Pisati a. de 
forms HPO;|, HjPOj, a)idMCl;POCla produces Franchis, B. *8, 70; Dediic, C. R. 11.3, 250). 
HPOj and HCl (O., l.e.). For the amic acULs of , v 

and other amic acids derived from hy- Refnwjtion-cquivulent ( . At. w.j 14*93; 

potbetical condensed pyrophosphoric acids, v. ^ 

Phosphamic acids (p. 105). 

Mbtaphosphowo acid HPO3 (Graham, T. 

J833.263). 

Preparation. —1. H,PO,Aq or II,P.p,Aq is 2, 408). Crystallises in dodecahedra and octa- 
evaporated lo diyness and the residue healed to hedra (Trantwein a. Buchner; Whcwell, C. N. 
full redness until Hp ceases to bo evolved.—2. 39,144; StQyy-Maakolyuo; Mitschorlicl^ B. B. 
PbPjO, is suspended in water and decomposed 1855. 409; nermann, B, G, 1415). For sj^ctrum, 
by H,S, the filtrate from PbS is evaporated to v. B. A. 1884. 434. 

dryness and heated to full red lieat.—3. By ThefoUowingdata apply tor^daniorphousP. 
heating together HjPOj and POCl, in the ratio S.G. 2*100 at 17 (Schrotter, J. 3, 262), 2*19° 
2 HjP 04:P0CI„ or H,P.O, and POtllj in tlie ratio (Hittorf); in powder S.G. =\*964 at 10° (k), 2*6 
2H4p20,:P0Cl„ or and PCI., in the ratio (H.). S.H. 15° to 98° = *1698 (Regnault, P. 89, 

3H,PaO,:PClj, (Geuther, J.pr. [2] 8, 359).—4. By 496). S.V.S.c.15. E.C.(AgatO° = 100)*00000123 
reacting on HjPOjAq with Cl or Br.—5. A soJn- at 20° (Matthiessen,P. 103,428). H.C.[P*,0*] = 
tiOQ of PjOj in a little cold water contains HPO^. 3^2,820 (Troost a*. Hautefeuille, C. R. 78, 748). 

Properties and Rcaction.>i. —According to * The following duta, apply to crystalline 
Tammanu {J. pr. [2] 45, 417), two varieties of metallic P. S.G. 2*34 rt 155°. S.V.S. 0. 13*2 
HPO, exist; one is a soft, silky mass, formed by (Hittorf, P, 126,193). 

heating HjPO, until one molecule of H.^0 is re- Ilis^rical. —In tlic early part of the seven* 
moved; the other is obtained by heating HJ’O, tconth century a substance was prepared by heat* 
until it sets to a glassy mass on cooling. A ing iieavy spar with combustible organic matter, 
transparent, colourless, glass-like solid. Ordinary egg-white and charcoal, and this substance 
glacial phosphoric acid is impure HPO,, general ly glowed in the dark (Kopp, Qeschichte der Chemie, 
containing considerable quantities of Na salts, ! iv. 42). From this time the name phosphorus 
and some or H^PjO,. Very hygroscopic, , was given to any substance which emitted light 

soon deliquesces in air. Volatilised completely at' in the dark witliout being ignited 
bright-red heat (H. Rose, A. 76, 2,13; 77, 319). | = light-bearer). Tho substance now known as 
Not dehydrated by heat nor by tho action of dt> phosphorus was prepared fm the first time 
hydrating agents. Heated with PCI, forms about 1670; Brand seems to have been the dis- 
FOOI3 and ^)l,HPO,Aq is changed to HyPO^Aq, coveror, but the discovery is sometimes attri- 
elowiy at ordinary temperatures, more rapidly buted to Kunkel or to Boyle (for details v.Kopp’s 
by boiling or by adding llClAq or HNO,Aq. Oesshichte der Cheviie,m. Z21). 

(For rate of change v. Sabatier, C. R. 106, 63; For a long time P was prepared in very small 
108, 738, 804.) HPO. is monobasic; several quantities; it was obtained by evaporating urine, 
wries of metaphosphates, some polymerio and mixing the residue with sand, and heating in a 
spme itomerio, exist (v. Pbosphatbs, p. 106). very hot lire. In 1737 ob4rcoal was mix|d with 
If. M. P. M. the sand and urine-teiudue. The discovery of 


spec, refractive power for H line a =*4816 
(Haagen, P. 131,117). H.C. [P-, 0*] = 369,900, 
rp%0^An] =405,500, |P^Aql - 250,060 
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phosphates in bones by Soheele in 1771, and in 
minerals by Gahn in 1780, led to the prepara* 
tion ol P on a oomparatively large scale. The 
discovery of P played an important part in the 
development of the phlogistic theory. Phos* 
phorus was supposed to be a compound of 
phlogiston with the acid which was formed 
when P was burnt; this acid was composed of 
phlogiston and muriatic acid according to Stahl, 
and of vitriol and muriatic acid according to 
Hofmann. Marggraf in 1743 determined that V 
increased in weight wflen burnt, and that P was 
obtained by heating phosphork acid with conT- 
bustible matter. In 1777 and 17iJ0 Lavoisier 
.showed tliat r was a constituent of pliospliorio 
acid {cf. Kopp, l.c.). 

Ocimrrcnce .—P is not found uncomliined. 
Phosphates of Al and Ca occur in large quan¬ 
tities in maiy^ rocks; phosphates of Pc, Pb, 
Mg, and Nil, &c. are also widely dislrijuited 
iniucrals. Coprolites (tl^ fossilised excre- 
monta of former laud-animals) and guano 
(the excrement of certain birds) consist very 
largely of (la phosphate. Phospliates also occur 
in some kinds of coal (C.arnot, C. 2i. O'.l, ]r>4). 
Phospliates of Ca and Mg arc found in the ashes 
of plants and the bones of animals ; P occurs in 
combination with C, H, and N in the yolk of 
eggs, in blood, in semen, and in nerve and brain 
matter. 

hWmation. —Ordinary phosphorus is 
formed: 1.—liy heating CaPO, with powdered 
charcoal, 3Ca(PO,).^+ IOC 
= 4P+JOCO-HCa3{PO,),; or with SiO, and 
charcoal, ‘2Ca(P03)5+ io(j + 2Si03 
= 4P + loco + 20uSiO,.—2. By reducing 
Pb3(PO,)2 with charcoal (Donovan, P. 5f. [4] 2, 
202; Fourcroy a. Vauquelin, Cinclin's Ilandb. 
[Cth edit.] i. 2, 93).—9. By decomposing a 
BtronglyJieated mixture of Cia;,(POdj and C by 
ncl (CaJi-Montrand, C. Tl. 38, 804). 

Bed phosphorus is formed: 1. By the 
action of light, Jjeat, or electricity on ordinary 
P, whether the P bo solid or in solution, dry or 
moist, at ordinary* temperature or at -14° 
(Schrotter, W, A. B. 1, 130; C, 241; 9, 414; 
Coronwinder, A. Ch. [3] 30, 242; Lallemand, 
G.R. 70, 182^ Hittorf, P. 120, 193; V, Meyer, 
B. la, 297; Grove, 0. J. 10, 269).—2. By heat¬ 
ing common P with a little I. One part of I sui- 
6ces to transform o. 100 parts of P into the red 
variety, by melting the P, mixing in the I, and 
heating again; the muss becomes red :^t 100^, at 
120°“130° a red powder separates, at 200° a 
more or loss explosive action occurs and the 
change is complete (Brodie, /. jpr. 68, 171).— 
3. By adding a little I to a solution of common 
P in CS3, evaporating to dryness, adding water, 
and washing with OS, (Corenwinder, A, Oh, [3] 
80. 242; Lallemand, 6. R. 70, 182; Brodie, 
J>pr. 68,171). Budorff (P. 128, 463) supposed 
the red substance ^us formed to be a hydride 
of P. ^ 

1. Oryst^line ordinary phosphorus 
is formed* 1 . ^heating red Pin a vacuous sealed 
tube to 447® (Hittorf. P. 126, 193).—2. By dis¬ 
solving ordinary P in molten leim and orystal- 
litmg therefrom (H., 2.C.). 

Preparaficn.—1. The details ol the prepa¬ 
ration^ ordinary phosphorus from bone- 
ayh nre described in DtcrioNASY of Ai'plied 


I Chbuistrt, voiriii. Ordinary P frequently con* 

! tains notable quantities of As, derived from the 
H^SO^ used; this can be removed only by re> 
peated treatment with dilute lINO,Aq, S.(i. I’l, 
a process which involves tlie loss of about { of 
the P (Ilerz a. Biirwald, B. B. 32, 2, 133; cf, 
Dulk, ibid. 34,1,247 ; also Wackenroder, J.pr, 
2, 340; and Liebig, A. 11, 260). 7'raoes of red 
P may be removed by shaking in a closed vessel 
with cone. K Cr.O-Aq and IT.^SO. (W6hler,.d. 45, 
249). Lockycr {6. N. 40, 101) found that a 
spccimesTof dr^P gave oil considerable quanti¬ 
ties of H when iieatod in x'acAio. 

2. Bed or amorphous phosphorus.--- 
A small llask of hard glass is titled with a good 
cork carryiifg a short tube and an exit-tffia 
which dips just bcneaUi the 8urfa(U) of a little 
llg; the ontranco tube is filled with a stopcock. 

' Dry COo is passed through the apparatus for 
, some time; a dry stick of eommmi P is then 
• placed in the tla^sk, and the slroam of CO, is 
co^itinuod for a Tittle, after which the stopcock 
; is closed, and the Knsk is iu.'iited on a sand-tray 
or in an oil-bath, to 240°-280°, for 60-60 hours. 

! Aft(W cooling, a layer of red P is found at the 
. bottou^of the llask, genorally covered by a mix¬ 
ture of the Dvo kinds of P. The t>rdinary P is 
melted by running in a little water at 60°-60”; 
the water and melted P are poured off; the rest, 
dual red P is washed ropoutcdly with CS, (ad- 
dition of CaCLAq, 88°-3y° causes the 

CS., solution to rise to the surface; Nickles. 
C. li. 42, 646), or with boiling KOIlAq 8.G, 
1*3, and then with water containing a little 
HNOj; the red P is finally washed with water, 
and dried at c. 100° (Schrotter, W, A, li. 1, 130; 
8, 2fl ; 9, 414). 

I The change of common into red P occurs in 
ten minutes by healing the former to 300° in 
' scaled tuBca of thick glass, from which the air 
j bus been pumped out (Hittorf, P. 126,193; V» 
.Moyer, B. 1.3, 297). 

; 3. Crystalline metallic phosphorus, 

j Hittorf (P. 126,193) claimed to have formed a 
i distinct variety of V by heating red P in scaled 
I tubes of hard glass to c. 447° (in vapour of 8); 

' and also by dissolving common P in molten lead 
I and crystallising. A wide tube of hard glass is 
I closed at one end, filled to ^ with common P, 
i and then filled with pieces of lead; the open end 
I is narrowed, and the air is pumped out of the 
j tube, which is then sealed. The tube is em- 
I bedded in calcined MgO, placed in an iron tube, 

; and heated above the melting-point of Pb for 
I 8*10 hours. After cooling, the Pb Is dissolved 
in IINOjAq, S.G. 1*1, and violet-black crystals of 
P remain; these crystals have not, however, 
been obtained quite free from lead. 

Properties.'-P exists in three, and perhaps 
in more than three, modifications. 

1. Ordinary, octahedral, or etick 
phosphorus is a semi-transparent, colourless, 
crystalline solid, with a very distinct smell. The 
smell is very probably due to a mixture of ozone 
and PjOy, formed by the oxidation of the P 
(Schdnbein, P. 66, 377; Thorpe a. Tutton, 0. /. 
67,673). When melted and cooled quickly P is 
opaque; when cooled slowly it is nearly as clear 
as water. P most be kd^t under water; if the 
water is free from air the F remains transparent 
(Baudiiinont, C- B. 61, 857). Id ordinary water 
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P bdcomefl cohered witli a wbiUsh film, but this ' 
again becomes transparent at-o. 60° (H. Rose, P. 
Wi, 608; Baudrimont, l.c.). According to Mar- : 
ohand (j, pr. 20, 606) the white film contains 
from ‘4 to •? p.c. water; Polouze {A, Ch. [2] 60, i 
88) regarded this'substanco as a hydrate of P, | 
and Mulder {J. Vh. 28, 20) as a compound of 
oxide with hydride of P. When melted in large , 
imntity and allowed to cool slowly, fairly large 
odecahedral and octahedral crystals separate 
(^utwein a. Buchner, Kastn. Arch 10,127,504; 
Whewell, C. N. 89,144; Hermann, B. 6,1416). 
At ordinary temperatures P is as soft as wax; 
when cooled it becomes brittle. Exposed to 
1i4bt. P soon becomes yellow and ^len red on 
the ’surface. In a vacuum tube, or in a tube 
filled with an indifferent gas, P easily subliiues in 
colourless, transparent, very lustrous crystals 
(Hermann, B. 6,1415; Mitschcrlioh.B. i?. 1855. 
409; Blondlot, C. li. 03,307 ; Dosains, C. ft. 23, 
149). ’ Melted P often remaijis licjui^F many 
degrees below its m.]).; this is shown esiv:- 
oially when P is nfblted by warming with ahro- 
holic KOH solution, or when a solntion of P in 
C8. is gradually evaporated under water (H. 
Rose, P. 32, 409; Kallhofert, J. pr. 50, 2). In 
some cases P remains liquid at c. - in*^. P may 
bo obtained in finely-divided particlijs by n>elt- 
ifll' it under water, and shaking carefully in a 
flask until the P solidifies; if pure P is melted 
under a solution of sugar, gum, dextrin, 
(Nn,).^COa, tfec., and shaken until it solidi/ies, the 
P is obtained in a state of extremely fine divi¬ 
sion (Casasooa, J. Ph. 16, 202; Blondlot, J. 
1865.120; Sohiff, A. 118, 88; also A. Snppl. 
4, 37). P is slightly sol. water, alcohol, ctlier, 
ethereal and fatty oils, and hot cone, acetic acid 
(Vulpius, Ar. Pk. [3] 13, 38). Water shaken 
with P loses the smell and taste of P, ayd ceases 
to glow in the dark when it has been exposed 
to air for a time (Muller, B. 3, 84). P is very 
soluble in CS,, S^Cla, and liquid P^S, 

P volatilises in water-vapour, even at the 
ordinary temperature; when P is distilled in 
steam and the distillate is cooled rapidly, tlic P 
is obtained as a white snow-like mass (Uemson 
a. Kaiser, Ain. 4, 469); it is also often obtained 
in tlfis form by distilling crude HlAq containing 
P (Hell, J. 1888. 812). 

P oxidises very easily ; slowly wlien ex¬ 
posed to low temperatures, and more rapidly as 
the ignition-temperature, 60”, is approaclied. 
When P is burnt in air or 0 it emits very bright 
yellow-white light, and much heat is produced.- 
But if H is passed over slightly warmed P, or if 
a stream of the warm gas is charged with a very 
little P, the issuing gas glows with a very feeble 
greyish-white light, scaiccly visible in daylight; 
the temperature of this flame is very low: if 
the H is ignited an cmorald-grecn cone ap¬ 
pears in the interior of the H flame (for spec¬ 
trum of this green cone v. Gbristofle a. Beil- 
stein, C. 66. 399; Salct, A. Ch. [4] 28, 66). 
The glowing" of P in the dark was formerly sup¬ 
posed to be due to the evaporation of the P 
(Come, J. Ph. [6] 6,17; Marohand, J.pr, 60,1). 
It was shown that P glows in an indifferent gas 
only when small quantities of 0 are present; 
also that P neither oxidises nor glows in pore 0 
at thft ordinary pressure, but only when the 0 is 
diluted with an indifferent gas or the pressure is 


diminished; and aleo.that the gloving Is stopped 
by the presence of H,8, PEf,, SO,, CS^ Br, Cl, 
N,0, NOj, <fto. (Fischer, J. pr. 86, 842; 89, 48^ 
Schr6tter, J, pr. 68. 168; MiUler, B. 8, 84; 
Joubert, C. R. 78.1853; Desobamps, C, B* 62, 
865; Mfillcr-Erzbach. B. 12, 2130; Cbappuis; 
Bl. [2] 35, 419; cf. Thorpe, * On the Glow of. 
Phosphorus,* N. 41, 623). Much work has been 
•done to determine whether ozone or HjO,, or 
both, is formed when P oxidises in moist air; 
the question is not yet finally settled (McLeod, 
C* J. 37, 118; Kingzett, C. J. 37, 702); Leeds 
{N. Y. Acad, of Sciences, 1, 363, and 3,150) has 
given a full index to the memoirs on the sub¬ 
ject. Schmid {J. pr. 98, 414) determined that 
o/.ono is not formed when P oxidises in dry 0. 
P is extremely poisonous; the lethal dose fox 
adults is from *2 to •5g. Burns with P arc very 
dangerous; the parts should be^rapidly and 
thoroi»ghly washed with dilute bleaching powder 
solution. e 

The atomic weight of P has been determined, 
(1) by ppg. Ag and Au solutions by P and deter¬ 
mining the ratio of Ag tP and Au: P (Berzelius, 
a. A. 53, 433 ; P. 8, 17); (2) by finding the Ag 
needed to ppt. Cl from PCla (Belouzo, C. R. 20, 
1047; DumuH. A. Ch. [3J 55, 174); (3) by 
oxitlising red P in 0 to P.Pj fSehrOlter, J. pr. 63, 
435)^ (4) by analysing and ueterniining V.D. of 
PCJfl, Pl'\, A'c.; (6) by measuring S.H. of P. 

Determinations of the S.G. of P vapour made 
by Dumas, Mitsclierlicb, and Deville a. Troost 
at temperatures from 500° to 1000° gave num¬ 
bers agreeing witli tlxe molecular wt. P,^*'l24. 
Blitz a. V. Meyer (B. 22, 725) obtained the 
values 52‘5 at 1480', 40*7 at 1080°, and 45'5 at 
1700° for V.D. of P, sliowing that-at a white 
heat the mol. formula is probably P, (V.D. 
= 31). 

The mol wt- of ordinary P in solution m 
C,ili^ was detennined by Paterno a. Nasini (B. 
21, 2153) by the cryoscopic method; values 
were obtained between P, and P;. Hertz, using 
the same method and the same solvent, obtained 
the value 124 = P, (^. P. C. 0, 358). Beckmann 
al-so found 124 = for P in solution in CS, by 
the method of raising of boiling-point of the sol¬ 
vent {Z. P. C. 6,.76). 

, The action of light, heat, or electricity on P 
changes it into allotropio rod P. Light affects 
the change whether the P be in air or another 
gas, or in vacuo^ whether water bo present or 
not (Schr6tter, TV. ^.B.l, 130, 8,241; 9,414). 
at tomperatuvea as low as —14°, and whether 
the P be solid or dissolved in CS,, (Corenwindor, 
A. Ch. f3] 30, 242; Lallemand, C. R. 70, 182). 
For an account of the action of tropical sunlight 
on P in CSj v. Pedler, C. J. 67,699. The action 
of heat begins at o. 216° at the ordinary pressure; 
diminution of pressure causes a slackening of 
the rate of change, and the action stops at 
393 mm. pressure, temp. being^l5°. The change 
is complete by heating to 2f)0° for c. 8 days f at 
800°, in a scaled tube, it is finished in a few 
minutes (Sohrdtter, /.c.; Hittorf, P. 126, 198; 
V. Keyer, B. 15, 297; cf. Dissocution, vol. ii. p. 
891). The change is accomplished by electricity 
by passing the current through a Utile P in a 
closed tube with Pt wires fused into the ends 
(^ore, a J. 16, 269; Geissler, P. 169: 171). 
Hittoxl (P. 126, 198}^regard8 Jhe action as dna 
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to Uie hutiiig of the P Tapoor by the current. 
Certain reagents also effect the ohange: t!.g. 
beating with a very little I (Brodie, J. pr. 58, 
171); or heating a solution of P in CS, with 1 
(Corenwinder, A. Ck. [8], HO, 242; Latlemand, 
C. It 70,182), butRudorff (P. 128, 46H) says the 
product is a hydride of P. In the change of 
62 g. ordinary P into red P c. 7,100 g.-units of 
heat are produced; and there is a oontraoiion of 
volume (v. Petersen, Z, P, C. 8, 601). 

2. Amorphous o# red phosphorus is 
a dull, dark carmine, odourless, tasteless powderr 
which becomes darker ou hcaung, and black 
when boiled witli KOHAq. It is brittle, and 
shows no trace of crystalline form. Amorphous 
P is heavier, and coiiducts electricity mueli 
better, than crystalline P, although its conductive 
power is very small compared with the metals 
{v. data at beginning of this article). Amorphous 
P does not melt when heated to redness tn a 
sealed tube (Hittorf, l.c.); vapour is formed in 
the tube, and on cooling this solidifies as crys¬ 
talline P, but the unvuponrised portion remains 
amorphous. When distilled, amorphous P be¬ 
comes crystallino; the action begins at c. 260 ’ 
(SchrdtkT, I.C.). The process, like the rever.se 
change of crystallino into amor{>hous P, is 
essentially one of dissociation {v. Dissociation, 
vol. ii. pp. HUl-H). Amorplious P takes lire at 
0. 250^-260'’ (Hittorf, Schrotter, he.), but active ■ 
combustion begins at c. 800^; it does not oxi<)iso 
in dry air, but in presence of moisture oxidation 
proceeds slowly, with the smell of ozone and the 
formation of an acid liquid (Personne, C. R. 4.5, 
113; Uilson, Ph. 1*7, 410; Pcdler, C. J. 57, 
599). Red P does not glow in the air; it is not 
'poisonous (De Vrij, J. 18.>1. 313). This variety 
of P is insoluble in the menstrua which dissolvu 
ordinary P; boiling turiieutinc, and a few liquid.^ 
of high boiling-points, dissolve a ffttle and 
change it into ordinary P. 

3. Crystalline metallic phosphorus 
is described by liictorf (P. 12G, 193) as forming 
long, black, thin, rhombobcdral crystals which 
appear red in transmitted light; S.O. 2*34 at 
15*5^; less volatile than amorphous P; heated 
in a sealed tube drops of ordinary P appear at c. 
358*^. It is doubtful whether this is a distinct 
variety of P; it does not seem to have been ob>' 
tained free from Pb (for preparation, v. ante). 
According to Troost and Uautefeuille (0. P. 78, 
748), the S.G. and heat of combustion of red P 
ohange continuously with temperature; at 580“ 
ruby-red crystals appear, which have the S.G. of 
Hittorf’a metallic P. 

Thi&nard observed that P became black when 
heated and suddenly cooled (Gm.'K. [6th ed.] i. 
2,102h some experimenters claim this to be a 
special variety of P (v. Reichardt, Ar. Ph. [3] 9, 
442; P. Thdnard, C. B. 95, 409); according to 
others it contains fc^ign substances. Blondlot 
obtained it only when a trace of Hg was present 
(C. B. 70, 856; 78,1130); Bitter found the pre¬ 
sence of As necefsary {C. B. 78,192). 

Napoli {C. B. 25,369) thought that a specif 
yellow modification of P was produced by keep¬ 
ing freshly-melted ordinary F under water. 

The atom of P is trivalent in most gaseous 
moleoale8jS.g. PCI,, PH,, PP„ do.; it is pentevalent 
in the gaMoas molecule P acts as a non- 
metalUo element; it# oxides tfeaoidio,althoaflh 
Voi,. IV. • 


' some of them combine with less acidic oxides 
: to form salt-like compounds. P is closely re* • 
j luted to As, Sb, and Bi, and also to N, V, Nb, 

I Di, Er, and Ta; those elements form Group V. 
For a detailed consideration of the chemical 
! relations of P v. Nitboobk okoup of elehbnts, 

I vol. iii. p. 671. The specific volume*of P at 
its b.p. is 20-21 (Pisati a. de Franchis, B. 8, 70; 
Bamsay a. Young, C. J> 39, 50); the epecldo 
volume of P iu combination is o. 26*3 (Thorpe, 

: C. J. 37. 833). 

Heaetions ana Combhtaiions,— 1. P oombines 
witli oxygen to form P,0, P,Oj, and P,Oj; the 
reaction begins at ordinary temperature with 
crystalline P, and at c. 250^-260“ with amoi^ 
phouB P. (For mure details v. Jhiosi'iiva.'s, 
uxiiiKH OF, p. 138.) P does not oombinu with 
pure 0 at the ordinary presBun*-, but only when 
an indilTcrent gas is prc^«cnt,or tlio pressure is di- 
niinished0(for references v. Properties of P, p. 
1281. The combiiiation of P in 0 is arrested 
. in proportion to the dryness «of the 0 (Baker, 
0. ./.47,319; 2V. 46,1). Amorphous P does not 
o.xidiso in dry air, but the oxidation proceeds 
slowly moist air. Ordinary P oxidises readily 
in moist air; it is not yet finally Bottled whether 
or not ozone is produced ^v, McLeod, 0. J. 37^ 
118). In moist air H^POa is formed ; this may* 
be a direct product of oxidation, or it may result 
from the reduction of HaPOi formed by the 
direct oxidation of the P (u. Sohonbeiu a. 
Bolilig, J. 1863. 167; Blondlot, C. B. ()6, 851; 
Stiassay, D. P. J. 199, 414).—2. P is easily 
changed to by oxidising agents, e.g. HNO„ 
CrO^, KNOa, <tc. A mixture of P and KClOg 
explodes violently when struck or rubbed; the 
explosion is loss violent with amorphous P. 
Amorjihous P is infinmed when rubbed with 
CrO„ PbO;., PbjO,, HgO, K^Cr^^O,, or Ag.^, and 
when licated with MnO,, CuO, or KNOj.— 

3. P combines with sulphur, the halogens, and 
many non-mcloh when heated with those. The 
reactions occur at lower lemperatureB, and more 
rapidly, with ordinary than with amorphous P, 
yet amorphou.s P combines with Br and Cl at 
tlio ordinary temperature.—4. P decomposes so¬ 
lutions of salts of copper, silver, and some other 
rnettils, with separation of the metal, which 
' often combines with the P.—5. Boiling water is 
slightly decomposed by P in in-csence of air, 
with formation of I’H,, H^rOj,Aq, and H,PO<Aq 
(Cros.s a. Higgin, C. J. 35, 254); at 250“ the 
reaction is more rapid (Schrotter); with amor¬ 
phous P the aclion is slow (G. a. H.).- 6. Oon- 
centrated hydrochloric acid is decomposed by P 
at 140“, with formation of PH;, and HyPOsAq 
(Oppenheim, Bl. (2J1,163).—7. Hydrioaic add 
■ reacts with P to form PHJ and ; hydrohromic 
acid reacts at 100“-120® to produce PHiBr 
(Darooiscau, C. B. 91,883).—6. Chlorosulphmic 
acid [SOj-O H.Clj reacts explosively with ordinary 
I P at 25®-30®, and mor«; slowly and at a higher 
temperature with amorphous P, to ^rm SO« 
HCl, and H^PO^ (Heumann a. KSoklin, B. 15, 
416).—9. Sulphuryl chloride [SO^CIJ produces 
PCI, and SO,; the reaction is violent, even with 
amorphous P (E. a. K., B. 16, 1736).—10. Adis 
(G. J. 59, 230) desoribM ths action of sulphur 
fr^)2:ideonPBaprodaomg8P/)4.2SO,.— 11. with 
hoiUng solutions of alkalis P forms PH, and 
alkali salts of H,PO,. P left for a long time io 
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KmUet with ammonia solution probably forms 
P hydride and NH 4 phosphite (v. ^loadlot, C, B. 
57, 1260; Commaille, 0. B. 68,263; Fiackiger. 
L 18684 171). Bed P is not acted on by NH^q 
1. c.),—l2. Heated with the alkaline earths 
r forms phosphides and phosphates.—IS. V^ca 
P is strongly heated with anhydrous alkali car- 
honates 0 is separated. For an account of the 
technical applications of F v. Dictionart of 
Afplxsd CnauisTitY; for description of the 
methods of testing for P and estimating it a 
manual of analysis must be cofisulted. 

Phosphorus, acids of. The phospJboric acids 
are described under that heading (p. 124), the 
%lher aoids under the heading Pbospugbus, oxy- 
AOXDB or, AKD THEIB SALTS (p. 149). ForphoS- 
phamic adds v. p. 105, and for thiopJmphamic 
acids V , Thiopuobpbortl oniiOBinE, limction 
No. 7,p. 148. 

Phosphorus, bromides of^ P and Br com¬ 
bine violently; two products of the reaction 
have been isolated, PBr, and PJir^. Thoso for- 
malm are probably molecular. 

Phobpborub tmdromioe, I*Br, (PhospJtorous 
bromide). B.P.-172 i)° at 760*2 mm.'(Thorpe, 
C. J. 37, 835). S.O. % 2*92311 (T., Ic.). Does 
, not solidify at —18*6®. A colourless liquid, with 
very penetrating odour; fumes in the air. PBr, 
is formed by the direct union of P and Br. If 
P is added to Br, the Br must be kept in a 
freezing mixture, and the P must be added in 
extremely small pieces until a colourless liquid 
is obtained; the process is dangerous. Lieben 
(A. 146,314) recommends to pass 00^ through 
slightly wanned Br, to lead the gas over small 
pieces of dry P, and to distil the liquid thus 
produced after it has stood for some days. 
Sohorlemmer uses amorphous P. The P is 
placed in a flask connected with an inverted 
condenser, and having a dropping funnel passing 
through the cork. Br is added drop by drop 
from the funnel: the first few drops combine, 
with a production of flame, but after a little the 
Br may be added more freely; the PBr, is dis¬ 
tilled from the excess of P Iv. also Pierre, A. 
Oh, [ 8 ] 20, 5; KekuU, A, 130, 16; Ldwig, 
Gm,-K. i. 2, 334). 

PBr, is not acted on by 0; reacts with S to 
form FSBr, (Gladstone, P. M. [3] 35, 345); Cl 
forms PC1| and Br; HgCl^ forms PCI,'and HgBr,; 
HjS produces P, 8 , and HBr. PBr, is decom- 
posed slowly by cold water, rapidly at 25®, to 
BBrAq and H,FO,Aq (Ldwig, lx,). P and I dis¬ 
solve in PBr,. 

PaosPEouuB PKNTABRouxnE, PBr, {Phosphoric 
bromide, Perhromide of phosphefrus). Produced 
by adding excess of Br to PBr,, stirring well 
with a glass rod, and after a time removing the 
excess of Br by warming very gently in a stream 
of diy CO,. Also formed by action of Br on 
PCI, in presence of a little I (Gladstone, P. M. 
[ 8 ] 63, 845). PBr, forms a oitron-yeliow solid; 
fumee iif’ the air; melts to a red liquid when 
gently warmed, which solidifies again to rhom- 
boldfld crystals, which are yellow hf cooling has 
been rapid, and red if cooling has been slow. Tlie 
red crystals become yellow when nibbed (Baudri- 
mont, Bl. 1861. 118); at a higher temperature 
(^low 100 ®) gives red vapours that condense to 
yellow neooleB* PBr, is separated ftt e* )00® 


into PBr, and Br, which re-eombine on ooiding. 
(Ogier, 0, B. 92, 83) gives the following heats of 
formation: [PiBr*]«63,000 from liquid Br; 
1^83,000 from gaseous Br; -62,800 from solid 
Br; in each case solid PBr, is formed. 

Beactions.^l, Heated to 200® in oxygen, 
PBr, inflames with formation of P,0, (Baum- 
stark, A. 140, 75).->2. Neither hydrogen nor 
sulphur reacts in the cold with PBr,.—3. Chlorine 
forms PCI, and Br; iodine produces PBr, and 
IBr,.—4. In moist air^ POBr, is formed (g. v.).— 
6. A little water produces HBr and POBr,; with 
much water HBr and H^PO, are formed.—6. 
PBr, reacts with hydroxide to substitute OH by 
Br; the reaction is similar to, but not so ener¬ 
getic as, that of PCI,.—?. Hydrogen sulphide 
forms PSBr, and HBr.- 6. Phosphorus hydride 
forms at first PBr,, and then also P and HBr.— 

9. Hydriodic acid has no action j dry boric acid 
lorifis some BBr, (Gustavson, B. 3, 426); dry 
oxalic acid produces POBr,, HBr, CO, and GO,. 

10. Antimony sulphide produces SbBr, and PSBr, 
(Baudrimont, Bl, 1861. 118).—11. With many 
metals at high temperatures, PBr, produces 
phosphides and bromides. 

Combination,~-W\i\\ ammonia to form 
PBr,.9NH,. Prepared by passing dry NH, into 
a solution of PBr, in COI4 (Besson, C, R. Ill, 
972). 

Phosphorus, bromochloridei of. Several 
compounds of P, Br, and Cl are formed by the 
rc.action of PCI, with Br. PBr^Cl,, PBr,Cl„ or 
PBr,Ci, is produced according to the relative 
quantities of PCI, and Br used; and from one or 
other of these the compounds PBr,Cl, and 
PBrOl, are obtained. According to Stem (0. J. 
49,815) PBr,Cl, is formed, and on addition of * 
more Br the compound PBr,Cl, is produced, and 
unites with Br to form PBr,Cl,; the whole of 
the Cl in PCI, cannot bo thus replttted by Br 
(Michaclis, B. 5, 9, 411 *, Wicbelbaus, A. Stippl, 

6, 277; Stern. C. J, 49, 815 ; Geuthcr, J. Z, 10, 
128; Michaelis a. Geuther, J\ Z, 6, 242; Prin- 
vault. C. R. 74,808). Michaelis regarded PBr,Cl, 
and PBr^Cl, as compounds of PBrjCl, with Br, 
and SBr, respectively; Prinvault looked on 
PBr,Cl, as PBr,01,.BrCl, and PBr,Cl, and PBr,Cl, 
as PBr,.dBrCl and PBr,.2BrCl, respectively. 

. AgainstPrinvanlt’s view it was urged by Michaelis 
tliat if the compounds contain PBr, they must 
give POBr, and BrCI by reacting with SO„ 
whereas the products are POCl„ SBr„ and fir; 
but Geuther showed that POBr, reacts with BrCl , 
to give POCl, and Br. Geuther regarded the * 
compounds as containing trivalent Br atoms. 

PB(^PB0RU8 DXBROBSOTRICHLORIDE, PBr,01,. 
Yellow-red crystals, melting at 85®; obtained by 
gradually adding 160 pts. Br to 187*5 pis. PCI,, 
and keeping in a closed tube in a freezing mix¬ 
ture for some time (M.). Addition of 18 pts. 
water reacts thus (O. a. M.): 3PBr,Gl, + 8H,0 
=2POCl, + POBr, + 3HCl+^HBr. U SO, is 
passed into the contents of the tube, SBr, and 
POCl, are formed (M.) • 

Phosphorus tetrabbobotrichloridb 
FBrfCl,. Large dark-red crystals with a bine 
sheen; formed by adding Br slowly to PCI. tilt 
two layers are produced, the lower of whion ta 
dark and oily, and then adding PBr,Gl, until the 
lower layer solidifies (G.). Also prMuced by 
wttnningPBr, wit^P01|to40^; . 
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4PBr,+6PCl,«5PC!, + 5PBrA W. when 

heatM PBr^Cl, melts and separates into two 
layers, which unite again on cooling. A little 
H,0 produces POCl„ POBr„ HCl, HBr, and Br: 
much H,0 forms HjPO^, HCl, HBr, and Br; 
SO, produces POCl„ and Br. 

PnOSPOORUS OCTOnROMOTRlCHLOltlPE PBr,Cl,. 
Brown needles, melting at 25^. Formed by 
adding 4| pta. Br to 1 pt. PCI, {i.e. in the ratio 
8Br: PCI,), heating to G5^, and allowing the oily 
liquid to cool to 0. 4'^ ;*mach heat is produced^ 
in the reaction (P.). Ocuthcr (/^.) says the com* 
pound is also produced by adding BrCl to PBr, 
in tlie ratio PBr^: SBrCl. 

PHOspnoRus iiKrTAimouonicnLoniDE PBr^Cl,. 
Prismatic crystals. Obtained by rapidly dis¬ 
tilling the preceding compound at a little above 
90° (P.); ^so ^ dropping PCI, into Br until 
two layers are formed, and allowing to st);nd. 
Soluble in PCI,. • 

Phosphorus MoxoDBOMOTETRAcnLoniDK 
PBrCl^. According to Prinvault ^hc.) this com¬ 
pound is obtained, as yellow crystals, by heating 
to boiling a solution of the preceding compound 
in FG1„ also by the reaction of PCI, with 
BrCl. P. says that PBr^^Cl, and PCI, react in 
accordance with the equation PBr.Cl, + PCI, 
-PBr,CL, + PBrCl,. 

Phosphorus, brofflofiuoride of, PBrJ?,. A 
liquid, which fumes in the air, and is violently 
decomposed by water; also dreomposed easily 
by heat to PBrj^ and PF.,; formed by passing 
PF, into Br (Moissan, C. 11. 100,1348). 

Fhospborns, bromouitride of, PBr^N. This 
compound is said to be formed by heating the 
•product of the action of NH, on PBr.., in a 
scaled tube, to 250°-275°, with twice its weight I 
of PBr, for twelve hours, and then heating the 
resulting #ubstnnceB under reduced •pressure, 
when PBr, sublimes, and then at 200' a white 
crystallino sublimate of PBr,N is formed; tlic 
compound is purilled by resubliming in vacuo. 
The crystals melt at IG^i^'-lOO®; sublime at 150^ 
in vacuo ] sol. ether, less sol. C8, or CUCl,, 
insol. water (Besson, C. R, 114,1479). 

Phosphorus chlorides of. P and Cl com¬ 
bine directly and easily, with the production 
of light and much heat. Two compounds are 
thus produced, PCI, and PC!,; these formiilto 
are molecular. According to Donny a. Mareska 
(C. R. 20, 717), and Dumas {A. Ch. [3] 55. 172), 
liquid Cl surrounded by solid CO, combines 
with P. 

Phosphorus TRicnLORina PCI, {Phosphorous 
chloride). Mol. w. 137-07. Boils at 75 95“ at 
7fi0 mm. (Thorpe, C. J. 37,333; v. also Pierre, 
A. Ch. [3] 20, 6; Haagen. P. 131,122). H.Q. 
g 1 01276 (Thorpe, he.); V.D. 70'6 (Dumas.4. CA. 
[8] 55,172). S.H. of vapour *1347, equal weight 
of air-l; *64, equah voh of airal (Uegnault, 

/,1863.85). for H line a—*3222; Mol.w. 
«44-3 (HaagBn,*P. 131, 122). H.F. [P,C1>] 

-76,300 (TA.2,408; formation of liquid PC1,V 

S auit (<f. 1863.66) gave tbevapourpreasuresof 
in mm. of Hg as follows :^7'9d at 0°, 62*68 
^ 100*66 at 20^ 166*66 at 30°, 288*78 at 40°. 
841*89 486*68 at .60°, 674*23 at 70°. 

Formaaon.—’h By direct union of P and Cl— 
8 By reaction ^ P with H^Cl,, FeGl„ Cu01„ 


IC1„ 8,04, or SeCI, I 2, 800}.-8. By 

reaction of Cl orH^I, with PBr, or Pi, (f.c.).— • 
4. By decomposing PCI, l>y aided by H, P, 
PH,, 1, HI, S, or one of several metalB.-^6. By 
healing HPO, with NaOl {Om.*K., I.c.).—6. By 
heating Na,lIPO, with NH^Cl (H. Rose).-?. By 
heating P with cono. llClAq (Opponbeim, Bl, 

[2] 1,163).—8. By passing POCl, through a tube 
hlled with glowing charcoal (Riban, C. R» 96, 
IICO). 

FrejwmfioH.-j^Aboiit 500-000 g.P, m pieces 
about 1 inch long, are dried quickly, twice, 
between filter-paper, and placed in a dry retort 
of c. 1 litre capacity, through the neck of wbicl^ 
a stream of dry CO, is kept passing. The beak . 
of the retort is now passed into a wellcooled 
receiver, and the tubulus is oonneotod with an 
apparatus which is evolving dry Cl. The tube 
tlirougli wliich the Cl passes into the retort is 
hzed Bomewliat loq^cly in tlie cork, so that it may 
be q^oved up or down easily. The retort is 
placed in warm water until flie P is melted; 
after the action 1ms fairly begun, the heat pro* 
duced sulUces to keep the 1^ molten. A largo 
basin with cold water is kept beneath the retort 
in case the latter should break. The reaction is 
ri^gulaled by moving tlie tube from the Cl appa¬ 
ratus near to, or away from, the surface of the* 

I P; if this tube is too imar the P, the heat of the 
' reaction vaporises much of the P, which Uion 
condenses in a reddish layer in the upper part 
of the retort; if the delivery-tiilio is too far from 
the P, solid PC!, forms and deposits on the 
ujiper part of the ndort in yellow crystals. As 
I the reaction proceeds, pieces of red P appear 
here and there in the retort. Towards the end 
much rod P is formed; this must be heated 
carefully witli a lamp, a process in wliich the 
retort is apt to be cracked. The diatillaie U 
digefjted with a little P fora few days, to decom- 
I pose any PCI,, and then redistilled from a re- 
' tort lieulcd on a wator-balh (Donny a. Mareska, 
C. n. 20, 717 ; Dumas, A. Ch. [3] 65, 172). 
Tliorpe (0. J. 37, 333) recommends to heat red 
P in dry Cl; ho says tliat the reaction is very 
regular, and that largo quantities of PCl^ maybe 
prepared thus with groat ease and rapidity; the 
rod P should bo washed with water, then with 
alcohol, then with other, and dried at a gentle 
heat. * 

Properties. —A clear, colourless, highly re¬ 
fractive, liquid, which can be vaporised without 
decomposition in absence of moisture; fumes in 
air with decomposition ; does not redden dry 
blue litmus paper; vajKiur has an acrid smell 
and excites tears. Docs not solidify at —116° 
(Natterer, P. 02,133). Does not conduct elec¬ 
tricity. Dissolves P; also I (Gladstone, P. M. 

[3] 36. 345). Mixes with C.I4, Et,0, CHCL, 
and CS,. In a gas-Oarae or alcohol-flame, PG4 

burns brightly. Sinks in water and then begins 
to decompose to H,1^0,Aq and HClAq; if a little 
warm water is used, amorphous P feparates. 
Slowly decomposes in the dark to PCl^ and P 
(Casselmann.A. 83, 247). Combines with Cl to 
form PO4. Not .acted on by 0 at ordinary tem¬ 
peratures ; PCtCl, is slowly formed at b.p. of 
PC4. POC4 is formed by action of ozone and 
various 0 compounds which readily pArt with 
0 (v« Reactions). * 

Testing PC), for POCl,.—PCI, has little ao« 
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tion on aine-dust at ordinary tf^mpcratures; POClj 
(•prodaoes P^Og and Zn plioephide, which is de¬ 
composed by Hp, giving inflammable P hydride. 
To apply this reaction, a few drops of the liquid 
are added to a little zinc-dust in a test tube, and 
then a few drops of water; if POCl, is present, 
small bubbles of gas are given oil, and take fire 
in the air (Deniges, Bl, [3J 2, 787). 

Reai:tions. -\. Water produces HgPO., and 
HCl; the reaction proceeds somewhat slowly. 
If a little warm water is added; to PCl.„ 
amorphous P separates the product 
of ft secondary reaction—3 H-iPOsAq i 2PC1, 
-3HP03Aq + 6HClAq + 2P (Michoelis, Ji. 8, 
TR>4 ; but cf. Geuther, J. Z, [2] 3, 2nd Suppl. 
110).—2. Oxygen docs not react at ordinary 
temperatures, but POClj is slowly formed at 
b.p. of PCla (Michaelis, J. Z. C, Oil; Romaon, 
Am. S. [3J 11, 3(>5). - 3. O^onc rapidly forms 
POCl, (Kemsen, I.c.).--4. I’otassiuvi chlorate 
produces POCl,.—5. SulphHr trioxide reacts : 
violently, forming POCl, and SO, (Michrtelis, 
J. Z. G, 232; 7, 110; Armstrong, J. pr. [2J 1, 
266; c/. Rose, P. 44, 301).—G. Sdenion dioxide 
produces POCl, ftiid Sc at 110^; if Ihq SeO, is 
in excess, SeCL and P,0^ are also formed; SO, 
has no action at 140'* (ii., f.c.). —7. Heated in a 
■closed tube at 130® with arsenious oxide, forms 
As, AsCl,, and l^Og (Michaelis, l.c.).—8. Thionyl 
chloride forms PCI,, POCl,, and PSCl,. Chromyl 
dichloride produces POCl,, P,Oj, PClj, and CrCi,. 

9. Nitrogen trioxide or j^'^toxide reacts with 
strongly cooled PCI, to form NOCl, P^O,, POCl,, 
and P,0,014 (Geuther a. Michaelis, B. 4, 7GG).— 

10. Many metallic oxides withdraw Cl from PCI, 
(onuing metallic clilorides; PbO forms Pb and 
Pb(PO,), besides PbCl,.—11. Many metallic 
sulphides when heated with PCI, react to form 
P,S, and metallic chlorides; e.g. K..S, RaS, CaS, 
Sb,S„ PbS, *0. (v. Gm.-K. i. 2, 320).—12. Sid^ 
phur reacts at c. 130° with production of PSCl, 
(Henry, J5. 2, G38).—13. Antimo7iy forms SbCl, 
and P (Gw.-A'., f.c.).—14. Red-hot iron filings 
produce Fe phosplude and FeCl, (Gm.-A’.). — 
16. Zinc, at 100°, forms ZnCl, and P (Most, B. 

18, 2029).—IG. Platintan and silver are not 
acted on by PCI, iGm.-K.),— 17. Sulphuric acid 
reacts slowly in the cold, rapidly when hot, to 
form SO,, HCI, P,Oj, and SO,.OH.C1 (Michaelis, 
/. Z. 6, 239).—i8. Phosphorous acid produces 
P^OANacquet's Chem. German ed. f&G8. p.218). 

19. Hydrwdic acid reacts at the ordinary tem¬ 
perature, forming PI, and HCl (Hautefeuille, 
Bl[2] 7,198, 200, 203). - 20. PSCI, and PCI, 
aro formed by heating for some hours at IGO® 
with sulphur chloride.—2X, Iodine pentah^om^ 
ide is said to form ICl, and PBr,.—22. Pho$- 
phorua hydride produces HCl and solid P,H 
(Besson, C. B. Ill, 972). SbH, is said to be 
without action (Mahn, Z. [2J 6,729).—23. Heated 
with hydrogen sulphide, HCl and P,S,are formed 
(Baudrimont, A. Ck. [4] 2, 6).—24. Ammonia 
seems to.form various compounds which have ncft 
been fully examined (v. Piiospuam, p. 104).— 
26. Passed over heated ammonium chloride, 
phospham (q. .v.) is formed.—26. With many 
carbon compounds containing hydroxyl, PCI, 
reacts to substitute 01 for OH. * 

Combinations.'^l. With chlorine, to form 
(7* ^•)* “** 8. With Invmine to form 
aevcral oromochlorides (g. v.).—3. With iodine 


to form PljCl, fv. Pbospbobus lonocHLoaxoB, p. 
138). — 4. Witn titanium chloride to form 
PCl,.TiCl4 (Bertrand, M. 5. [8] 10, 1381); also 
with a few other metallic chlorides, e.g. AuCl.— 
6. With dry ammonia to form PcL6N^ (Rose; 
Besson, C. It. Ill, 972). 

PHOSPnORDS PBNTACHIiOBinB PCI, (PAOS- 
phoric chloride. Phosphorusperchloride). Mol, 
w. 207’81. Melts at 148® under pressure; boils 
at 1G0®-165°, with partial decompositioft to PCI, 
and Cl. V.D. varies with temperature; 0. lOSin 
^rn atmosphere of PCI, (u. Properties). H.F. 
[P,CP]« 104,998 (TA. 2. 408). 

Formation.—-!. By combining PCI, with Cl, 
or by the action of excess of Cl on P.—2. By re¬ 
acting with PCI, on PHa, S,C1„ or SOCl,.—3. By 
tlie action of SbCl, on PH, (Mahn, [2] 6,729). 

Preparation.—P(j[^ may be prepared by the 
action of Cl on P, but the PCl^is apt to retain 
piotfes of unchanged P, the presence of which 
may lead to violent exidosions; it is, therefore, 
better to prepare PCI., from PCI,. PCI, is placed 
in a strong liask with a wide neck; the flask is 
surrounded by a freezing mixture, and dry Cl is 
passed in by a wide tube which reaches almost 
to, but does not touch, the surface of the liquid. 
As the contents of the flask got semi-soHd they 
must be thoronglily broken up by a glass rod. 
The whole of the PCI, is not changed to PCI, 
until Cl has passed for a considerable time; the 
change is not complete until, after closing the 
flask, shaking thoroughly, and allowing to stand 
for some time, the presence of greenish-yellow 
gas in the flask is quite apparent. Excess cf Cl 
is finally removed by the long-continued passage 
of a slow stream of dry CO.. (Muller, Z, 1882. 
296 ; Grabe, Ar. Sc. [3] 5, 477). 

Properties. --A while, or slightly yellow, 
crystalline solid with a strong odour; crystallises 
in rhomUlc plates; fumes in moist a«r, with de¬ 
composition; sublimes without melting under 
100 ^, but melts at c. 148° under considerable 
pressure; boils at 0.160®-165'®, with partial dis¬ 
sociation to PCI, and Cl, which, re-combine on 
cooling. ^ PClj docs not conduct electricity 
{Gm.-K, i. 2, 390). Decomposed by 0 at c. 300°. 
Burns in a candle-flame. 

Vapour density.—The S.G. of the vapour 
obtained by heating PCI, is less than that cal¬ 
culated for PCI,, and it decreases as temperature 
increases until it is equal to half the calculated 
value. Wanklyn a. Robinson (0. It. 66, 647) 
showed that the vapour contained free 01, by 
diflusing into CO..., and that PCI, was present in 
the residue. Deville noticed that the vapour 
showed the colour of Cl, and that the intensity of 
colour increased as temperature rose (A. 141, 
147). The V.D. was determined by Ganoura at 
different temperatures, with the following results 
{A. 141, 42; V . also Gibbs, Am. S. [3] 18, 277, 
371):- , 

Temp. S.Q. (airs 1) F.o. Dlssooiatioo 

182® 6-08 41-7 

190 4’99 44*3 

200 4'86 48-6 

• 230 4-80 67-4 

260 400 800 

274 8'84 87*6 

288 8-67 96*2 

*289 8*69 9£r7 

300 8'66 97*8 
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1Ph« temperatare wberaat SO p^ is dis- 
iooiated is o. 202°. Wurtz {B. 3, 572) showed 
that, making certain assumptions, the S.G. of 
PCl^ vapour formed in an atmosphere of PCI, is 
0. 7*4-6*8, which agrees with that calculated for 
PClj,, viz. 7-2, 

Beactions .—1. Heat dissociates PCI, into 
PCI, and Cl, which recombine on cooling (v. 
ante). — % PCl^ is decomposed by waiter to HClAq 
and P0C1„ and finally to H'aPO.Aq with sonic 
lIPOjAq i. 2^ 390). Thomsen gives I 

[PCP.Aql -123,410 {Th. 2,322).-3. Borie acid 
and aniimonic hydrate react sftnilarly to water 
(Gerhardt, A. 87, CO, 290; Schiff, A. 102, 111; i 
100,116). Boric oxide when boated with PCI, ; 
forinsB.pj,.P.G,,andBCl.j{Gu8tavson,I3.3,42C).— j 

4. Hydroxides generally, including carbon com* ' 
2 xmnds which contain Oie group Oil, exchange , 
OH for Cl, witlf production of rOCI,and chloride i 
of the radicle before in coml^nation with OH.— | 

5. Cotnjwundscontaining the group SHQeixernWy 
react similarly to Oil componmU; €.g. SILU 
gives OlH and PSCI,.— 0. Oxides generally ex- i 
change 0 for Cl., ; carbon cotnjxounds contain- 
ing tiic groiqy 00 generally also react in this 
way.—7. Oxygen reacts with vapour of l‘Cl,, at 
c. 300°, producing POCl,, P^O,, and Cl (Oin.-K. 
i. 2, 390; Wanklyn a. Tlobinson, 0. if. 66,017).— ; 
8. PCI, vapour mixed with hydrogen and passed j 
through a red-hot tube produces HCI,PCla, and P I 
(Baudrimont, 6'm.*A'. i. 2, 394).—9. Heated with i 
phosphorus PCI, is produced.—10. The com¬ 
pound rS,Ch is formed by distilling PCI, with 8 
parts of sulphur ((iladstone, C. J. 3, 6).— 

11. Selenion produces SoCl, ami PCI,.— 

12. Iodine forms PCI,, and* ICl which com¬ 

bines with part of the PCI. to produce PCI^.lCl 
{Gm.-K., /.c.). -13. PCI,,reacts with manywnfais 
to form metallic chlori<l<‘S and PCI,; sometimes 
P and inflallic phosphid»!S are formed (Baudri- 
niont, J.i)r.87,300; 88,78; Casselraann,/I. 98, 
213). Among the metals which react with I’Cl, 
are Al, As, Cd, An, Fc, Pt, K, Na, Sn, and Zn. 
The metallic chloride formed often combines 
with the undecoinposod PCl^; this occurs, e.g., 
with AlCl,, FoCl„ HgClj, PtCl,, and SiiCl, 
(Woliler, B. 13, 876; cf, Goldselimidt, 0. C. 
1881. 489).—14. Phosphorus hfylride. produces 
PCI, and fICl; with excess of PH„ HCl, and ? 
are formed.—15. Antimony hydride forms PCI,, 
8bCl„ end HCl; silicon hydride acts similarly 
but more slowly (Muhn, £r.'[2J 5, 720 ; amnumia 
forms phospham (7.v.,p. 104) and nitrogen plios- 
phochloride {vol. iii. p. 070); also phospliaiuido- 
imide {q. v., p. 105; cf. also Besson, C. li. 114, 
1264). -16. Sulphur dioxide produces BOCI., 
and POCl, {Schiff, A. 102, 111; IOC, 116; 
Persoz a. Bloch, 0. R. 2ft, 86; Kremers, A. 70, | 
297).—17. Sulphur trioxide forms SjCLO, and ' 
POCl, (Schiff, he.; Michaelis, J. Z. 6, 235, 240, 
292; Williamson# Pr. 7, 11).—18. Selenion 
dioxide when distilled with PCI, forms POCl,, 
8eCl.^, and PjO„ SeOCl.^ being formed as an in- ! 
termediate proluct (Michaelis, Z. [2] 6, 465).— : 
19. Phosphoric oxide produces POCl,.—20. Boric , 
oxide reacts slowly when heated to o. 140° \^th 
PCI,; BOCl, is probably formed, and on heating 
more strongly BCl, and B.p,.P,0, remain (Gus- 
tavson, 3, 426).— 21. Nitrogmi dioxide pro- , 
duces nOCl and POOl, {Qm.-K, L 2, 89($.— I 
33. and SiOl, which j 


oombineswith the excess of PC), (Weber, P. 107, 
375).—23. Vapour of PCI, reacts with many me- 
tallic oxides, when these are strongly heated, to ' 
form POCl,, and mctallio chlorides which fre¬ 
quently combine with undccomposed PCI,. The 
following react in this way—ALO„ A8.,.0,, and 
As.p, (Hurtisig a. Geuthcr, A. Ill, 159; Michaelis, 
J. Z. 6, 2.39), [no reaction with Sb..O,; Schiff, A. 
102, 111], GU), Cr,,()„ Fe..O„ MnO..! MoO, (Schiff, 
U.), SnO. TiO, (Wei-or, 2>. 107.37*6; TfiUscheff, 
A. 141, 111), WO, (Geihardt a. Cliiozza, C. B, 
3<l, 1060 ; Schif^hc.). —24. Phosphorus sulphide 
forms J'SCl, (Wcbi-r, P. 107, 376; Ow.-A. i. 2, 
390).—25. Carlfon disulphide dot:s not react at 
100° (Hofmann, A. 116, 264); at 200° PSCl, 
produced (Carius a. Fries, A. 112, 193), and CCl, 
(Batljke, Z. [21 6, 67). — 26. Many metallic 
sulphitlcs when Ijoatetl are decomposed by vapour 
of I’Cl^ with formation of J'SCl,, S,G1„ and 
metallic chI'>rido; the following react in this 
way— Kuii>hide ol^As, Ba, Bi, Cd, Ca, Pb, Na, 
Sn,* Zn (Weber, l.c. ; Baudrimont, l.c.). — 
27. Antimony {felenide and lend sclenide form 
SeClp wliicli forms a double com[)ound with 
tlie excess of I’Cl,,. ~ 28. Hydriodic acid pro* 
duees l^CI^, IICI, and 1 (Wurtz, Gm.*A., l.c.); 
hydrohromic acid is without action (Gladstone, 
0. J. 3, 6); syrupy phosphoric acid solution 
reacts slowly, the vapours of this acid do not aot* 
(Gerhardt, A. 87. 66, 290; Schiff, A. 102, 111; 
106, 116; Persoz a. Bloch, C. H. 28, 86).— 
29. Cone, nitric acid r»;a(!ta onergetioully, form¬ 
ing POCl., and IICI.—30. Suljdtiii'ic acid forms 
j SO,.OH.Cl, HCl, and IlPO,, and 8.,CIA as the 
result of a secondary reaction (Mioliaolis, A Z, 

6. 235, 210, 292; Williamson, Pr. 7,’ 11; Baum- 
stark, A. 140,76).— 31. Many metallic salts react 
witli PCI,; KNO, givesNOCland POCl3(Nacquet, 
Bl. I860); sulpiiites form SOCl, (Buchanan, B. 

3, 4H5); AgF produces AgCl and probably a 
lluorido of P (Pfauniller, IF. .4. B. 46, 268); 
KCiO, gives l‘OCl.,; KSCy forms PSCl,. SjjCI-, 
and PCI,; Na.dlPO, gives H^PO, and HCl; 
i haloid salts of the alkalis, and also KGy and 
! KJ’'oCy«, arc not acted on by PCI,. 

6’ow/>i»m/ion.?.—1. With iodine chloride to 
form PCI,.ICl {Qm.‘K. i. 2, 390).-2. With 
selenion tetrachloride to forni SeCI,.2PClj. — 

3. With many metallic chlorules {cf. Reactions, 
Nos. 13 and 23). These compounds are solids, 
which sublime with partial decomposition when 
heated, and are decomposed by water (Baudri- 
mont, J. ]>r. 87, 300; 88, 78; Weber, ibid. 77, 
65; Casselniann, A. 83,258).—4. With ammonia 
to form PC1.,.8NH3 ; produced by slowly passing 
dry .SH, into a solution of l^Cl, in COI4 (Besson, 
C.U. 111,972; 114,1264). 

Fhosphorus, ohlorobromidei of,v.PHOSPHOBT78 
BBOMOCniiORIDES, p. 130. 

Fhosphonis, chloroflaoride of, PCljF,. Mol. 
w. 175 07. V.l). 78. Poulenc (0. R. 118, 76). 

Preparation. —Tw stoppered fiasks of o. 600 
0.0. capacity arc connected by a bent tube, which 
passes through the stoppers; one flSsk is filled 
with dry Cl, ;.nd the other with dry PF,; that 
containing PF, is connected with a bulb full of 
Hg. which can be caused to flow into the flask 
and so fored the PF, into the flask full of Cl. 
The PF, is slowly driven into the other flask, 
and the PCl^i thus formed is kept in contact 
with Hg for some days (withoot being shaken 
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with tibe Hg) else some PF, may be decomposed) 
to remove traces of Cl. 

Propertiei — A colourless gas, with very ini* 
toting odour; incombustible: liquefied at 
ftt ordinary pressure; absorbed and decomposed 
by water; heated to o. 250° gives PF, and PCI,, 
also decomposed in the same way by electric 
sparks. 

Iteactiofis. —1. Heat produces PF, and PCI,; 
the action proceeds at o. 250°.—2.^ Electric 
eparlte also produce PP, and PCI,.—S, Heated 
with sulphur to o. 115°, PSI*\ and are 
formed.—4. Heated with phosphorus to c. 120° 
PF, and PCI, are formed.—5. Several metals 
when heated too. 180° produce metallic chloride 
and PF„ e.g. Al, Fe, Pb, Mg* Ni, and Sn; Hg 
exerts a slight action at ordinary temperatures, 
and acts rapidly at 160°; Na seems to absorb 
PCIJP,entirely.—6. Water reacts rapidly; if a 
little water-vapour is mixed with Ppl,Pj the 
products are POF, and HCl; iV the gas is passed 
into water, H,PQ(Aq, HClAq, and HFAq ^iro 
formed.—7. Absorbed hj alcohol^ with formation 
of a compound not yet examined.—8. Ammonia 
is absorbed at ordinary temperature, forming a 
white solid, which is probably PF3(NHJy 

Phosphorus, chloro-iodide of, v. Puospnoiius 
^jonocnLORiDE, p. 138. 

Phosphorus,- ohloronitride of, v. Nitrooen 
pnospnocuiiORiDB, vol. iii. p. 570. Besson (0. H, 
114,1479) recommends to prepare PCljN by form¬ 
ing a layer of PCI, on the sides of a largo flask, by 
acting on PCI, with Cl, then to beat the PCI, 
with NH, till it is superficially saturated, and 
then to heat unddt reduced pressure. 

Phosphorus,compounds of, with hydrogen and 
oxygen. Those compounds of P, 11, and 0, which 
are acids,are described in the articles Pnospuoaic 
ACIDS (p. 124), and Piiospiioiius, oxyacids of, and 
7BE1B BALTS (p. 140); but twocompoutids which 
have been described by Gautier will find a place 
here. Gautier {C. R. 70, 49) says that the com¬ 
pound PjHO is formed by heating crystallised 
H,PO, with 5 or 6 times its weight of PCI, to 
79°, washing with water, and drying at —10°; 
at between 80° and 100' the products of the 
reaction are H,P04, HCl, and amorphous P. 
This compound is described as an amorphous 
yellow powder; unchanged in air when dry, but 
oxidised slowly when moist; insoluble in most 
menstrua; burns when heated in air to o. 200°; 
bums explosively when heated with CuO; un¬ 
changed at 240°-250° in CO.,., but evolves PH, 
at 265°, and at 350°-860° ordinary ? distils oil; 
not acted on by dilute acids; oxidised by ordi¬ 
nary HNO,Aq; cono. evolves SO, at c. 

200°; decomposed by H,0 at o. 170° to HjPO^Aq, 
H^O,Aq, and PH,; reacts with dilute alkali 
solutions; KH,combines to form a very unstable 
brown substance. Gautier (C. R. 70,173) de¬ 
scribed another compound P,H,0; obtained by 
adding PI,, little by little, to H,0 at 80°-90°, 
allowing tjie yellow solution to deposit a floccu- 
lent pp., washing this with warm water, and 
drying in vacuo. If water is added slowly to 
P^ the products are HlAq, H,PO,Aq, and 
H,PO{)Aq. P,HjO is described as a pure yellow 
solid; amorphous, or perhaps showing traces of 
orystolline form; tasteless and odourless; in- 
soloble id all menstrua; oxidises in air when 
moist, when dry oxidises dowly at 100°; oxidised 


violently by ENO,Aa; evolves SO, from H,SO,» 
gives off PH, when heated to 185° in 00„ and 
ordinary P at 850°; decomposed by dilute 
alkali solutions to PH„ H, H,KPO„ and HK^PO,; 
combines with NH, to form a brown very no* 
stable substance. 

Phosphorus, cyanide of, v* Ctanoobn rnos- 
PBiDE, vol. ii. p. 358. 

Phosphorus, fluorides of. Two fluorides of P 
are known, PF, and P^: these formulie are 
molecular. The compoimds are gases at ordi¬ 
nary temperatui^B. 

Pnospnonoa trifldokidb PF,. (Phosphorous 
/liionde.) Mol. w. 87'96. V.D. 43*7 (Moissan, 
A. Ch. [6] 0, 433). 

Formatwn.-~l, By the reaction of f bP, with 
Cu phosphide (M., Z.c.).—2. By adding AsF, to 
PF, (M., i.c.).—3. By the rcactiou of PbF, with. 
PCl,‘or POCl, {Guntz, C. R. 103, 68).-4. By 
adding PBr, to gerf-ly heated ZuF, (M., A, 0/*. 
[6] 19, 280). 

Preparation.—!. AsF, is dropped into per¬ 
fectly dry PCI,; the gas is shaken with a little 
water, and dried over H^SO* {M., C. R. 100,272). 
2. A mixture of well-dried CuaP, and PbP, free 
from SiO, is heated in a brass tube to dull red¬ 
ness, the gas is passed by a leaden tube through 
two very small bottles (2 or 3 c.c. capacity) con¬ 
taining H^SOf, then through pumice soaked in 
IJjSO^, and is then collected over Hg.—3. PBr, 
is gradually added to warm ZnF,, the gas is 
washed by passing Ihrougli water, then dried by 
passing over pumice soaked in H.^S04, and col¬ 
lected over Hg (M., A. Ch. [OJ 19, 286). 

Properties. —A colourless gw, condensed to 
a colourless liquid at —10° and 40 atmos. pres¬ 
sure. The gas is not liquefied at 24° under a 
pressure of 180 atmos., but liquefaction occurs 
when the'^prosBure is suddenly reduor^d to 50 
atmos. ^Moissan, l.c.). PF, does not fume in the 
air; it is very slowly decomposed by water, with 
formation of H,PO,Aq and HFAq; burns when 
mixed with 0; decomposed by heat; also by 
electric sparks. 

Reactions and Combinations. —1. Deoom- 
i posed by heat ; in a glass apparatus P and SiF4 
are formed; imoontact with Pt black a gas is 
Cormod, probably containing F (Moissan, 0. R. 
102, 763).—2. Electric sparks slowly decompose 
PF,, forming PF, and P (Moissan, C. R. 102, 
763).—3. Burns when mixed with pure oxygen 
and ignited; a mixture of 1 vol. PF, and ^ vol. 0 
explodes violently when sparked, with formation 
of PDF, (M., C. R. 102,1245).-4. Very slowly de- 
composed by wafer, with formation of HjPOsAq 
and HFAq; more rapidly decomposed by steam 
at 100°.—5. According to Berthelot (A, Ch. [6] 
6, 358) potash solution produces a fluophosphor- 
ous acid probably analogous to fluoboric or fluo- 
silicic acid; Moissan (C. iS.,99, 655) says that a 
fluoride and a phospuite are formed.—6. Ab¬ 
sorbed rapidly by bromine with formation of 
PBr,F, (V. PhOSPBOBOS BBOUOFXUORtDE, p. 131), 
also by chlorine^ with formation of P01,P, (v, 
PnospHOBUs OHLOBOFLUOBiDB, p. 133).—?• De¬ 
composed rapidly by solutions of chromic acid br 
potassium permanganate, —8. Decomposed by 
hot sodium, copper, boron, and silicon (M., C. R, 
99, 656).—^9. Combines with ammorUefUt foRo 
white, fiooooieat compound, which li decomposed 
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W w»kr {Mm Ia).—!!). Oombin« with flwjrino 
to form PF, (Moi^. Bl [S] 6, 464). 

DtUrminaiion of eom^ifion. •’-Tho ocmi’ 
oond was analysed by Moissan (0. R. 100,272) 
y heating a known volume in a glass vessel, 
measuring the volume of 8ih\ formed, dissolving 
the P ddfosited in HKOyAq, and estimating as 
Mg-NHf phosphate. 

Phosphorus pentapldobidk PPj (fniosphoric 
fliioride). Mol. w. 125’9G. V.D. CB*2 to C5*l 
(Thorpe, A, 182, 201 ^Moissan, 0. R. 102, 703; 
103,1257). 

Fonfuxtum.^l, By passin(|»PFa into Hr at 
—16®, PBrjF, is formed, and when heated this 
gives PFj and PBr^ (Moissan, C. B, 101,1400). 
2. By the reaction of AsF, withPClj.-—3. By direct 
combina^on of PF, with F (M., Bl. [3] 5, 454). 

Preparation. — ksPa is added gradually to 
PCI5 surrounded by a freezing mixture; tlie gas 
which comes olT is passed through PCl^ conUined 
in a tube which is kept coldpand is collected over 
Hg (Thorpe, A. 182, 201). 

l^opertics and lieactions. — A colourless, 
strongly-smelling gas, which fumes in air and 
rapidly attacks the membranes of the mouth and 
the bronchial tubes. Condensed at 15® and 
46 atmos. to colourless liquid which does not act 
on glass (Moissan, C. Ji. 101, 1400); on par¬ 
tially releasing pressure the liquid solidifies, but 
soon again becomes liquid (M., l.c.). Decomposed 
by powerful electric sparks (150 200 mm. lon^O 
to PF, and F (M., C. B. 103,1257), but not by 
ordinary sparking (Thorpe, l.c.). Incombustible 
and does not support combustion. Not acted on 
by heating with pkosphorvs to dull redness, nor 
with sulphur vapour at 440^, nor iodine at 500® 
(M., 2.C.). In presence of trace of water acts on 
glass, forming SiF, and POF,. Passed over 
gently-hoaiod spongy platinum is partially de- 
oomposgd to PF, and F; when the Pt is heated | 
to dull redness a compound of Pt with P and F, 
probably PFj.PtF,, is formed (M., PI. [3] 5,454). 

Phosphorus, fluobromide of; v. Puosruonns 

BUOHOFLUOBIDE, p. 1^1. 

Phosphorus, fluochloride of; u. Pnosmonus 
CBLOROFLUORZOB, p. 133. 

Phosphorus, haloid compounds of. P combines 
readily with the halogens, wi|h production of 
much heat, to form compounds PX, and PX,; 
besides these, the compound PI, is dso known. 
Several compounds of the type PX^and at least 
one of the type PX, (viz. PFJ, have been gasified, 
so that the formula) are molecular. The haloid 
compounds of P are decomposed by water, the 
fluorides only very slowly, with formation of 
oxyaoids of P and halogen acids; these com¬ 
pounds also combine with many other haloid 
oompounds, both of metals and non-metals, to 
form double salte. 

Phosphorus, hydrides of. P and H do not 
combine directly: but hydrides of P are pro¬ 
duced by evolvin^H in contact wiUi phosphites 
or hypophosphites. Three hydrides of P have 
been iBolatea;^H„ PH, (or FiH,), and P,H (or 
P,H,). Janssen (Itepert. Chim. am. 8,328) ob> 
tainM % erystalline, explosive simstonoe bv»the 
reaction of milk of liase with P, to which he 
gave the irnmoU F«Hr At the ordinary tempe- 
ntureandpiesearemefirst hydride is gaseous, the 
second liquid, and the third solid. The formula 
is moleoular; Croallebois (C. B. 7^ 496) 


said that the y«D. of the liquid compound shows 
the mol. 'w. to P^H,, bat no details are given; 
the mol. w. of the solid compound is unlmown« 
The liquid hydride tsAes gre m contact with air; 

gas inflames in air at e. 150®, and the solid 
at 0 . 200®; the processes for preparing gaseous 
PH, generally also produce more or loss liquid 
P.^n „ the resultant gas is tbcrefofe spontaneously 
inflammable. PH, resembles NH, in Us re¬ 
actions, but it is much less dooldetuy alkaline; 
phosphonium compounds, e.g. PH,!, similar to 
ammonium con|pound8, are known. 

rHOBlMtOUUS TRIUlDRlliE ' PH, {Phoi. 

I phou'tUd hydrogen. Phosphine). Mol. w. 83*96. 
Liquefies, - 90®; solidities —138*5®; melts at 
—13*8*5® i boils 0 . —85° (Olszewski, M. 7, 37 1 ^. 
S.G. (air = 1) 1*18.5. V.U. 17 *2. II.F. - 
30, 000 (Ogier, C. It. 87, 210). 8. *112 (Dy- 
browski, J. 1800. 73.'4. 

Ponnation. -- The gas obtained by the 
following mctho(^ is neverpurePU,; it contains 
m,re or less P^M,, and generally also H *, it is 
usually spontaneously inflammable. 1. By 
evolving H in contact with phosphites or hypo- 
; phosphites in solntion *, phosphates are not re- 
i dnoed )Qtn.-K. i. 2,138; b’rosenius, Fr. 0, 203; 
Hvrapath, Ph. 7, 57). P and H do not combine 
directly (Fourcroy a. Vaaqnelin, A, Ch. 21, 202; 
Dusart, 0. R. 13,1120).—2. By heating solutione 
ot phosphites or hypophosphites (Qm.-K., lx.).— 
3. By the action of boiling alkali solutions on P 
(H. Hobo, P. 0, 199; 8. 191; 14,188 ; 24, 109, 
295; 32, 407 ; 40, 033).—4. By beating P with 
syrupy HjPO.Aq, or with HCIAq, UBrAq, or 
HIAq (Oppenheim, Bl. [2] l,.lC3).-6. By heat- 
ing P with water to 200° (Oppenheim, i.e.).— 
0. By long-continued boating P with blood to 
35°-41® (Dybrowski, J. 1800. 785).—7. By the* 
action of the electrio current on moist molten P 
(Groves, C. J. 10, 268).—8. By heating P with 
HjO to 0. 200°.—9. By decomposing Zn phos¬ 
phide by dilute acids, or boiling alkali solution 
(Schwarz, D-P./. 191,896). According to Ltipks 
(C. 0. 1890. ii. 042), the gas obtained by acting on 
phosphide of Mg, Sn, or Zn with dilute acid is not 
spontaneously inflammable. —10. By treating 
Gu phosphide with KCN and a little 80 p.o. 
aloohol {Om.-K. i. 2,138).—11. By decomposing 
phosphides of the alkali or alkaline earth metals 
by water or dilute acids. 

. PreiMration.—!. A small flask carrying an 
exit tube is nearly fliled with a oono. solution of 
I KOH in 80 p.o. alcohol; small pieces of F are 
! dropped in, and the flask is heated *, the ms is 
I passed through a CaCi,, tube to absorb aloohol 
I vapour, and collected over water. The gas thus 
prepared does not contain more than o. 45 p.o. PH, 
(Hofmann, B. 4, 200) *, it is geuerally free from the 
spontaneously inflammable hydride. The gas pre¬ 
pared by the action of KOHAqon P contain, Boms 
' P,H, and much H; it is spontaneously inflam- 
I mable in air. The simplest way of prepo^g 
I this gas is to place a few small pieces of P in a 
little flask which oarrie, a cork witb two tubes, 
one fitted with a etopoook and passing jnet 
through the cork, and Uie other bent like an or¬ 
dinary gas-delivery tube and dipping under water 
in a basin; the flask is nearly filled with oono, 

; KOHAq; the tubs with the stopooek if attached 
I to the gas-supply, the oork is fitted Joosely into 
I tbs fia^, and a stream of coal gas is psased 
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Ibroiigb ih« apparatof for a lev minates, after 
whieb the cork is fitted tightly into the fiask, the 
•atopoook is closed, and the flask is heated. Dar¬ 
ing this process the epdof the delivery^tube is 
kept under the surface of the water in the basin. 
After a few minutes gas is evolved, and each 
babble takes fire as it comes into contact with 
the air after passing upwards through the water 
in the basin. If the whole of the air is not driven 
out of the apparatus before the fiask is heated, 
serious explosions may occur.—2. The beat way 
of preparing pure PH, is to docpmpos^PHJ by 
KOIIAq. A small flask is fitted with a caou¬ 
tchouc cork, which carries a tube furnished witli 
a bulb and stopcock and an exit-tube; pieces of 
about the si/e of peas uro placed in the ! 
flask along with several small pieces of glass- 
rod, ROHAq (c. 1 pt. KOI! in 2 pts. ILO) is al¬ 
lowed to drop from the bulb-tubo very slowly on 
to the PH,I in the flask. Pure is evolved 
without boating; if the KOIIAq is a^ded too 
rapidly the gas may contain a little Pjll, an«y>e 
spontaneously infiKminable (Hofmann, JiA, 2W); 
Itammelsberg, D. 6, 88). About 1 litre PU3 is 
obtained from T-T^g. PH,! (for preparation of 
PH J V. Phosphonium compoond.h, p. 123)i. 

Properties,—FUi is a colourless gas, with a 
very disagreeable smell like that of onions mixed 
with decaying fish; very poisonous; slightly 
soluble in water (v. beginning of this article). 
The solution glows in the dark, and deposits 
amoi^hous P when exposed to liglit and air; on 
boiling, PH, isgiven oil. PH, is slightly soluble 
in alcohol, ether, ethereal oils, and blood ; it is 
completely absorbed by solution of bleaching ; 
powder, also by Gu^CL^ in HClAq (u. Combina- j 
fums, No. 4). PH, combines with the halogen 1 
acids to form salts similar to those of NH, (v. , 
PnosPBONiuM coupouNDs, p. 12.'1); the H of ; 
is replaceable by organic radicles (u. PuospniNKs, 
p. 116). PUy reduces solutions of sal ts of heavy 
metals. I’ily free from P-,II, takes lire in air at 
0. The gas prepared as mentioned under 

Formation takes fire immediately on contact 
with air; it loses this spontaneous inflammability 
by exposure to sunliglit, by passage through a 
y>tube cooled to —10°, by mixing with small 
quantities of Al^O,, wood charcoal, various gases, 
(fee. (v. Graham, P. M. 6, 401). These processes 
remove P^H,, to the presence of which the ready 
inflammability of the gas is due. Addition to 
PH, of ^ of its weight of PH, causes the gas to 
become inflammable in air; the presence of 
to of NO, produces the same effect 
(Graham, he. ; cf. Daudolt, A. 110,103). The 
gas prepared by the action of KOHAq on PH,I 
(i>. Preparation^ No. 2) is described by Hofmann 
as taking fire when gently warmed, and being 
sometimes inflamed b^ the friction of the stopper 
of the bottle in which the gas may be kept. 
According to liaramelsberg {B. 0, 88), the gas 
prepared in^this way is sometimes spontaneously 
inflammable. The gas prepared in this way 
takes fire when passed into cone. AgNO^Aq 
(Foleok a. TbUmniel, B. 16, 2442). 

Reactions.— PH, is decomposed by heat} 
when passed through a red-hot tube, lustrous, 
amorphous P is deposited (Merz a. Weith, B* 
18, TlSj.—d. Decomposed by eUciric spor/u to 


F and H; the prooeu takes place witli ngufarity, 
20 O.O. are decomposed in 5-6 mins, with produo* 
tion of P and 30c.o. H (for description of an 
apparatus for lecture purposes t;. Hofmann, B. 

4, 204).—3. PH, burns in air at 0. 150° with 
production of P,05 and HgO; if a cold substance 
is brought into the flame, yellow red Specks of 
amorphous P are deposited.—4. No reaction 
occurs wlftn pure PH„ free from P,H,, is mixed 
with oxyijcn, but the mixture explodes if the 
pressure is suddenly lowcq‘ed; explosion is said 
tp occur after some hours at the ordinary pres¬ 
sure (Labillardi^ro; v. Gm.’K. t 2, 144).— 

5. Bubbles of PH, burn explosively to PCI, and 
HCl if passed into a vessll filled with chlorine ;. 
if the Cl is diluted with CO„ the action is slower, 
and some P separates.—6. Bromine add iodine 
react similarly to Cl; if PH, is heated gently 
with iodine, some PII,I is form^.—7. Heated 
with sulphur, H.,S and P sulphiao are formed 
(Jones, C. J. [2] 14, <‘48).—8. Salts 0 /the,alkali 
metals and of the alkaline earth metals decom¬ 
pose PHy, producing phosphites and hypophos- 
phites (Winkler, P, 111, 443).—9. Solutions of 
salts of heavy metals generally decompose PH„ 
with production of metallic phosphides, which 
sometimes combine with the excess of the 
metallic salts (v. Kulisch, A. 2.31, 327). AgNOyAq 
forms a yellow compound (? AgyP.SAgNO,), and 
then black Ag,P which is quickly reduced to Ag 
(Poicck a. Thiimmel, B. 16, 2442); HgCl^Aq, 
according to Ashaii [Ghem. Zeitung, 10, 82,102), 
forms a yellow compound 3Hgap2.7HgC4i a rod 
compound 4Hg,P,.5HgCl2, and a brown com¬ 
pound HgyP2.HgGi2; PtCl, is said to form Pt.PH, 
(Gavazzi, B. 16, 2279); chlorides of Cr, Co, Cu, 
Au, Fe, and Ni are reduced, with formation of 
phosphides of the metals, or of metal and P.— 

10. Potassium permanganate solution is reduced 
by PH, tm.Mn.,0„ KHPO4 being alsq^formed 

I (Gavazzi, B. 16, 2279).—11. PH, is decomposed 
by many oxides, acids, and salts, e.g. by H,S, SO,, 
NO, N,0, PCly, UNO, (no reaction at -25°; 
Besson, C. li. 109, 044), H,SO, (v. Besson, I.c.), 
SbCly, dc., also by certain e.g. Sb, Cu, 

: Fe, k. and Zn {v. Om.-K. i. 2,138).—12. With 

I haloid compounds of arsenic PH, reacts to form 
haloid acid and phosphide of As (Besson, C. B. 
IJO, 1258). -13.*‘With an ethereal solution of 
bismuth bromide forms a black lustrous body, 
probably PBrl^BiBr,), (Gavazzi a. Tivoli, Q. 21, 

11. 306). 

Combinations.—X. With the halogen acids 
to form compounds of the type PH^X (X^Gl, 
Br, or 1); combination with HI and HBr occurs 
at the ordinary temperature and pressure, with 
HCl combination occurs at — 30° to — 35° under 
the ordinary pressure, or at 14° under a pressure 
of 20 atmos. (Ogier, Bh [2] 32, 483; t>. also 
Skinner, Pr. 42, 263). At very low temperatures 
PH, seems to combine with H^SO, (v. Phos- 
PHONicu BULFfliTK, p. 124). The compounds 
PH4X are described under Phospboniuu com¬ 
pounds, p. 123.—2. When PH, is strongly com¬ 
pressed in presence of water, the gas liquefies 
and^oats on the water. If the pressure Is now 
sudaenly released, a white crystalline solid is 
formed, but this decomposes a^in when the 
pressure is reduced below a certain amount 
(Gailletet a. Bordet, C. R. 95,58; o. Phospboniuu 
00MP0DNDB,p.l23).— 8. White compounds, ttsily 
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' dboottpoM^ on >«movfaig pnisa»t ir* ^ 
be formed b; compressing PH, witb carbon di' 
cttide, 4nd with carbon disniphide, in presence 
of water (C. a. B., 4. A solution of cupro^ 

chloride in HClAq absorbs PH, rapidly; a white 
crystalline mess of Gu..01...2PHj, is formed, but 
this liquefies as more PH, is passed in (? with 
formation of 0uX1...4PH,); tlio crystals 
Cu,Ci,.2PH, are decomposed by warming, or by 
addition of water, to PH,, llCi, and Cu,P; the 
liquid compound loses PlI, in a stream of an 
indifferent gas, with production of the crystalline 
• compound {v. Biban, 111. [2] 3*, 385). This be> 
haviour of PH, towards Cu-^Cl., gives a method 
for preparing pure PH,, and also for estimating 
PH, in a mixture of gases. 

PuoBPMORDS DiriYimiDE PH, or P,H, {fjiqnid 
phospJioretted hydrogen). Mol. w. said to bo 
65*92, corresponding with V.D. o. 33, but no 
details given (Croullebois, 0. li. 78, 406). • Gat* 
termann a. Hausknccht {f). 23,1174) failed to 
determine V.D. as the compound always decom¬ 
posed. A spontaneously inflammable gas con¬ 
taining P and H was obtained by Gengembre in 
1783 (CrelVa Ann. 1789. 450). The fact that 
this gas lost its infiammability by standing over 
air containing water was explained by Dumas 
{A. Ch. [2] 31,113) by supposing that the gas 
was a mixture of two hydrides of P, one only of 
which was spontaneously inflammable; to one 
of th'jse Dumas gave the formula PH, and to the 
other the formula PH,. In 18.12 H. Bose (P. 0, 
199; 8,191) thought that the two gases had the 
same composition, but were isomeric one with 
the other. After Graham (P. M. 5, 401) had 
examined the conditions under which spon- | 
taneous infiammability was removed from or , 
bestowed on the gas, Le Verrier [A. Ch. [2| 60, ; 
174) came to the conclusion that the gas con- ; 
sisted ebiefly of PH„ but that it costained also 
a very infiaminablo compound PH^, which was 
decomposed by light into PH, and a solid hydride 
PH. In 1845 P. Th4nard made a fuller study 
of the subjeot {A. [3] 14, 5); he showed that 

spontaneously inflammable phosphoretted hydro¬ 
gen, when passed tlirough a tube cooled to under 
10°, deposited a liquid having the composition 
PH,, which liquid was oxtren^^ly inflammable, ! 
and that this liquid decomposed in light in4o 
gaseous PH, and a solid to which he gave the 
formula P,H. In 1874 Croullebois said that the 
V.D. of the liquid hydride corresponds with the ; 
formula P,H4, but no details were given (6*. li. \ 
78, 496); in 1800 Gattermann a. Hausknncht i 
attempted to determine V.D., but found that the | 
compound decomposed (B. 23, 1174). | 

Preparaftm).—Impure Ca phosphide is pre- j 
pared by heating dry CaO to bright redness in a 
crucible, and adding dried P little by little, the 
lid being replaced after each addition of P. The 
crucible should arranged so that the P is 
brought under the strongly-heated CaO; this 
may be done by placing a few pieces of P in a 
crucible, fillinf up with dry CaO, covering tightly 
jbut leaving one small hole), placing the crucible 
m a furnace arranged so that the lower part of 
the erucibie projects downwards through the 
bottom of the furnace, beating the npper part of 
the crucible to bright redness, and then warming 
the lov^r part so as to vapourise the P. Small 
qaantitiee are prepared by facing a dry piece of 


j P In the closed end of a tube of hard glass, partly 
I filling the tube with dry CaO, arranged so that 
I there is a little space between the OaO and the 
j P, placing the tube'in a combustion furnace, 
I heating the CaO strongly, and then warming the 
P. The CaO is transformed into a mixture of 
I Ca pliosphido and phosphate; the phosphide is 
nearly black; the unchanged CaO is picked out 
when the action is over, and the phosphide is at 
once placed in a stoppered bottle. (For modifi¬ 
cation of process v. Gattermann a. Hauskneoht, 
B. 23, F174.) eA three necked bottle of about 
; 2 litres capacity is filled three-quarters with water; 
one of the necks carries the tube from a H 
apparatus, which tube dips considerably undyr 
the water, the middle neck carries a piece of 
' tubing about 15 mm. internal diameter, dipping 
2 or 3 cm. under the water, and the third nock 
carries an exit tube in communication with 
a condenser; between the condenser and the 
thrce-nftikedbotlle is placed a test tube, to qollect 
part of the water vapour coming over. The con¬ 
denser consists of a tube about 100 mm. long 
and 30 mm. diameter, narrowed so that the lower 
end forms a tube about 40 mm. long by 12 mm. 
wide; this condenser is closed by a cork through 
which pass the entrance tube from the three¬ 
necked bottle and an exit tube, which is bent 
downwards and dips under the surface of watei'; 
these two tubes are cut off obliquely just below 
the cork. The condenser is placed in a deep 
vessel full of cold water which contains suifioient 
ice to keep the temperature at 0°. H is paised 
through tho apparatus until all the air is driven 
out, tlie thrcc-nccked bottle is placed in a water- 
bath until tho contents are warmed to 60°, and 
Ca phosphide, in pieces the size of peas, is 
dropped down the wide tube in portions about 
2g. at a time and at a rate such that 50 g. are 
added in 15 to 20 minutes. Gaseous P hydride 
passes off and bubbles up through the water, and 
the liquid hydride collects in the condenser, 
about 1-2 c.o. being obtained for 50 g. Ca phos¬ 
phide used (Hofmann, B. 7, 531 ; Gattermann a. 
IlaiiKknecht, B. 23,1174; the many precautions 
to be taken in working with this compound are 
described by G. a. H.). 

Properties and ReactUms. — A colourless, 
highly refractive liquid; insol. in water; burns 
in air, with bright flame to and HjO; does 
not solidify at —10°; boils 57°-68° at 736 mm. 
(G. a. II., I.C.). a. G. 1*007 to 1*016 (G. a. H.). 
Decomposed by light into PH^ and solid P^H; 
tho liquid may he kept for a sljort time in scaled 
tubes, but decomposition soon begins, and the 
tubes explode violently (G. a. H.). The same 
decuinpusition is effected by cone. HClAq, air 
mixed with CO^, Ac. Passage of tho gas pre¬ 
pared as described above through a little oone. 
HClAq removes every trace of PH,, and hence 
causes the gas which issfios to be non-inflam- 
mablo. If CO, is passed through the U'^ube 
containing liquid Pli, a nearly invisible greenish 
light appears at the end of Um tub^, this flame 
is not hot enough to ignite a candle {v. Hofmann, 
B. 7, 631; Th4nard, A. Ch. [8] 14.6 ; Bonet a. 
Bonfil, J. pr. 66,247; Gattermann a. Hausknecht, 

! B. 23,1174). The composition of PH, was de¬ 
termined by*Th4nard by decomposing a known 
; quantity by direct sunlight in a graduated 
I tabe filled with Hg: 100 pacts liquid phos- 
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plUda fftf* 61*8 parts gaseons PH, and 88*2 
partf solid P,H; • 1 molecule P|H was 

produced for 8 mols. PH,, hence the equation 
SFH,« P,H-f 8 PH,. This equation was con> 
firmed by G. a. H., who made also direct 
Mtimation of H by burning with PbCrO^ in a 
oorrent of CX), (B. 23, 1174). 

DzPHOSPHOnOS HYDMDB PjH OF P 4 H 2 . Mol. 
w. unknown. H. P. [P^H]»17,700 (Ogier, C. B, 

. 89, 707). 

FoTTnation. ‘~1. By decomposing phosphide 
of Ca or K (Magnus, P. 17, 62Ji) by HCIAq.-- 
2. By the action of light, HClAq, Cl (Le Verrier, 
A, Ch. [2] 60,174), and variousother reagents, on 
PH.,.—3. By the decomposition of PI, by water 
(Rfidorff, P. 128, 473). Hittorf (P. 126, 193) 
obtained only amorphous P by this process. 

Preparation. — A two-necked bottle is 
arranged with an exit tube dipping under water, 
and a wide entrance tube, down which is passed 
the delivesy tube of a H-apparat^is; cono^ HOlAq 
is placed in the bottle, H is passed through ur^il 
all air is driven outtthe H apparatus is removed, 
and small pieces of freshly-prepared Oa phos¬ 
phide (for preparation v. Preparation of phos¬ 
phorus dihydride, p. 137) arc dropped slowly into 
the bottle. The P^H which forms in the bottle 
is rapidly washed with cold water, and dried in 
tacuo (P. Th^nard, A. Ch. [3] 14, 5). 

Pfoperfies.—Ayellowllocculentpowder,wbioh 
becomes orange-yellow in light; tasteless and 
odourless. When dry may be heated to c. 200^ 
before taking fire; ignited by a blow of a hammer. 

Beactions.— l. Ignited by heating in air to 
e. 200®; also by a blow of a hammer.—2. Slowly 
decomposed in moist air, especially if in sun¬ 
light, to P,0, and H.—3. Distillation in hydro¬ 
gen produces PH, {Th 6 nard, l.c.). —4. Chlorine 
forms PCI;, and HCl.-~5. Bissolves in dilute 
nitric acid ; oxidised with ignition by oono. 
HNO,Aq.-T- 6 . Alcoholic solution of potash pro¬ 
duces PH, and H; addition of water to the 
reddish solution ppts. yellow flocks of ? amorphous 
P or a lower oxide of P.—7. Explodes wheffmixed 
with potassmm chlorate, silver oxide, mercuric 
oxide, or cupric oxide, and struck or warmed. - 
6 . Ppts. metallic phosphides from solutions of 
salts of many heavy metals (Le Verrior, Lc.). 

Determination of composition .—The quantity 
of P in the solid hydride was determined by 
Th4nard by heating with a weighed quantity of 
PbO, and weighing the mixture of PbO and Pb 
phosphate thus produced; the H was determined 
by decomposing by red-hot Ou, and collecting the 
H set free. BudorS decomposed the hydride by 
heat, and collected and analysed the mixture of 
PH, and H thus formed; be also oxidised the 
compound byHNO,Aq, and estimated P as Pb 
phosphate. 

Phoiphonu, iodides of. P and I combine 
directly, even at —24®; two iodides, PI, and 
PI„ have been isolated, and the existence of a 
IhiM, PI„ is probable. 

Phosphmub i>i-ioDinB PI, or P,!^. Mol. w. 
not known. H.F. [P,P]« 9,880 from solid P and 
I; 20,680 from solid P and gaseous I (Ogier, 
a A. 92.88). 

* Formation.-—!, By adding I to P Combina¬ 
tion occurs even at -24®, with Production of 
much heat, and ignition of Uie excess of P if 
air is ndmitted; imoiphoos P is prodooed be¬ 


sides PI, (v, Wurte, A. Oh, 42, liKf}.-*2. Sy 
the reaction of I with PH,; also of I in acetio 
acid on POl, (Hofmann, A. 103, 306; Bitter, A, 
96, 210). 

Preparation.—Ono part by weight of P is 
dissolved in CS„ and 8 | parts of I are added 
little by little. When tne colour of the dark 
browni^-raf liquid thus produced has changed 
to orange it is cooled to 0 ® for some hours, \^en 
the vessel becomes filled with crystals; the 
crystals are freed from pS., by heating in a 
water-bath, while a stream of dry air is passed 
over them (Coresavinder, A. Ch. [3] 30, 242). 
The crystals may also be obtained by evapora¬ 
ting the solution in OS., in a stream of CO, 
(Bcrthelot a. Luca, C. B. 30,748). Ck>rdnwinder 
says that from 2 to 3 g. P, and 60 to 76 o.o. OS.„ 
are convenient quantities to use. 

Properties and Beaeftous.—I^rge orange- 
colouced prisms, melting at 110 ® (Corenwlndor, 
f.c.). Heated in 0 gives PjO^ and I (Berthelot, 
C. B. 86 , 628, 787, 869. 920; 87, 676, 667). 
Decomposed by H^O to H,POjAq, PH,, HIAq, 
and a yellow flocculent solid supposed to be 
amorphous P (Hittorf, P. 120, 193), regarded 
by Budorff as solid (P. 128, 473), and said 
by Gautier (0. B. 76,49,173) to be PsHaO. 

Phosphorus tbi-iodidb PI, {Phosphorous 
iodide). Mol. w. 410-56. H.P. [P,P] = 10,900 
(Ogier, C. B. 92, 83). This compound is ob¬ 
tained in large red prisms by dissolving one 
part of F in CS.^, adding a solution of 12 | parts 
of I in GS.^, concentrating much out of contact 
with air, and then placing in a freezing mixture. 
As the crystals are very spl. CSj, they should be 
at once freed from mother-liquor, and dried in 
a stream of dry air at c. 60®. The crystals melt 
at 65®, and boil at a higlier temperature, with 
evolution of 1. PI, is very deliquescent; moist 
air decompQses it at once to n,PO,Aq ai^ HIAq 
(Corenwinder, A. Ch. [3j 30, 242). 

Pjiosphobub psnta-iodidis PI, {Phosphoric 
iodide). Isolation doubtful. Hampton (C. N, 
42, 180) obtained a dark-crimson, very deli¬ 
quescent solid, giving numbers on analysis 
agreeing with 80 p.o. PI, + 20 p.o. PI„ by dis¬ 
solving P in a little CS, in a stream of pure dry 
N, adding rather pore than enough I to form Pl„ 
distilling off GS, (in a N stream) at 45® under 
reduced pressure, and then warming to 50®; at 
65®, under the reduced pressure, I began to 
sublime. 

Phosphorus, iodo-ohloride of, P1,C1,. Pro¬ 
duced by adding much I to a little PG1„ allowing 
to stand in moist air for some days, drying the 
crystals in a stream of air, dissolving in GS„ 
and crystallising: large, red, six-sided crystals, 
very hygroscopic; decomposed by water to 
H,PO,Aq, HClAq, and HIAq (Moot, B. 13,2029). 

Phosphorus, nitride ot No compound of 
P and N has been isolated with certainty. A 
substance supposed to be a nitride by Bose (P. 
24, SOS; 26, 529) and Wfihler a. Liebig {A. 11, 
139) was found to contain 1^ Briegleb a. 
Geuther (A. 123, 236) think tbM a compound 
P,N( Is j^rhaps produced by the reaction d 
POl, on hot Mg,N, in an atmosphere of N« 

Phosphozns, oxides of; P and 0 oomblna 
very rea^y, with production d much heat; 
four compounds are produoed according to the 
oonditions: P,0, P/>«, pp^and theVJX 
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of ifie Mwond of Umo ohowi ihat Ito mol* 
fonnolft M ft gas is P^Oc* The oxides P,Oy and 
P| 0 | are ftnhydrides; the former reacts with 
water to prodoce the add and'the latter 

to produce three adds, HPO„ H,P 04 , and 
H 4 P 1 O,; the oxide P^O^ is not the anhydride of 
a corresponding acld—with water it produces 
the two acids HaPO, and HjPO^. 

The only oxide formed when P glows in air 
at ordinary temperature is P,Oj. but P,0, is 
formed by drawing air over P without the latter 
glowing (Thorpe a. Tutton, C. J: 57, 573); .at 
50‘'~G0*’ small quantities of %Oj are produced, 
and this oxide is produced in larger quantities 
when the P is actually ignited; at moderately 
high temperatures and witli a limited supply of 
air the oxide P 4 O is formed in addition to P. 0 , 
and P 3 O 4 . If the products of the slow burning of 
P in dry air we heated together in CO,, the oxide 
P ,04 is formed, along with some P 4 O. The pro* 
ducts of burning P in a limited supply of dry 
air generally contain small quantities of P; 
this may be removed by sucking the products 
through a tube heated by steam (Thorpe a. 
Tutton, C, J. 49, 833). 

Phosprohos buuoxidk P 4 O. Mol. w. uncer* 
tain. Some doubt still remains concerning the 
composition of the lowest oxide of P; but the 
evidence is in favour of the existence of a defi¬ 
nite oxide P 4 O. Le Verrier (A, 37,167) obtained 
a yellowish solid by exposing P ia. PCI, or iu 
ether to air, warming the solid thus formed with 
water, and drying over 11,80,. A similar pro¬ 
duct was obtained by the incomplete combustion 
of P in air, or by the action on F of such oxi* 
disers as iodic or periodic acid in presence of 
water fv. Gtn.-K. 1. 2,107). This substance was 
generally looked on as an oxide of P; Le Verrier 
gave it the formula P 4 O; Schriitter ( \V. A. B. H, 
246) tl^ught it was only a mixture* of ordinary 
and amorphous P. lieiniti^er a. Goldschmidt 
(B. 13, 845) obtained the oxide P^O by heating 
POCl, with P to 200®-250^, also by heating POCl, 
with Zn, Mg, or ALat lOO'^. Thorpe a. Tutton 
{G. J. 49 , 833) found that P 4 O is one of the pro¬ 
ducts of burning P in a llxnitea supply of air at 
moderately high temperatures, and that it is 
formed when the products of tl^ slow burning of 
P in dry mr are heated to c. BOO*’ in CO,. The 
experiments of B. a. O. indicate the existence of 
two varieties of P 4 O; one of these reacts with 
hot alkali solutions, evolving PH„ and reduces 
salts of Au and Ag and mercurous salts, and the 
other is not acted on by alkalis, and does not 
reduce salts of Au, Ag, or Hg. 

Preparation and Properties of P,0 which re¬ 
duces salts 0 /Ag, Au, and Hg.—1. Thin plates 
of pure Zn are heated with POCl, in a sealed 
tube in a water-bath at 100 ^ for some hours, 
the liquid, with suspended solid matter, is poured 
off, tho'Solid is aUowed to settle and the liquid 
is decanted off; toe solid is heated as before ler 
some time with POCl, (to remove any Zn pre¬ 
sent), the liquhi is poured off, the solid is washed 
with CHOI, to remove POCl,, then with HClAq, 
ftnd finally with water; the solid is then dried 
for some days invacm (Beinitzer ft. Goldschmidt, 
B. 1$, 849); the other products of the raoction 
are ZnCl, and Zn2FO,. As thus prepared P 4 O 
b an olBi^-red powd«* It v«w oUtinatelyra- 
Ittbs water, the sample made by E. a. 0 . oob- 


tained 0 .8 p.e. water, but the P and 0 were in 
the ratio P«0. This oxide in moist air evolves 
PH,; it reacts with boiling alkali solotione 
forming PH, and alkali phosphito and phos¬ 
phate; solutions of salts of Au and Ag, and 
mercurous salts, are reduced with ppn. of the 
metals; heated in H, P ia given off, and P,0, 
remains.—2. PCI, is placed In an open flask, of 
0 . 1 litre capacity, containing a layer about 
2 cm. thick of P in small pieces; the POl, 
just covers the P; after c. 2 days the PCI, ii 
poured flff, thepieces of P and the adhering yellow 
film are loosened from the flask, and allowed to 
fall slowly into cold water (if wotor is added in 
quantity, heat is produced, and the products pi 
the slow oxidation of P aro decomposed). After 
a little, the water is filtered from suspended P, 
and the clear yellow filtralo is heated to 80^ 
when a very finely divided yellow solid settles 
down ; this solid is washed with warm water in 
a filterfTcmovccbfrom the filter whileenoist, and 
niaced in a basin, over H SO, in vacuo. Le 
Vorrier’s r,0 was tastelos/and odourless, did 
not change in dry air or 0 , but in moist air it 
gave off PH,; it was decomposed somewhat 
abovo*360®, giving off P and leaving PjO,; oxi¬ 
dised by Cl to PCI, and P.;Oj; heated with cone. 
HaSO,, gave SO,^; unacted on by HClAq; oxi¬ 
dised aDd'diK.soIvcd byHNO,Aq; exploded wifli 
KCIO,; readily combined with H^O^to form 

The oxide obtained by Thorpe a. 
Tutton (0. J. 49, 833) was formed by slowly 
burning P in dry air, transferring the products 
to a tube filled with GO,, exhausting by a 
Sprcngcl pump, and beating to 290”; as the 
oxide is described as orango-red, it was probably 
the form of P 4 O which reduces salts of Au, Ag, 
and Hg. 

Preparation and Properties of P 4 O which 
does not reduce salts of Ag, Au, a'txd Hg.—POCl, 
is heated with an excess of P in a sealed tube to 
200”-250'’; the sides of the tube become covered 
with % scarlet-coloured solid, which is washed 
with CS, (to remove P) and dried in vacuo 
(U. a. G., lx.\ the other products are POl,, 
PjjOjCl, and a little P,0,). As thus prepared, 
P«0 is a Bcarlet-red solid; S.G. 1*88; it is not 
acted on by water or alkali solutions, and ii 
does not reduce salts of Ag, Au, or This 
form of r 40 seems to have been obtained by 
Pelotizo {A. 3,52) by burning P in 0; and by 
Verrier {A. 27,175) by burning P in a thin layer 
on a porcelain plate, washing with water to 
remove oxyooids, and boiling with PCI, to re¬ 
move P. 

PnoflpnoRocs oxidb P 4 O,. ^Phosphorus tri» 
oxide. Phosphorous anhydride) Mm. w. 219*6; 
same in Bolutlon in C,H, (Thorpe a. Tutton, 

O. J. 57, 645), Melts at 22-5®; boUs at 178*1® 
(T. a. T.). 8.0. ^."liquid P.O, 1-9431 j lolid 

P. O. at $ 0 . 2-135. S.G. at b.p. -1-6897 (T. a. 

T.). V.D. 111-9. S.V. 180-2 JT. a. T.). 
M.-1-63U -, 60-6 (X. a. T.). 

*■ M.M. 9-962. 

D.vr. 4 ^ 

Pr^ra^on .—A piece of oomba8ti<Hk-tubing 
abont 40 mm. bore is drawn into Uie shape shown 
in the figore on lowing page, and is fitted by a 
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good eork into s brass iabe* whiob is sarroaoded 
n a w!d«r tnbe o! brass; water is Introdaoed at 
a botween the brass tabes, and a thermometer is 
placed at 6 . A loose-plug of glass-wool is placed 
In the inner brass tu^ at c. The con* 

denser is of rather narrow bore, the limbs are about 
800 mm. long, a small bottle is attached to the ver* 
iioai piece at the bottom of the condenser, which 
is itself connected with the inner brass tube by a 
good cork; the condenser and small bottle are 
surrounded by ice and salt. The bottle between 
the condenser and the pump (Mntains oil of 
Titriol. Two sticks of P are dried between 
filter-paper, cut into pieces c. 25 mm. long, and 
placed in the combustion tube, which is then 
narrowed at the open end and fitted into the 
brass tube; the pump is sot in action, and the 
P is ignited by holding a small fiamo beneath 
the open end of the combustion-tube. Air is 
sucked over the P as rapidly as possible' if the 
combustiofl is too local, much'T.pj is formed; 
considerable quantiliea of red P^O are formS'd 
near the burning P. When the P has burnt for o. 
16 mins, the water in the brass tube is heated to 
8 . 60% at which temperature it is kept til] near 


132^. MoL w. os gas, and also In solution id 
OJB[« (determined by crvoscopio method), oorre> 
Bponds with P«0,. Soluble without change in 
OaH«, CS„ CHCl,, and ether. Heated to o. 200*^ 
in sealed tube begins to decompose to and 
P. Decomposed light, with separation of red 
P. T. a. T. (C. /. 69,1019) several times ob¬ 
tained clear, transparent, perfectly-formed crys¬ 
tals of PfO, by slow spontaneous sublimation in 
vacuot which remained unchanged for many 
days, although exposed to'light. Spec, volume 
at'b.p. a 130-2. (For details of thermal expan¬ 
sion and S.G. at o.p. v. T. a. T., C. J. 57, 545.) 
Reacts slowly with cold water, forming HsPO^Aq; 
with boiling water reaction is violent, PH, is 
evolved, and red P, or perhaps P 4 O, and HjPOjAq 
are formed. Oxidises to F^O, by exposure to air 
or 0 ; if temperature is raised the P 4 O, ignites 
and may explode. F 404 has a wolPmarked phy¬ 
siological action; thq action of P may be due 
to P 4 O 4 , formed by the air oxidising the P (T. a. T., 
Ic. p. 673). 

Iieaction$.—l. Heat decomposes P4O,, form¬ 
ing P ,04 and P (? P4O) ; the action begins at 0 . 
210° in a sealed tube, and the whole of the P, 0 , 



the eod of the experiment, when it is raised to 
60^ P 4 O, begins to collect in the condenser 
about 80 mins, after starting the combustion; if 
the glass-wool is packed properly (it should not 
be too tight) no P^O, passes into the condenser, 
and if the temperature of the water does not ex¬ 
ceed 60° only very small quantities of P pass 
over. The process is stopped when c. ^ths of the 
P is burnt, else the P 4 O 4 may be oxidised. The 
condenser is removed, the P 4 O, is melted by the 
beat of the hand, and run down into the little 
^ttle, from which it may be transferred to 
another bottle which has been filled with dry 
GO,; this bottle should have a very tightly- 
fltuDg stopper, and should be kept in die dark in 
an atmosphere of CO, (T. a. T., l.c,). 

ProperHes.^Ji white snow-like solid, with an 
oIliaoeouB dfiour resembling that of P; when 
melted and cooled slowly crystallises in long 
^in prisms, probably monoclinio; melts at 22 * 6 ° 
toji clear, colourless, very mobile liquid, which 
soudifies again at 21 °; the liquid may be cooled 
in a narrow tube several degrees below m.p. 
without solidifying; boils at 178*1° in CO, or N. 
Con be gasified in Hofmann’s T.D. apparatus at 


is decomposed at 440° (T. a. T., p, 552)._ 

2. Rapidly actedc on by light, becoming yellow 
and then dark-red (T. a. T., p. 553). The action 
of light separates red P; the amount obtained 
after several months’ exposure does not exceed 
1 p.c. (T. a. T., C. 59, 1019). By exposing 
P^O, to light for some months in a sealed tube 
filled with dry CO^, then melting, filtering through 
glass-wool, and repeating this process several 
times, T. a. T. eventually obtained P 40 a which 
remained perfectly clear and colourless after 
twelve months’ exposure (/.c., p. 1023).—3. Oxi¬ 
dises to P^O, in air or oxygen-, when quite free 
from P, the oxide is not spontaneously inflam¬ 
mable. Under reduced presscre in 0 the P 4 O, 
glows; on raising temperature to 0 . 70° at ordi¬ 
nary pressure the glow gives place to flame. 
Combination occurs between vapour of P 4 O 4 and 
0; ozone is not formed. When P 4 O 4 is thrown 
into *0 heated to 60°-60° ignition occurs with 
an intensely brilliant flame (T. a. T., G, J. 67, 
609).—4. Glows continuously, and oxidiises to 
PjO,, when a stream of osonised oxygen is passed 
over it.— 6 . Ignites in ekionne, baming*wi^ a 
greenish flame; when surrounded by ice and 
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MpOBad to glow stream of 01 a liqoid la formed^ 
which on distillation ^ves POGl,, while P0,G1 (?) 
remains (T. a. T.. C. 67, 572).—C. Beaots vio¬ 
lently with liquid bromine ; using Br vapour at 
ordinary temperature, T. a. T. {Q.J. 59,1020) ob¬ 
tained PBriOnd P,0), and on then heating POBr, 
and PO^r(?) were formed.—7. Iodine reacts 
slowly; by heating with I and CS,, under pressure, 
PjO^and PJ^ are produced (T. a. T.,l.c.,p. 1021). 
8 . Heated with in CO, or N, two layers 

of liquid are formed,; at 100 "^ there is violent 
reaction, and solid P 40 ^S^ is produced (r. Piios- 
pooiius, suLPHuxiDu OP, p. 14^; T. a. T., I.c., p. 
1022).—9. Beems to fonn a Se compound analo¬ 
gous to P^O^S^ by heating with sfilenum (T. a. T., 
i.c., p. 1020).—10. Dissolves very slowly in watery 
forming H,PO,Aq (T. a. T., C. /.’67, 507); 
P 40 , + OH,0 +Aij = 4 H 3 PO,Aq. The action of 
Jiot water is^ery energetic; red P, or red P^O, 
is ppd., inflammable hydride of P is evolved, and 
IlgPO^Aq is formed ; if the quantity of P^O^ ex¬ 
ceeds 2 g. the action of hot water is vio¬ 
lently explosive.—11. Dry hydrogen chloride is 
rapidly absorbed; PCI, is formed along with 
H,PO„ H,rO„ and yellow P (T. a. T., C. J. 59. 
1022). ~ 12. Cone, sulphuric acid reacts vio¬ 
lently, forming HjPO^ and SO,; if 1 g. or 
more 1\0, is used, the mass ignites (T. a. T.. l.c. 
p. 1026).—13. P,0, is rapidly oxidised to PDj 
hy sulphur trioxide, syhich is reduced to BO,; 
no compound could be obtained (T. a. T., l.c. p. 
1026). According to Adie {C. J. 59, 2:>0), if a 
little water is present, P^O« and BO, form an 
unstable compound HjP0^.3SO,.—Id. Nitrogen 
tetroxide seems to react like BO,, forming P,Oj 
and N,0,or NO (T. a. T., l.c. p. 102H).—1,'}. PAos- 
pkonis pcntachloride produces PCI, and POCl,; 
phosphorus trichloride reacts ate. 180’’ in a sealed 
tube, forming a mixture of P^Oj, PC1„ and red 
P (T. ^ T., l.c. p. 1028).—-16. Siilpftur chloride 
reacts violently, producing POCl„ PSCl,, SO,, 
and S (T. a. T., l.c. p. 1026).—17. Ammonia re¬ 
acts with some violence, probably producing 
OH.P.(N Hjj), (t^.PiiqspiiAHiuES, p. 105).—18. Cold 
dilute caustic soda, or caustic potash sohiium, 
slowly dissolves P 4 O,,, forming a solution of Na 
or K phosphite; cohi cone, or hot dilute solu^ 
lion of soda or potash produce^ red P (or P 4 O?) 
and alkali phosphate, and evolves inflainma^ie 
hydride of P.--19. Ignites in contact with abso¬ 
lute ahohol', by allowing the alcohol to drop 
•lowly on to cooled P 4 O,, the acid P(OIi:f),pH is 
form^ (T. a. T., C. J. 57, 5C9). l^O^ seems mt 
to react with U, PH,, CO, CO„ SO« N, NO, CN, 
or CJI* (T. a. T., C. J. 59,1029). 

PnosPHouna tetroxide P ,,04 {Phosphoroso- 
phosphoric oxide. Hypophosphoric oxide). Mol. 
w. not determined; corresponding sulphide has 
mol. w. P,S,. Hautefeuille a. Perrey (C. R. 99, 
33) notio^ that a crystalline sublimate is ob¬ 
tained by heating the products of the combus¬ 
tion of P; Thofpe a. Tutton {C. J. 49, 833) 
proved that Uiis sublimate is a definite oxide 
P, 04 . Concerning the combustion of P in air 9 . 
pp. 128 and 189. 

PrejMration. —P is burnt slowly in a stream 
of air dried by H,S 04 and P.O,; the products 
are collected in a glass tube, surronnded by an 
enter tube filled wi^ steam, and ate then quickly 
transferred to a tube filled with dry GO„ the 
tube is draws out, exhausted by a Spnngel pump 


(care being taken to prevent entrance of mois« 
ture), and sealed; at 0 . 290^ the white mass 
becomes orange-coloured, and then red, and « 
white crystalline sublimate of PjO^ is formed, 
leaving P, 0 , and P 4 O in Uie lower part of the 
tube. T. a. T. (p. 838) think that the PyOf is 
derived from the P.,0|, thus 7P,0,« fiPjO, + P 4 O; 
that P.O 4 is formed by heating P^O, out of con¬ 
tact with 0 is shown by T* a. T. (0. /. 67, 
552). 

Properties OTtd Peactiotis, —Colourless crys¬ 
tals, probably grtliorhombio; do not melt at 100 °, 
Volatilises at c. 180°. Very deliquescent, forming 
ll,PO,Aq and H,PO,Aq; from this reaction T. a. 
T. conclude that P^O, is not the anhydride .of 
H 4 P, 04 , as an aqueous solution of this acid does not 
behave like a mixture of II,PO, and H,POj, and 
i can bo boiled without change. Solution of P^O, 

' in water reduces AgNU^Aq to Ag, and HgCl,Aq 
to UgCl; KMn 04 Aq is very slowly decolourised; 
‘maguAila mixture’ gives an immediate^p.,and 
I a^ter standing some time the filtrate gives alat^e 
pp., with NII 4 molybdat 6 *aftor beating with 
UNO,Aq. 

Phosphoric oxide P^, {Phosphoric an¬ 
hydride, Phosphorus pentoxide). Formula 
probably molecular, from analogy of P,S,. 

' S.G. 2*387 (Brisson, Pesanteur spidjique des 
; Corps [Paris, 1787]). H.F. [P*,0»]«869,909; 

I [P-0'.AqJ ^ 35,600 {Th. 2, 409). 

I Forination.—\. This oxide is formed burn- 
; ing P in a large excess of air; oonoeming the 
' combustion of P in air v, pp. 128 and 139.— 
2. It is also formed by burning P in such gaseous 
0 compounds as NO, NO„ 010^—8. By distilling 
r,o,ci 4 . 

Preparation, —A large glass balloon with a 
wide opening and two side n^cks is thoroughly 
dried; through a cork in the wide opening passes 
a piece of wide tubing, which reaches to about 
the centre of the balloon, and from the lower 
end of this tube a small porcelain basin is sus¬ 
pended by Pt wires; one of the side necks is 
connected with (J-tubes containing pumice 
soaked in H^SO,, and the other side neck is con- 
I nocted witli a wide-mouthed perfectly dry bottle, 

I which is again in connection with a water-pump, 
a bottle with HjSOf being placed between the 
I pump and the wide-mouthed bottle. A small 
I piece of well-dried P is placed in the little basin, 

; and is ignited by passing a hot wire down the 
. glass tube, the mouth of which is then closed by 
' a good cork; a rapid stream of air is sucked 
through the apparatus; the P is burnt to P^O,, 
part of which collects on the bottom of the 
balloon and part passes into the bottle attached 
to the side neck. When the P is burnt another 
small piece is dropped down the glass tabs into 
: the little basin, and the process is continued. 
When sufficient P^O, has collected in tiie bottle 
this is closed by a well-fitting stopper (Delalande, 
A. Ch. [2] 76,117). For other forma of wparatui 
V. Maroband, J. pr, 16, 873; Mohr, Om.’K, i, 
2, 120. Grabowski {A. 136,119) has described 
a vessel of tinplate for preparing large qoantitiei 

Sbenstone says that P,0„ prepared by the 
ordinary process, has generally reducing pov^s, 
and is not, therefore, tmstworthy as a drying 
agent. S. recommends to heat for some days at 
0 . 800^ in a very slow stream of dry 0 ; then to 
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heat at 300® to a more liberal, but still limited, 
*®PPy 0^ dry 0 until the mddish colour pro* 
dn^ by tbe first heating has disappeared; then 
to heat at 800® in a more rapid stream of dry 0 
•0 long as sublimation occurs; and finally io 
sublime, fractionally, in a current of dry 0,from 
retorts of bard glass into receivers of the same 
material. The first portions of the sublimate ' 
should be rejected. The whole of these pro- * 
cesses may be done in glass vessels. The retorts 
used to the final sublimation may be heated in a 
combustion furnace {private cominmicatUm), 
Hautefeuille a. Perrey {0. n. 09,33) say that 
P,Oj can be obtained in three forms: crystalline, 
amorphous and powdery, and glass-liie. They 
say that when P is burnt in a glass tube in dry 
air, the crystalline form of PjO^ is deposited on 
the colder part of the tube, the amorphous 
powdery form on the hotter part, and the vitre¬ 
ous form on that part of the tube which is heated 
to re(todfe8. These authors a.s8ert*chat cryetalline 
. ®l^toincd free from the other forms by 
^stilling the products of the burning of P; that 
heating the crystals in vapour of S produces the 
powdery amorphous form; tlat the vitreous 
vaneiy is formed by beating either of the others 
to low redness; and that this vitreous form yields 
crystalline PgO* when sublimed at a red heat. 
Considering the facts brought to light by the 
work of Thorpe a. Tutton on the combustion of 
^ (Pi * 67, 645; v. beginning of this 

^iole, p. 139), the existence of various modifica* 
tions of P|0( must be looked on as very doubt* 

^ it very likely 

that the crystalline form of P,Oj obtained by H. 

P* ^as PjO^; and it is probable that the 
differences in the properties of the powdery and 
vitreous P,0* were due to admixlure with P,Oa. 
No analytical data are given by H. a. P. Shen* 
stone (jpnv. coww.) says that P-O^ purified by 
his method is crystalline, but becomes amor* 
phous when suddenly heated. 

Properties.—’A. snow-white, amorphous, in* I 
odorous, very deliquescent, solid. Melts and 
sublimes below rod heat (Lautermann, A. 113, 
240); according to Davy {A. Ck. [2j 10, 218) 
Toiatilo only at white heat. Absorbs water very 
rapidly; hence is used as a very efficacious drying 
agent. P-Oj is the anhydride of three phosphoric 
acids: HPO„ and H,P,0,. Dry P,0, does 

not change the colour of dry litmus paper. 
Commercial P^Oj often contains traces of P, 
which cause it to redden in light, and also traces 
of AsyOa derived from the impure P used; it 
generally has more or less marked reducing 
powers. 

Jieacttons. — 1. Water produces HPO.; 
H^PaO, is formed from HPO, by the long- 
continued action of moist air; and HjPO. 
is produced by continued heating of HPOaAq.— 

2. P^» removes H,0 from many compounds 
which contain water or the elements of water; 

it produMS anhydrides when heated with 
seve^ aoid8rH,SO, gives SO,, HNO, gives N,0,» 
and hydrocarbons are often formed by heating 
PA with compounds of 0, H, and 0.—8. Heated 
with several tMtals, e.g. Fe, K, Na, Zn, metallic 

osids, phosphide, and phosphate are formed._ 

4. Saits acids the anhydrides of which are 
vedaMle sro decomposed by heating wito P,0u 
with formation of phosphates and volatUisauon 
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6. PqCl, ig formed by heating P,0,' with todmm 
glorias, or with pnosphorve pmtachloridc.--t, 
““t™ with phoapioryl chloride, PjOfil, and 
(whioh may be a miitnrei 'are formed 
(fluntly, C. J, 69, 202).—7. Ammonia produces 
PONH,(OH), and PA(NttJ,{OH). (o. Pho“ 
PHiuio ACIDS, p. 105).-8. Heated with boron 
P»0,.BA and 

POClj.BCl, are formed (Gustavaon, B. 4, 976). 
PjO. BA is also formed by heating P.O, with 
bone acid. 

Combinatione.^l. With water (v. supra, Be- 
Mttons, No. 1).—2. With sulphur trioxide to 
form PA-3SO,, decomposed at 30° (Weber, B. 
IP' With silica and water to form 

& hy heating cone. 

UjPOjAq’with silica (Hautefeuille a. Margottet, 
C. fl. 104,156). Similar compounds with oxides 
^ titanium, zirconium, 8*04 tin are described by 
H. a. M. (C. R. 102,1017). 

Phosphonu, oxyaoids of. The three phos¬ 
phoric acids are described in the article Phos- 
rnoBio Aoms, p. 124, and the salts of those acids 
in the article I’nospuATES, p. 106; the other 
oxyacids of P and their salts are described under 
Phospuobcs, oxtaoidb op, and theib salts, p. 
149. 

Phosphorus, oxybromide of, POBr, {Phos- 
phoryl Iribromide). Mol. w. 286-2. Melts at 55° 
(Baudriraont, A. Ch. [4] 2, 68); at 45°-46° 
(Itittcr, A. 95, 210). Boils at 195° (Ritter, U .): 
at 193° (Gladstone, P. M. [31 35, 345). V.U. 
145-6. S.G. 2-822 (Ritter, J. 8, 301). H.p! 
[P ,0,Bi:°]»108,000 from liquid Br; 120,000 from 
gaseous Br (Ogier, 0. B. 92, 88). 

P ormation. —1, By the action of moist air or 
a very little H^O on PBr^ (Gladstone, P. U. [3] 
35, 345).—2. By the action of oxalic or acetio 
acid on PBr, (Baudrimont, A. Ch. [4] <0, 58; 
Ritter, A. 95, 210).—3. By passing 0 into boiling 
[2J si 201)™'°°* 8®“®‘'“"y occur (Domolo, Bl. 

Preparation.—To 137-5 parts PCI, are added 
18 parts H„0, and then 160 parts Br are added 
drop by drop, HBr and HCl are evolved, and 
pool, and POBr, remain (part of the PCI, 

: 18 decomposed to H,PO, and HCl, and the 
n,,’PO„ Br, and remaining PCI, react. [?) thus 
2PCI -f ^PO. + 3Br,=2POC1. p POBr. + SHBr)! 
the liquid is distilled, the portion boiling above 
150° being kept separate and surrounded by a 
freezing mixture till it solidides (Geuther a. 
Miohaelis, J. Z. 6, 242). 

Properties and Reactions. —Large colourless 
plates, which melt and boU in dry air without 
decomposition; soluble in oono. H,SO., reppd. 
by H,0 ; sornble in CHOI,, CS„ ether, and tur¬ 
pentine. Decomposed rapidly by water to HBrAq 
and H,PO,Aq ; bromine chloride forms POBrci, 
or P0C1„ and Br, according to the quantity used 
(Geuther, J. Z. 10, 130); hydrogen sulphide 
probably forms PSBr,; chlorine forms POOL 
and Br; -bromine seems to form*an additivo 
compound whioh separates into POBr, and Br 
on hbating (Gladstone, l,e.) ; tin and antimony 
remove Br (Baudrimont, U.). 

Phosphorus, oxybromoohloridss ot Two of 
these compounds are known, bat it is doubtful 
whether the second is a definite oompount ot# 
mixture of POOl, and POBr,. ■ 
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PaoiraaBaB oznioiiiH>niHMBn>a POBrOV 
{Pkotpkoryl bromodichloride). Mol. w. 197'4. 
MelU »i 11° ; boils at 187-6 (Thorpe, 0. J. 87, 
848), 8.0. B 3-1206S (Thorps, i.e.). A colour, 
less liquid, which solidi&es, when cooled below 
0°, to large colourless tablets which melt at 11°; 
when repeatedly distilled, or more quickly when 
heated in a closed tube to c. 185°, decomposed to 
pool, and POBr, (Obambon, J, Z. 10, 92); de¬ 
composed by H,0 to H,PO,Aq, HClAq, and 
HBrAq j with a little alcohol forms POCl,(OEt) 
and HBr. Prepared by the reaction of POBr, with 
BrCl in the ratio POBr,: Brel (Genther, J. Z. 
10, 130): by the action of PBr, on PjO,Cl, 

i O. a. Michaelis, /. Z. 7,103). By reacting on 
’.OEt.Cl, with Br (Menichutkin, A, 139, 343); 
80 g. Br are allowed to drop slowly .into 74 g. 
P.OEt.Cl,kept well cooled and constantly shaken; 
the (eaction ts' very violent; the POBrOl, is 
separated from the G,H,Br formed by fractiona¬ 
tion (Thorpe, C. J. 37, 343). The P.OEt.Cl, is 
prepared by slowly dropping absolute alcohol 
into well-cooled PCI, in the ratio 03,0: PCI,, 
allowing to stand for some time, and fractiona¬ 
ting; tbs boiling-point is 117°-il8°. 

Pnosmoaus oxvDiBnoMociiLoiuoK POBr,Cl 
(PhospJioryl dibronwchloride). By the reaction 
of POBr, and BrCI, in the ratio POBr,: 2BrCI, 
Genther {J. Z. 10,130) obtained a liquid boiling 
between 150° and 160°, and decomposing very 
easily by heat into POCl, and POBr,; analyses 
agreed with the formula POBr,Cl, but the liquid 
was possibly a mixture of POCl, and POBr, 
(3POBr,Cl - POCl, + 2POBr,). 

Phosphorus, oxychlorides of. Two oxy¬ 
chlorides of P have been isolated, POCl, and 
F,0,C1,. A third substance obtained by Gus- 
tavson (B. 4, 863) by heating together P,0, and 
POCl,, and said by him to be PO,Cl,io declared 
by Micllaelis (G. 0. [1881] 2, 396) not to bo a i 
definite compound, and this is confirmed by ' 
Huntly (C. J. 69,202). 

PnosPHoaxi. 0Htx)iui>E POCl,. Mol. w. I.IS-S. i 
Boils at 107-2° (Thfirpe, G. J. 37, 337). Melts 
at -1-6° (Genther a. Michaelis, B. 4, 769). 
S.G. -S1-71163 (Thorpe, U.). V.D. at 150° - 77-2 
(Cahours, A. Ch, [3] 20,369). ^or expansion by 
heat V. Thorpe (U.). S.V. 101-4 (T., J.ci. i 
H.F. [P,0,C1*] = 145,960; [PCl',01 - 70,660 (Th. ! 
2,325). I 

Formation.—!. By heating PCI, in air or 0, i 
or with ozone, SO,, S0.C1„ and various other 
ozidisers.—2. By strongly heating PCI, in O, or 
with SO,, SO,, B,0„ (to., or by decomposing by ! 
a little H,0.—3. By distilling NaCl mixed with 
P,0, (Eolbe a. Lautemann, A. 113,240).—4. By 
passing CO and 01 over Ca,2P0, mixed with 0 
and heated to redness (Biban, 0. B. 96, IJO; 
OgUaloro, G. 18. 828).-di. By heating PCI, with ] 
P,0,.—6. By the rmotion of 01 with P,0, (Thorpe 
a. Tutton, O. J. 67) 672). : 

PVnxirafton.—An intimate mixture of 1 part ^ 
P,0, with 3-94)arts PCI, is distilled, and the 
product if again distiUed, that boiling at 
106°-108° being collected separately; the equa¬ 
tion P^i-fSPC^wfiPOOl, if realised. 

JVqperfus.—A oolourleff, hi^y refractive, 
ftioagly tmsUing liquid, which fumes in the air; 
ttw lunlBt ftroDfily afteei the eyes and respira- 
tof^orisiif { sobdillet at -10°, when touched 


with a gUm rod, to long, colonrloss tablets, which 
melt again at -1-6° (Genther a. Michaelis, B. 
4, 769). POCl, does not conduct electricity eveif 
when heated (Buff, A. 110, 267). 

Jieaclioitt.—l, Waitr reacts rapidly, farming 
HClAq and H,P0,Aq [POOP,Aq] - 72,190 (TA. 2, 
325).—2. Alcohol produces HCl and PO.OEt.CL, 
8. Sulphur trioxide at 160° forms P,0,01, and 
P.,0, (Michaelis, G. 0. 2,893).—4. Sulphuric acid 
procluces SO,.OH.CI, HCl. and HPO, (MichaeUs, 
f.r.),-^. Most organic acids react similarly to 
H,SO„ ^odneisg acid chlorides; e.g. 0,H,0.0H 
forms C,H,0.C1; salts of organic acids react 
similarly, forming acid chloride and metaphos- 
pliato.—6. Sulphates form SO,01, and ortho¬ 
phosphates. -1. Sulphites are partially changed 
to SO.,, mixed with metallic chloride and phos- 
phate (Divers a. Shimidzn, 0. J. 47, 208).— 
8. Nitrates produce chlorides and P,0, etc.; 
nitrites give chlorides and phosphates and NO, 
(D. a. S?l.c.).—(b POCl, separates I from-pofru- 
sitm iodide (Soliitf, A. 102,181).—10. Chromyl 
chloride forms Cl, P,0„ CrCl,* and Cr,0, (Oassel- 
mann, A. 91, 241; 98, 213).-11. Phosphorus 
pentastdphide at 150° produces PSOl, and P,Q,. 

12. Phosphorus pentoxide reacts at o. 200°, form¬ 
ing P,0,CI, and a substance P,0,,CI,, which may 
prove to be a mixture (Huntly, 0. J. 59, 202).— 

13. Phosphorus reacts at 200° to form P,0, PCI,* 
P,0,01„ and a little P,0, (Iteinitzer a. Odd 
Schmidt, B. 13, 846).—14. POCl, is reduced by 
heating in closed tubes with many finely divided 
metals, e.g. Ag, Ilg, Fe, Cu, As (Pb is without 
action); the products are generally PCI, and 
P,0„ and oxide, chloride, or phosphate of the 
metal; sometimes P.,0,01, is said to be formed 
(o. It. a. G., l.c.) ; Mg, AI, and Zn are said to 
form red P,0 (B. a. G., J.c.). Zinc-dust with a 
little POCl, forms Zn phosphide, which evolves 
iufiammable P hydride on addition of a litUe 
water (Denigis, Bl. [3] 2, 787).— 16. Wift 
ammonia fomis various pho^hamic acids (}. v,, 
p. 105), and also phosphamides {g. v., p. 105).— 
16. Boric oxide heated with POCl, in a sealed 
tube to 160°-170° for 8 (o 10 hours forms 
P.,0..B.,0, and P0C1,.B01, (Gustavson, B.4,975). 

Combinations. —1. With ammonia to form a 
compound not yet examined.—2. With several 
metallic chlorides to form double compounds, eg/, 
with A1CI„ MgCl,, and SnOI, (Casselmann, A. 91, 
241; 98, 213). Some of these compounrls may 
be vapourised in absence of moisture; they are 
decomposed by water.—8. With boric chloride 
to form P0C1,.BCI„ by passing BOi, into POCl,; 
also by beating POCl, with B,0,. This sub¬ 
stance is decomposed by heat; with water it 
gives H,PO,Aq, Il,BO,Aq, andHClAq (Gustavson, 
B. 4, 975). 

Constitution of POCl,.—Two isomeric forms 
of POCl, are possible: Cl,P001 and CI,PO; but 
the compounds obtained by different methods 
are identical. Wichelhaus (A. Suppl. 6, 267) 
thought that POCl, must have the constitution 
C1.,P001, because of its formation frdtn OLPOEt, 
in which the 0 atom is in direct union with the 
P atom (CLP0Et + Cl,-01JP0Cl + EtCl)t but 
Genther a. Michaelis (J. Z. 6, 242) pointed out 
that this formation of POCl, may be interpreted 
also in favour of the constitution 01,P0 by sup¬ 
posing that 01 first replaoes OEt, forming PoL • 
and that the POl, and BtOCl then raast i 
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(1) Ol^OEt €n,-CI,P-f EtOCl, 

(2) Cl^ EfcOOi - CI,PO + EtCl. The expert- 
toeots of Beinitzer a. Goldsohmidt {B. 18, 845) 
on the action of metals, on POCl| show that in 
most cases 0 is withdrawn, leaving PCI,; and 
that in a few cases tlie 8 01 atoms are withdrawn 
with formation of P,0,. These results do not 
indicate any differences between the functions 
of the 01 atoms, and hence they tend to favour 
the formula Oi.^PO. Thorpe (0. J. 37, 887) 
arrived at the formula CljPOCI from considera¬ 
tion of the specific volumes of HOOl, shd PCI,. 
Masson a. Bamsay (C. J, 88, 50), also from oon- 
sidering the specific volumes of P and P com* 
ponods, deduced the formula OPCl^. Although 
but one POOl, has been obtained, the isomeric 
compounds (O-HJaPOOgHj and (CaHj)jPO have 
been isolated (La Coste, B. 18,2118). 

PTBOPnOSPUOBYI, cnnoRiDE PjOaCl* {Pho8- 
pAoms trioxytetrachloride). Mol. w. not known. 
Boils 210^-215*^, with partial* decom^sition. 
S.0.1-68 at 7% • 

Preparation.—1' 100 g. PCI, are placed in a 
cylinder surrounded by ice and salt, and the 
vapour from 20 g. liquid NO, is passed into the 
cylinder by a tube which roaches just to the 
surface of the POl,. The action proceeds at 
once; the products are P,Os, P0C1„ 1^0^01^, and 
NOOl. When all the NO, has been distilled 
into the P01„ the cylinder is placed in warm 
water to remove NOCl, and its contents are then 
fractionated; PCI, distils over first, then a con¬ 
siderable quantity of POCI, between 105*^ and 
110°, and then P,0|Cl4 from 200° upwards. It 
is best to prepare a considerable quantity of the 
impure product before fractionating; 850 g. PCI, 
yielded 40 g. P,0,Ol4 (Oeuther a. Michaelis, B. 
4, 766).—2. The vapour obtained by. heating 
80 g. starch with 180 g. HNO,Aq is led into 100 g. 
POl,; the product is fractionated, and that boIU 
ing under 100° is again treated as before; 
finally, the whole is fractionated. About 20 g. 
P,0,&4 are obtained from 200 g. PCI, (G. a. M., 

I.C.), 

Properties* — A. colourless liquid, whiclt fumes 
in the air; the vapour attacks cork. Has not 
been solidified by cooling. Boils, with partial 
decomposition into P,0, and P0C1„ at 210°-. 
214°. 

Beactions.^l, Heat produces partial decom¬ 
position into POCI, and P,0,.—2. Decomposed 
by ioater to H,P04Aq and HClAq.—3. Alcohol 
produces PO.OBt.Cl„ PO.OEt.(OHl,, and HCI. 

4. Phosphorxu pentachloride produces POCI,. 

5. Phosphorus pmtdbromide forms POBr, and 
POCyir (0.a.M., U.). 

Mstapbospbobtl chlokids POjCl. Gustav- 
son (B. 4, 868) said that a compound of this 
composition is formed by heating P,0, with 
POCI,; but Michaelis (G. 0. 2, 396) says that 
the substance is not a true compound, and this 
is confirmed by Huntly (0. /. 59, 242). 

Phosphorus, oxychlorobromides of, i;. Phos- 
SHOiBS, oxAbohoohlobideb or, p. 142. 

Phosphorus, oxyfluoride of, POF, (PAos- 
phoryl fluoride). Mol. w. 103*92. V.D. 62 
(Thorpe, C. /. 66,769; Moiesan, Bl [8] 4, 260). 
A gas whi<^ fumes in air and is rapidly absorbed 
by water. Formed by the reaction of P,0, with 
fiuorldes (Schulze, /. vr. [2] 21, 438); also by 
exploding a mixture of 2 yols. PF, and 1 vol 0 


by passing sleetrio Bpttks (Moissan, 0. B. 102, 
1246}; by gently heating an intimate mixture of 
2 pts. finely-powdered cryolite with 3 pts. P,0, 
in a brass tube, and collecting over Hg as soon 
as the gas which comes off is wholly absorbed 
by NaOHAq (Thorpe, l.c.). Moissan (Lc.) pre¬ 
pares POF, by heating ZnF, with FOCI, in a 
brass tube, fitted with a leaden delivery tube; he 
allows the gas to pass through a brass tube cooled 
to - 20°, and then over ZnF, to remove traces of 
POCI,. 

POF, liquefies at 16° under a pressure of 15 
atmos., or at the frdinary pressure by cooling to 
—60° (M., C. R. 102,1245). When compressed 
under 50 atmos. and the pressure then suddenly 
released, it solidifies to a snow-like mass. When 
quite dry it is without action on glass or Hg; 
lieated in a glass tube SiF, and an alkaline phos¬ 
phate are formed. «. 

Phosphorus, oxyiodide of, PJ^O,. Burton 
{Am. 3, 280) obtained a rod crystalline com¬ 
pound, to which he gave this composition, as a 
by-product in preparing C,jH,I. M.P. o. 140° ; 
sublimable, with partial decomposition; e. sol. 
water, alcohol, and other. 

Phosphorus, oxynitride of, PON (PAos- 
phoryl nitride. Phosphoryl nitrile. Formerly 
called Phosphomotia7nide), Mol. w. uncertain. 
A white powder, which melts at rod heat to black 
glass-ltke mass. Obtained by heating X'0(NRJ, 
or PONHNH^, the former of which is formed by 
the reaction of POCI, with Nil,, and the latter 
by the reaction of PCI, and Nil, (Schiff, A. 101, 
300; cf. PiiospUAMiDKs, p. 105). Gives KjPO, and 
NH, by action of molten KOH (v. also Gladstone. 

O. J. [2] 7,18). 

Phosphorus, selenides cf. P and So com- 
bino directly to form four compounds: P4Se, 

P. ,Se, P^e,, and P.Boj. P^Se, PjSe,, and 
PjSe^ combine with the selenides of tl4f more 
positive metals to form compounds B,Se.P,Se, 
(B,Se),.P,SOa, and {B,Se),.P.Bej. The formulas 
are not necessarily molecular. 

PHosPHonus sujssELENiDj; P4Se (Phosphorus 
fUmiselenide). Prepared by molting together So 
and ordinary P in the ratio So: 4P(i:l’57) in an 
atmosphere free from 0, and separating from 
amorphous P by,distillation in absence of 6. A 
df.rk yellow, oily, fetid-smelling liquid, which 
solidifies at -12°; e. sol. in CB„ insol. alcohol 
and ether; takes fire in air; decomposed by water 
containing air, with formation of H3F04Aq and Se 
compounds; not acted on by cold alkali solu¬ 
tions, but with boiling alkali solutions gives 
alkali phosphate and selenite, metallic selenide 
and P hydride; in solutions of metallic salts be¬ 
comes covered with a crust of metallic phosphide 
and selenide (Hahn, J. pr. 93,430). 

Diphospbokus selenide P,Se. (PAo^Aorus 
2 )rotoselenide or monoseknide). Prepared by 
melting together, in absence of 0, P, and Se in 
ratio 2P; Se(l:l'28). A red solid; unchanged in 
dry air, in moist air gives off H,Se; insoluble 
^oohol and ether; Pis withdraw|i by CS,; boil¬ 
ing alkali solutions produce H,Se and a red sub- 
staxoe containing Be and P. By beating, in 
absence of 0, with equivalent weights of metallic 
selenides, compounds B%Se.P.,Se and B“Se.P.,S6 
are formed; B«£s, Gu, Fe, Mn, K, Ag, Na. 
The alkali compounds are decomposed byivater; 
the oompounds containing heavy metals decoai- 









}t%b tflittmnitttM» tAi th^gaae- 
raUj teka Are when rnboed ia » mortar; are 

ilotvlj decomposed by hot alkaUsoIatioiu (Hahn, 
lx,). From their empirical composition, B^PSe, 
these oonfpoanda might be called seleno^tneta- 
hypophospkiUs. 

^B9SPBOBOUB SELEKCPE PjSe,. {PhoftpIlOTUi 

^es^iielenids or tri^eknulc). Prepared by heat* 
idgiogether P and Se in ratio 2P:dSe(l:3*t)2) in 
a^nce o( 0. A dark ruby-red solid; sublimes 
to yellow va])0ur8 when' lieated out ot 0; burns 
when ignited in air. Oxidised slowly in moist 
air; evolves U^Se when boiled|rith water. In¬ 
soluble alcohol, ether, and CS,; easily soluble in 
potash, less soluble in alkali carbonate solutions. 
Forms compounds with mctallio sclenidos 
(K*,ae);.P,Se„ and 2U»Se.P,Sc, (Hahn, l.c .); B 
= Ua, Cu, Pb, Mn, K, Ag, Na. From their em¬ 
pirical composUion, B'^P^SOj,, these compounds 
might bo called selenopyropliosphiies. 

Phosiuiouio selknidb PjSOj {PiuispJionu 
penia^elcnule). Prepared by heating together 
amorphous P and Se in ratio 2P:5Se (1:0 37) in 
a stream of CO^ A dark.ro<l, nearly black, giass- 
liko solid; insoluble in CS,; crystallises from 
CCI4 in black needles. In moist air, or water, 
decomposes ^lowly to H,Se and HjPO,Aq; in 
cone. KOilAq quickly forms KjSe and K^PO^Aq; 
alcohol forms H^Se and Et3PO;{Se2 and also 
Et^HPO^SOj* Very unstable compounds probably 
of the forms (R*280)2^2865 and 2H".Sc.P2S05 are 
obtained by heating P^Se^ witli metallic selenidcs; 

Cu, Pb, Mn, K, Ag, Na. The empirical 
composition of these coiupounds would lead to 
the name selenopyropliospJiafes (Bogon, A. 121, 
i!7; Bathke, A. 152, 200). itathko (l.c.) sup¬ 
posed that the K salt of a selcnophosphoric acid 
is formed by the reaction of with KOHAq. 

Fbosphorus, seleaion aeids of, salts of; v. 
DiPHospnoims srlen'wk, PnospnoRocs sblexidb, 
aod PndtPiioRic bklknide {supra). • 

Phosphorus, sulphides of. P and S combine, 
when heated together, with production of much 
heat aud light; the action is often violently ex¬ 
plosive. Four deOniUi compounds seem to exist; 
the simplest formule are P«S„ P,S„ PS., and 

r^s.,. 

Two compounds containing less S than P^S„ 
viz. P,S and P,S, are often dosuribed, and siili- 
ctances said to be compounds of P and S in tlicf 
ratio P: 3S and P : 6S have boon mentioned by 
Dupr^ and Berzelius. 

The substance to which the formula P^S was 
given w’as obtained by healing P and S in tho 
proper proportions (Berzelius, A. 1211, 255), 
or by digesting P with au alcoholic solution of 
K^S. (Bottger, J, pr. 12, 357), or according to 
Wicke [A. 86,116) by contact of P and S at or¬ 
dinary temperatures; it was described as a 
colourless, oily liquid. A solid red form of 
1*48 was said to be formed by heating liquid 
PjB with Na^CO, (^rzelius, l.c.). The formula 
PjS was given to a substance of which two 
forms were described: a yellow liquid obtained 
by carefully hating together P and S in the 
proper ratio, and .a dark-red powder obtained by 
beating the liquid form with dry MnS in cH 
(Berulius, Various double compounds of 
P,8 with metallio siriphtdes, B>,S.PtS and 
fB»Cu,Fe,HQ,I^,Ag) w«re described 
byfierssiias. The eompoeitiott of. tiiese bodies 

Vofc. IV, 


would lead to their being oalled (btomelabypo- 
pboq pbtf s s . IsambertfC.B*96,1771) has shown 
that when a sdution of P in a large excess of B 
is distilled in vacuo the whole of the P passes 
off and leaves S. Schulze {J. pr. [9} 92,118) 
found that P separated at 8^ from a solution of 
S in F in the ratio P^S, and that 8 separated 
when the elements were present in the ratio 
PgS. Schulze also found that a stream of OO^ 
r^ovod P from both solutions at 150°; that 
heating to this temperature gonemlly produced 
oxploBinnq that^thc so-called liquid P|S sras 
soluble in CS;, and that most of the 8 was re¬ 
moved by shying this solution with alcohol, 
ether, or CHCl,. Further, Schulze (li. 16,2066) 
obBcrvtd tliat solutions of 8 in P, tn the ratio 
1\S and P.S, did not solidify homogeneously, 
but that P separated from tho first, and 8 from 
tho second, solution. From those facts Isam- 
bert and Schulze concluded that the so-called 
P,8 and^PyS are merely solutions of 8 in Ft 
Lemoine {C. R. Oo, 1630) maintained that these 
sul)ltancos w'ere true compoumls. According to 
Mai (.f. 265,102), when 67 parts P and 96 parts 
K are melted together, and tlie product is dis¬ 
tilled at 10-11 mm. pressure, a distillate is ob¬ 
tained which slowly solidiOos, and digestion 
of this solid with C82 under pressure gives a 
solution from wliich crystals of P^S, separate, and • 
tho mother-liquor doposits what scorns to be a 
mixture of P28;, aud Tho melting-points of 
mixtures of P and 8 arc much below those of 
either constituent (Pelletier, A. Ch. [21 4,' 1; 
Faraday, A. Ch. f2J 7, 71; l)upr6, A. Oh. [3] 78, 
4.35). The experiments of Faraday (l.c.5 and 
Uamme (If. 12,010,1350) show that the orystais 
obtained by dissolving S in lic(uid P sulphides - 
to which Berzelius gave tho composition P8ji 
and Dupr5 the composition P8„—are merely 8 
witli more or less a<lhoring P. 

Ticfiupinisi’nonus Tiiisur/PiiiDK P^Si {Sesqtn- 
sulphide of phosphorus. Ihjpopimphorous suh 
phide). Mol. w. 210 8. Melts at 166° (Hammo 
B. 12,1350), Boils at 380° (Isambert, 0, B. 96, 
1499). S.G. 2 0 at 11°. V.l). 114-3 (Isambert, 
lx. ; llammo, Ic.). H.F. [P‘,S*]« 86,800 (I., I.C.), 

Forvuilmi. —1. By heating tc^ether P and 8 
in tho ratio 4P:3S.~2. By heating P^S, with ON 
dinary P to 320° (Itammo, l.c.). 

Preparation.-- K mixture ot 1 part 8 with 
1-3 parts amoiq)houa P is placed in a flask with 
a long wide neck oonneoted with a wide tube 
dipping beneath tho surface of Hg; the mixture 
is heated towards 260°, when the reaction begim^ 
and proceeds with production of muoh heat; 
the product is dissolved in GSj and orystalliaed 
(Lomoine, Bl. [2J 1, 407). Kamme (B. 12,1860) 
boats the rod P and S together in a sealed tube 
at 260° for eight hours. If ordinary F is used; 
oombination occurs at 130°, with violent explo¬ 
sion. The explosion nmy be prevented by melv' 
ing tho S and P in the wator-bath, and adding 
twice as much sand from which air has been re¬ 
moved by COj (Isambert, 0. B. 96, 1499). 
Kamme (B. 12, 1861) obtained P^S, Bjr heating 
P«S. with ordinary P in a sealed tube, filled with 
CO„ to 320°. 

A yellow crystalline solid, which 
melts at 167° to a slightly coloured liquid. Boils 
280°-240° at 11 mm. pressure, with WlSal de. 
composition to.red P fUid, A. 966.199). ‘ OrjN 
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ialliMf from CS,« PC!|, or P601, in rhombic' 
prims (IicmoiQC, Bl [2] 1,407); sublimes under 
probably in regular cmtals (Isambert, 
C. B. 96. 1499). Very soluble CS,. PSC)„ and 
PCl|; dissolved and decomposed by alcohol (Le- 
xnoine. lx,). Bums at o. 100° to and SO,; 
searoely changed in ordinary air. 

ReacHon$.—l. Bums when "heated in air to 

O. 100°, forming P^O, and SOj.—2. Not acted on 

by cold water ; hot water slowly produces H?8 
and H,PO^q.—8. Dissolves in potash solution, 
forming K phosphite and sulphide, and evolving 
H and P hydride (Lomoine, l.c.).—4. Hydrated 
lead oxide reacts at 200° with separation of PbS 
(L.. I.C.).—5. Soluble in potassium sulphide so- 
jutioo. probably with formation of a double 
compound (L., 6. Chlorine, when moist, 

slowly produces ^,80^ and H,PO, (L., lc.\ I., 
f.c.).--7. Not acted on by cold sulphuric or hydro- 
chloric acid ; nitric acid and aqua regia oxidise 
P4S, slowly and regularly on warming.. 

PaospiioRouB SULPHIDE PjS* {Ttisulphide 
of phosphorus. ’Hetraphosphorus hcxasulphide, 
Thiophoaphorous anhydride). Mol. w. 315*72. 
Melts at 0. 200°, and boils at c. 490°. V.D. 
147*6, to 173*6 at lower temperatures (Isambert, 
C. n. 102, 1380). 

Pbrma^ion.—1. By heating red P and 8 in 
• the ratio 2P:3S in CO.^. Combination occurs 
without explosion, but so much heat is produced 
that a part of the product sublimes rapidly 
(Rekul4, A. 90, 310; Miohaelis, A. 164, 22).— 
2. By ths reaction of PCI, with HjS (Serullas, 

P. 17,101). Bamme {B. 12. 940) failed to ob¬ 
tain P4S« by heating a solution of P and S in 
CS, in a sealed tube. 

Prep€^at%on.~k mixture is made of 1 part 
red P with 1*55 parts 8; a small portion of 
this mixture is heated in a long-necked iiask 
in a stream of CO, until combination occurs; 
the flame is removed, and the rest of the mix¬ 
ture is introduced into the flask in small por¬ 
tions at a time; the heat produced by the com- 
binaitOQ of one quantity suffices to cause com¬ 
bination of the next quantity. The P^S^ is 
sublimed into the neck of the flask; or it may 
be diMolved in G8. and crystallised (Mi<^aolis, 
A, 164, 22). 

Properties,—K greyish-yellow, crystalline, 
•olid (Kekuld, A. 90,810; Isambert, C, R. 102, 
IBSdj. Tasteless, inodorous; does not fume 
in aur; melts readily (0. 200°), and sublimes 
more easily than 8. Soluble in CS.,. The V.D. 
shows that the molecular formula is P4S4, cor¬ 
responding with the oxide P4O.. P4S4 acts as a 
thio-anbydride, forming compounds with the 
sulphides of several metals (v. Reacti(ms, No. 
7). As P484 is acted on by moist air, it must 
be kept in sealed tubes. 

ReactUms. —1. Decomposes rapidly in moist 
air (? to HtS and H,PO,).—2. Decomposed by 
wat^ to and H,PO,Aq.—3. Bums when 
heated in air.—4. Dissolves in potash, soda, or 
ammonia solution, and is reppd. in yellow 
0ooks by addition of acid.—5. Decomposes 
carbon compounds containing OH, forming cor* 
resending SMoompounds and HtPO,.—6. With 
iodine in CS, forms Pit (Isam^rt, C. R. 96, 
1771).—7. Aooorffing to Berxelius, P38,combines 
with many metallio sulphides forming com¬ 
pounds 2B^,S.PtSt and the oompo^ 


sition of which would lead to their being eatle 
thiopuf^hosphites; B-iGu,Fe, Hg, Ag.— 8. B. 
dissolving in eauatie soda solution cooled to 0^ 
Lemoine (0. R. 93, 489; 98, 45) obtained th 
compound P,0S,.2Na^0.5H,0 and the Compoum 
p30S,.8Na,0.4H,0; and by using ammoniun 
sulphide he obtained P,0St.2(NH4)80.8H,0 an< 
Ps0,8.2{NH,)a0.6H,0. These substances cvolve< 
ILS by the action of HClAq; heated to 200° 
240° they gave off H.,S, but retained S; the; 
may perhaps be called tkio-oxypyropho^hites. 

TfiipuoBpnoRus UEXxsuLPHiDE P,Sa (Pbos 
phorus disulphide [PSJ. Phosphorus ielra 
$ulphide[PSi\)^ ? Mol. w. 284*8. Melts at 296°- 
298° (Ramme.B. 12, 940); at248»-249° (Seiler 
Dissertation, Odttingen, 1876). Boils at 335°- 
340° at pressure of 10-11 mm. (Mai, A. 265 
192). V.D. Bamme {B. 12, 1360) says thal 
V. D. agrees with formula PjSt, but no numbers 
are fpven. 

Formation.-^l. By heating a solution of P 
and S in CS, in scaled tubes to 210°; according 
to Bamme (B. 12, 940), P.S, is produced with 
P and 8 in the following ratios:—P:S, P:2S, 
2P:S, 3P:S,4P:S, 6P: S (l\ also Dervin, Bl. [2J 
41, 433).—2. By heating together P and Sin the 
ratio P: 23 (Seiler, f.c.). • 

Preparation. —P and 8 are dissolved in CS, 
in the ratio P: 2S, the solution is heated in a 
sealed tube to 210° for 8-10 hours, after cooling 
the liquid is poured off, and the crystals are re- 
crystallised repeatedly from CS, in a sealed tube 
(Bamme, lx.). 

Properties and Reactions, — Long, clear 
yellow, needle-shaped crystals. Bamme (f.c.) 
says that V.D. corresponds with formula PjSg 
but he gives no data; the corresponding oxide 
is generally written P.^O„ but its molecular 
weight has not yet been determined. Heated 
with watoi in a sealed tube to 150° ior some 
hours, PjSg gave 11,8, HjPO.Aq, and H^PO^Aq, 
and an orange-yellow solid insoluble in GSg and 
not melting at 310° (Bamme, D. 12,1350). 

Phosphoric sulphide* P^S^ (Phosplwrus 
pentasulphide or persulphide. Thiophosphorie 
anhydri^). Mol. w. 221*8. Melts at 274°- 
276° (V. a. C. Meyer, B. 12, 610). Boils at 
618°, pressure 730 mm. (Goldschmidt, B. 16, 
<303); at 620° (Isambert, C. R. 102, 1386); at 
630° (Hittorf,B. 126, 196); at 332°-340°, pres- 
sure being 11 mm. (Mai, A. 265, 192). V.D. 
110*7, at 630° in N (V. a. C. Meyer, B, 12, 
610). 

Formatum. —1. By heating a solution of or¬ 
dinary P and S, in the proper ratiOf in CS, to 210° 
for 8-10 hours, and crystallising from CS, 
(Bamme, B, 12,940).—2. By melting togetlier 
red P and S, in ratio 2P: 58, in CO^ (Kekul4, A. 
00, 310); with ordinary P violent explosion 
occurs. 

Preparation.’^K mixture of 40 parts 8 and 
18*5 parts red P is melted together, the mass is 
powdered, placed in a retort filled with CO„ and 
distilled to c. i to ^ (to remove^P, 8, and more 
volatile P sulphides); the residue is again pow¬ 
dered and distilled in CO,; the distillate is pure 
PgS, (V. a.C.M.,I.c.). . 

Prwsf/ws.—Large, clear, pale-yellow wrys- 
tols. Vapourises in N or CO., without change, 
to a yellowish las. Bums when heated in air. 
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Solabl* !a OS,; P,S, M«mi to rust M a Utlo* | dbtlUed qnielil; ov«r a large Same. Part ol tha 
anhydride («. BtacHonSt Ko. 7)« ' FSBri soUdifieB in the neok of the retort, and 

heactiotu, —1. Decomposes in mMi aif or ! part passes over and remains Uqnid in the r# 
by water, to and HjPOi; borns when heatid oeiver; the contents of the reoeiver are shaken 
in air to P|0» and BO^~2. With phosphorus with fresh quantities of water until the oily 
ptntachloride forms PSCl, (Weber, /. 1859. 60). liquid solidifies to a yellow crystalline mass 
8. With carbon Utrachloride at 200° produces which is PSBr,.H 30 ; this hydrate is dissolved in 
CS, and PSGl, (Rathke, Z. 1870. 57).-^. With CS^, water is removed by contact with CaOl,, 
ferric diloridc gives FeS^ and PSCl, (QlaUel, B, CS, is distilled off in a stream of CO„ and 
28, 87).—5. With sulphonyl chloride, PSC1„ 80„ PSHr, remains as a yellow oil, which solidifies on 
and S are formed (Prinz, J. Z. 18, Supplbd. 1, touching it with a glass rod. The solid may be 
90).—6. With many carbon cofnpowidscontain- recrysttAlised ^om PBr, (Micltaolis, A, 164i 861. 
tny 0 and also with manyasnoryanic oxides, iVoper/iVs.--Yellow octahedral crystals, witii 

P.S. form S compounds, exchanging S for 0 an aromalio but unploasant odour; vapour 
(Kekul4, ^.90,310; Oarius, A. 106, 331; 112, attacks the eyes. Molts at 38°, when molten 
180; V. also Prinz, i.c.).—7. According to Bcr- i mains for a long time without solidifying unless 
zelius (A. 46, 129, 255), P..S^ combines directly i touched by a solid (Michaelis, B. 4, 777). 
with several metallic sulphides, forming coin- i ICnsily soluble in ether, CS,, PBr,, or POl,. 
pounds 21l>.^^p3S, and 2K“S.P,S, (BaCu, Fe, ! Cannot bo distilled without decomposition. 

Mn, Hg, Zn): these compounds may be .called lUactions.—l. Decomposed by licat to S and 
ihxopyrophosphatcs. a yellow li(iuid, PSBrvPBr,, wliich is resolved by 

Thiu*oxvobthoi’ 1 io 8 piuts 8 . Salts of the hypo* repeated distillation into 8 and PBr,, and by ze- 
thctical acids IIJL'SO, {momthio-oxyorthophos- peated washing witli water* yields P8Br,.H,0 
plwric acid) and H,PS.^, (rfifhio-oxyorfhop/ws* (Michaelis, A, 104, 36). —2. Decomposed by 
p/toric achf) have been obtained by the octioD of water, slowly when cold, rather mpre rapidly 
alkali solution on P.^S, or on PSC!,. Salts of j when boiling, forming H.^8, 8, H,PO,Aq and 
lrithiO‘Oxyphosphoric acul (UjPS^O) have not HsP 04 Aq (t*. Micliaelis, B, 6, 4).—3. With 
been isolated. alcohol forms PS(0];It)3. — 4. Decomposed by 

MonothiO‘Oxypliosphates. TheNnsalt, ammonia solution, slowly when cold, more 
NajPSOj.Pill^O was obtained by Wurtz by rapidly when hot, giving NU^ phosphite and 
warming PSCl, with fairly conc.NaOIIAq [A.Ch. phosphate, S, and NH^ sulphide (M., l.c,y 
fS] 20, 472), and by Thorpe a. Rodger by the ac* 5, Reacts with ^thosplu^rus pentachloride to 
tion of NaOHAq on PSF, (C. J. 65, 318). Ku- form PSCl, and PBr, (M., /.c.). 
bierschi {J, pr. [2] 31, 93) obtained the salt by Cotnhhiations. — 1. With water to form 
adding powdered P.^, to NaOllAq, in ratio PSBr,.n,0 (v. Preparation), A y^low crystal- 
PjSiiONaOU, cooling, adding absolute alcohol— line solid; melts at 35°, being resolved into H,0 
which ppd. a mixture of NagPSO, and Na,rs,0, and PSBr,; S.O. 2*7937 at 18°; gradually de* 
(leaving Na polysulphldes in solution)—dis* composes in air, giving off HBr (Michaelis, A. 
solving the pp. in water, warming to 90° till H 8 164. 36).—2. With phosphorus bromide to form 
ceased to come off, evaporating, and crystallising. PSBr,.PBr,; obtained by heating PSBr, (v. 
Thin 4ik-sided prisms, melting at 6(f*. The Mg Reactions, No. 1). 

salt (with 20n.^O), and the Mg-NH, salt (with pYROPHospnonYL BROMrnR P^S^Br, (Pkos* 
9H,0) were also obtained. • phorus trisulphotetrabromide), A iight*yellow 

Dithio-oxyphosphates. The Na salt, oil, with aromatic and pungent odour; 8.0. 
Ka,PS,0,.llH,0 W 9 S obtained (K., Ic.) by dis* 2*2621 at 17°; fumes in air, with separation of S. 
solving in water the pp. obtained as above by Decomposed by distillation into S, P, 8 ,, and 
alcohol, warming to 60°-56°, ppg. by alcohol, PSBr,.PBr,; decomposed by water, giving 8 , 
and crystallising from water at 40°. Colourless, PSBr,, n,S, P, and a substanoe probably 
lustrous, needles, melting at 45^>-46°. The Nil, P,S,(OH),; alkalis act similarly to. but more 
salt (with 2 H 3 O), Ba salt (with 8 H 3 O), a^d violently than, water, but neither S nor 
Mg*NH, salt (with 611,0) were also obtained in PSBr, is formed; with absolute alcohol yields 
crystalline form. _ P,S,(OEt),Br. P,S,(OEt)„ P,H,(OEt),( 8 Et),; 

For reactions of these thio-oxyorthophos* bromine reacts, when heated, forming PBr, and 
phates V. Kubierschi, l.c. {cf. Michaelis, B. 5. 6 ). I PSBr, (Michaelis, A. 164, 22). Prepared by 
Phosphorus, sulphobromides of. Two com* I moistening 100 g. finely Qowdered P,fl, with CS,, 
poands.corrSBpondingwith the two oxychlorides, I and adding200g.Br diluted with an equal volume 
have been prepared. | of CS„ shaking thorouglily. distilling off CS, in 

TiizopHospuoKYL BBourDE PSBf, {j9n/plk7* j water-bath not above 80°, removing last traces of 
^osph^lbromide. Phosphorussulpliclrromidi^. \ CS, in stream of CO,, dissolving residue in six 
rormula probably molecular, from analogy of times its volume of dry ether, and removing ether 
. by a stream of CO, (M.. U.), 

Formation.— reaction of H,S with PBr, Phosphorus, sulphobromoohlorido of, PSBrCI, 
(Oladstone, A 3f. 35, 345; Baudrimont, A. Ch. (Thicp^sphoryl bromochlori/ie). Formula 
L *« ^^*”*’^* distilling PBr, with 8 , orBr probaoly molecular, from analogy of POBrCi, 
with P,S,.—d.«By the action of Br on a solution (Michaelis, B. 6 , 6 ). A slightly j^ow liquid, 

® t? aromatic odour; boils c. 150 , but boiling* 

Jjeparation.—Equal parts of P and Scare point soon rises and 8 separates. Decom* 
♦^dissolved in C 8 ^ the solution is well cooled, and posed slowly by water, more completely 
8 parts Br are allowed to drop in slowly from a when heated in a sealed tube to 150° for some 
funnel with a stopcock; the CS, is removsd by hours, giving S, H,S, HClAq, HBrAq, ^PO,Aq, 
waiTnii% in a water*bath, and the it Uien and H,P 04 Aq. Prepared by adding 80 parts Br 
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drop by drop to 168 parts P04.S£t [obtained by 
aoti^ of EtSH on FCIa; for details v. Miohaelts, 
«l4e.3t mnoh beat is produced; the liquid isdis- 
tillM, the distillate from 160^-180'’ is shaken 
with water so long as any action takes place; 
water is removed by a separating funnel; the 
liquid is dried by CaOl^i and HCl and HBr are 
removed by wanning gently (M., lx,). 

Phospbomi, snlpbocblorides of. But one 
compound, PSC1„ is known with certainty. It 
is doubtful whether the substance obtained by 
Gladstone {0. J. 8, 6) by the reaction df S with 
r01| is a definite compound PS^Cl^, or a double 
compound PSCIS.SCI3. 

TraoPHOSVHORYL chlohidb PSCl, {Phos¬ 
phorus sulphochloride). Mol. w. IGO’05. Boils 
at 126*12® (Thorpe, C. /. 37,841). S.0.J^1GG82 
(T., I.C.). V.D. 85 at 1CO®-300® (Caliours, A. Ch. 
[8] 20, 869; Chevrier, C. li. 08, 1174). For 
thermal expansion v. Thorpe (f.c.). S.Y. 116*1. 

Formation. —1. By tho reaction of H^S with 
POlj (Semilas, A, Ch. [2] 42, 25).—2. By help¬ 
ing 8 with PCI, to 130® (Henry, B. 2, G:ifl).-.8. 
By heating P with S,C1, (Wohler a. Hiller, i. 
98, 274).-^. By heating together P^S., and PCI, 
(Weber a. Thorpe, 1871. 4G7).—5. 1^ the re¬ 
action of PCI, with SO,, SO,Cl.., or S.,Ci.,; and 
by the reaction of PCI^ with CS.„ or with S1),S, 
VMichaelis; Cairns, A. 112, 190; 119, 291; 
llathka, Z, 1670. 57; Baudrimont, J. pr. 87, 
801). 

Preparafion.—An intimate mixture of P-S, 
and PCI,, in the ratio l\S,:8rCI,(» 1:2*82),'is 
i>eated in a sealed tul)e to 0.120®; after a short 
time the liquid which has formed is distilled. 
Bhould the product have ayollowish colour, it is 
shaken with a little water, dried by CaCl.„ and 
distilled. The equation P^S, + 3PC1,« Gl^SCl, 
is r^lised (Thorpe, C. J. 37,341). 

Properties-—A oolonricss, highly refractive 
liquid; with an aromatic, somewhat pungent, 
and very peculiar odour, which becomes very 
marked on warming. Slowly decomposed by 
water. 

Beactums.—l, Very slowly acted on hy water^ 
with formation of Il,,rO,A<], HClAq, and H.,S. 
When distilled in steam tlie greater part of the 
PSOI, passes over unchanged.—2. Heated with 
alcohol under pressure, PS(OEt), is formed.—3. 
passed through a hot tube, with excess of hy¬ 
drogen sulphide, P,S, and HCl are formed 
(Baudrimont, 87, 801).—4. Decomposed 

by chlorine with formation of 8,0, and PCI,.— 
6. Silver nitrate reacts rapidly, producing 
AgyPO,, AgCl, SOj^ KClCl, and NO., (the SO, and 
NO, ^en reacting to form 8./),(NO,),; Thorpe 
a. Dyson, C. J. 41, 297).—6. Alkali solutions 
form salts of H,P80, and H,PS.,0, (0 . Thio- 
OXTOBTBOPBOSPBXTES, p. 147).—7. The prolonged 
action of ammonia —oontlnued until 60 p.o. of 
the FSCl, has reacted with the NH,—pri^uces 
thiophosphamide PS(NHJ,(7); this com* 
pound remains as an amorphous, yellow-white 
solid on washing the product of the action of 
NH| <m PSCl,; B.G. 1*7 at 13®; decomposed at 
200®, gives (?)PS(ONH4)a with hot water (Che- 
vrier, C. B. 66.746; Sohiff, A, 101,292). Accord, 
ing to Gladstone a. Holmes {Q, J. 18, 5), thio^ 
phospHamie acid PS(NHJ(OH), ana thio* 
phosphodiamic atid PS(mHJ|OH, arepn>< 


dueed bv the action of ammonia on P8CS,; 
former by nsing fairly dilate NH,Aq, and the 
latter by using NH, gas—which probably forms 
P(NHJ,CIS—and ^en washing with water. The 
work of Chevrier (lx.) and Schifi {lx.) makes the 
isolation of these acids doubtful. 

Phosphorus, sulphoohlorobromide of; v, 
Phospbobob suIiPBobbomocbloride, p. 147. 

Phosphorus, sulphocyanide of, F(SCN), 
{Phosphorus thiocyanate- Phosphorus rho^n- 
ide). Mol. w. not determined; formula probably 
molecular. Prepared by mixing 6 parts Pb(SCN), 
with an equal weight of dry sand, gradually 
adding 1 part PCI ,, digesting for some time on a 
water-bath, and then distilling very carefully 
from a bard glass tube. A liquid which does not 
solidify at —20®, begins to boil 2GO°-270°, and 
decomposes at a higher temperature, giving off 
CS.^; vapour is spontaneously intlajnmable; S.G. 
l'G25^t 18’. liable in alcohol, other, CHCl,, 
CS.„ and C#H„. Slowly decomposed by cold 
water to HjPOjAq and HSCNAq {Miguel, A. Ch. 
[5] 11. 340). 

Phosphorus, sulphoduoride of, PSF, {Thio- 
phosphor^/l /luoTide). This compound was pre¬ 
pared and fully described by Thorpo a. Rodgers 
in 1888 (preliminary notice in C. J. 63, 7G0; 
fuller account in C. J. 55, 30G). Mol. w. 119*9. 
V.D. 59*G at ordinary tempemture. 

Formation. —1. By heating a mixture of * 
AsF, and PSCl,, in ratio AsP,: 4PSCI3, in a sealed 
tube at 150 \—2. By heating PbP, mixed with 
P.B, to 0.120®-150 ’; or by using BiF, in place 
of PbF.^ and heating to a hij?her temperature. 

A mixture of red P, S, and a large exccM of PbF, 
may also bo used (P.,S., + 8PbI-’.,« SPbS + 2PSF,>. 

3. By heating S with PF,CI, to 115® (Poulenc, 

C. R. 113, 75). 

Preparation. —A quantity of P,Sj (freshly 
prepared from well-washed and perfectly dry 
amorphous V and roll B) is quickly with 
c. 3^ parts of pure freshly fused PbF.;, and the 
mixture is placed in a thin equal layer in a dry 
tube of lead or * composition,’ one end of which 
is fitted with a caoutchouc oork carrying a glass 
delivery tube dipping un<ler dry Hg, and tlie 
other end is connected with on apparatus for 
supplying pure dry N. A rapid stream of N is 
passed through ti-ll the air is driven out, the tube 
b6ing gently heated to got rid of traces of H.;S 
(produced by moisture on P.B,); the N is stopped, 
and the tube is heated from behind forwards by 
a small flame; reaction begins 0. 170®; tho 
temperaturo should be kept as low as possible, it 
must not exceed 250®. Tho gas is collected in a 
dry glass gas-liolder containing • few small 
pieces of quicklime, the gas being allowed to 
pass into the holder as soon as a sample is 
wholly absorbed by dilute potash or ammonia. 
Before collecting the gas, small quantities of dry 
N should be passed into the gasholder and re¬ 
peatedly exhausted by the Sjc'engel pump (this 
removes air from the pores of the lime), and 
when 2 or 3 o.c. of the PSCl, have passed into 
the bolder the gas should be sucked out by the 
Sprengel, and this repeated twice or thrice (the 
troepB of N are thus removed). After standing 
a few days over the lime, woioh removes PF| 
and any traces of SiF^, the gas is puK PSF,. 

Properties, —A transparent, colourless gas; 
Uquefledytt 7*6atmo8. at 3*8®, ^4 atmo8.%t 10®, 





1^8 ftiiAoi. ftrim- $xA 18 fttmoa. at 80-9^ 
PSF, is spontaneoosly inflammable in ^ or 0; 
it is decomposed easily by heat or electrio sparks 
to S, F, and fluorides o! P. Somewhat soluble 
in ether. Not easily dissolved by HaO, or by 
tolutions of alkalis. No action on Hg, HjSOt, 
CS,, or C,Ha. Neither gaseous nor liquid PSF, 
acts appreciably on glass at ordinary tomi^ra- 
tures. 

Reactions. —1. A small stream of PSP, issuing 
from a Pt jet into air at once takes fire; when 
mixed with a largo volumo of air, explosion 
occurs.—2. Oxidised rapidlymnd explosively by 
OTijgen; probably with formation of l*F, and 
SO^ the PF, and O tln'ii producing P;,(), 
and also POP,. The ignition-temperature of 
PSF, is very low, and tho flame is a very cold 
one. (Full derails are given by T. a. R., l.c., pp. 
312-317.)—Slowly decomposed by trafer, thus: 
PSP, + 4H,0 + Aq H,S + lljPO.Aq + 3HPAq. — 
4. Solution of potash or soda slowly rnacts, 
forming NOaPSOj and NaF.—4. With amvumid 
gas produces a white, dtdiciucsccnt solid, pro¬ 
bably a mixture of NII,F and P{NH.;)jSP. 
For action of water on this substance—perhaps 
resulting in formation of l*S(NIl.f).Oil—v.T. a. 11., 
lx., p. 319.~r>. Heated in a glass tube, PSF, 
gives SiF^, P, and S. —0. PSF, is decomposed by 
electric siwrks passed from Pt terminals, with 
separation of S and P, and a gas which is pro¬ 
bably PP,. 

Phosphorus, lulphoselenide of. All attempts 
to prepare this compound have led to negative 
results. Michaolis healed PCI3 with So; llaudri- 
roont (4. Ch. f4J 2. 5) tried tho reaction of PCI, 
with ^Cl.^, PCljWitli P.Se, Sb.Se^and PbSe, and 
the action of P on SeCl, and SeCi,. 

Phosphorus, sulphozide of, P,O..S,. Mol. w. 
317*52. Melts at 102 \ and boils at 295°. V.I). 
171*3 at 350^-400“. Formed by ^eating small 
quanffties P40a witli 8 in an atmosphere of CO.^ 
or N at 0. 100° (Thorpo a. Tulton, C. J. 69, 
1022 ). 

Pr^arafton.—A strong glass tube is closed 
at one end, and filted with dry CO^or N; from 3 
to 6 g. frcshly- listilled P^Oj is placed in tho 
bottom of the tube, and 1*74 g. 8, be.st in 
small crystals, are added for every 3 g. P^O^ used 
(ratio P«0,:48). The lube te sealed, and the 
lower half is immersed in a glycerin-bath, which 
is gradually heated. At c. 154°-165° the incited 
S is suddenly projected to the top of tho tube, 
and in a few seconds the action is complete. 
The product is transferred to a similar tube, 
which is exhausted by a Sprengel pump, sealed, 
and warmed at its lower portion; sublimation 
begins at c. 90°, and proceeds bust at 140°-150°, 
with formation of long feathery needles; part of 
the P40,S4 remains as a vitreous or crystalline 
mass. 

Properties and Reactions.—k white solid, 
occurring in feathery aggregations or a vitreous 
mass, or as colourless, isolated, tetragonal prisms; 
melts 102°, and boils 295° (cor.). Very doli- 
quescent, smelling in air of H.^S; quickly dis* 
solved by water, forming H,S and HPO,Aq, 
which soon changes to HjPO^Aq. Easily tol. in 
2 vols.C8« from which it crystallises unchanged. 
Also sol. benzene, but with decomposition. 

FhesphomSf sulphur aeids of, salu of; v. 
beginfling of urtiolo Fhospsobgi sulphides 
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\ liii ); Fhosphobous sulpoipi!, Rfoeiions 7 and 
8 (p. 146) ; Phosphoric sulpbidb, Reaction 7 ^ 
147); and THio-oxroRTHOPBOspBUTES (p. 147). • 

Fhosphonis, toUuildo of. Oppenhetui (/. 
1857. 214) obtained a block amorphona solid, 
giving off fumes of F,Ot in air by heating P ilfth 
powdered Te. 

Phosphorus, thio> acids of, salts of; o. 

beginning of article PiiospnoRUS suLPRlDRa/p. 
145) ; l^iiosi'noitocs bulphidb, Reactions 7 and 8 
(p. 140); Ptiospiionio sulphide, Reaction 7 (p. 
147); And THSo-oxroiiTnoFiiospUATxs (p. 147)> 
j Phosphorus thio>aniio acids of, and tnio- 
amide of; v. Tiiiophosphobyl chlorxdi, Bi- 
■ action 7 (p. 148). 

Phosphorus, thiobromides of; v. Phosphorus 
BULI'HOIIUOMIUKS, p. 147. 

Phosphorus, ^iobromoshlorlde of; v, Phos- 
pnouus suLPiionROMOcni.omr>K, p. 147. 

Phosphorus, thioohloridei of; v. PuosPHoaus 
suLmacHLOhiDgs, p. 118. 

^ Phosphorus, thiocyauide of; v. Fhosphorus 
SULPIIOCYANIDB, p. 148. • 

Phosphorus, thioselenido of; v. Phosphorus 

SULPHOSULENIDB, autO. 

M. M. P. M. 

PHOSPHOBTTS, 0XTACID8 OF, AND TE2IB 
SALTS. Tho three phosphorio aeids, H,PO„ 
Hfl^Oj, and 11P0„ are described under Phob- 
PHOBIC ACIDS (p. 124); the salts of these acids 
are described under Phosphates (p. 108); the 
other oxyacids of P, and their salts, are described 
in this article. 

Resides the phosphoric acids, three ozyaoida 
of P, and some salts of a fourth acid, have been 
isolated; tlie acitis in question are BIPO^ 
IJ,rO„U^, or H.P.A; and salts of H,P,0,* 
No anhydride of H^PO, is known; the n;^- 
th<4i(:al anhydride would bo P.O (PsO + S^O 
*2IlyPO.); Ppnls the anhydride of the acid 

11, PO, (P;0,4 3li.,0-2H,P0,), and also thehy- 
potlietical anhydride of H,P,0j(P,0,+2H,0 
csHjP^Oj); P.,0, is the hypothetical anhydride. 
ofH,P.p«(P.,0, + 2H O«H,P,OJ, but this oxide 
gives H,PO,Aq and H,PO«Aq with watei (si. 
Phosphouus trtroxidb, p. 141). The ozyaoida 
of P do not correspond in oomposition with 
those of N (v. Table in Nxtboorx OBOUt or lUi- 
MENTS, vol. iii. p. 575). 

HYPOPHOSPHOROUS ACID AND 
SALTS n,PO,; MiIl,PO, and 
PJypophospbiles are formed by decomposing 
phosphide of Ba, Ga, or 6r by water (Dulong, 
A. Ch. [2] 2, 141); by beating P with potash, 
milk of lirn«;, or PaOAq (II. Rose,P. 9,225, 861 ; 

12, 77, 288); by passing PH, into solutioa Of 
alkalis or alkaline hydrates (Win^piler, P» li|, 
443); and by heating P with syrupy H,IK),Aq 
to 200° (Oppenheim, Bl. [2] 1. IflS). The aol4 
is monobasic; it may be regarded as deriv^ 
from the hypothetical anhydride P,0. There is. 
no acid, nor are there salts, oorrespmiding with, 
hyponitrousacid UNO, but some salts are known 
of the form MPS; v. Thiomeiahyponhospkitest at 
beginning of Phosphorus, suLPmoBS or (p. 
145). Selenometahypophosphites M^PSe have 
also been isolated (v. DxpHospHoaus sblekide. 
p. 144). 

HTPOPnoBPnoBus acid H,P0,. Melts at 17*4° 
(Thomsen, B. 7, 994; ? specimen pure). H.P. 
[H^P,0^» 139,970 (production of erystalUsod 
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Mid) ; lS7j660 (production of acid !n liquid 
•tate); [H»,F,0*^ql = 189,800 (Th. 225). 

• Preipawtion.—Ba(H,POa),.H^O is prepared 
b7 warzning wstor with BaO and F (In email 
pioces) in a basin till inflammable P hjdride 
oeaiiea to come off, filtoring, removing excess of 
BaO bypassing in COjj, filtering again, and crys¬ 
tallising. 285 g. pure Ba(Hj4^0j.H30 are dis¬ 
solved in 0.6 litres water, 98 g. (o. 101*6 g. 
ordinary cone, acid), diluted with 3 to 4 times 
its weight of water, are added; after shaking for 
some time tlie pp. of BaSO< is alk>wed ta settle, 
and the clear liquid is sjrphoned off, and eva¬ 
porated in a porcelain dish, by boiling, till it is 
0. ^ of original volume, when it is placed 
in a Pt dish; a thermometer is immersed in the I 
liquid, evaporation is continued, the tempera- ' 
ture being allowed to rise gradually to 110®; any 
solid which separates is filtered off while the 
liquid is hot, and the fUtrato is evaporated, 
without being allowed to boil, ate. 110®. «Thom- 
•en (J5.7, 994) finally heats for 10 mins, to 130® 
or 138®, filters into a stoppered bottle, and coots 
below 0®; Geutlicr a. Ponndorff (J. Z. 10, 
Supplbd. 2,46, 49) say that heating above 110® 
decomposes and that Thomsen^s prepara¬ 
tion therefore contained 

Pfoper/ies.—Largo, white, crystalline tablets; 
taelting at 17*4®; remains liquid considerably 
above m.p. (Thomsen, l.c.). Decomposed by heat 
to P]^ and HaPO^. HjPO.^q is a very energetic 
reducing agent. The acid is monobasic, forming 
salts M'HjPO, and Mn(ILPO„)2. 

HeacUoTis, —1, Decomposed by heat^ giving 
P hydride and Il5p0^ (H. Hose, l.c.).^2. HjPOfAq 
is readily changed to II,POjAq or H,PO*Aq by 
oxidisera; Cl, Br, HNOaAq, KMn04Aq, and 
several metallic oxides produce HjPO^Aq (Dulong, 
f.c.; Rose, U .; P. deSt. Gilles, A. Ch. [3] 65,374); 
PbOj forms PbHPO, (Wurtsj, G. R, 18, 702); SOj 
forms H,PO,Aq and 8 (Geuther a. Ponndorff, Ic.). 
According to Engel (C. R. 110, 780) Pd charged 
with H oxidises HsPO.jAq to HjPOjAq with evolu¬ 
tion of H.—8. I^PO^Aq reduces solutions of salts 
of gold, silver, and mercury, ppg. the netaU; 
from copper sulphate solution, CujHj is ppd. at 
66®-60® (Wurtz,l.c.; Hammclsborg, l.c.). —4. Re¬ 
duced by nascent hydrogen to PUj (Dusart, 
C. R. 43, 1126; Blondlot, C. R. 62, 1197).— 

6. With hydnodic acid forms PH,! (G. a. P., 
lx.). —6. Heated with cofic. sulphuric acid, 
H^O^, SO«, and S are produced (Wurtz, l.c.). 

7. Heated mih.phosphortispcntachloridc,VQQ\^, 
POL, and HCl are formed; phosphorus trichloride 
proauoes P, HjPOj, and HCl; with phosphoryl 
chloride, P, PCI,, HPO3, and HCi are the products 
(Geuther. J^pr. [2] 8,359). 

HYWsnospiiiTEB M‘H.jPOa and M«(HaPOa)j. 
Those salts are formed in several reactions (v. 
beginning of this article); the greater number 
are prepared by reacting on the salt of Ba with 
the sulphates of other metals; the salts of Ba, 
Ca, and Sr are generally prepared by heating 
BaOAq, CaOAq, and SrOAq with P. The hypo- 
phosphites **0! Cd, Ca, Pb, and TI crystallise 
. witliout water; those of Ba, Li, Mn, Na, Sr, and 
(J with one H.^0 ; those of Co, Mg, Ni, and Zn 
with SHyO (llammclsberg, C. J. [2] 11,12). They 
are decomposed by heat, evolving P hydride and 
H, and generally leaving pyro- and meta- phos¬ 
phate, the Co end Ni salts leave metaphosphats 


and phosphide, and the V salt Icnvespyrd* and 
zneta- phosphate and phosphide (B., /x.). The 
hypopnospnites are easily oxidisea to phosphites 
and phosphates, hence they react as reducing 
agents. Heated in solution with alkalis they 
give phosphites, and then phosphates, and evolve 
H (Wurtz ; H. Rose, Lc.;. The chief memoirs 
on hypophosphites are by H. Rose (P. 9, 226, 
361; 12, 77, 288); Wurtz {A. Ch. [3] 7, 193; 
16,196); and Rammelsberg (C. J. [2] 11,1,13). 

Ammxnium hypophosphite Hexa¬ 

gonal tablets; by decomposing the Ba salt by 
(NH4)jS04Aq; easily sol.absolute alcohol (Wurtz, 
Rose). 

Barium hypophosphite Ba(H2P02)j.HjO. 
Lustrous monoclinic needles (Rammelsberg; 
Topsoe, W. A. B. G9 [2] 19). By heating BaOAq 
with P till gas ceases to come off, filtering, re¬ 
moving BaO from the filtrate by COg, filtering, 
and crystallising. Ijoses HG at 100°. Soluble 
in 3.^ parts cold, and 3 parts boiling, water; in- 
aol. alcohol. Heated out of air leaves pyro- and 
meta- phosphate (Wurtz, Rose, Rammelsberg). 

Calcium hypopJmphite Cain^PO-jIg. Pre¬ 
pared like the Ba salt. Berlandt {Ar. Ph. [2] 
122, 237) recommends 29 parts P, 47 parts 
CaOgHj, and 24 parts water. Bachmann and 
Martenson {J. 1864. 191) decompose Ca phos¬ 
phide by boiling water. Thin, monoclioio tablets 
(^ramelsborg; Schabus, J. 1864. 326). Very 
bitter taste; unchanged in air; does not give off 
H,0 at 300®; heated to redness gives off H, PH,, 
and HgO, and leaves pyro- and meta- phosphate 
(Rammelsberg; Michoelis, J. 1872. 210). Sol. 

0 parts cold water, not much more sol. hot water; 
insol. strong alcohol (Rose). 

Cobalt hypophosphite Co(H.POg)g.6HjO. Bed 
octahedral crystals, isomorphous with Mg salt 
(Rose); by decomposing Ba salt by CoS04Aq, 
filtering, and evaporating in vacuo (Wurtz). 
Forms a doUhle salt with CaiHgPOg), ^ose). 

^ Copper hypophosphite Ca(}i.^O^).^. Obtained 
with difliculty from Ba salt and CuSO,Aq; solu¬ 
tion easily decomposes, giving Cu^^H, (Wurtz). 

Lead hi/pophosphite Pb{H.,PO..),,. By adding 
PbO or PbCOg to H^POgAq (Rose, Wurtz). 

Manganese hypopho^thite Mn(HgPOg)3.H,0. 
Small, rose-red crystals; from Ba salt and 
MnSOjAq (Wurta^ Rammelsberg); or by boiling 
Ch salt with Mn oxalate (Rose). 

Potassium hypophosphite KIIj,POj. Prepared 
by decomposing the Ba or Ca salt by K^COjAq, 
filtering, evaporating to dryness, treating the 
residue with alcohol, and crystallising the alco¬ 
holic solution in vacuo \ or by dissolving P in 
boiling KOHAq, evaporating, and dissolving out 
from the residue by alcohol; also by decomposing 
the Ba salt by K2S04Aq (Rose, Wurtz). A white, 
semi-orystalline mass. Easily sol. water and 
alcohol; very hygroscopic (Dulong, A. CA.[23 2, 
141). Bums when heated in air; oxidised vio¬ 
lently by evaporation with HNP,Aq. Heated out 
of air evolves inflammable P hydride, and leaves 
pyro- and meta- phosphate (Rammelsberg). 

Sodium hif^hosphite NaHJiOyHjO. Pre¬ 
pared like the £ salt. Small, rectangular tablets, 
easily sol. water and absolute alcohol. Evapora¬ 
tion of the solution is attended with explosions 
(Marquart, Ar. Ph. [21 96, 284; Trommsdorfl, 
ibid. 99, 888). 

The salts LiHjPO^HjO, Ni(H^O,)|6HjO, 
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Sr^KPO Jt, ftttdl Zn(ELPO|)t «• aIbo daceribM; 
Rna flaUs of Al, Be* Odi Or, and Fe have been 
obtained", bat their oompoeitions are somewhat 
doubtful* 

PHOSPHOROUS AOID AND SALTS 

ILPO, ; M*H^O„ M*^PO„ 

M*“,(HPOj)j. P,0, is the anhydride of H,POj; 
the acid is produced by dissolving the oxide in 
cold water, but the oxide is not obtained by re¬ 
moving H.;0 from tlie acid. HjPO| is dibasic; 
ibe salt NSjPO,, said to bo formed by adding a 
large excess of NaOH to H,PO, (Zimmerinann), 
has been shown by Amat (C. 108, 403) not to 

exist. The acid is formed by oxidising P slowly 
in moist air; the salts are obtained by reactions 
between the acid and metallic hydroxides, or by 
double decomposition from the alkali salts. 
Neither the acid nor salts of the acid corre¬ 
sponding with, nitrous acid, HNOj, are known, 
nor have thio- salts of this ^rm been isolated. 

Puosrnonons acid H^PO,. Melts at 74° 
(Ocuther a. liurt^ig, A. Ill, 159); at 70*1° 
(Thomson. J, pr. [2] 8, 359). H.F. [IP.P.O*] 
227,700 (crystallised acid); 224,0.30 (acid in 
liquid state); 227,570 (acid in aqueous solution) 
(TA. 2, 22.5). Heat of fusion =*-8070; one 
grara-molccule of the liquid acid occupies 
49-06 c.o. (TA. 2,224). 

Fortnation, —1. Along with H,POj and H^PO,, 
by the long-continued oxidation of P in moist 
air (v. J. Come, J. Ph. [5] 6, 123).~2. By dis- 
solving P in dilute HNO,Aq and allowing to 
oxidise in air.—3. By the oxidation of liaPO^Aq 
by weak oxidisers.—4. By dissolving P.^0, in cold 
water (Thorpe a. Tutton, C. J. 57, 507). -5. By 
decomposing PCI, by U.D, or by warming with 
(llurtzig a. Gout'her.A. Ill, 159); or by 
leading Cl into warm water in presence of an 
excess of molten P (Droquet, P. 12, 628). 

Pr^ratum. —1. A small quaut^y of PCI, 
is sh^en with cold water, the reaction is 
moderated by plunging the beaker into cold 
water; when the PCI,is all decomposed, a little 
more 11 added, an^ so on (PCI, f 3H,0+Aq 
«3HClAq + H,PO;,Aq). The solution is eva¬ 
porated, tho temperature being raised to 180° 
near the end of the process; the syrupy liquid 
thus obtained is placed over ^S04, in vocTio, 
till it crystallises; addition of a crystal of n,P()^ 
causes rapid crystallisation (Thomson, B. 7,990). 
2. A stream of dry air is passed through PCI, at 
60°, and then into two flasks, each containing o. 
100 g. water at0°; after c.4 hours tho first flask is 
tiUed with crystals, which are drained under a 
pump, washed with small quantities of ice cold 
water, and dried in vacuo (Grosheintz, Bl. [2] 
27,433).—3. A mixture of 1 part PCI, and 2 parts 
dry is heated in a flask with a reversed 

condenser until a clear liquid is obtained; tho 
liquid is evaporated in a stream of CO.., and tho 
crystals are washed and dried as in 2 (llurtzig a. 
Oeuthcr, A. Ill, *9 : PC1,+3H,C,0, 

- H,PO,+3CO + SCO, + 3HC1). 

Proptrliu.—A ooloarless, cr^stalUo. mass; 
obtained in transpaient crjstala by evaporating 
H4’0,Aq in vacuo over H,SO,. Melts at 71° 
(H. a. Q., IjC.) ; at 70-1° (Thomsen, Zu;.). Heated 
above its m.p. decompoaea to H,PO, and PH,. 
H,PO, ia very deliquescent, and oxidises very 
alowlyan air| it acts as an energetic reducing 


agent. HJPO, it dibasic, forming salts M 'B,PO^ 
and 

Heocttoiu.—1. Beatcd above its m.p., HaPO,, 
deoomposea to H,PO, and inflammable P 
hydride (Tigier, BU [2] 11, 135; Bose, Davy, 
Om.-K. 3, US); aooording to Uurtsig a. Geuther 
(.1.111,169) Palso separates.—3. Slowly oxidised 
m air to H,PO,; dilute solutions of HiPO, are 
more rapidly oxidised; according to Salaer (4. 
233, 114), H,PO,Aq does not oxidise in air at 
ordinary tempeiatures. — 8. Converted into 
n,PO, by many oxulisers, t.g. HNO,Aq, OlAq, 
BrAq, KMnO,iq, hypochlorites; with SOjlq, 
lI,PO,Aq and BLS are formed along with S 
{Om.-K. 2, 110).—4. Ueducosmany metallic talta 
in satutkm; $.g. AgNO,Aq to Ag, HgC4Aq to 
HgCI and then to Hg, CuCl.^q to Cu,C4and then 
to Gu (liammeUbcrg, C. J. [2) 11,13).—6. Nat- 
cent hgdrogontormB PH,(Dusart,O.B. 43,1138k 
6. When orystalline n,PO, is heated wito 
bromine^ 100° in a sealed tube,H,PO, Is formei 
along wivli HBr 8nd PBr„ or the products are 
HPO, and HBr, according to the relative quantity 
ot Br used (Gustavson, J. 1807.139). According 
to Ordinaire (G. B. 04, 363), a orystalline com¬ 
pound is obtained - perhapsbromo-phosphorons 
acid—by heating H,PO, and Br in the ratio 
lIjPO,: 4Br.—7. By heating HJO, with ioetini 
Gustavson fl.c.) obtained H,FO„ HI, PI,, and^ 
PH,I.-8. Heated with phtaphanut trichloride 
to 170°, P, HCl, and or H,P,0, are farmed 
(Geuther, J. pr. [3J 8, 359; Kraut, A. 168, 3821 
Gautier, 0. R. 76, 49). At 79“ HOI, H,P,0„ and 
a compound PU,0 are formed, oocording to 
Gautier (U.) (o. PuoBPuoauB, coHi-onsos of, with 
nyunouKH *»o oxyosn, p. 134).—9. With phos¬ 
phorus pentachloride, POGl,, HCl, aad PCI, are 
produced; and the products of the reaotionwitb 
phosphoryl chloride are POi,, HPO,, and HCl 
(Geuther, J. pr. (2] 8, 369).—10. By neutraUea- 
lion with allailU or alkaline carbenatu salts of 
the form M,BI’0, are produced. 

Qualilalive dietinction between phosphorous 
and hypophosphorous acids. H,PO,Aq reduces 
Ca30,Aq to Cu, while the reduction prodnot 
with H,PO,Aq is Ca,!!^ 

PtfosFRiTxs M'H.,PO„ M‘,HPO„ M“HPO„ 
M“',(HPOj),. These salts are generally obtained 
by neutralising H,PO,Aq by metallio hydroxides 
or carbonates, or by double decomposition from 
tho alkali salts. They are also formed by the 
alow oxidation of hypophospbites. Zimmer- 
roann’s assertion that Na,PO, exists (4.176,1) 
has been disproved by Amat {C. R. 106,1351^, 
who hoa shown that the normal Na salt is 
Na,HPO,. The alkali phosphites are solubl* 
water; most of the others are insolnble. Phos- 
pliitcs are decomposed by beat, generally giving 
oft H or PU„ and leaving pyrophosphate and 
phosphide. Bolutions of phosphites are soaroely 
changed in air, but they are readily oxidiaed to 
phosphates by energetic oxidisers. The chief 
memoirs on phosphites are those ot H. Bose (JP 
9, 26, 224; 13, 77, 2o8), Bammelsberg IP. IBl, 
263, 359; 132,481; B. 9,1577), Kraot |4. 177 
274), Worts (4.68,65). 

Ammonium phosphites (NH,)H,FO, and 
(NH,),HPO,.2H,0. The former is'obtainad by 
adding NHjAqto H,PO,Aq till neutral to methyl 
orange, oonoentrating, and drying the crystals 
over H,SO,; melts 128“; above 160“ gives off 
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10 tne ftoid and crystallising; in vacuo at o^i* 
na^ temperature, or at 100“ in air, loses NH. 
and gives NH.tt^O, (Amst, l.c.). 

J^num phosphites. The normal salt 
BaHPO, IS obtained by adding BaClAq to 
(NH,),HPOAq (Bereelius, Om.J. 2, 27ot al« 
by boiling BaHPOAq with KOHAq. A crystal¬ 
line powder; strongly heated gives BftP„0., H, 
phosphide (v. Baii^clsberg, B. 9 , 
1677) i very slightly sol. water ; on boiling 
mth water gives a bssio and an acid salt 

BJHiJHPO,),, 2BanPO,.n,PO,.811,0, and 
2BaHP0,.3HjP0s.2H.,0 are said to be formed by 
the action of H,PO.,Aq on the normal salt 
(Bammelsberg, Hose, Wurtz). 

Calcium phosphites. CaHPO,.j;H, 0 : from 
CaCHAq and (NHiiJlPOjAq (Wurtz, Bose, Kam- 
melsberg). The acid sail CaH,(HPO,),.ll.,0 
18 obtained by dissolving marblo in H,PO,Aq 
and evaporating in vacuo (Wurtz). 

Cobalt phospUU CoHPO,,.2H.,0. A reddish 
powder, obtained by CoClA'q-H (NH,),dlPOAq, 
or by issolving freshly ppd. CoCO, in H.POAq; 
^goes blue at 260“ (Bose, Bammelsberg). 

Copper phosphite Canm,.mjO. By double 
decomposition from (NH,),.HPO, (Bose); also by 
acting on Cn acetate by H,PO,Aq (Wurtz). Un¬ 
changed by boiling water (Bammelsberg), but 
reduced to Cu by boiling with H,PO,Aq (Bose). 

pAospMe.?. The normal salt 
hy ppg. Pb acetate by 


(NH.).E--,-,, 
gives off H and 


A white powder; heated 

“e ii,-* Soaring Pb,PjO, and Pb 

phosphide. Insol. water (Amat, C. B. 110, 901) 
By adding NaH,PO„Aq to excess of Pb2NOAq. 
the compound PbHPO,.Pb(NO,)., is obtained 
(Amat, Is:.). The acid salt P.bH,(HPOJ, is 
formed by dissolving the normal salt in very 
cone. H,rOAq, and drying the crystals at 100 “: 
with water gives PbHPO, and H,PO,Aq (Amat, 

»eC«). 

Magnesium phosphite MgHPOj.iH.,0. By 
PM. boiling MgSO,Aq by Na,aPO,Aq 
(Bammelsberg). Forms a double salt 
Mg.(NH,),(HPO;,),.l(iH,0 (Bammelsberg, Bose). 

Manganese pho.sphite MnHPO,.H,0. A red¬ 
dish, powder; very slightly sol. water, more sol. 
eolations of Mn salts; loses 11,0 at 200 “. 
From NH, salt and a Mn salt; or by dissolving 
MnCO| in H,PO,Aqi and adding Na,CO, till ppn. 
beginSt hut not enough to romovo acid reaction 
(Bose, Bammelsberg). 

Potassimt phesphites. The normal salt 
KBl'O, is formed from n,PO,Aq and KOHAq 
or K,CO,Aq; semi-crystalline, syrnp-like mass; 
very hygroscopic; insol. alcohol (Wurtz, Bose). 
The acid salt Kalll* 0 j. 21 l 3 l’ 0 , was obtained 
bv Wurtz {A. 58, 03). Amat (C. 22. 100, 1361) 
obtained the acid salt KHPO, by adding 
KOHAq ozaK.^CO,Aq to II;,PO.,Aq till neutral to 
methyl orange, concentrating, and cooling. 

Sodinm phosi>hiU's. The normal salt 
Ma 3 HP 0 ,. 6 H .20 is obtained by dissolving H,POt 
in an excess of NaOHAq, and evaporating in 
wcitQ (Amat, (7. R. 108, 403). Zimniermann 
{A, 175, 1) supposed that NonPO, is. formed 
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*** Pf^aced by making 
UjPOjAq neutral lo methyl orange by NaOHAq 
<' 0 °«en*r 8 ting, and cooling. MelM 
42 : dehydrated by long heating at 100“; heated 
above 180“ forms Na,P,0,: very sol. water) 
= - 10.600 (Amat, C, B. 

100, Idol)* 

Zinc phMhitc 2ZfiHP0,.6H,0; from 
^» 0 ,Aq and ^Momoniaoal solution of PCI, 
(Bose); also from PCIAq and ZnO (Bammels¬ 
berg). 

The following phosphites have also been 
(Frerichs a. Smith. A. 
191, 331); Fe.,(HP0a),.9H.,O (Bose, Bammels- 
j»rg): La(HPO,), (F. a. S., f.c.); SnHPCH, 
(Bose). Phosphites of Al, Be, Bi, Cd, Cr, fetT 
rous 1 e,^ Hg, Ni, and Sr have also been prepared, 
wt their compositions arc somewhat doubtful 
{v. especially Rose, f.c.). 

HYPOPHOSPHOBIC ACID AND SAMS 
H,P-0,; M'H,P.,0,, M>H„P,0., MUIP-O 
M..P,0., MnH,PA. M-,,p!o' 'men sticks ol 
P are partly covered with water and left for 
some time in a large vessel, an acid liquid is ob¬ 
tained ; this liquid was formerly called Pelle¬ 
tier’s phospliatie acid (P., Crcll. Ann. 1796 121 
417). Dulong(4 Ch. [2] 2,141) found 47-8 p.e. 

P and 52'2 p.c. 0 in this substance, and supposecj 
it to be r,0„. In 1868 Pagol (/. pr. 6 \), 2d) 
showed that the acid liquid contained phosphoric 
and phosphorous acids; and in 1877 Salzer (A. 
187, 322) proved the presence of small quanti. 
ties of a new acid to which he gave the compo¬ 
sition wHjPO| and the name hypophosphw’ia 
acid. The acid has been found to be tetrabasic^ 
hence the formula is written H^P^Oj. The hypu- 
phosphatod are generally formed direcliy from 
the acid, or by double decomposition frcmi the 
alkali salts. The hypophosphates are moro 
stable than the hypophosphitos and phosphites; 
normal salts pass into phospliates by t^ing up 
0 ; they are decoraposod by heating strongly, 
giving of PII 3 or H, and leaving phosphate and 
phosphide. 

I HYropjiospirqnic Acro Molt^at 0. 

do® (Joly, C. R, 102, 110). Heat of solution 
SB 3,860 (j., I.C.). 

Formation .— 1 , Along with H^PO, and 
H,ro<, by the slow oxidation of P in moist air 
(Salzor, .4.187, 322; 194, 28; 211,1; 232,114, 
271).—2. The Ag salt is formed by oxidising P 
by dilute HNOgAq in presence of AgNO, (Philipp* 

B. 18, 749); also by reacting on HjPOjAq with 
AgNOjAq (Sanger, A. 232, 1 ); and the Cu salt 
by reacting on P with Cu(NOJ.Aq (Come. J. P/*. 

[5] 0,123). 

Pfcpara/iort.—Sticks of P arc placed in glass 
tubes naiTowed at the lowqr end; these are 
arranged inside a funnel, which is placed 
in the mouth of a bottle containing’ a little 
water; the bottle is set in abasin^and the whole 
is covered with a large bell-jar open at the top. 
The apparatus is placed in a cool place (best in 
a cellar) for some weeks or months; according 
to Joly (C. R, 101, 1058), from } to j of the P 
is oxidised to if the process Is conducted 

In- winter, and not more than ^ in 8 Kmmer« 



ieH llqtiW ]i miud vith Aooliooso. tola- 
tioa of Ni( aoetatot tho ppd. Na^H^yO^GHyO is 
eoll«eted, washed with a very liltU cold water, 
then dissolTod in water (sol. in o. 45 parts cold 
water), and ppd. by Pb acetate; the Pb.^,0« is 
collected, washed with cold water, suspended in 
water, and decomposed by H^S; the filtrate is 
evaporated at a low tomporature—not exceeding 
80*^—or in vacuo over It.SOj, until erystala ot 
H,PjOg are deposited. Joly (C. R. l6l, 1058, 
1148) heats to boiling the acid Ihpiid obtained 
by oxidising P, as dcscril»fid above, adds Na..CO| 
till nearly neutral to methyl orarjge, and crystal¬ 
lises by concentration; he washes the crystals 
of Na.jkPjOo.CII.p with cold water, and recrya- 
talliscs from hot water, dissolves in hot water, 
adds an equivalent of DaCl.^ in hot water, washes 
the ppd. llallaP.^O,,. decomposes it by an equi¬ 
valent of 11.^80, diluted with its own weif^lit of 
water, filters after two or three days, and e^va- 
poratea in vacuo over II.SO^. Drawe (/I. *t3l, 
8401) carries out the oxidation of P in presence 
of Na acetate solution. 

Properik'H .—Small colourless Crystals, wluoli 
melt at c. 55° (Joly, C. LI. 102, 110); verybygro- 
scopio; solution is unclianged in air at ordi' 
nary temperatures. Heated to o. 70° suddenly 
decomposes to n^rOj and IIPO., (J., f.c.); at c. 
120° gives H^Pj^O, and P hydride (J., 0. 21. 102, 
7C0). 

Rcac*i<yt%sand Combbuition. —1. ITcat decom¬ 
poses {c. supra). —2. Not oxiitiscd by such 

oxidisers as II^O^rAq, CIA*j, CrOyAq, llgCl.;Aq, 
Ac.—3. Not reduci'd by such reducers as SO^Aq, 
H^S, or Zn and ILSO^Aq.—4. Votassium per^ 
manfianate is slowly reduced in llie cold, 
•quickly on heating, hy II,P./\Aq to which 
HjSO^Aq has been added.—6. Heated with nitric 
acid, HjPO^Aq is form.jd.— 6. Heated with dilute 
sulphiiriaacid, Hjl’D^Aq and HaPO,A|| are pro¬ 
duced.—7. Silver n/7m/c-solution giv' s a white 
pp., which docs not blacken in light and is soluble 
in warm HNO^Aq (1:1).- 8. By evaporating 
H^PjO^Aq till the liipiid luid the conii)osition 
PjO^.fillaO, and then*pl:icing over ILSO, in 
tfacuo, Joly (C. Li. 101, 1058; 102, 110) ob¬ 
tained crystals of the hydrate 
melting at 02°-02’5°. 

HvpoeiiosrHATKS. 

M»,HP,0„MhP,0„ M»ILP,6„. M».,P,0,. Theso 

salts have been examined chiedy by Salzor (.-I. 
187,322; 194, 28; 211,1; 232. 114, 271), and 
orystaliographically by Haushoi'er a. Rnssenhus 
(Z. E. 1, 257. G20; 3, 005; C, 113; 9. 251). 
The hypophosphates are much more staijle to¬ 
wards oxidisers than the hypoijhosiiliites or 
phosphites. They reduce KMnO,Aq very slowly 
in the cold after addition of H.^SO,Aq, ami give 
white pp. with AgNO^Aq unchanged in light. 

Ammonium hyiKiphuspLiatcs, The normai- 
aalt (NH,) 4 P.^ 0 g.xH „0 is obtained by ad»ling 
excess of NH,Aq to*tho acid; on drying, loses 
Nn, and efiloresces. The acid salts 
fNHJjHjPjO, and (NHJaHP^O, are formed, the 
lormer by boiling a solution of the normal salt, 
the latter by adding the proper quantity of 
H^Pp, to the former salt. * 

Barium hypophosphates. The normal 
talt Ba^Pp^ is obtained from BaCl 2 Aq and 
the acid salt BaH^P«.2Iip is 
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formed from KaHsF,0.Aq and BaClj^Aq (v. Joly« 
0. R. 101. 1058). 

Cadmium hypopkosphntc Cd 2 PtO,. 3 n..O; and 
the double salt CdNa,P,0,.CH,0 (Drawe, B. 
21, 3401). 

Cakinm h^ipophosphates Ca^Pp* and 
CaH,P.p... 6 np. 

Cobalt hypophosphate Co.P.P 6 . 8 H.p ; and 
the double, salt 2CoNaiPP«.3Hp (Drawe, l.c.). 

Copper hypophosphate CujPjO„. 6 HP (Drawe, 

I.C.). 

Lead hyjK>phon>hnfe Ph.^Pp^. 

Magnesium hypophosphates MgjPPj,12lI,0 
and Mgll.Pp^.llip; and the double salt 
Mg(NiI,),Pp,.0H,(). 

Nickel hyiHip'hosphatc Ni.pPs.lQTTp; and 
the double salt NiNap..Oa.l2Hp (Drawo, 
Ic.). 

Potassium hypophosphates K 4 r..O„. 8 np, 
KJ1PP,.31LP, K,Vi.^Pp„ and KII,rp„'. 

Sliver hyixiphosjduitc .\g,P..O, (v. Philipp, 21. 
14, 749). • 

ifodiiim hypophosphates. J’he acid salt 
NaTLPp^.Gll.O is obtained by slowly oxidising 
P in moist air, and adding Na acetate solu¬ 
tion as described under Preparatum of hyjM- 
phosphoric acid (p. 154); sol. 45 parts cold, 
or 5 x^arta boiling, water; insol. alcohol; 
on strongly healing gives off H and P hy¬ 
dride and leaves NaPO,. The normal salt 
Na,PPu.l 0 H/) is obtained by adding an equi¬ 
valent of NapOj to Na^U;Pp„A<i; sol. o. 30 
X):irts cold water, much more sol. hot water; 
solution reacts alkaline, and gives a mix¬ 
ture of salts on evaporation. Tlio acid salt 
Na,HP,p„.9lip is hirmed by mixing tho No. 
ami Na, sails in tlic ratio Na,lI.,.PPu: Na,P.pj 
Tlio acid salt Nalt;.l*p,^.211.p is formed by 
nddmg the i>roi)(*r quantity of HiPp^Aq to 
Nall-p.p^. For reaction of tho Na salts with 
dilfercnt indicators v. Joly, 6 '. H. lOJ, 1058. 

Another acid salt Na-.l^P-PJ./iOHP is 
said to bo formed by adding rather more 
than one molecular weight NaOH to 
4Na,TT,Pp,.Cn,0. 

^inc hypophosphate Zn..PP-.21ip (Drawe, 

I.C.), 

PYUOPHOSPIIITKS. In.l887 Amat (0.2?. 
100, 1400) showed that when 2NaH._,VOa.5IlgO is 
heated to 100 '^ it loses GUp and gives the salt 
Na.Jldyj,. A few otlujr salts of the form 
M.ili^Oj have been obtained, but tlie acid has 
not been isolated. When tho Ba salt is decora- 
X)oscd by an equivalent of H^^SOiAq, the solution 
shows the reactious of pyrupliospbitos, but the 
pyropliosphite gradually changes to phosphite 
(Ainat, C. R. 108, 105G). Tho pyropnosphites 
in solution slowly change to phos)d)iteB, the 
more rax>itlly tho more cono. the solution and 
the higher the tenipcralure; the presence of an 
acid, c.g. 1 PK(>„ greatly quickens the rate of 
change (A., Lc.). Addition of NaOH Aq to a fil¬ 
ing solution of tho Na salt produces Na^HPO, 
{A., C. R. lOfi, 1400). Pyrophospbites in very 
dilute solutions give no pp. with Pli(NO,),Aq 
until boiled; phosxdiites give an immediuto 
white pp.; thU reaction serves a qualitative 
test for the two classes of salts (A., C, £i. 110. 
901). 

Leadpyrophosphite PbHjpPj is obtained by 
beating PbH.<(HPO,), in a Iry vacuum to o. 140° 
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ft-it iniol. water, bat fa gradually ctanged by 
901^' ‘® (A-. 0. B. 110, 

Sodium pyrophosphite Na,HP,0, fa formed 
by heating 2NaH,P0,.6H,0, which haa been 
partially dehydrated t» vacuo, to o. 160°. V. sol. 
water; eolation changes to Na^O,Aq, but by 
careful evaporation in vacuo over H,SO, crystals 
ofNa,H,P,0. can be again obtained (A., 0. B. 
^ XT Presence of acid hastens the change 

toNaHjPt^q; this change is also effected by 
adding NaOHAq to boiling Na,H,P (XAq. Heat 
of solution of NaAPA = 3W (A., C. B. 110, 

For thiopyrophosphites M,P,8, and thio-oxy- 
pyrophonphites M,P,0,S, and M,P,0,S v. Phos- 
PHOBons BOLPHIDB, Beoctioni 7 and 8, p. 146; and 
for lelenopyrophospjfitcs M,P,Se, v. PnosrnoB- 
ODB BKLBHinE, p. 146). M. M. P. M. 

PHOBPHOBYL COMPOOHDS. Compounds 
of the radicle PO are generayy called^hosphoi'yf 
compounds ; and compounds of the radic|p PS 
are often called thio-phosplioryl compounds. 
These compounds arc described in this Dictionary 
ns phosphorus oxychloride, oxyfluoride, sulpha- 
phosphoryl compounds are 
POBrCl, and POBr.Cl, 
POP,, PO.NH.NH,, PON. The tbiophosphoryl 
PSC1„ PSBr„ PSBrCh, 
PSP,. The compounds P,0,01, and P,S,Br, are 
sometimes called pyrophosphoryl chloride and 
pyrothiophosphoryl bromide, respectively. 

_ M. M. P. M. 

(a)-PHOSPHOTOLi;iC ACID 
C,^Me(PO,H.,).CO,H [3:4:1]. Toluphosphinic 
acid, [262°]. Formed by oxidising »i-xyleno 
phosphonio acid with hot alkaline KMnO, 
(Weller, B. 20,1723 ; 21,1492). Prisms, v. sol. 
hot water, v. e. sol. alcohoi. Yields HPO, and 
m-toluio aeid when heated.—PCI. yields oily 
OAMefPOCg.COCl. - PbHA"'aq: needles 
(from dilute HOAc).—Ag,A'". 

(8)-PhOBphotolaic acid 

C,H,Me(POA).CO.,H [6:3:1]. [220°]. Formed 
by oxidising s-m-iyleiie phosphonio acid (Wel¬ 
ler). Yields HPO, and in-toluic acid on heating. 
—Ag,A'": amorphous pp. 

Chloride C,H,Mc(P0CUC001. (249° at 
147 mm.). Oil. i, 

Phoaphotolnio acid * 

p,H,Me(PO,Hy.CO.,H[4:a::l]. [278°]. Formed 
by oaidisingp-xyleno phosphonio acid. Needles, 
decomposed by heat into HPO, and p-toluio 
acid. 

Chloride 0,H,Me(POCy.COCl. [62°]. 
Crystalline mass. 

PHOIO-CHXHISTBT «. Influence of light on 
chemical change, under Chbuical cbanob, vol. i. 
p. 748 ; also next article (PBOTOoBxriao cbb- 
uistbt) ; also Optical methods, a section of Pax- 
siOAi. KBTBons, in this volume, p. 221. 

PHOIOOBAPHICOHEHISTEY. The photo- 
graphie processes at present in use &pond 
primarily upon the photo-chemical decompo¬ 
sition of certain metallic compounds in the pre- 
sence of suitable oxidisable substances known 
as eensitisers. Broadly speaking, the photo- 
decomposable compound may be regarded from 
a chemical point of view os an oxidising agent, 
of which the oxidising power fa only brought 


into aotionv nnder th« stimulus of light, ihi 
assooiaM oomponnd or seneitiser being at thi 
same ^time oxidised by the oxygen or haloger 
thus liberated. Very many metallic compound: 
are thus susceptibla to the influence of light 
although only a low of these have up to the preseni 
time found practical application. The nature oi 
the chemical change undergone in such cases 
may be well illustrated by the action of light upon 
ferric salts. An aqueous solution of ferric chlor¬ 
ide,lor example, is not acted upon by light because 
the associated substance (water) is not capable 
of reacting wil^i the liberated chlorine with suf¬ 
ficient rapidity; in other words, water is incapable 
of acting as a sensitiser towards ferric chloride. 
But if some oxidisable organic compound is pre¬ 
sent, light then reduces the ferric to the ferrous 
salt. Thus an alcoholic solution of ferric chlor¬ 
ide exposed lor a few minutes ,to sunlight gives 
a ^lue colouration with potassium ferrieyan- 
ide, indicating the presence pi a ferrous salt, 
probably formed according to the equation: 
Fo,CI, + C,H,0=-Fe,Cl, + C,H,0 + 2HCl. In a 
similar way paper coated with a solution of 
ferric chloride can be used to obtain prints, be¬ 
cause the paper (or the sizoeontained in it) plays 
the part of a sensitiser, and the exposed portions 
of the surface thus become covered with a ferrous 
instead of a ferric compound, and on brushing 
over with a solution of fcrricyanide the print is 
developed in blue. In practice ferric oxalate is 
found to be the most sensitive ferric compound, 
the organic acid being the sensitiser: Fe,(C,0,), 
“ Fo,(0.j0,)» + 200,. 

Although the chemical action of light upon 
metallie compounds generally is of the nature of 
reduction, and is accompanied by the simultane-, 
ous oxidation of the compound which plays the 
part of a sensitiser, there are many instances in 
which light promotes the action of atmospheric 
oxygen m other oxidising agent. TlRa potas¬ 
sium iodide may bo kept in a dry atmosphere in 
the dark lor any length of time without under¬ 
going change, but in the presence of light and 
moisture photo-chemical‘oxidation takes place, 
and the* salt becomes alkaline: * 

4KI -I- 2H,0 + 0, = 4KOH-f 24 
Action of light upon silrer salts. Of all 
known metallte compounds the salts of silver 
are the most sensitive to the action of light, 
and these salts accordingly form the basis of all 
existing photographic processes. The most 
familiar instance of the photo-deoomposition of 
a silver salt is the well-known change in colour 
experienced by silver chloride on exposure to 
light, a phenomenon which has been familiar 
since the sixteenth century. The other silver 
haloids, viz. the bromide and iodide, ere also 
decomposed by light, the latter only in the pre¬ 
sence of some sensitiser capable of rapidly ab¬ 
sorbing iodine. The absolute sensitiveness of 
the silver haloids cannot die estimated by tbs 
degree of darkening on exposure, because the 
product of photo-decomposition is of a darker 
colour in the case of the cbleride than in the 
case of the bromide, and the product is darker 
» the case of the bromide than in that of the 
iodide. The sensitiveness is actually determin^ 
by two conditions, viz. the nature of the sensitiser 
and the state of molecular aggregation of the 
silver haloid. In most of the negativlprocessss 



PfiOtdSlUPHlG OHBMlSTBy. 


ow in Wt th« bromiSa or iodide, or n mixtore 
t the two, forms the sessitlve sarfaee. 

The netoie of the obemical change undergone 
n exposore to light has not yet been completely 
Inoidated for all the silver haloids. It is known 
fiat the ohiorida loses chlorine on exposure, and 
fiat the darkened product contains less ohlorina 
ban the unaltered haloid. It is as ^et oncer* 
sin whether the halogen which is given off is 
Iways evolved in the free state or not; it has been 
hown, however, that silver Chloride on exposure 
0 light gives oiS a gas which rapidly turns potas* 
inm iodide and starch paper bite (Meldola, 
'hemiatry of Photography, p. 66 ). It is stated 
>y many writers that toe darkened product is a 
ubohloride formed according to the equation: 
AgCl« 2AgaGl + 01,. There is, however, no satis* 
actory evidence of the existence of such a sub* 
alt, and it seemsvmore probable that the dark 
iroduct consists of an oxychloride, in combina* 
ion, or admixture, with unaltered chloride. Ao* 
ording to some analyses by Hodgkinson, the 
zychloride has the formula AgiOCl^. In support 
if this conclusion it is found that the chloride 
loes not darken in absolutely dry air, unless 
apour of mercury is present (Abney), thus 
naking it appear that moisture is essential for 
he decomposition. The latest investigation of 
he action of light on AgCl by Biker (C. J. 61, 
’28) confirms the view that the darkened product 
iontains an oxychloride; Baker gives the formula 
IgjClO. A second, white, oxychloride also 
irobably exists (Richardson, C. J. 69, 536). 
iilver chloride is thus analogous to cuprous or 
ballons chloride, which also darken undee the 
nfluenco of light, with the formation of what 
lie believed to bo oxychlorides. Whatever may 
)e the chemical composition of the darkened 
}rodact, it is probable that the bromide and iodide 
pve rise ta the formation of analogoqp com- 
}ounda, ana that the invisible picture in the 
)lder processes is formed of these products on 
t background of unaltered haloid. The un- 
leveloped image on modern dry plates, coated 
ivith gelatin emulsion, may, however, have a dif* 
'orent composition, owing to the presence of the 
organic sensitiser. 

Photoaalts of tilver. These are coloured 
forms of the silver haloids prepared by the action 
)f certain reducing agents upon silver compounds, 
ind the subsequent- conversion of the partially 
reduced products into the haloids by treatment 
with the necessary acids. These compounds 
sre of a red or purple colour, and have been 
shown to contain less halogen than the im* 
altered haloids. It is probable that they consist 
of physical combinations of the oxyhaloid or 
hydrated oxyhaloid with the unaltered haloid; 
their discoverer (Carey Lea) has shown that 
they closely resemble, if they are not actually 
identical with, the products of the photo-chemi* 
do! raduotion of the ^ver haloids. If ^is be 
admitted, it follows that the product which 
forms the phot^apbic image can be prepared 
by purely ehemicaf methods Mm. S. 1887). 

Photographic processes, in all photographic 
processes the first (^peration is the exposure of* 
a surface coated with a uniform film of the 
silver haloid to the image formed by a lens in a 
eamera. TJ^e image thus depicted on the film 
to inTisible, in the first place because of the very 


slight diffentiee la eolmtr between the p^uct 
of photo-reduction and the unaltered haloid, and 
in the next place because the short period of 
exposure does not produce a sufficient quantity 
of the produot of Auction to render the latter 
visible. The invisible image thus consists of a 
layer of reduction-product of infinitesimal thin¬ 
ness, and the picture is afterwards made visible 
by the deposition of metallic silver on this re¬ 
duction-product by the application of certain 
solutions known as 'developers,* the obemical 
action of whfth willgbe described subsequently. 

Dagiwrreotype. This process is historically 
interesting as having been the first method of 
photography with a silver salt sucocssfully ap¬ 
plied to the production of a picture from the 
image formed in a eamera. It takes its name 
from Daguerre, who announced the discovery in 
1839. The process is no longer used; it has 
been superseded by more rapid methods. In 
order to prepare a ttoguorrootype plate, a plate 
of copper is silvered, and the polished surface 
is exposed to the vapour of iodine and bromine 
alternately. The sensitive film is therefore a 
mixture of silver iodide and bromide. Silver 
iodide can act to some extent as its own sensitiser, 
but the substratum of metallic silver is ohiefiy 
elective in this capacity as it is capable of rapidly 
absorbing the halogen liberated by the action of 
light upon the sensitive surface. The invisible 
image is developed by exposure to the vapour of 
mercury, which condenses on the produot of re¬ 
duction but not on the unaltered haloid. 

Collodion procosaos. In these processes the 
sensitive film consists of a silver haloid formed 
by double decomposition in collodion as a vehicle. 
Collodion is a solution of the tri- and tetra- 
nitrat3 of cellulose fcollodion pyroxyline) in alco¬ 
hol and ether (v. vol. i. p. 716), and on coating a 
glass plate with this solution the solvents eva¬ 
porate and leave a uniform layer of the pyro- 
xyliiie attached to the plate. Some soluble 
iodide, NH 4 I or Cdl,, sometimes mixed with a 
small quantity of a bromide, is first dissolved 
in the collodion, the plate is coated with thU 
salted collodion, and when dry is sensitised by 
immersion in a silver nitrate solution. The 
sensitive surface in this process is therefore a 
^Iver haloid wetted with a film of silver nitrate 
solution, the latter playing the part of a sensl- 
tiscr by absorbing the liberated halogen: 
31, + 6 AgN 0 , + 311,0-.6AgI + Agio, -h OHNO,. 
By washing out the soluble salts after the plate 
has been removed from the silver solution the 
sensitiveness is practically destroyed, because 
the pyroxyline by itself has no halogen-absorb¬ 
ing power. On drying such a washed plate, gnd 
then coating it with a solution of tannin or 
some organic sensitiser, the sensitiveness is par¬ 
tially restored. Plates thus treated can be used 
in the dry state, and dry-plate photography by 
this method was made practically successful m 
1861 by Colonel Russell. 

EmuUion processes. All the phokmphio 
methods at present in vogue are compns^ in 
this group. The silver haloid is predpltat^ 
in a ^ely divided state in some vehicle, usually 
gelatin, and the plates coated with this emul¬ 
sion are allowed to diy and are then ready for 
use. A brief description of a method for pre« 
paring a gelatin emulsion will suffice (0 make 



deu ibd gmera! mode of procedare. Tbo 
lolable bromide (potaseium or ammonium), 
lometimee mixed with a little iodide, is dis* 
solved in water, together with a certain quantity 
of the gelatin, and to this solution the calou* 
lated quantity of silver nitrate (previously dis< 
solved in water) is added little by little with 
oonstant agitation. The quantities are so ad* 
justed as to leave no excess of silver nitrate. 
The silver haloid is by this moans precipitated 
In an extremely fine state of division in the 
viscid gelatin solution, with which it forms an 
emulsion. A stronger solution of gelatin is 
then mixed intimately with the first dilute 
emulsion, and the whole is heated on a water-bath 
for about an hour to become ‘ ripened.’ When 
Cold, the semi-solid emulsion is washed by im¬ 
mersion in a line state of division in cold water, 
BO as to remove all soluble salts (nitrates formed 
by double decomposition, excess of soluble 
haloids, &c.). The wasl^od emutsion is then 
mixed with the necessary quantity of,strong 
gelatin soluticn to reduce it to the required con¬ 
sistency, and the plates are coated and allowed 
to dry. Many variations in the details of mix¬ 
ing have been introduced, but these involve no 
change in principle. Bipening can also bo 
effected at ordinary temperatures by the action 
of ammonia. 

Bipening of emulsions. The process of 
ripening above referred to is noenss-ary in order 
to increase the sensitiveness of the silver haloid, 
since the latter when first precipitated is com¬ 
paratively insensitive. Tlie increase of sensi¬ 
tiveness is no doubt due, partially if not wholly, 
to a physical change in the state of molecular 
<^SSV6gation of the silver haloid, as it is accom¬ 
panied by a growth in the size of the particles 
and by a change in the absorption spectrum, the 
unripened emulsion transmitting more of tho rod 
rays, and, therefore, absorbing less of this part of 
the spectrum, than the ripened emulsion. The ex¬ 
treme sensitiveness of the emulsions at-present 
in use is thus duo in great measure to the circum¬ 
stance that the haloid is rendered sensitive to a 
much wider range of spectral colours than is tho 
case with ordinary silver bromide precipitated in 
ft non-mnulsifying medium. The increased sensi¬ 
tiveness of a ripened emulsion may also be 
ftsoribed, in part, to the formation of an actual 
compound of the silver haloid with the gelatin 
or some constituent tliereof (Meldola, Cantor 
Lectures on Photographic Chcmistri/, 1891. 20’, 
21 ). 

Development of the photographic image. 
Acid develo^ent. In tho wet collodion process 
tb^ image is developed by tho application of a 
eolation of ferrous sulphate mixed with acetic 
acid and.alcohol (to insure uniformity of flow). 
The fUm being already wet with silver nitrate 
solution, the action of the developer is simply 
to reduce this salt according to the reaction: 
CAgNO, + CFeSO^ - 2 Fe,(S 04 ), + Fe,(NOj)e + 6Ag. 
Metallm silver is thus contained as a potential 
deposirin the mixed solutions, but its precipita¬ 
tion is retarded by the acetic acid, which plays 
the part of what is technically called a * re¬ 
strainer.* The finely-divided metd is deposited 
only on the product of photo-decomposition (the 
Invisible picture), the density of the deposit 
.being proportional to the amount of decompo- 


sitiofi (Bftbh ^orHoo <i^ the 
The image thus continues to gain in density as 
long as there is silver to feed it, so that the pic¬ 
ture is built up by accretion and is raised in re¬ 
lief on the surface of the film. If the film is 
treated with dilute nitric acid after develop¬ 
ment, the picture is dissolved off, leaving the film 
in the same condition as before exposure, thus 
proving that the image is purely superficial. The 
forroifb sulphate developer, which acts in the 
manner described, ii a type of the class of acid 
developers. 

Alhiline^ievelopme'Htt. Gelatin emulsions con¬ 
tain no excess of silver nitrate, so that the fore- 
goiffg process of development is inapplicable. The 
gelatin itself, being a bromine absorbent, is in 
this case the sensitisor.. Development is effected 
in modern processes by means of an alkaline or 
neutral solution of some redixoing agent, usually 
nn easily oxidisable organic compound, such as 
ammonium pyrogallate, first introduced by 
Colonel Bussell in 1802. In this method the 
developer acts directly as a reducing agent upon 
tho product of photo-reduction, replacing the 
latter by its equivalent of metallic silver. The 
imago at the same time gains in density by the 
further reduction of those portions of the un¬ 
altered silver haloid which are in immediato 
contact with “the nascent silver being generated 
by the developertho action is probably electro¬ 
lytic. since tlm image goes on increasing in 
density as long as the developer oan exert a re¬ 
ducing action. A very small amount of the silver 
deposit may also bo due to the reduction of the 
miimte quantity of silver actually dissolved out 
of the film by the ammonia or other solvent in 
the developer. In alkaline development the main 
portion of tho silver image is therefore built up by 
growth from the silver haloid in the film, and after 
develoj^mcnt the image can be dissaved out by 
dilute nitric acid, leaving its impresllon sunk in 
the gelatin, instead of leaving a plane surface, as 
in the case of a collodion plctoresimilarlytreat^.^ 
The developers belonging to this class are all 
strong reducing ageutd capable of directly re¬ 
ducing the silver haloids, so that the action has 
to be moderated by means of rcstrainers, potas¬ 
sium bromide being generally employed for this 
purpose. The restraining action of this salt is 
probably duo to its tendency to form a doable 
potassio-silver broniidc, which is more stable 
than tho silver bromide itself. In Edition to 
ammonium pyrogallate several other developers 
acting in a similar-manner have come into use, 
Of these may be mentioned potassio-fenrous 
oxalate (Carey Lea, 1877), which acts according 
to the equation : SBrg+GFeCjOj + SKjCjjO^ 
3 Fe.(C;, 04 ), -I- GEBr. The bromine in this case 
is derived primarily from the reduction-produoU 
Other developers coming nnder this category are 
an alkaline solution of hydroquinone (quinol), 
hydroxylamino, phenylh^razine, and an lUkaltno 
salt of amido-/3-naphthol-monosuIphonio acid 
IMcldola, 0. J, 89, 47), introduced by Andresen 
{Eikonogen). Among the most recently intro- 
auoed developers are certain amido-phenols, 

' * Ail ableinvcstlf^ttno of tho oonneotioo between the 

deuBity of the deposit of redoced silver and the period of 
exposure, Ao., is published by Harter a. Driffldd (:i. C. /. 9, 
4A&: 10, 100: V. also -other papers Id same volame : also 
Ariostroag. Cenfertnee Jfe. w Joum. </ fAaCsmsra 
188S, aad disoasiloDia same jouraal, July lAS). 
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waido-lrtisMKo oatboxylio Midfl, and their 
alkyl deriratives, known as' amidol/ * metoU* «ko. 
Those which contain the basic and hydroxyl 
substituents in the para- position seem to be the 
most effective (Haai!f» EngU PaUnts [1891] 15, 
431: 20,690). 

In the processes of alkaline development the 
gelatin itself also acts the part of a reslrainor by 
preventing too intiraato a contact between the 
reducing solution and the silver haloid. Any 
viscous substance exerts this protecting in¬ 
fluence (sugar, glycerin, drc.), and such com¬ 
pounds are sometimes ca^ed physuMl restrainers, 
to distinguish them from chemical rcstruinors, 
such as the acid in the ferrous sulphate deve¬ 
loper or the potassium broinUlo in alkaline de¬ 
velopers. A developer of very great reducing 
power is for this reason available in dry plate 
photography, andeipon this fact largely depends 
the extreme sensitiveness of modem processes.. 

Development by vapour. The Daguerrootype 
picture was developed by exposure to mercury 
vapour, this metal having the property of con¬ 
densing on the product of photo-reduction (tlio 
invisible image) but not on the unaltered silver 
hatuid. It is not known whether the combina¬ 
tion of the mercury with the reduction-pro<iact 
is of a chemic.il or physical nature. This 
method of development is at j^cseut the sole 
representative of its class. 

Fixing the picture. The imago developed 
by the foregoing methods is always on a back 
ground of unchanged silver haloid, which must 
obviously be removed before the picture can be 
exposed to white liglit. In the early days of 
photography strong solutions of potassium, so¬ 
lium, or ammonium chloride were used as fixing 
agents, these salts having the property of form¬ 
ing soluble double salts '.vilh the silver haloids. 
The action of these salts was, however, ^ry im¬ 
perfect, ajft a certain amount of undTssoheil 
silver haloid was always left in the film, which 
led on exposure to the gradual darkening 
and obliteration of the whole picture. Potas¬ 
sium cyanide has sindb been employed, this 
salt forming with the silver haloid an ex¬ 
tremely soluble double cyanide: AgBr-f2K('N 
»AgK(CN)^,-fKllr. The fixing agent now gene- 
rally preferred is sodium thiosulphate (Sir J. 
Herscnel, ldH9); this salt, if uho<I in oxcHa, 
forming the extremely soluble sodio-siiver tltio- 
■ulphato Ag.^a4(H,j()3)s,‘2aq : 2.\gllr + 3Na..8/), 
«»Ag2Na4(S,0,), +2NaBr. If the fixing solution 
is dilute, the insoluble NaAgSp, is formed, 
which remains in the film and spoils the pic¬ 
ture: AgBr-^NaaS..O;, = AgXaSjOj-fNaBr. After 
immersion in the fixing bath, the soluble suits 
are removed by tJiorough washing in a stream 
of water. 

Intensification, and reduction, of density. 
In cases where the Image is wanting in density 
through imder-exposuse, bad light, insuflicient 
development, Ao., a process of intensification is 
resorted to. The process as applied to modem 
dry plates consists in sabstituting for the silser, 
of which the image is composed, some denser 
deposit. Thus, by immersing a negative in a«| 
solution ot mercuric chloride, the image is 
bleached by conversion into a mixture of mer¬ 
curous OM silver chlorides : fiAg-t-fiHgOl^ 
By treating this mixture 


with a solution of potassio ferroni oxalate 
the image is restored in silver end mer¬ 
cury, and thus in a condition of increased 
density : 2AgCl + Hg;.Cl, + dPeCjO, + 2 KjC ,04 

2Ag + 2IIg+ 2 Fe 5 (C 404 j, + 4KCi. Many other 
intensifiers are known, some acting by simple 
substitution, such as auric or platinio chloride; 
CAg + 2AuCl,«='2Au-KIAgCl, ‘ or 4Ag-i-rtGL 

IH + 4AgCI : othovs giving rise to a mixture of 
I products together dcns«T than the original de- 
I posit,, c.g. load or uranium ferricyanide • 
4Ag + 2Pb,F^.(GN),^- Ag,Fo(CN), + 3Pb,Fe{CN),. 
In cases whovo too doiiso an imago has been 
obtained, and it is desirod to thin it down, a 
reducing solution is applied; the chenncal 
principle itiiiy bo described a« a conversioti 
of the melailic silver into some compound 
which can bo simultaneously removed by a sol¬ 
vent such as sodium thiOHulphato. Thus a mix¬ 
ture of pidussium ferricyanifie with tliiusul- 
pliato is ottiA usi'd fgr gelutino-bromide plates : 
4Ag + 2K,Fc,(CN),.^ = Ag,Fe(CN),-mK4Fo(CN),. 
The silver fcrro-cyanidu isdisaolv^olTbyllie thio¬ 
sulphate,as fast as formed: Ag,Fe{CN), + CNa^S.^Oj 
«2Ag...Na,(SP-,)3+Na,Fe(CN)o. When the ne¬ 
cessary rciiuclion of density has been attained, 
tlio action of the solution is stopped by washing 
the film vvitli water. 

Reversal of the photographic image and 
allied phenomena. Any intlnenoe which affects a 
sensitive film in a way similar to tlte action of 
light gives rise to a dovelopublo imago. Thus 
mechanical pressure-marks produced by rubbing 
a film with a glass rod can be 4lcvcloped by ferrous 
oxalate Ac., sous to show a corresponding set of 
dark streaks. It is probable that the friction in thia 
case induces a minute amount of clieniical change 
botwem the siuisitive haloid and its associated 
Bcusitisor (gelatin, Ac.), this small quantity of re¬ 
duction-product being afterward? exaggerated by 
the cumulative action of the developer. Whether 
the compound resiiUing from this mechanical 
action is ub*nticul with that produced by the ac¬ 
tion of liglit is at prc'-oiil uncertain, but the 
associated sensitiser appears to be as essential to 
the success of the phenomenon in this ease as in 
the ordinary formation of tlie invisible picture by 
the action of light. The Bonsitisor, as baa already 
been explained, is an essential part of any photo- 
grapbio system, and this ia best shown by the 
so-called * reversal ’ of the photographic image 
by uver-exposuro or other means. It has been 
found that a very strong light allowed to act on 
a Bonsitivc film for too long a period gives ^ 
weaker image on development than is produced 
with a shorter exposure, atid that under soma 
circumstances the imago is even ‘roveraod,’♦.«. 
the high lights come out lighter, on development, 
than the shadows. The explanation of this 
phenomenon is probably to bo found in the cir¬ 
cumstance that while the silver haloid is losing 
halogen under the influence of light, the sensi- 
tiser is simultaneously becoming baloge&ised, so 
that when the charge of lialogcn in the latter ex¬ 
ceeds a certain amount the chemical change sets 
in in a reversed direction, i.e. the halogenised 
sensitiser begins re-balogenise the product of 
photo-decomposition and thus to destroy the in¬ 
visible image. That this explanation is, in the 
mmn, correct in principle, is shown by tha fact tliat 
the most sensitive processes are just ^ose whi^ 
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ue mo8l prone to give rise to reverse!, beoanse 
it U in SQch films that the sensitiser becomes 
most rapidly halogenised. A pioiiminary ex* 
posure to diffused light also promotes reversal, 
because this imparts s certain initial charge of 
halogen to the sensitiser. Then, again, oxidising 
agents favour reversal, because these lessen the 
halogen-absorbing power of the sensitiser; on 
the other hand, reducing agents prevent reversal, 
because they retard or prevent the halogenation 
of the sensitiser. Thus plates exposed in ozone 
or in solutions of l^CrjO, an<l K^MilaOg are easily 
reversed, while nitrites, sulphites, &o., prevent 
reversal (Abney). Atmospheric oxygen in many 
cases probably plays a part in the process by 
assisting in the liberation of halogen from the 
sensitiser. Thus, by way of illustration, if a plate 
be given a preliminary exposure to diffused light, 
^d be then coated with a solution of potassium 
iodide, a completely reversed image can be ob¬ 
tained on exposure in the^amera tend develop¬ 
ment. The chemical reaction is in this case: 
4KI + 2HgO+(H-2I,-i-4KOH. The iodine is 
here absorbed by the reduction-product, and thus 
reverses the picture; the surface of the film is 
in fact the sensitiser in this case, and the 
potassium iodide is the photo-sensitive com¬ 
pound.' 

Waterhouse has recently found that a small 
quantity of a tbio-carbamide added to the de¬ 
veloper produces a ‘reversed’ image {Photo. 
NewSt 1890. 727, 743, 804; v, also Joum. of 
Camera Club, July 1892; also Bawlins, S. C. I. 
10,18). 

Printing processes. It is obvious that the 
photographic image, after normal development, 
represents the object with its lights and shadows 
reversed, i.e. the picture is a negative one. A 
positive print is obtained by exposing suitable 
sensitive surfaces under such a negative. 

Silver prints. A very general method of ob¬ 
taining silver prints depends upon the use of a 
sensitive surface (usually paper) consisting of a 
mixture of silver chloride and an organic com¬ 
pound of silver with albumen, this surface being 
obtained by first coating the substratum with a 
solution of albumen containing ammonium 
chloride, and then (when dry) floating on a solu¬ 
tion of silver nitrate. The printing is carried op 
to the required depth of colour, and the visible 
print consists of the reduction-products of silver 
chloride, and of the organic silver compound, 
which is also susceptible of photo-reduction. To 
correct the reddish colour of these mixed reduo- 
tion-products the print is * toned ’ by immersion 
in a solution of auric chloride, kept neutral by 
the addition of sodium carbonate, acetate, or 
phosphate, chalk, borax, &q. The function of 
these salts is to neutralise the hydrogen chloride 
liberated by the reduction of the auric chloride 
b^ the reducing compounds which constitute the 
picture. The gold is thus precipitated in a state 
of fine division only on the products of photo- 
decomnosition (the picture), and imparts the 
desirea tone. The accumulation of acid in the 
toning bath retards the precipitation of gold, and 

* PotMglum bromido similarly acts as a reversing affout 
tboogb to a lees extent It is for this rsMon that evoiy 
trace of ibis salt has to be washed outof agelatlno-bromluo 
emulsion after the prooesi of ripening, since the preecuoo of 
the soluble bromide aateriiUly diminishes the sensltlreoen 
of the mnulslon. 


th« de^it ta not ot |pgood tow; banco tiw 
necessity for the presence of one of the salts 
referred to. The unaltered silver chloride liko. 
is removed by fixing with thiosulphate, and 
washing. In some re(^nt processes the albu- 
menised silver paper is replaced by paper coated 
with gelatino-bromide or chloride emulsion, a 
short exposure being given, and the invisible 
(positive) picture being developed in the usual 
m^ner. 

Printing with iron and uranium salts. 
Ferric and uranic salts in the presence of organic 
sensitisers batome redi^ccd on exposure to light, 
and the ferrous or uranous compounds thus 
formed can be developed by treatment with 
potassium ferrioyanide or other salts which give 
coloured products with the ferrous or uranous, 
but not with the unreduced, salts. Thus paper 
coated with ferric oxalate gives a faint image 
of the ferrous salt, which comes out as a deep- 
blue print on development with ferricyanide: 
6Fe020,H-2K,ro,Cy„ » 2Fo3(Fe,Cy,j) + 6K«0,0,. 
Many printing i>roces3C8 depending upon the 
foregoing principles have come into use, and will 
be found described in works on practical photo¬ 
graphy. 

Platinotype. Prints in finely-divided pla¬ 
tinum can be obtained by exposing a surface 
coated with admixture of ferric oxalate and 
potassium chloroplatinite under a negative. 
The ferrous salt thus produced does not react 
with the chloroplatinite till the picture is 
developed by immersion ina solution of potassium 
oxalate, which dissolves the ferrous oxalate, with 
the formation of a double salt, which simul¬ 
taneously reduces the chloroplatinite: 

, 3K.J>tCl, + 6FeC,0^ 

I =3'Pt + ‘2Pe,(C,0,)3 + FeA + 6KCl. The soluble 
I salts are then removed by washing with dilute 
hydrochloric acid, and finally with water. 

Pigment printing. A mixture of jelatin with 
potassium dichromate undergoes a chemical 
change on exposure to light, in the course of 
which the dichromate is reduced and the gelatin 
at the same time beedmes insoluble in water. 
The chemical composition of this insoluble 
gelatin is unknown, but it appears to contain 
an oxide of chromium as an essential constituent 
(Edor). M«Aiy printing processes are based upon 
this property of gelatin, such, for example, as 
the so-called carbon and pigment prints, in which 
the finely divided carbon or pigment is intimately 
mixed with the gelatin solution and the mixture 
sensitised by the addition of dichromate. After 
exposure under a negative thepictureisdeveloped 
by warm water, which dissolves away those por¬ 
tions of the tissue unacted upon by light. Many 
I of the photo-mechanical printing processes de- 
; pend also on this property of gelatin. 

Photo-etching processes. When a layer of 
asphalt or bitumen is spread over a surface and 
exposed under a design, those portions of the film 
which are acted on by light become insoluble in 
hydrocarbon oils, so that the design can be de- 
vefoped by such solvents, and the surface, if of 
metal, can be converted into a printing block by 
• etching with acid. The change experienced by the. 
bitumen is probably the result of photo-chemical 
oxidation. The processes based on this pro¬ 
perty arc much in vogue at the nresent time 
under various modifications. Thn action ^ 



rarnALic acid. its 


ligU npoa bi(ara«n fdmitlnd ib« euUait ina- 
Q^ilal Mnnanent nprodaotion of the camera 
j|i|e^are (Joseph Nicephoie Niepce, 1324). 

,'BiiIiopn^Ay.—It has not been considered 
advisable in the present article to give the 
anthority lor every statement, as moat of the 
results ubieved by photographers are to be found 
in publications rarely consulted by chemists. 
The following general works contain practically 
all that is known of photographic chemistry at 
the present time: —Bobert Hunt, Researcites on 
Light, 2nd edit., 1854; E.Becguerel, La LumWre, 
Paris, 18G7; J. W. Draper, Scientific Memoirs, a 
collection of reprints, 1878; J. M. Eder, Ueber 
die Beactionen der Chramsdure u. der Chromate 
auf Oelaline, Qummi, Zuckcr, ilc. Wien, 1878; 
J. M. Eder, Amfilhrliches Handbuch der Photo- 
graphic, Halle, 1884 9; H. W. Vogel, La Photo¬ 
graphic des Objets Coloris avec tears Valeurs 
Biclles, Paris, 1887 ; Pizzighelli and Hiibl, La 
Platinotypie, Paris, 1887; W. do W. Abney, 
Treatise on Photography, 6th edit., 1888; by the 
same author, Instraetions in Photography, and 
Photography with Emulsions j Chapiimn Jones, 
Introduction to the Science and Practice of 
Plujtography, 1888; Ik Meldola, The Chemistry 
of Photography, 1889; H. W. Vogel, Handbuch 
der Photographic, Berlin, 1890 1. It. M. 

PHOTOSANTOBIN v. Santoniii. 

PHHENOSIK 0«H„N0,. A substance oc- 
catring. Recording to Thudichum {I. pr, [2] 25, 
19), in the brain. 

PHTH^CENE C„H,p [173°]. Formed 
by reduction of phthalacone carboxylic ether 
with HI and P at 170° (Gabriel, B. 17, 1390). 
Crystals (from HOAc). Yields 0,|H„Bt [184°], 
vthicb is oxidised by K.;Cr,0, and HOAc to 
Oj„H,^rO [c. 200°]. Fuming HNO, and HOAc 
yield di-nitro-phthnlacenc, which separates from 
liot nitro-benzene in yellow needles. Jifirfl, 
and HOAo*oiidise phthalacene to ‘ phthalacone 
oxide’ a,H,.0 (211°-214°], which yields an 
oiira <X,H|,(NOH) [2GC°]. 

PHTHALACENIC ACID C»H,..CO^. [247°]. 
Formed by heating phthalacene-oxidc with soda- 
lime (Gabriel, B. 17, 1399). Crystals.—^A'Ag. 

PHTHALACONE CABBOXTLIC ACID 
CjiHiiOilCOjH). [281°]. Formed by dissolving 
its other in cone. H,SO, and pouriifg into water 
(Gabriel, B, 17, 1389). Minute yellow needles, 
soL hot alcohol. The acid yields a dioxim 
0,,H,,(N0H)2C0,,H [273°] and the salts KA’ag 
and NaA'aq. Zinc-dust end NaOHAq yield a 
tetrahydride melting above 280°, which 

gives AgA', crystallising in needles. 

* Ethyl ether EtA'. [211°]. A product of 
the action of pbthalic anhydride and NaOAo on 
acetoacetic ether at 140°. Yellow needles, sol. 
hot HOAc. Yields a di-nitro- derivative [above 
280°] and a dioxim Cj,H„(NOH),CO^t [264°]. 
Zinc-dust and HOAc reduce it to the white 
tetrahydride GgH„(OB),CO.,Et [213°]. 

PHTHAL-ALCOHOL v, Di-oxv-xvi.ekb. 

PHTHALAIDEHYDIC ACID C.H.O, U. 
CHO.C.H^CO,H[1;2]. [97°]. Formed, together 
with [221°], by heating a.bromo- 

phthalide with water (Racine, B, 19, 778; A.‘ 
239, 78 : 0. R. 106,9471. Formed also by boU- 
ing penta-w-chloro-o-xylene with water (Colson 
a, Gautier, Bl. [2] 45, 609). V. sol. water, alco- 
hd, and etner. Beducei ammoniacal AgNO|. 


Phenyl-hydraaina yields a,,H„N,0 [105°]. Aleo- 
hoUo NH, forms [187°], while an 

alcohoiic solution of aniline gives 0„H,,NO, 
[174°]. Ao,0 at 200° forma CHO.C,H,-CO,Ao 
[G0°-68°]. Urea forme NHrCO.N:CaO.H,-OO.H 
[240°].—CaA'„2aq.—AgA'; slenderneMlea. 
Ethers MoA', [44°].-EtA'. [66°]. 
Anhydride C,,H|,0,. [221°]. Got by 

heating the acid with bromo-phtbalide. ‘ 

Oxim CH(NOH).C,.H,.CO,H. [120°]. 
Formed by adding hydroxylnmine hydrochloride 
to a cold aqucousVolntion of the acid. In an 
alcoholic solution the product is 

[120°], which is converted by heat first into 
CN.O,H,.CO^ and then into phthalimide 
(Allcndorif, B. 24, 2346, 3261). 

laomeride v. p-Ar.DEnvoo-uBNZuio tern. 
Diphthalaldehydic acid ti. Di-riimALyL-iAO* 

TONIC ACID. 

PHTHABAHIC acid V. PnTHAi.ic Acin, 
PHTHALAHIDE v. PirmALic acid. 
I80PHTHALAMIDINE 0,H,.'N, i.s. 
C,H,(C(NH).NH.J, [1;3]. Formed from 
CjH.lCiNHj.OEth and alcoholic NH, (Lucken- 
baoh, B. 17,1432). Small noedles, insol. benzene 
and ether, v. sol. alcohol and water. Its aqueous 
solution soon decomposes, giving off NH,.— 
B"H.Cl 2 : needles, v. sol. water.—B"n,Pt0l,.— 
B"H,SO,.-B"2HNO,.—B'HNO,: needles (Ora- 
bowski, A. 265, 168).-0.n,(NAg.NHJ, 
ISOPHTHALAMIDOXIB C,H,„N,0, «.e. 
C,H,(C(NOH).NH,) 2 . [193°]. Formed from 

C, H,Cy, [1:3] and hydroiylamine (Goldberg, B. 
22, 2976). Prisms (from alcohol) containing 
Jaq ?, v. sol. hot water. 

Phthalanil v. Phenylimide of Putiiauo acid. 
PHTHALBENZO-TOLDIDE o. Phthalyl- 

AMIDO-TonVI. FIIKNYt, KKTONE. 

PHTHAL-o-CYANO-BENZYI-IHIDE «. 

0-CVANO-BENZVI^PIITUAI,IUIDE. 

PHTHALElNS. Colouring-matters obtained 
by condensation of phthalic anhydride with 
phenols {e.g. Phenol-i-utualein and Fluou- 
escein). Thqy may bo reduced to colourless 
’ phtbalins,* which are re-oxidised by air to 
phthaleins. 

PHTHALIC ACID C,H„0, w. 

14:2] C.H,(CO,H),. Mol. w. 166. [184°] (Dossen, 
A. 144, 76); [203°] (Ador, A. 164, 230; Baeyer, 
A. 269, 181). S. -34 at 14°; 18 at 99° (Graebe, 
A. 238, 32l); S. (alcohol) 10 at 15° (Bourgoln, 
Bf. [2] 29, 247); S. (ether) -684 at 16°. H.C. 
771,600. H.F. 187,400 (Stobmann, J. pr,[2] 48, 
640): 163,000 (von Itechenberg), S,H. (from 
76° to 119°) -2,56 (Hess, A. Ch. [2] 35,410). 

Formatum. —1. By the action of nitric acid 
on naphthalene, naphthalene dichloride,alizarin, 
pu^nrin, munjistin, naphthoquinone, o-toluio 
acid (Laurent, A. Ch. [2] 61,113; Matignac, A. 
42, 216; Schunck, A.66,197; Wolff a. Streokor, 
A. 76,12, 26; Stenhouse, A. 130, 334; Lieber- 
mann a. Dittler, B. 6, 94 '; Piccard, B. 12,679; 
Beiistein a. Eurbatoff, A. 202, 216).—2. Sy the 
action of various oxidising agents on naphthal¬ 
ene (Lossen, A. 144, 71; Hermann, H. [2] 4, 
661; Depouilly, 0. B, 66, 82; Hiiuesermann, 

D, P. J. 223, 310).—3. A product of the action 
of MnO, and H^O, on benzene (Cariut, Z. [2] 
4, 706; A. 148, 60)—4. By oxidising o-toluio 
acid with KMnOt (Weith, B, 7, 1067].—6. By 





ddditlog ito^aioplind with ftlkaline KMoO^ 
[Hoogewavff a. Tim Dorp, R, T. C, 4, 265).^6. 
By heating ealicylio acid with ]^S 04 and 
K,FeCy,'(Guyard, Bl [2] 29, 247).-7. By heat- 
ing resoroin or salicylic acid with fornuc acid 
and HgSO^ (G,).—8. By the action of a hot sola* 
tion of .cuprous potassium cyanide upon o-diazo- 
benzoic chloride (from aatlxranilio acid), and. 
subsequdnt saponification of the product (Sand* 
^meyer, B, 18,1490). 

i^:qpertfcs.<-Trimetric plates. Yields an an¬ 
hydride when heated. Insolcchloroiorm. 

BeacUons. —1. Distillation with lime yields 
benzoic acid and benzene.—2. Sodium-amalgam 
redaces it to a dihydride.—8. Chromic acid 
mixture oxidises it to CO, (Fittig, A. 16G, 242).— 
4. The acid aniline salt A''H(NH,Ph) of ortho- 
phthalio acid loses HgO when its aqueous solu* 
tion is boiled, phenyl-phthalimide crystallising 
out. The ^ra- and meta- phthalio acids do not 
react in this way; the reaCion theiefore serves 
as a means of separating ordinary phthalt? acid 
from its isomeis (Michael a. Palmer, B. 19, 
1876; Am. 9,202). 

Salts.—(NHJHA": prisms, v. sol. water.— 
NaHA" 2aq: prisms (Wislicenns, A. 2i2, 89).— 
NajA": pearly plates.— K,A".— CaA"aq.— 
Bak,A",: prisms (Hermann, A. ICl, 78).— 
BoA": V. si. sol. water (Carius, A. 148,64).— 
BajA"aO: monoclinic prisms.—CuA'^uq.—PbA". 
—Ag.,A'': crystalline pp. — Aniline salt: 
needles [146®] (Clarke, B. 12, 106(5). 

Di-methyl ether Me^A" (280® i.V.) at 784 
mm. (Gracbe, B, 16, 860). H.F. 164,600 (Stoh* 
mann, J.pr. [2] 40, 353). 

HoHo-ethyl ether EtHA". Formed by 
heating phthalio anhydride with absolute al¬ 
cohol at 100® (Michael, Am. 1, 413). Liquid, 
m. sol. water. Decomposed by beat into phthalio 
anhydride'and alcohol.—Ba(EtA").,.—AgElA". 

£>i‘Cthyl ether (296® cor.). Got 

by passing UCl into an alcoholic solution of 
phthalio acid (Gracbe a. Born, J. 1866, 411). 
Formed also from phthalyl chloride and alcohol. 
Liquid, Not attacked by h.ydroxy;Jamine (Jeau- 
renaud, B. 22, 1273). Wlion warmed with 
NaOEt and EtOAc it yields the compound 

0^,<^2>CH.CO,Et [7r.°-78''] (Wislicenns, A. 
246, 349). PCI, followed by sodium malonto 
ether forms the acid OjiHiaOi, [o. 180®] 
(Zelinsky, B. 20,1010). 

Phenyl ether [70®]. Formed by 

heating phthalyl chloride with phenol (Schreder, 
B. 7, 704; von Gerichton, B. 13, 419). Colour¬ 
less crystals. 

Anhydride CbH, 0, t.c. CaH 4 <^Q^O. Mol. 

w. 148. V.D. 6*26 (calc. 5-13) (Troost, 0. B. 89, 
861). [128®]. (284'6® i.Vi H.C.p. 784,000. 

H.P. 106,000 (Stohmann, / pr. [2] 40, 139). 
Formed by beating phthalio acid alone or with 
AoCl (Laurent; Ansohiltz, B. 10, 326). Formed 
also b;j^ the action of lead nitrate on phthalyl 
ohloride (Lachovitch, B. 17,1283). Long needles, 
▼. sol. aloohoi and ether, si. sol. cold water. 
Reactio7is.—l. When boated with phenols it 
yields phtbalelns, with elimination of water 
^aeyer, B. 7,968).—2. Heated with NaOAo and 
HOAo it yields phthalyl-acetic acid 0 ,sH, 04 , 
while phenyl-acetic a^ gives benzylidene- 


phthalide. Fbettyl-eeetonlirne gives rile l9 
^•Hi^^’ciCPh.ON and isobutyrie add 
and ZnOlg at 250® give a ketone G„H,«0| [96°]. 
8. Boiling with NaOAo and phenoxyacetto acid 
yields C,H4;C,0,:CH.OPh [148®] while p-tolyt- 
oxy-acetic acid and sodium acetate give rise to 
O«H4:0A-CH.OC«H4Me [174®] (Gabriel, B. 14, 
922).—4. Acetoacetic etlter gives C^HjBzi and 
phtbalacone carboxylic ether.—5. On heating 
with succinic add and sodium suednate it 
yields CO^ and C,„Hj „04 [above 300®].—6. Di 
methyl-quinohnc and zinc chloride at 200® give 
C,H4:C,O850un,N [238®] (Beyer, J. pr. [2] 33, 
407).—7. Ethenyl-amido-2>henyl-ntercapta7t and 

ZnCl, al 200° give C.H.<g>C.CH<2^0.H, 
crystallising in yellow noodles [above 820®] 
(Jacobson, B. 21, 2630).—8. Oyanethi^e forms, 
on heating, CyU, 3 N.MN:C. 40 ,:C 8 U, [128®] (E. von 
Meyer, J. pr. [2] 39, 202).—9. Coal-tar picoUne 
and zinc chloride at 200® form pyropbthalone 
C„H 402 :CII.C 5 n 4 N [above 260®] (Jacobsen a. 
Beimer, B. 16, 2604) crystallising from alcohol 
in yellow plates.—10. Benzene, and AlCl, yield 
o-benzoyl-bcn/olc acid, and other aromatic hy¬ 
drocarbons act in like manner (Friedel a. Crafts, 
C. li. 92, 833).—11. Benzyl chloride and sine- 
dust at 75® yield Ca„H.,„ (?) [73®] (Wislicenus, A. 
248, 68).—12. On heating with amines and 
amides, phthalio anhydride yields derivatives of 
the imtde and amide of phthalio acid; thus 
acetamide yields phthalimido and HOAo, while 
ethylamino yields ethyl-phthalimidei Secondary 
aminos form derivatives of the ainio acid and of 
the amide (Piutti, A. 227,181; 0. 16, 1, 251).- 
13. Amido- acids are converted by phthalio on- 
Ijydrido into their phthalyl derivatives (Reese, 

A. 242,1).—14. On fusion with si^ks-dz^fphthalio 
anhydride gives diphthalyl. Zinc-dust and 
HOAc yield a mixture of phthalide, diphthalyl 

XO.OO.COv 

dihydrido C-H 4 <; / \ ^C„H 4 , [329®] and 

\CH—HC^ 

O.COv 

\ >CH, [199®], wliich is ro- 
cOjH.C4H,.cn,.cn/ 

ducod by IllAq to C3n4(CrtH4.C0.2H)2 (Wislicenus, 

B. 17, 2178).—15. Tri-amido-phend (picramio 
acid) forms (C,H, 0 ,:N) 3 CjH^ 0 H [above 800°] 
converted by potash into the compound 
(C 0 . 4 H.C„H,.C 0 .NH),C«H 30 H [above 300®], 
from wUoh nitric acid produces the quinone 
{ObH 40 ,:N),C,H..O, [277®J reduced by SO, to 
(08H40,:N),C,H;(OH), [above 310°] (Piutti, G. 
16,254). 

CMor.de PUhalyl chlor- 

ido.. [0°] (Wisohin, A. 143, 259). (276°) at 

720 mm. S.G. Y = 1-609 (Brtthl, 4. 

235,14). Formed by beating phthalio acid with 
I'CU for 2 honre at 190^ (H. MaHer, Z. 1863, 
267; Graebe, A. 238,320). Oil, abaorba moistare 
from the air, forming phtWic anhydrido. Slowly 
converted into phthalio acid by water or 
Na,CO,Aq. Beduced by aino and HOIAq to 
iphthalide. Sodium-amalgam and HOAo fom 
CJH,(CH,.OH), PCI, forma two iapmerio chlor¬ 
ides 0 ,P,<^qJP> 0 and one melt¬ 

ing at 88° and iSoiling at 276°, theomr meltio- 
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•I <7* *nd boQing at M9“; both an oonvcrted 
by aniline into [153»] (von 

Oeriflhtan, B. IS. 417 i Clans, B. 19,1188). Ex- 
cess of PClj yields chloro-benzoio acid, CCI4, and 
other products (Claus). Aqueous NH. forms 
C*H,Oj(NH,), [90®J not identical with phthal> 
amide, but converted by HClAq into C„np..(NH) 
[145®] which is changed by fusion into the 
isomeric phthalimide [228®] (Anger, A. Ch. [G] 
22, »03; cf. Kuhara, Aw. 3, 2G). Dry NH, act- 
iug on the benzene solution behaves in like 
manner. Hydroxylaraine yields C„H^:C^O^:NOII 
[230®] (v. vol. ii. p. 738). o-Ami(lo*phenyl mer¬ 
captan hydrochloride forms C.JI,..N,S;j [112®] 
(Hofmann, Ii. 13.1233). ZuMo.; forms C,„H,A 
[68®] (210®) (Rjasantzefif, Bl. [3] 1,106). ZnKt,, 
followed by water gives, in like manner, C,.,n, .0.. 
[64®] (260®). * 

Semi-nitrile v. o-Cvano-beszoic acid. 

Amicacid OJI,(CO.NH^.CO,II. Phthal- 
amic acid, [0. 140®] (Auger); [149®] (Aschan, 

B. 19, 1401). Formed by heating plitlialic an¬ 
hydride witn alcoholic NH,or plithalimide with 
baryta-water. Prepared by evaporating plithalio 
anhydride with NH,Aq, and decomposing the 
resulting ammonium salt by HCl (Auger, BL [2] 
49, 349). Prisms, si. sol. water, v. sol. alcohol. 
Converted by heat into phthalimide, and by hot 
water into hydrogen ammonium phthalato. Ex¬ 
cess of HClAq forms phtlialic acid.—NH^A'.— 
KA'.—BaA's*—BaA'jaq.—AgA': needles, v. si. 
sol. water (Landsberg, A. 216,197). 

Isoamijl-amic acid 

C4H,(C0.4H).C0.NHC^H,,. Isoamj/l-phthalamic 
acid. [115®]. Formed by wanning isoainyl- 
phthalimide with KOHAq (Neumann, B. 23, 
998). Crystalline pp.—AgA'. 

Phmyl-amic acid • 

C, jH,(CO.^II).CO.NHPh. Piienyl-iihtltalamic 
acid, Phthalanilic acid. [192®]. Got by boil¬ 
ing phenyl-phthalimido with NHjAq and some 
alcohol (Laurent a. Gerhardt, A. Ch. [3] 24, 
188). Plates, si. sol. cold water, v. sol. aleohol. 

PhenyUeihyl-amic acid C,.H,.NO, ie. 
CgH4(CO^).CONPliEt. Phenyl-cthyi-phtkal- 
amicacid. Got by dissolvingphthalio anhydrideu 
in ethyl-aniline (Piutti, 0. 13,545; A. 227,185). 
Heavy oil, v. si. sol. water. 

Di-phenyl-amic acid 
C4H4{CO^I).CONPhj. Di-phenyl-phthalaviic 
acid, [148®]., Made from diphenylamine and 
phthalic anhydride (P.). Hard prisms, si. sol. 
ether, v. sol. alcohol.—AgA'. 

o-Tolyl-amic acid 

C^4(CO±).CONHC,H4.Me. Got by boiling 
o-tolyl-phthalimide with NH,Aq (Kuhara, Aw. 
9,61). Nefcdl€8.~Ag,C,,H„NO,: pp. 

m-Methyl-henzyl-amie acid 
C^4(COaH).CO.NHeHAH4Me. [131®]. Got 
from m-xylyl-phthalimide and caustic soda 
(BrGmme, B. 21,2700). Needles, sol. alcohol.— 
AgA': white pp. 

tlf-Oumyl-amie acid 

0«H4(C0tH).C0.NHC4H,Me,. Phthal-*^-cumiIHc 
acid. [179®]. Needles, v. sol. alcohol, si. sol. 
ether (mhlicb, B. 17, 1808). 

Naphthyl-amie aeia$ 
CA{wto.CO.NHC.A. The (tt). acid [186®] 
if got litm (a)giaphthyl-phthaU]mde. Tm 0)* 

Yol. IY. 


acid crystallises from atooho) tn tables (Piutti, 
a. 16. 480). . 

Phenyl-oxy-ethyl-amic acid 
C4H4(C0.^).C0.NH.C,U4.0rh. [125®]. 

Formed by warming phonyl-oxyethyl-phthal* 
imide with KOHAq (Schmidt, B. 22, 3265). 

p-Tolyl-oxy-etkyl-amic acid 
O.H,(CO,H).CO.Nn.CH,.CH,.O.C«H,Me. [137®]. 
Formed from the corresponding Imido which is 
got by heating potassium plAhaliinide with 
C 4 H,Mo.QC„H 4 Br (Schreiber, D. 24,191). 

Phenyl-aikido-phenyl-amic acid 
C.,n,(COJl}.CO.NH.C4H4.NUrh. [120®-130®J. 
Powder (Gabriel, B. 22, 2223). 

Benzoylcthyl-amic acid 
C„II^(CO Ji).CO.NH.CH..CIIJl)z. Propiophenone- 
phthalamic acid. [140'^J. Mado from the imide 
(Schmidt, D. 22, 3261). Needles.—AgA': pp. 

Di-snlphido-di-ethyl-amic acid 
(C,H4(C(VI).CO.NH.CIL,.Cli,),S,. [130®]. 
Formed from sulphocyaiio-etbyl-pbtlialimido 
an(f (10 p.c.) KOHAq (Coblqpz, B. 24, 2131). 
Scales. lIClAq at 180® forms S,(G 4 ll 4 NH,).- 
Uramic acid C„IIACOJI).CONH.CO.NIIa. 
Phthaluric acid. S. 3*6 at 99°. Formed by 
! lieating phthalic anliydrido with urea at 115® 
(Piutti, A. 214,19; 0. 12,173). Silvery scales, 
sol. alcohol. May bo converted by POClj into 4 


which yields AgOgH^N^O,. 

Salts.—NaA'2aq.—BaA',.—AgA': noodles. 
ThiO'Uravtic acid 

C4H,(C0JI).C0.Nri.CSNH^ [172®]. Got by 
heating phthalic anhydride with thio-uroa (P.). 
Silvery needles (from alcohol).—BaA',7uq. 

s-Amide CJI,(C0.NHJ.4. Phthalamide. 
[220®] (Billow, A. 23G, 188 Formed from 
phthalimide and cold NIJ,Aq (Aschan, B. 19, 
1390). Minute crystals, insol. cold water, alco¬ 
hol, and ether. Boiling water converts it into 
phthalimide. Alkaline KOBr at 80® forms 

(Hoogoworf a. Van Dorp, B. T. G. 

10, 9). 

n-Amide [o.90]. 

Formed from plithalyl chloride and NII,Aq 
(Auger, A. Ck. [6] 92, 304). Dong transparent 
prisms, T. sol. water, sol. hot alcohol. AgNO. 
ppts. C,H,OjNAg in while lustrous scales, NH, 
being eliminated. 

Phenyl-ethyl-amide 

®A<CO Formed by heat- 

ing the cthyl-anilinesalt olplienyl-othyl-phtbal- 
amic acid above 200^ (Piutti, 0. 13,647 j A, 227, 
187). Prisms, insol. water, sol. alcohol and ether. 
Not attacked by KOHAq, but split up by potash- 
fusion into phthalic acid and ethyl-aniline. 

Di-phenyl-amide C,H,:C.,0,(NP^_ ‘Di- 
phenylamine-phthalein.' [288“]. Formed from 
phtbalyl chloride and d';>henylamine (Dellmann, 
B. 16, 830). Formed also by boiling, phthalic 
anhydride with diphenylamine (PX Needles 
(from alcohol). H,SO, containiil([ WO, forms 
an intense violet solution. 

m-Phenylene-diamide 
CAOjIN^HjiC,!!.. [179°]. Formed, together 
witli (C,H,0,:N),0,H4 [262^,by fusing m-phenyl- 
ene-diamine with phthalic anhydride (Bieder- 
mann, B. 10,1160). Nodulei. 
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p-Ph$nyUn»-diamid$ 
0.H^:0,0,:NA:0,H, [182°]. Convertea by 
‘ wanning with dilute HClAq into a base 
C.jH,.N.O. and (O.H,:CA:N),0^, [295°] 
(Biedemiann, S. 10,1163), 

u-Imide C.H,<®<™)>0. u-PhtltaU 

imide* [o. 146®]. Formed by tbe action of 
HClAq on the w-amide (Auger). Slender 
noodles, exactly resembling the s-imido, into 
which it changes when heated. Differs from 
the S'imide by decomposing mfeist BatjO., in the 
cold, hence it may possibly be o*cyano*bonzoic 
acid. 

s* Imide C«H 4 <^^q^NH. Phtltalimide. 

[228®]. FormedbyhoatingCJI,(CO,H){CO,NH,) 
or C,H,(CO^).CONH.^ (Laurent, A. 41, 110; 

A. Ch, [2] 01, 121; [3] 23, 119; Lansberg, A. 
216,181). Got also by henliijg the if-bnide, and 
by the action of CuCy,^ and KCy on o-diazo- 
benzoic acid (Sandmeyor, B. 18, 1409). Six- 
sided prisms (from ether). May bo sublimed. 
Reduced by tin and IICltophthaIidinoC„HrtO(NH) 
(Graebe,B. 17,2698). AYhen distilled with steam 
over heated zinc-dust it yields C,j,H„N [lOO^J 
(Oabriol, B. 13, 1084). Boiling Ac.^0 forms 
C,H,:OA-NAo [132®-1S5®] (Asclmn, B. 19, 
1398). Amyl alcohol and Na reduce phlhal- 
imide to o-mcthyl-benzyl-ainine (Bainborger, D, 
21, 1888). Yields benzonitrilo when distilled 
with lime (lleose, A. 242, .5). Alkaline KOBr at 
80® forms o-amido-bonzoic acid (Hoogewerff a. 
Van Dorp, R. T. C. 10, 8) CJ1,0,.NK. Formed 
from phthalimitlo and alcoholic potash (Cohn, 
A, 205, 301; Gabriel, B. 20, 2226). Plates, con¬ 
verted into potassium phtbalamate by boiling 
water. Converted by alkyl iodides into alkyl- 
phthalimides. [l: 2 ]C„H,(CH_;Br )2 gives rise to 
CJl,(CH..,.N:0Hn40^).^[253], while tlie?n-isomorid 0 
melts at 237°. Reacts with cpiehlorhydrin, form¬ 
ing CgH,OjN.C;,H 50 [201-"] (Goedeckemeyer, B. 
21, 2680) with (a) - dichlorhydrin, forming 
(0,H^O,:N.CUj)./)H.<)ll [204®], and with y-brorao- 
butyronitrile, formingC„II,OgN.CH...CH.,.Cll,.CN 

[81'6®] (Gabriel, B. 22, 224, 3337 ;*23, *1771)_ 

C,H,O^Na. — (C«H,O..N)..Mg: white pp.— 
(C,H 40 .>N)Ba 4 aq : plates. —(CJI,0,N)..Hg.— 
(C,,H AN).Cu aq, — (C«n ,0,N),Cu 4aq. — 
CgH 402 NAg ^aq: cheesy pp. 

Imidoxim 0,n,N.A»-«- 

[260®]. Formed by boating o-cyano-bcnzoic ether 
with an alcoholic solution of hydroxylamine at 
90® for a long time (Rluller, J3. 19, 1498). 
Needles (from dilute alcohol), Insol. benzene. 
Boiling with HClAq and Fed, converts it into 
phthalimide. 

Methyl • imide OaH,02:NMe. [132®]. 
(286®). Formed from potassiuiu-phthalimide 
and Mel at 150° (Gracbo, B. 17,1174; A, 247, 
802). Needles, reduced by tin and HCl to 
C,.H,.NO ^20®] (300°), which yields a gold salt 
[196®]. 

Ethyl - imide CgH,;CG;.NEt, Ethyl- 
vhtltalmide, [79®]. (282°) at 726 mm. Formed 
by distilling a solution of phthalic anhydride in 
aqueous ethylamine; and formed also from 
potassium phthalimide and EtI (Michael, B. 10, 
1646; Graebe, A. 247,302; Wallaoh a.Kamenski, 


B. 14, 171). Needles. Br at 140® forms 
O^H^BraNO, [0.189®]. 

Bromo - ethyl - imide 
C„H 404 :N.CHa.CH.^r. [83®], Formed from 

potassium phthalimide and C^H^Br, (Gabriel, B. 
20,2225; 21, 666 ; 22, 1137). Needles. Con¬ 
verted by aniline into phenyl • amido - ethyl • 
phthalimide [ 100 °], and by p-toluidine into 
both (C,H 40 .,:N.CJl 4 ),NC,n 4 Me [ 200 °] and 

C, H 40 ,:N.C,H,.NHC,H,Mg [96®J. f - Cumidine 
forms C.H,O,:N.C,H4.NHC,H,M0a[146®], while 
(a)- and ( 8 )-naplithylamincB form compounds 
C,HA:N.C,H 4 .NnC„H, [158®] and [141®] re- 
spectivcly (Newman, B. 24, 2196). Potassium 
sulphocyanido forms CBH 40 a:N.C.H,SCy [108®] 
(Coblenz, B. 24, 2131). 

Sulphydro - ethyl - imide 
C„H,0,:N.CJI,Sir. [77®J. Formed from the 
bronio-ethyi-imide and KSH at 100°. Convertt'd 
by NaOEt and glycollic chlorhydrin into syrupy 
CHH, 04 :N.C,H,.S.Ojr,OH, whence POCI 3 forms 
CJI, 0 ,:N.C..H 4 .S.C..I 1 ,CI [77®], while POBr, forms 
C,H,0,:N.C,H,.S.C;H,Br [90°]. Reacts with 
CJI^O.^tN.C.il^Br and NaOEt, forming 
(C„H, 0 ;j:N.C 2 n 4 )jS [129®], which is oxidised by 
bromine water to the corresponding sulphoxido 
[191®], and by chromic acid to tho sulpliono 
[256®], lodino in alcoholic solution forms 
(CJI,0..:N.C,lI,)..S, [139®], whence 
[20.3®] (Oabriol, B. 2-4, 1122, 3098). 

n-Propyl - imide CstI,0.:NPr. [CC®]. 
(283®). Crystals (Gabriel, B. 24, 3106). 

Isopropyl • imide [ 86 °]. (273°). 

$ • Bromo - propyl - imide 
CHH,0,:N.CH..CHBr.CH,. [105®]. Formed from 
the allylimidc and lIBr (Seitz, B. 24, 2627). 
Converted by KSH into C,H 40 ^:N.Cn,.CHMe.SH 
[ 88 °], which is oxidised in alcoholic solution by 
I to (C,n 40 ,:N.CH. 4 .CIlMc),S [IGl®]. Potassium 
snlphocyaiide forms CBH, 0 .i:N.CH.,.CIdMe.SCy 
[89®-93®J. 

y - Bromo -propyl - imide 
C«H, 0 , 4 :N.CrL.CH,.CH,;Br. [73°]. Got from tri- 
methylene bromide and potassium phthalimide 
(Gal)iiel, B. 21, 2671; 23, 90). Needles (from 
ligroin). Converted by sodium ethyl-malonio 
ether into C 3 H, 0 ,:N,C,H,.CEt(CO.Et)j [62°J, 
and by sodium benzyl - malonic etner into 
iCHlI, 0 ,:N.C,H,.C(CH,Ph)(CO,Et )2 [c. 110 °] 

(Aschnn, B. 23, 3692). Potassium sulphocyanide 
forms CJl 40 ,:NC,H„SCy [98°]. 

Ethylene - At - imide (OgH 403 .N)aC 8 H 4 . 
[232°J. Formed by heating potassium phthal- 
imide with ethylene bromide at 200° (G.). 

Butyl - imide CgH 40 a:NC 4 HB. [65®]. 
Formed by distilling cuprio phthalyl-amido- 
hoxoate (Heese, A. 242,16). Tables (from dilute 
alcohol). 

Isohutyl - imide OgHjOjiN.CHaPr. [93°]. 
Formed from isobutyl bromide and potassium 
phthalimide (Neumann, B.'23, 999). Plates. 

Isoamyl • ijtiide CaH,Oa:N.OjH,j, (308°). 
Solidifies when strongly cooled (N.). 

Allyl • imide CgH 40 j:NC 3 Hi. Allyhphthal- 
[71°]. (295°). Tables. Yields a diwiloride 
CgH 40 ,j:NCsH 4 Cl, [93°], and a dibromide [114°]. 
When nitrous acid is passed into its solution in 
cold benzene, and the product heated to 146®, 
there is formed CgH^OtTNCgH^Oi, or^tallising 
in plates [17$®] (Neumaim, B. 38,1000). 
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Ac€i<t%y \• imide C,HA:N.CHAq. [117^ 
Made by heating potassium phtbnlimide with 
chloro-acotone at 120"^ (Goedeckenieyer, B. 21, 
2Cd4}. Plates and needles. Gi\es rise to an 
oxira [172®] and also to a phenyl-hydrazido 
CHj.C(N.,HPh).CH..N:C,H,0, [152®]. 

Desyl-imide C,H,0,:N CnPhBz. [158®]. 
Formed from phenyl bromo-bonzyl ketone and 
potassium plitlmlimide (Neumann, IJ. 23, 004). 
Yellowish crystals, v. si. sol. alcohol. 

Phenyl-imide C,n,<^®J>Nl>h. PlithaU 

ariil, [205®]. Formed by di^illing phtlialic 
acid (1 mol.) with aniline (I mol.), and by heat¬ 
ing plitlmlimide with aniline (Laurent; ]h)cbner, 
A. 210, 207; Piutti, B. 1(5. 1.322) ; Michael n. i 
Palmer, Anu 0, 202). Nci’dles (fri>m alcohol), ! 
insol. water. Converted by lieating willi P/Cl i 
and ZnCl, intoCJI.(X:N.CJl.Pz [183^] (Doebnor, | 
A. 210, 207). The p-cliloio-, j»-broino-, p-i(ylo-, 1 
and m-nitro- phcnvl-imidcs of phlhalic acid melt ' 
at 195®. 204®, 228’, and 213’’ respectiv.-lv 
(Gabriel, B. 11,22(10). 

Benzyl-imide [110®]. ! 

Formed from polassinni-phtlialimide and bon/yl ' 
chloride (Gabriel, B. 20, 2227). Needles (from 
alcohol). The o- and vi- iiitro-benzylimidcs 
melt at 210° and 155® respectively. 

o-Cv ttio-bcmvl-imide 
C,H,:C'b,:N'CI4CJ{,.CN. [182®]. Prism.s (from ; 
IlOAc)(0.). The ;>• isonieride [1B4®] iaconvertod ' 
into CO,ILC,H,.CO.NJI.CH,.C,H..CO,n 12.5.5 J by 
NaOIlAq (Giinthcr, B. 23, 10.50). 

Tolyl-imidcs CJI ,:C .0,:NC„1^.^^^>■ The • 
0-, OT-, and 7)- compounds melt at 182®, 1.53®, and : 
204° rospectiveiy (Mioliael, B. 10, 570; Piulti, ! 

•A. 227, 205; Frdbiich, B. 17, 2(579; Kuhura, ! 
Am. 0, 52). 

m’Methyl-hcnzyl-imide | 

C,H,;CA:i?-CHAlI,Mo. [118®]. • 

Formed by heating potassium phtlialimido with ' 
C,II,Mc.CH.Br at 200® (BrOrame, B. 21, 2700). 
White needles, v. sol. alcohol. The coinponnd 
(C,H^:C.A:N.CH.,)A'*^ is formed by using 
[l:3]C,H,(CH,Br‘).,. 

y^-Cuviyl'imide Ci-IIi-.NO, i.e. 
C.H^:CANOA^'I<’r {a^ovc BOO®). | 

Formed by heating phlhalic anhydride with ! 
^'-cumidine (Frohlich, B. 17, 1802). Trimetric*! 
crystals. Converted by ammonia into the com- • 
pound C,H,(CONH,).CONHO,H.,Sre3 [2IB®]. cry •- ^ 
tallising in needles, while methylamino and 
allyi-amino yield*thc corresponding eompouiiilfl ; 
C,H,(CONHMe).CONHC«H3Ie, [215®] and 
C.H,(CONHC,HJ.CONHC,H.,Me, [179®]. 

a’Tri-methyl'phenyl’imide 
C,H,:C30a:NC,n,Me,. Phthahncsidil [171]. 
Got b/ boiling mesidino with phlhalic anhydride 
(Kisenberg, B, 15, 1017). Silky needles (from 
alcohol), insol. water. Yields, on nitration, 
the compounds Cj5^03;NC.,HMe,(N02) 1210®] 
and C,H,0,:NC,Me3(NOJa [242®]. 

Xeocymyl’imide C,nA:NC,„H„. [145®], 
Formed by heating the anhydride with m-iso* 
cymidine (Eelbe a. Wartb, A. 221,169). Yields 
[167®J on nitration. • 
NaphihyUimidet C^H^iOsO^NO^H,. The 
(tt). compound [166®] (P.); [182®] (M.) and its 
(3)* isomlride [216®] are got by heating the cor- 
taipondiog naphthylaminas with phtbalio an¬ 


hydride (Piulti, 0. 15, 479; Maschke, 0. C. 
188(5. 824). 

Tri-nUro-phcnyl-imide 
CbUjO...N.C,,H 2(NOJ,, [259®]. From potassium 
plithalimidc and picryl chloride (Schmidt, B. 22, 
32.57). Stair-like groups of crystals. 

o • 0 .r // • p h c n y I-i m i d e 
C„I1,:C OxyphthAUinil. [220®]. 

Formed by heating phthalio anhydride with 
o-amido-plicnol (Ladenburg, B. 9, 1528). Con- 
vcrli-d by sodium carbonate solution into 
C011.C,lb,.CO.NiI.C,lI,Oil [223®]. 

p-OTij-phenyl-imidt'. [288']. Got in 
like manner from /'-amido jdienol (I’iutti, 0. 1(5, 
252). Yields (5Jt.;C 0,.:N.C.H,0A(' f239'’l and 
CO.II.OJl,.CO.NIl.i;il*Oll |2H!l®j. UNO^ forma 
C/l.:C,0,:><G.,lI(NO.),01I [210®], which yields 
an acetyl derivative [177®]. 

vt • Ni t ro-ph n cyl-imide 
C,lI.O,:N.CII,.CO.CJI. no,. [ 2 o 4 ^]. Formed from 
w-bromo-A-nitro-flgetophenone and potassium 
plitjialimide (Schmidt, B. 22, 3240). Pointed 
crysilals (from HOAc). • 

l‘hc n y I h yd ra^idc 0„I 
fl78-’]. Formed from phthalyl chloride and 
|)])enyl'hydra/ihe in ethereal solution (Piokel, 
A. 232, 233). Yellow needles, insol. water, sol. 
hot alcohol and chloroform. 

Hydrides of phthalic acid. When reduced 
by Hixlium-amalKem in a solution kept acid by 
lioAc phthalic .acid yields trails (1, 2)-dihydride. 
Ncuira! sodium jdithalato reduced by sodium- 
umalgam without addition of acid yields the 
stable (l,5)-dihydritle (Baoyer, A. 2(59, 154 ; cf. 
(Jraehe a. Born, A. 142. B.30). 1‘hthalic acid, 
Kuspi'iided in water, is lediiceil by sodiuni-anul- 
gam to a laclonic acid wiiich yields a crystalline 
la<-t-)nn [2.55®]; i>blhalide, and the (l,2)-dihy- 
drido are also formed. Botli the (i,2)-dihydride8 
reduce aqueous AgXO, (.‘./c) on warming, form¬ 
ing at once a black pt>. Bc>iling aquoous cupric 
acetate gives olT C(i, and forms a white pp. 
which on addition of 1 lOAcdeposits CuA The 
liquid contains benzoic acid (Baeyer, A. 269, 
151). None of the other dihyilridcH of phthalic 
acul-aro attacke<l by cupric a<xlate. Boiling 
cimvioniacal AgNO, gives willi: the (l.2)-dihy- 
dride a black ))p.; the (4,5)- and (1«6)- dlhydrldes 
a brow'n pp.; the (3,(5)-dihydrido a white pp. 
not turning brown. The (1,2)- (1,6)- and (4,6)- 
dihydridcs give benzoic acid and GOj when 
feebly oxidised. The (3,6)- dihydride gives 
phthalic acid (Baeyer, J. 269, 179). The hoxa- 
iiydridcs are most stable, the totra-hydridcs 
next, and tlio dihydiides least stable (llaeycr, 
A. 269, 169). Tlte cis anliydridcs are more 
‘‘table than the Irans anhydrides. Tlie trana 
acids are more stable than the cis acids. The 
anhydrides of the dihydridcs are well crystal¬ 
lised, and yield tlie corresponding acids when 
boiled with water. The anhydrides are got by- 
means of AcCl or Ac.O. The (1,2)- dihydride 
will not stand AcCl. T'.ie (4,5)> dihydride needs 
long boiling with AcCl. Boiling Ae^O often 
changes the frans to the cis var ety. The an¬ 
hydrides of the cis melt at lower temperature 
than their trana isomeride (Baeyer, A* 269, 
161). 

In the following hydrides the two earboxjli 
are in the positions 1 and 2. The small num¬ 
bers following A indicate the position of 0 

li 2 
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•tomi inpposect doubly nnited to th« sdiacent 
0 atoms. 

Tratu- A*-' or(l,2)-i»-Aydrid«. 

oi:ci;ci.S s- -IS “t 10"! 8 at 

iOO^. Formed by reducing phthalio acid (20 g.) 
dissolved in NaOAo (32’8 g.) and water 200 c.o. 
at 0^ by adding successive quantities of 3 p.o. 
8odium>amalgam (40 g.) and 60 p.o. acetic acid 
(6 O.O.], and finally aadlng H^SO^ (Baeyer, A, 
269, leO). Prisms (from hotwatei'. Kot re* 
duced by sodium-amalgam in^the cold. Lead 
acetate gives a tlocculent pp., sol. HOAo. 

JReociions.—1, Boiling NaOHAq changes it 
entirely to the (4,6}>isomeride. Nine hours 
boiling with water does the same.—2. EMnOf, 
hot ammoniaoal AgNO„ and aqueous AgNO, at 
100® are at once reduced.—3. Aqueous ct/pric 
acetate forms a green pp., which gives oi! CO,. 
On adding HOAo the liquid becomes clear and 
contains benzoic acid, Cu.p l^ing ppdu—4. Oxi¬ 
dised by boiling CuSO^ to benzoic acid (Baqyer, 
A. 269, 191).—6. «The acid takes up Br (4 at.) 
and tlie product is reduced by zinc-dust and 
HOAc to the original dihydride.—6. Combines 
with HCl, hence cannot bo cthcrifiod by alcoliol 
and HCl.—7. Combines with HBr (2 mols.) in 
aqueous solution at 100®. The product could 
not be crystallised, is reduced by sodium-amal* 
gam to a bexabydrido, while zinc and HOAc do 
not form an unsaturated acid. 

Cis (Ifi). dihydride. [175®]. S. 1-8 at 
10®. Does not accompany the trana form in 
the product of reduction of phthalio acid 
(Baeyer, A. 269, 192). Tlie Irans acid boiled 
with AC;,0 (but not AcCl) for 7 minutes is 
changed to the anhydride of the da isomerido. 
The lead salt of the cis acid is insol. HOAo, while 
that of the trans acid is soluble therein. Large 
colourless many-faced prisms, lieadily con¬ 
verted into anhydride by warming with Aq^O. 
The anhydride [100®] crystallises from ether 
in colourless needles, and is re-converted into 
the acid by boiling water. The ds acid is con¬ 
verted into the (4,6)- dihydride by boiling 
KaOHAq, by 9 hours’ boiling with water, and 
even (unlike the trana isomeride) by standing 
for 2 days with 16 p.o. NaOHAq. i^acts with 
lUver and copper salts like the trans acid. 
or U,6^Dihydride. 

^oiSco;^ 8- •* 2«°! •* ■“ 

10°. Got by reducing phthalio acid (60 g.) with 
Bodium-amalgam (1200 gj (Baeyer, A. 269,196; 
cf. Aetid, A, 268, 187). Lustrous triciinic crya- 
tall. 


Reaetions.~l. Not affected by evaporating 
with boiling NaOHAq, but by long warming with 
very oono. aqueous or alcoholio KOH it is par¬ 
tially ohanged to the A*.< or (1,6)-dihydride.— 
2, B^uoed by sodium-amaigam m a current of 
CO, at 100° to A’or (1,4,6,6)- and cis and trans 
A‘ or (l,2,3,6)-tetrahydride8.—8. KMnO, oxi¬ 
dises it to oxalic and phthalio acids (no sno- 
oinie acid).—4, Alkaline K,FeOy, on boiling 
forma benzoio acid. Cold dilute H,SO, and 
MnO, also form benzoic aoid.—6. PCI, gives 
phthalio anhydride.—6. Br in the dark forma 
0 [186°].—7. With HBr (2 mols.) it com¬ 

bines forming crystalline di-bromo-phthalio aoid 
bexobydride (Baeyer, A. 269, 198), which is re¬ 


duced by sodium amalgam to phthalio aoid 
frans-hexahydtide. AoCl converts the acid into 
an anhydride [167°]. The silver salt boiled with 
water is reconverted into the (4,6)-dihydride. 
Alcoholio potash converts dibromopbtbalio acid 
hexahydride into the AM or (1,6)- dibydride. 

Methyl ethsr MeA'. (250°). 

Anhydride [84°]. Got by boiling the (4,6) 
acid with AeCl (Baeyer, A. 269,196). The pro¬ 
duct is evaporated over soda-lime and H,S 04 in 
vacuo, when the anhydride separates in large 
tables or prisms, si. sol. ether, v. sol. chloroform. 
Hot water readily dissolves the anhydride, eon. 
verting it into the parent acid. Na,CO,Aq forms 
an orange-red solution, which bleaches litmus 
as long as any anhydride is undissolvcd, the blue 
colour afterwards returning when ail is dissolved. 
On adding HjSO, to the solution a rosin is ppd. 
Heating on the water-bath rcsiniflos the anhy¬ 
dride, forming some phthalio anhydride. 

AM OT(l,G).dihydridc. 

[180®]. Formed by boiling the di-hydro-di- 
bromide of the (4,5)- dihydridc of phthalio acid 
gH.,.CHBr.CH.COJI ... , 

CH,.CHBr.CH.CO^ * so'nho" of KOH 
(1 pt.) in MeOH (2 pts.) for Ij^ hours (Baeyer, A. 
269, 199). Formed also in small quantity by 
heating the (4,5)- acid with cone, aqueous or al¬ 
coholic KOH or NaOH. Ilosettes of prisms 
(from water). More soluble in water than the 
(4,5)-dihydride. Hot cupric acetato forms a 
white pp. which dissolves on cooling. 

Reactiona.—l. KMnO., and No-^CO^Aq form 
oxalic acid in the cold, and some phthalio acid. 
2. Ammoniaoal AgNOj forms a white pp. turning 
brown on warming.—3. Cold dilute . 

Mn0.y form benzoio acid and COj.—4. Boiling 
alkaline K,FeCy, also forms benzoic acid.—6. 
Converte(\ by Ao./) in the cold into thq, anhy¬ 
dride which crystallises from chloroform in 
cubes [104®] and is reconverted into the aotd by 
warm water. The anhydride dissolves in 
Na^COsAq and bleaches litmus meanwhile. Ths 
anhydride is converted by heat into the anhy¬ 
dride of the (3,6)- dihydride. — 6. Sodium- 
amalgam reduces it in the cold (diilercnce from 
isomoridos) to^the m-(l,2,3,6)- tetrahydride.— 

1 7. Combines with HBr (2 mols.) when heated at 
100® with a solution of HBr in HOAo (Baeyer, 
A, 269, 200). The product [190®] orystallises 
from ether in plates, and is reduced by sodium- 
amalgam to the trana hezaby^pde. 

am or {S.6).dihydride 

[153°]. S. 1'7 at 6°. Formed by boiling the 
AM or (1,6)- dihydride (1 pt.) with AOjO (2 pts.) 
for 6 minutes, and allowing the product to 
evaporate over soda-lime and HiSO,. The an¬ 
hydride which separates is boiled with water 
(Baeyer, A. 269, 204). Lar^e crystals with many 
facets. The Pb salt is si. sol. HOAo. Cuprio 
acetate gives a green pp., si. sol. HOAo. The Ag 
salt is not reduced by boiling, even in presenoe 
of ammonia (unlike any of its isomerides). 

Seactions.—l, When heated at 100° for • 
Idhg time it is partially converted into anhy¬ 
dride. Evaporation of its aqueous solution 
also partially converts it into anhydride. The 
anhydride [1S6°] is also got byhekting the 
acid with Ao,0. It oiyftaUises in plates. 
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flMdilr labiimM in fntbery jiUiti. Dom not 
bloaoh litmus.—3. Sodium-amalgam does not 
redoes it even vhen gentl; vumed (Bae;ei, A. 
269,205).—8. Dilute HjSO, and MnO.oiidiee it 
to phthadio acid. Boiling alkaline K,t'eCy, also 
forms phthalic acid.—4. EMnO, is at ones de¬ 
colourised.—5. Boiling (10 p.o.) NaOIlAq forms 

(4.5) and (1,6)- isomerides. 

A* or {3,i,ifi)-2'elrahydride 

CH;;CH!:c.CO^r tlSO”]. Formed b? dissolving 
its anhydride in boiling water (Bacycr a. Asti6, 
A. 258, 203; 200, 176). Uot aiso by distilling 
tho tetrabydride of pyroincllitic acid (Daeyor, A. 
1G6, 316). Monoclinic loadeta (containing aq). 
When heated at 100*^ for some time it melts, 
forming the anhydride. KMnOj oxidises it to 
adipic acid. Boiling cone. KOllAq changes it 
to the A'^ acid. Oxidised by Br and alkalis to 
di'Oxy-phthalio acid hexahydrido (tartropbthhlio 
acid).—BaA" aq: crystalline pp. 

Methyl ether Me.;A". Combines with Br, 
forming two dibromidcs [8t'] and [124'’]. 

Anhydride CJIgOj. [7i®J. Formed by heat- 
ing the a* acid or its anhydride at 215° for some 
time. Plates (from ether), v. sol. ether. 

A* or (l,4,5,fi)-2'eira/t|/dridc 

S.-88atl0» U.C.P. 

881,600. H.F. 215,400 (Stohmann, J, pr. [2] 43, 
540). Got by reducing a boiling solution of 
sodium phthalate withsodium*amaIgam(Baeyer, 
A. 268, 175). Formed also, together with the 
tram A^ isomeride, by reducing the (4,5)*dihy« 
dride in the same way. Prisms (from water). 
Bromine vapour yields a dibromide [225°]. 
MeOH and KCl form an oily methyl ether, which : 
yields a crystalline dibromide [74°]. KMnO, | 
oxidises it to oxalic and succinic acids. | 

Anhydride CbH„Oj,. [79°]. Formed from 
the acid and AcCl. Prisms. Changed by heat 
into the anhydride of the A' acid. 

Traii$-A* or {l,2t^fi)-Tctrahydride 

CH.CH,,.CH.CO^ r21&°1 S ‘146 at 6°. 
CU.CH,.CH.CO^* J’ ” 

Formed, together with the (l,4,5,C)-tetrahy* 
dride, by reducing the (4,6)*dihydrido in boiling 
solution by sodium-amalgam (Bacycr, A. 258, 
210; 269, 161). Leaflets (from water). De¬ 
colourises KMdO, at once. Yields a methyl . 
ether MejA" [40°],which forms a dibromide [117°]. 
Anhydride C^H^O,. [140°]. Got from the acid j 
and AcCl. Needles (fronr ether). Changed by ; 
beat into the cis- isomeride. | 

Cis-A^ or (l,2,3,6)| 
[174*^. S. -O at 6°. Formed by adding sodium- j 
amalgam at 0° to a solution of theKa salt of the j 

(1.6) -dihydride in a current of CO, (Baeyor, i. | 
269, 202). Formed also by boiling the trans A* 
tetrabydride with ACjO for 15 minutes. Large 
prisms. Boiling Ac,0 forms the anhydride, 
which crystallises from ether in tables [59°]. 

Trans- (or fumaroid) hexahydride 
0^„(CO,H)y [221°]. 8. ‘23 at 20°. Formed 
by ladncing the hydrobromides of the di* and 
tetra- hydrides with sodium-amalgam or witti 
lizm-dost and HOAc (Baeyer, A, 166, 350 ; 268, 
814; 269,161; xf, Hizerw, B, 4, 658). By re¬ 
ducing tlm (3,4,5,6)-tetrahydrid6 in a hot sola- 
lioit a i^inra of irons- and eii- hexabydiidcs 
lo <Miud. ^afltti (ftMB waterL Uay b* 


distilled unchanged if quickly heated, but yields 
the ets- anhydride when slowly heated. Not 
oxidised by cold aqueous KMnO^. Yields a di¬ 
methyl ether [33°], m. sol. ligroih.—PbA" aq: 
plates. 

Anhydride, [140°]. Formed from the 
acid and AcCl. Long needles (from ether). 
Changes when heated into the cf$-iaomeride. 

CiS’ (or malcoid) hexahydride. [0.193^]. 
Got from its anhydride, which is formed by 
heating thg anhydride of the isomeride at 
220° for eight hoftrs. Short four-sided prisms, 
more soluble than tho trans- isomeride. Not 
attacked by cold aqueous KMnO,. Cone. HClAq 
at 180° changes it to thefmns- variety. ThoBa 
and Zn salts arc less sol. hot than cold water. 

Anhydride, [32°]. 

laophthalio acid [IsS] CJ1,(C0.^U),. [0. 

300°]. S. *013 at 25°; '22 at 100’. H.O.v, 
769,100. li.C.p. 768,800. ll.F. 190,200 (Stoh¬ 
mann, j. pr. [2] 40? 138). 

VowuilUyn.—l. By oxidising w-xylono with 
K..Cr,0, and (Fittig a. Volguth, Z. [2] 8, 

520; A. 148,11; 153,268).—2. By fusing sodium 
formate witli potassium wt-sulpho-bonzoato (V. 
Meyer, A. 156, 265; 159, 1).—3. The ether is 
formed bj^tho action of ClCO.^Kt and sodium- 
amalgam on t«-di-bromo-beiizcne (Wurster, A, 
176, 149).—4. By fusing potassium formate with 
potassium ben/.oato (Uichter, ii. 6 , 876), m- 
broino-benzoulo (Ador a. Meyer, A. 169,16), or 
di-sulpho-benzoatc (Barth a. Sonhofer, A, 150, 
22 H).—5. By oxidation of m-toluio acid (Welth 
a. Landolt, B. 8, 715).—6. By saponification of 
its nitrile.—7. By heating the hvdridcs of prehn- 
itic and pyroincllitic acids with IIjS04 (Baeyer, 

A. HW>, 334; Sni>pl. 7, 4).—8. By strongly heat¬ 
ing NaOBz (Conrad, B. 6,1395).—9. By oxida¬ 
tion of colophony with dilute nitric acid 
(Schreder, A. 172, 93).—10. By the action of a 
hot aqueous solution of cuprous potassium cyan¬ 
ide upon »i-dia'/.o-bcnzoio chloride, and saponifi¬ 
cation of tho resulting nitrile (Sandmeyer, B, 
18,1498). 

iVtfparafion.—7U'Xylcne is converted, by 
heating with bromine at 125°, into GgIl4(CH|BrL, 
which is boiled with alcoholic potash, ana tne 
resulting CJI<{ClipKt), oxidised with chromic 
'acid mixture (Kipping, B. 21, 46). 

Properties. —Long slender needles (from 
water), m. sol. alcohol. May be sublimed. 

Salts.— K^A".—BaA" 6aq. TrioUnic crystals 
(by spontaneous evaporation) (Losaen, A. 266, 
30). V. sol. water.—BaA" 4aq ? Needles (by 
cooling hot saturated solutions}.—CaA" 2j[aq: 
needles.—AgaA": amorphous pp. 

Methyl ether Me^A''. [65°], Needles 

(from dilute alcohol). H.F. 173,300 (Stohmann, 
J.pr. [2] 40, 353). 

Di-cthyl ether Et.,A". CO®]- (SW. 

Di-phenyl ether [120°> Grot by 

boiling the chloride with phenol. Long needles. 

Chloride C.U^fCOCn^ [41°]. (276°). 
Formed by heating the acid wiw P01« at 200° 
(Schreder, B.l 708; Munchmey6r,B«19,1849). 

Amide C,H4(CO.NH^y [266°] (B. Beyer, 
Xpr. [2] 22, 351); [above 270°] (LuekenbMh, 

B, 17,1431). Got from the chlonde and KHr 
Plates, si. sol. water and alcohol. 

mirils 0«H«Cy, 1158°]. Formed bv dla- 
tUling potasslom eyanide wi& potasdom oena- 
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«ne w-disulphonate (Barth a. Senhofer, A. 174, \ 
236; Meyer a. Michler, B. 8, 672; NoUing, B. 
*8, 1112; Luekenbach, B. 17, 1428), or with ; 
potassium w-chloro* or biomo- benzene sulphon- i 
ate (Meyer a. Stiiber, A. 105, 165; Linipricht, ' 
A. 180, 02). Formed also by heating the oxiru . 
of isophthalic aldehyde C„H,(CH:NOH)., with I 
excess of AcCl at 100“ for a long time (Munch* ! 
meycr, B. 20, 508), by the dry distillation of , 
calcium m-eyano*bcnzoate (Bromme, B. 20,521), ' 
and by boiling an alcoholic seiution of 
C,,H4 (CS.NHJj with an iwjuooua solution of lead 
acetate (Luokenbach). Small needles (from 
alcohol), insol. water, m. sol. ether. Converted 
by alconol and dry HCl into phthalimido-ethyl 
ether 0,H^(C(NH).OEt), [60“J. MeOH and TlCl 
yield C„H,(C(NH).OMe), [c. 62“J; while mor* 
captan and IICl fonn C,iH,(C(NH).SEt).j, which, [ 
like the two preceding bodies, forms a crystalline ' 
hydrochloride (Luekenbach).^ «. | 

Semi-nitrilc v. i/t-CYANo-nKNzoic acid. j 
Tetrahydridetof Isophthalic acid 
C„nB{COaIl)2. [lOO-']. Formed by reduction of 
isophthalic acid by boiling its alkaline solution 
with sodium-amalgam (Baeyer, B. 10, iHOll). 
Needles, v. sol. hot water.—Ag.A": white pp. 
Methyl ether Me^A". Oil. 

Isomeride v, TF.nKPiiTJiAi,io acid. 

References .— Amcoo-, Biiomo-, BuoMo-NiTno*, 
Cniiono-, loDo-, Niino*, Oxy-, and OxY•A^(lDO• 

PllTnALIO ACIDS. 

Homo-phthalio acid v. Cauijoxy-pufnyl* 

ACETIC ACID. 

Biphthalic acid v. Dii-iitiialylio acid. 
PHTHALIC ALCOHOL v. 1 )i-oxy-xylfnk. 
PHTHALIC ALDEHYDE le. 

ObH*(CHO)J 1:2]. Mol. w. 134. [52"J. Formed 
by boiling 0«n^(CIICl,), (1 mol.) with NaOHA.i 
(4 mols.) (Colson a. Oautier, TU. [2] 45, SnO; 

A, Oh. [6] 11, 20). Formed also by oxidising 
0„HdCH,.OIl), (lljclt, B. 10, 411). Solid, v. si. 
sol. water. Coloured blue by Nil^Aq. Slowly 
oxidised by air. 

Oxim CJI,(Cri:NOn),. _ [215“]. Small 
needles (Munchmeyor, B. 20,500). 

IsophthalicaldehydeC,.lI.(CilO),,[l:3]. [!)0“], 
Formed by boiling C„1I,(C11C1J^|.1:3J with water 
(Colson a. Gautier, Bl. [2J 45, 500; V. Meyer,, 

B, 20, 2005). Needles. Reduces silver .solu¬ 
tion with ditViculty. Gives a violet-red tint with 
rosanilino reduced by SO.^ Oxidised by KMnO, 
to isophthalic acid. 

Ox ha C,H.(CH:NOII).,. [212“] (Miinuh. 
meycr); [180“J (Meyer). Tlates (from hot alco¬ 
hol). Converted by AcCl at 100^ into C.jH,Cy,.. 
Yields the ethers C„H,(CII:NOMe )2 [77“] and 

C, H,(CH:NOEt), [lCo“]. 

Be/€rfl7icc.—OxY-i3oi'imiALio aldiuiydu. 
Isomeridea. —TKUFrimiAUc aldehyde and 
PUTHALIDE. 

PHTHALIC ALDEHYDE ACID v. Aldkiiydo* 
BENZOIC ACID and Phtiialaldeuydio acid. 

PHTHALIDE C.H.O, i.«. 

Lactone of »-Oxy’04oluic acid. [73“J. (200“ 

i.V.). 

Formation.—1. By reducing phtbalyl chlor¬ 
ide with zinc and IlClAq (Kolbe a. Wischin, 
C. J. 19i 330), or with Mg and HOAo (Baoycr, 
/.[2] 6, 300; 10,123,1446; 11,637).-2. Occurs 
Among tlic products of reduction of phthalic an¬ 


hydride by zinc-dust and HOAc (Wislicentitf, 
B. 17, 2178).“ 3. By passing bromine-vapour 
over o-toluic acid at 140“ (Hjclt. B. 19, 412). 

Preparation.-- Phthalimide (1 pt.) is reduced 
to phthalidene by means of tin (lj| pts.) and HCl. 
The tin is ppd. hy zinc, and sodium nitrate 
added to the filtrate, The yellow pp. of the 
nitrosamincof phthalidinc is filtered oJT, Avashed, 
and heated with dilute NaOH. The phthalido 
is ppd. by IICI and distilled. Yield on the 
phtlialic anhydride -70 p.c. of the theoretical 
(Graebe, B. 17, ^>00). 

Properties. -''Nee<lles (from hot water), si. sol. 
cold water, v. sol. alcohol and ether. Docs not 
combine with NallSO., (Hessevt, B. 11, 238), or 
reduce ammoniacu! AgNO,. Docs not react with 
hydroxylamine. 

Reactions.— \. Oxidised by alkaline KMnO, 
to phthalic acid. — 2. Alkalis and alkaline 
carlHjnates form w-oxy-o-toluic acid, u. vol. iii. 
p. 781. — ,3. Sodium-amalgam forma hydro- 
phthalido CJ1,()., a viscid mass, v. sol. alcohol 
and other, and also ‘phthalylpi>iacone’ C,,.!!,/), 
|■ 1 <J 70 ]. —4. Anmionia on heating forms phtlial- 
iniidiiie.—5. Aniline at 210^ forms phenyl- 
phthalimidinc.—0. Phthalic anhydride on heat¬ 
ing forms diphthalyl.—7. KCy at 185“ forms 
CuH,((.'H.;.CN).CO.^U [115“], which forms 

CaA '2 2 a<|, and yields carhoxy-phenyl-acctic acid 
on saponilieation (Wisiicemis, B. 18, 172; 233, 
112). KCy ut 200“ yiedds C„II,,N,Os (?) [240“- 
2t5“j.— 8 . Boiling illAq forms o-tohiic acid. 
U. Br at 140“ fonii.s (■.ro-hromo-phthalide. C! 
at 100“ yields phtluilyl chloride (Bacino, A. 231), 
70).—10. NaOEt acting on an ethereal .solution 
of oxalic ether and phthalido forms an etiior 
[ 122 “] crystallising from alcohol in 
needles, and forming with phenyl-hydrazine the 
' compound CiJIi.^N-O, [150“] (Wialiccnus, B. 20, 

; 2062; A:2tl>, 342). ‘ 

' Phenyl-hydrazine compound 
\ C,,li,,N.,OJ.c.CH.(01I).C„H,.CO.N2H.,Ph. [174“]. 

; Readily formed by warming phthalide with 
i plienyl-hydrazine for a few hours (Meyer a. 
l Miinchmeyer, B. 11), 1707,2132 ; Wislicenus, B. 

’ 20, 401). Sol. hot water and alcohol, si. sol. 

! ether. Silvery needles. Partially resolved into 
: the i*avcnt su'bslances by fusion. Very unstable 
■ towards .acids and alkalis. lI.SOj forms a colour¬ 
less solution, turned r.'ddish-violct by FeCla. 

Befcrences. - Amido-, Bhomo-, Ciiloro-, 
Nitjio-, and OxY-rnntALiDE. 

PHTHALIDE CARBOXYLIC ACID v. Oxv- 

CAKlUiXVr.-rilENYL-ACElTC ACID. 

PHTHALIDE SULPHONIC ACID 

SOaH.CJI^<^QQ-^0. Formed by warming 

phthalide with faming H.SO, (20 p.o. SO 3 extra) 
(lloonig, B. 18, 3453), Needles, v. sol. alcohol, 
insol. other. — BaA'^. — CuA'j 2 iitl‘ light-blue 
prisms. ** 

PHTHALIDINE is Piithaumidinb. 

PHTHALIMIDINE CJI^NO i.e. 

C,lI,<gQ '>NH. [150°]. (337°) at 730 mm. 

i'’urnied by reducing phthalimide with tin and 
HCl, and by heating phthalide in a current ol 


ether. Not volatile with steam. Oxidised I7 
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ICiilnO, to phthalimide. Bromine forms 
C„Bl,N,0,Brj [ISC’]. Distillation over zinc- 
dust forms phenyl-isoquinolinc. Yields a nitvo- 

derivative C,H.<gy [210‘>], con- 

verted by oxidation into'phthalide. Yields also 
ft di*nUro-derivative [105 . 

Salts. — iruci. [i50°]. Tliin wliito 
needles, v. sol. water.- B',HAuClj. 

[176®J. • U'CJl,(NO,),OIL‘ 

Acetyl derivative C„H„AcNO. 

Needles (from dilute IIOAe). 

A^itrosami/ie C,I:1„(N(5)N0. [!.“)(»']. 

Yellow needles ti*ora water or alcohol). Cm- 
verted by NaOlIAq into w-oxy-o-tolnic acid, and 
by NaSH into thio-jdillniUde C,H„OS [♦‘•0']. 
/^•/(’rrnce.—D i-chi/.u»i-putiiammijuni:. 
2we»</o*Phtlialimidine C,.lI;NO lu-obaMy 

This compound is forinyd, us 

hydrochloride, by hcatiin’oi-chloro-o-toluvlamido 
C,H,(CHjCl).CO.NlL to 150M0()\ Tlic pi- 
crate B'C.II.aNOJs^II forma a crystalline yel¬ 
low pp.; tiie salt ByLOl .PtCl, 2a(i forms flat 
oran{;e*vollo\v needles (Gabrbl, II. 20, 22I51). 

ISO.>HTHAL1MIDO-ETHYL ETHER 
CJI.lOlNHl.OKt).; [1:3]. The hydro- 

chloride is got by passing dry IICl into a mix¬ 
ture of isophthalic nitrile (1 moL) and absolute 
alcohol (2 mols.) dissolved in bimzciic (Lucken- 
bach, D. 17, 1131). The free base crystallises 
in small needles, v. Rol. alcohol and ether. It 
decomposes on heating into alcohol and iso- 
phlhalic nitrile.—[27U-J. Crystalline. 
PHTHALIMIDYL-BENZYL r. Bi:NV.YLiDi:Nii- 

PBTHALIUIDISK. 

PHTHALIMIDYL PROPIONIC ACID 
nirv/'t • r. iix—C:OH.C1L.CO,H 

CiiHgNO, t.<j. CalI,’\^Q ^ j£ . 

[225'’j.* Formed by dissolving the flilactone of 
phenyl ethyl ketone dicarboxylic acid in Nll,A(j 
(Roser, B. 18, 311!)). Long yellowish needles, v. 
sol. hot alcohol.—BaA^.—Cii.\'.^ laq. ■ Aji.V’. 

LacfOHC C,,H„NO;,. [e. 205"]. Formed by 
evaporating the di'actone mentioned above witli 
cone. NH^Aq on the water-bath. Small tables, 
V. sol. alcohol, si. sol. cold water, lloconverted 
by boiling HOlAq into the dilat'tone. Dissolve^ 
easily in cold aqueous alkalis, forming salts of a 
dibasic acid C,,H, NO«. 

PHTHALONITRILE v. Nitrile of Piitiialio 


ACID. 

PHXHALOPHENONE v. Di -i-ue.svL-i’rniiAX.- 
U>B. 

o-Phthftlopbeaone CBn^BZj[l:2J. Got 

by oxidising o-di-bcnzyl-bcnzene (Zincke, 0, 
31). Tables (from alcohol). 

Isopbthalopbenoa© C.,H^Bz,[l:3]. Phenyhne 
diphenyl diketone. [100®]. Formed by the 
action of benzene and AlCI, on isoplithulyl 
chloride (Ador, D. A3, 320). Plates (froui alco¬ 
hol). Yields two dinitro* derivatives [200'] and 
[ 100 ®]? 

MonO‘Oxim C,Hj.C(NOH).C,H,Bz. [201®] 
[Nolting, B. 19,110). Nodules, v. sol. alcohol. 

Di’Oxim {C*H4.C(NOH));iC^H4. [70''-?5®] 

(Milnchmeyer, B. 19,1849). Small crystals. 

p-Fhtbalopbeno&e C^H^Bz.. [1:4]. Tere^ 
^thalimhenone. {e)‘Di'henzoyl-benzene. [160^]. 
Fonnea by oxidising p-di-benzyl-benzene with 
CrO, ftud (Zincke, B, 9, 31; Wehnen, B. 


9, 309). Out Also from terephthalyl chloride, 
benzene, and AlCl^ (N.). Plates (from benzene). 
PCI, yields C^H„C1, [92®J, Sodium-amalgam 
forms di-oxy-di-benzyl-bcnzene [171°]. 
MonO‘Oxim. '213°]. Nodules, 
i > i • 0 4* t HI. 1235°] . Crys ta 1 . 
PHTHALOXYL-AMIDO-ACETIC ACID 
C,.,H„NO. i.e, CO,il,CJI,.GO.NI1.0ITj.CO,H. 
(ih.eovoU-phlhaloylu' aciil. [100®]. Formed by 
the action of alkalis on phthalyl-amido-aoetio 
acid (Ih'cse, .1. 212, 0; Gabriel a. Kroseberg, B. 

' 22, 121;); Six-rtded plates (containing aq),— 
Na_A". K,A" : hyfnoj-copic neCdles.- BnA".— 
Ag,.\': plates, si. sol. hot water. 

■PHTHALOXYL-AMIDO BENZOIC ACID 
j CO,li.(’..H,.(O.Nn.CJl,.G()Jl. !277°]. Formed 
i by fi.vidalion of tlu' p-tolylimido ot phthali*! acid 
' with KMiiO, (Micliael, li. 10. 571*). 

I PHTHALOXYL-AMIDO HEXOIC ACID 
! COJl.C,lI..r«VNll.CJI,M(.C(t,H. Occurs in 
two varu-tirs, tWb active [132’} and inactive 
[1*3 ], wlti«di arc got hy hoiiinj' the correspond¬ 
ing phtlmlylamiflolicxoic ai^ifls with NuOlIAq 
(Kec.sc, .-I. 212, 2(1). Bolhneids are decomposed 
by boiling water into leucine and phthalic acid. 

! PHTHALURIC ACID v. i'rainic acid of 

' PimiAtac ACit). 

I DIPHTHALYL C,AO, i.c. 

Fonn.iH-m. 1.1’ylK ating phthalyl ohlorido 
. with reduci-d silver at 1.50® (Ador, A. Iti4, 229). 

I 2. By fusing plithalic anliydrldo with zinc- 
, dust; and, togellior with other products, by rc- 
I dueing ]dithaHc anhyiirido with ziuc-du.st and 
I HOAe (Wisliccnua, 7i. 17, 217B). • 3. By healing 
[ plithalide with NaOAc and phlhalic anhydride 
or lliio-phthalic anhydride (Graehc a. Guve, D. 
17. 2M.51; .4.228. 120 ; 233,241). 4. By boiling 
phtliahildeliydic ether with alcoholic KCN (Gold- 
Bclnuiilt a. I’.gger, M. 12, 00). 

J’repcrfic.s.—Needles, insol. water, v. si. sol. 

! alcohol ami etlier. May be sublimed in a cur¬ 
rent of CO.,. Combines with Br forming 
, C„H,Br.,0, Ul 22o]. PGI^ at ICO® forms the 
chloride C|ji„Cip, [24r/'']. Bromine and water 
at 100° form bromo-diphthalyl, which crystal- 
I lise.s fiom henzene. Alkalis form diphthalyl- 
lactonie acid. * 
j Uudride CJI.oO* i.c. 

i [!ia!.»](W,)i [250-] 

(FlasKoll.'odi, A. 213,219), a product of the action 
of zinc-du^t and IIOAc on phlhalic anhydride 
(Wisiicenus). Needles (from alcohol), v. sol, 
IIOAc. Potash forms (li-oxy-di-phenyl-etiiane 
, dicarboxylic acid. 

j Bc/«-re/it'e';.-—Ti:iiu-cmx>ito-, Nirno-, and 
Oxy- llniiTitAi.yi/. 

; PHTHALYL-ACETIC ACID C„H,0, i.e. 

I 2C0®j (Roger, B. 17, 2020). Foimcd by boiling 
phthalic anhydride (lOpts.) with Ac^O (20pt8.) 

' and NaOAc ^2 pis.) (Michael a. Gabriel, B. 10, 
391, 1551, 2199). Formed also by dissolving 
acetophenone ow-dicaiboxyllo acid in H^SO, 
(Gabriel, B. 17, 2521). Needles (from nitro¬ 
benzene), insot water, v. si. sol. hot alcohol 
Beacliom.^X. Aqueous NaOH (1 mol.) formi 
: ft solution of lift Na salt, but excess 0 / alkali coa* 
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Tertt U into acetophenone oo-dicarbox^lio acid. 
S. DUtillation in vacuo splite it up into CO, 
k and methjiene-phthalide.— 3. Bromine m HOAo 

S iTea OBr,.CO.C,H,.OO.H [100°]. Dry Br gives 
,H,0,:CBr.C0,H [o. 235°].—d.CAtorine acting 
on the HOAo solution forms CCI,.CO.C,H|.CO,H 
[144°].—6. H,SO, at 100° forms tri-benzoyleno- 
benzene («. vol. i. p. 485).—C. Ammonia gives 
rise to phthalimidyl-aoctio acid 0„H,N0, i,e. 

(?) which orystalliscs 

from water in needles [c. 200°] and yields 
CsA',aq, BaA',4aq, and AgA* (Itoser, B. 17, 
2623 i Gabriel, B. 18,2451).—7. NMeH,Aq at 0° 
forms NHMe.CO.C„II,.CO.CH,.CO,H [145°], 
which is converted by concentrated II,SO, into 

from alcohol in silky needles, split up by boat 
into COg and a cfystalliiio 

mass which is converted by brominc-wator into 
0,oH,^rNO, \m% (Gabriel, }J. 18, 2453). • 8. 
Aqueous ethj/lamine forms C.^Ho^O^Nj crystal¬ 
lising from ether in noodles [129*^], converted by 

cold H,SO, into C.II,<^.§f [180°] 

^ and by heat into liquid 0«H)<Cco NEt^* (Her- 
tens, B, 19, 2368).—9. PropyliAnine forms, in 
the cold, Cjall^NjO, (10.3“J, crystallising in 
prisma (M.). — 10. A7tiHne at 100® forms 
C,jH„NOj [192®], crystallising from benzene in 
cuoes, converted by cold H28O4 into C,jlInNO 
[266®] and by heating at 204®-230® into the iso* 

merio [100°] (Mortens, B. 19, 

2871).—11. Secondary and tertiary amines have 
no action.—12. Sodium-amalgam forms the 
lactone of ozy-carbozy phcnyl-propionio acid 
(a.ti.). 

Salt.—AgO|„H,0,: amorphouspp. 
FHTKAIYI-DIACETIC ACID 

saponifying phthalyl • di - malonic ether with 
KOHAq (Wislicenus, A. 242, 80). Prisms.— 
BaA"2aq i prisma, v. sol. water.—Ag..A", 

PHTHALYL.AC£TOAC£TIC £TH£BO, 

i4.CA<J5;o S'orawdfroin 

sodium acotoaceiio ether and phthalyl chlorido 
(Fischer a. Koch, B. 16, 661; Biilow, A. 236, 
186). Prisms (from alcohol). Decomposed by 
H^SO^ at 65® into HOAo and phthalyl-acetic acid. 
Alco^Uo KOH forms deliquescent crystalline 
K,0,2 Hi„ 0,. Phenyl • hydrazine acetate forms 
0„H iiN^O^ [2S8®], which is reduced by zinc-dust 
and HOAo to carboxy-bonzyl-acctoacotio ether 
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HTHALTL AICOHOX. v. Dx-ea-oxT-o* 

XILBMB. 

PHTEALTL.AX1D0 ACETIC ACID 
0 ,oH,N 04<.«. C.Hg:CA:N.CH^CO..H. Phthalyl 
glycocoll, [192®]. Formed by heating phthalio 
anhydride (2 pts.) with glycocoll (1 pt.) (Drechsel, 
/.j>r. [3] 27, 418; Itcese, A. 242, 1). Crystals 
(from water), decomposed by boiling HClAq into 
phthalie acid and glycocoll. Cold NaOHAq forms 
pbihaloxy-amido-ocetio acid (e. v.).—NaA'aq.— 
C206®Ja-CaAV2a9.-CuA',3aq.-AgA'. 


—rt(N^«A% Colourless prisms; got by ata- 
porating a solution of the acid with oxide ^ 
plato-diammonium. 

Bthyl ether EtA'. [106®] (R.); [113®] (G.). 
(above 800®). Formed from Ag.^" and EtI (B.), 
and also by heating potassium phthalimide with 
CH2GI.CO.^Et (Goedeckemeyer, B. 21, 2C8S; 
Gabriel, B. 22,426). Needles, v. sol. benzene. 

PHTHAITL-p.AHIDO-BENZENE StTL- 
PHONIC ACID 0«H,:0A:N.C«H,.80,11. The 
Na salt, got by heating phthalie anhydride with 
sodium p-amido benzene sulphonic acid at 260®, 
crystallises fromf«'Hter in silky needles (Pellizzari, 
A. 248,153; G, 18, 314). It is converted by 
boiling ammonia into phthalimide and sodium 
p-amido-benzene sulphonate. TheBaandNHi 
salts are also crystalline. 

PHTHALTI. - 0 • AHIDO - BENZOIC ACID 
C,H.:CA:NC„H,.C0,H. [217®]. Formed by 

heathig anthranilic acid with phthalio anhydride 
i (Gabriel, B. 11, 2261). Prisms, sol. HOAc. 

I Phthalyl-TH-amido-benzoic acid. [276®] (G.); 

I [282®] (P.|. Formed from phthalio anhydride 
' and u(-amido-benzoic acid, and also by saponify¬ 
ing its ether [152®], which is formed by heating 
phthalie ether with m-amido-bonzolc acid (Polliz- 
zari, B. 18, 216; A. 232,147). Needles. The 
amide is described in vol. i. p. 158. 

Anilide. [209°]. Prisms (Piutti, H, 16, 
1322). 

FHTHALYL-AMIDO-ETHANE SDLPHONIC 
! ACID C«H^O.,:N.C.,H,,SOJI. Salt. — KA'jaq. 
t Formed by heating potassium amido-ethane 
I sulphonate with phthalie anhydride (Pellizzari, 

! Q. 18, 324). Monoclinio crystals ; a:h\c 
! »7'908:1:2*694; j8=:60® 42'. Decomposed by 
i alcolmlic Nil, into phthalimide and taurine. 

PHTHALYL - AMIDO - HEXOIC ACID 
C^II.jNO^ i.e. qjlA°N.ClI(C,H,).CO,n. ^[116°]. 
[a]n=x - 21*87® in a 6 p.o. alcoholic solution at 
22°. Formed by fusing leucine with phthalio 
anhydride (Reese, A. 242,9). Needles, v. si. sol. 
hot water. Lrovorotatory. Converted by dis* 
tillation into an inactive variety [142®], which 
' yields PtNjH^A'jS^aq. Cone. HCIAq at 160® 
forms leucine ana phthalie acid. NaOHAq 
forms phthaloxy-amido-hexoio acid (q.v.). — 
NaA'.—NH.A'. -[160®-166®].—PtN,HaA',3aq. 

PHTHALYL-AXIDO-NAPHTHALENE SDL- 
i PHONIC ACID 0,n,:020,:N.C,„H,.SO,H. The 
’ salt KA'Baq is got by iieating sodium (a)- 
I naphthylamine sulphonate with phthalio anny- 
' drido (Pellizzari a. Matteuoi, O. 18, 321). It 
i crystallises in needles, sol. water. 

PHTHALYL-y-AHIDO.n-FBOPYL-tfALONIC 
ETHER C,H,;CA:N.CH,.CIL.CH.,.CH(CO,Et),. 
[48®]. Formed by the action of sodium malonic 
ether on the >-bromo-propyl-imide of phthalio 
acid (Gabriel, B. 23, 1767). Monoclinio plates 
(from ligroin); a:6:c»3*260rt:l*644; i8=-81®4'. 
Converts into d-amido-valerio aoid by heating 
with HCIAq at 190®. 

Phthalyl • amido - di • propyl - malonle ether 
C,HA-N.CH,.CH,.CH,.CPr(CO,Et)r [67®j. 
Formed in like manner from propyl-malonio 
etbSr (Asohau, B. 23, 3698). Prisms, insc^ 
water, v. sol. alcohol and ether. % 

DI. PHTHALYL • DI - AMIDO - ODINONS 
Cga,.NA 0A0^:0,0^p.Hjifc:a;4i6J 
[977^. Prepared by oMting tn-aaiido-phw^ 








hjrdtoehlorida with phibidio uihT^^i ^- 
solviog the leeultiog 0^.^0H)(N;0,0,:0aH,), 
[above 300°] in potash, and tiaating the prodnct 
OA(OH){NH.CO.O,H,.CO,H), [above 300°] with 
nitric acid (S.O. M3) (Piotti, Q. 1C, 234). I 
Yellow needles (from HSO,). Forms a com¬ 
pound [174°] with phenyl-hjrdrazine. I1,S passed 
into its solution in dilute HOAo forms orystul- 
line C,H..(0H),(N:C,0,;C^,)„ not melted at310°. ^ 

PHTHAIYL-AHIDO-SUCOINIC ACID I 
0, ANO, i.e. C.H,0,:N.CH(C0,H).cn, CO.,n. | 
[225°]. Formed by heating aspartic acid with \ 
phthalie anhydride lor 1 houiwat 180° (Piutti, 
0. 14, 473; 10, 2). Tufts of prisms (from 
water). Decomposed into phthalie and aspartic 
acids by heating with IICIAq. Boiling aniline 
forms aspartic acid and the phcnylimides of 
pihthalio and phthalyl-amido-succinio acids. 
Diphonylamine forms three di-phenyl-amic 
acids C,H.O.:N.C,H,(COKl’h,)(CO.H) [180°], 
[204°], and [194°]; the first and third crys¬ 
tallises with aq, and all three yield a salt AgA' : 
and are decomposed by potash-fusion into 
aspartic acid, phthalie acid, and diphenylamine. | 

Salt.—CuA'jdaq: blue prisms. | 

PJtcnyliniide I 

[264°], Formed from tlie acid and aniline. ^ 
Bmall needles (from HOAe), nearly insol. alco- I 
hoi. j 

Te Ira’ 2)11 eny I-diamide * 

CKH,02:N.C.;li3:C;;0s(NFli;i)2. Two isomcridcs, | 
[273°3 and [2HG°], are got by Itcating the acid ! 
with diphenylamine for 5 hours at Both j 

arc split up by HClAq at 200° into phthalie ; 
acid, diphenylamine, and aspartic acid. 

FHTHAITL CHLORIJOS v. Chloride of ; 
Phthalic acid. 

PHTHALYL-ETHANE v. Anhydride of 

PliENYL*£TllYL KETONE O>CAHn0XYLIC tCtD. 

Bi-pbthalyl'ethane CtoHj^OgM. 

Ethinedi. 

phthnlyl. [above 3o0'^J. 

Formation,— 1. Together with other pro* 
ducts by tlie condensation of phthalie anhydride I 
with succinic acid (Gabriel, D. 10, 1559; 19, | 
837).—2. By the action of cong. upon : 

dt*pbeny] ethylene diketone di-o carboxvlic acid*i 
C,H,(CO,Il).CO.CH3.CH,.CO.CJl,(CO,n‘), or its j 
ether.—3. By further elimination of H.^O from 
the (a) or {$) anhydrides of the latter 

acid (Roser, B. 17, 2770; 18, 3115). 

Properties. — Yellow needles (from nltro- 
benzene), insol. water and alcohol. By boiling 
with alkalis it is converted into di-phenyl ethyl- j 
cue dikotone di-o-carboxylic acid. Nitrous acid | 
forin« a crystalline body decomposing { 

at 160°, and converted by boiling UOAc into I 
C»H,NO« [c. 240°]. i 

Isomeride Formed as a by.pro- ; 

duct in preparing too preceding body by heating 
phthalie anhydride with succinic acid and 
NaOAo. Bed needles with green lustre, not 
melted at 280°. Io8<^ water and alcohol, y. 
soL hot anliine and nitrobenzene. Weak ac^d, 
forming unstable riolet salts. 

PHTHALYL-EXHTL-HTBROZYIAXIHE v, 

vol. 740. 

FSmZ.TL^l)R0XTLAKUIS «, vol ti. 


DiplUhalio 


OI-?HTHA£mO ACID 

co^.c,H4.co.co.c;h4.co,h (?) 

acid, [272°]. Formed by oxidation of diphthalyl 
(Ador, A, 164, 286), of (A)-dinaphtiiyl-diquinone 
(Kom. B, 17,3021), and of di phenyl- 
ethane dicarboxylio acid (DobrclT, A. 239, 66). 
Formed also by the action of alcoholio potaso 
on diphthalyl dibromide (Graebe, A, 228,182; 
242, 221). Minute tables, almost insol. water, 
alcohol, and ether. Converted by boiling cone. 
KOHAq into phthalie acid. Diluto NaOHAq at 
110° fornfli di-pl>#nyl-carbinol tricarboxylic ooid. 
Ucduced by 111 to (CO.,U.O,H,).AH 4 . Alcoholic 
hydroxylaniine hydrochloride forms, on heating, 
CuU„NO, [152°] and [286°]. 

Salts: BuA"2aq: plates.—AgA". 

Methyl ether Mc^A". [192°]. Formed 
from Ag.A" and McI. Lemon-yellow plates. 
By passing HCl into a hot solution of tlie acid 
in MeOH thero is formed a colourless isomerio 
body [278°J, partially converted into the methyl 
ellt#r by heating with McOJl ut 200°, and split 
up by IICIAq at 150 ’ into dirdithalylic acid and 
MeCl. 

Ethyl ether Ft,A". [155°]. Got from 

a^jA" and Ktl. I.cmon-yollow needles. The 
colourless i s o m e r i d e [ 174°] is formed by ethyla* 
tion with alcoliol and llCl. 

Anhydride GJl,0.,. [165°]. Formed by 
heating the acid with AcA at 200°. Oryatals 
(from liOAc), v. sol. chloroform. 

BIPHTHALYUMIDE C,JI„NO, t.c. 

Got by warming di phtiialyl lactonio ooid with 
NlIjAq and by heating pbthalimidine with 
NaOAc and phtinilic anhydride or phtbalimide 
at 220° (Graebe, A. 22H. 137; 233, 246). 
Needles (from IlOAc) forming a yellow solution 
in NaOHAq. 

DIPHTHALYL-LACTONIC ACID 

aldehydic acul. Formed by wanning diphthalyh 
in an atmosphere of 11, with alcoholio potash 
(Graebe a. Schmiilzigang, A. 22H, 126; c/. Ador, 
A. 164, 229). Crystals (from alcohol). When 
heated for some time at 220° it splits up into 
water and diphthalyl, which then melts above 
300°. When quickly heated it decomposes at 
2.35°-240° with partial fusion. Cone. 
converts it into diphthalyl. Its alkaline 8olu« 
tion is yellow, but becomes colourless through 
absorption of atmospherio oxygen, yielding & 
phthalie acid. 

PHTHALYL-XAIONIC ETHER 
C.H.<^'8:C(CO,Et),- 8. (ether) 7-1 

at 0°; 58‘6 at 35°. One of the products of the 
action of phthalyl chloride on sodium malonks 
ether (WisUcenua, A. 242,23). Triclinio prisms 
(from ether), v. sol. akohol. 

lieactioM,—!. Decomposed by long boiling 
with u’afer into phthalie acid and mabnio ether. 
2. Hot jyotoih forms mslonio and phthallo 
acids. A solution of caustic potash at 0° forms 

C.H«<2^C(OH).CK(CO^t), »“*'*• 

liberate oily 'ph^alyloxymalonio* ether, which 
f aiokly deeop^oaei into phthalie aabtydrida and 
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maloais ether.— 8 , KaOEt lorms the compound 

°'”‘<^'c(OEt).ONa(CO^t),’ “ystallising in 
prisms, V. e. sol. water, yielding the ouprie salt 
^(?iiHi» 0 ,).j 2 aq and, on adding an acid, oily 
0|,H.j,0,. The dry salt, NaO„H„0, is converted 
by EtI at 100“ into oily C„H„EtO„ upon 
which alcoholic potash reacts forming the salt 

—.C(OK) CEt(CO,K)j 

liquc^ent plates on adding alcohol to its aqUeous 
solution, yielding amorphousi AgaC„ia, 0 „ and 
splitting up on acidlhcation into ethyl-malonio 
acid and phthalic acid.—4. Zinc-dust and HO Ac 
yield o^arboxy-benzyl-malonic ether (u. vol. i. 
p. 705).—6. Alcoholic NH 3 forms the diamides of 
malonic and phthalic acids.—C. Sodium-iiialonio 
cihfT forma yellow C^,H 3 ,Na 20 ,j, decomposed by 
boiling water into phtlmlyUdimalonic ether, 
malonic ether, and phthalic acid. 

S.minilriU C.H.^fO.g 

[ 0 .176°]. Formed from phthalyl chloride and 
sodium oyano-acetic ctlior in dry Et O (Muller, 
C7. i2.112,1140). White substance, sol. benseno. 
fhthaIyI.di.maloaio ether CjjH 2 , 0 ,„ ».c. 

°«®‘<C!^'c(CH(CO.;F,t).,)/ 

Bodium-malonio ether and phthalyl chloride 
(Wislioenus, A. 242, 23, 80). I’risms (from 
alcohol), insol. water. 

Reactions. —1. Potash forms a yellow solution 
containing C.._,H.^jK.O,u, which separates as orange 
needlee (containing 2 aq) when EtjO is added to 
a solution of the other in alcoholic potash, 
foiling aqueous potash forms phtlialyl-diacctio 
acid C„H..O,[158°].—2. Alcoholic NaOH forms, 
in like manner, lemon-yellow Cj 3 H;,No.p„ 2 aq, 
decomposed by hot water into malonic and 
phthalyl-dinialonic ethers and sodium phthalate. 
EtI at 100° converts the Na derivative into 
Oj^j,Et jO|„ which yields ethyl-malonio other on 
boiling with water.—3. The di-sodium derivative 
0 ,,H.j,Na, 0 ,g is converted by treatment with 
A(!,0, phthalic anhydride, or phthalyl chloride 
into ‘phthaloxy-dimnlonio ether’ C.„Hj,0, or 

CA<^c5c(COj%)j (“'ool'o') 'SI »t 

14°, which crystallises from ether in needles 
melting at 117° when slowly heated and at 106° 
when quickly heated, * Phthaloxy-dimalonio 
ether ’ is also one of the products of the action 
of phtlialyl chloride on sodium malonic ether 
(Wislioenus, A> 242, 28, 61), It forms a yellow 
solution with aqueous KjCO, and KOH. Alco¬ 
holic potash forme Oj,H,,KO,o, which is tho mono¬ 
potassium derivative of plithalyl-dimalonio ether. 
Zino-dust and HO Ac reduce ‘ phaloxy-dimalonio 
ether’ to oily 

PHIHAiyi-PKOPIOHIC ACID 0,.H.O, is. 

fl.H4<^’^.CH.0H,.CO.,H’ [245°-248°]. 

Formed by boiling phthalio anhydride (6 pta.) 
with propionic anhydride (10 pta.) and sodium 
propionate (1 pt.) for 45 minutes (Gabriel a. 
Michael, B. 11, 1013, 1C79). Slender needles. 
Converted by boiling KOHAq into phenyl ethyl 
ketone o*oarbozylio acid. Keduoed by sodium* 

amalgam to O.H.<^gH,cA.COja 
Vhiob yielda BaA'g and AgA' and is converted by 


boiling baryta-water into ozy-carboiy-pheny|. 
butyric acid C 03 H. 0 «H,.CH( 0 H).C^s.C 0 ,H. 
H,SO, at 100" forms C«H„0, [237"]. 

Salt.—AgA': white powder. 

Amide CnH^O^NH,. [105"]. Leaflets. 
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PHYUIC ACID (?). [170% S.G, 

1*014. Extracted by alcoliol from the loaves of 
the cherry-laurel, apple, almond, and elder (Bou« 
garel, Bl. [2] 28, 148). Cryatalliue granules, 
decomposing at 180®. The K salt crystallises in 
needles, si. sol.cvater, sol. alcohol. 
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PHYSALIN Occurs in the leaves 

of the winter cherry [Physalis Alkekengi), from 
which it may be extracted by chloroform (De- 
stiignes a. Chautard, J. Ph. [3J 21, 21). Yellow- 
ish amorphous powder, with bitter taste, v. si. 
sol. tzold water and ether, v. sol. alcohol. Softens 
at 180^ and decomposes at a higher tempera 
ture. SI. sol. acids, ra. sol. NH,Aq. Salt.— 
Pb 3 (C,,II,j 05 ).P 2 : white pp., got by adding 
l‘b{OAc)u andNIIsAq to the alcoholic solution. 

PHYSETOIEICACIDC.uHj^Oj. [30®]. Occurs 
in sperm oil, and is perhaps identical with hypo- 
gjcic a'Jd (Hofstiidter, A. 01, 177). Stellate 
! groups of needles. Not affected by nitrous acid. 
I -BaA's* crystals, sol. hot alcohol. 

PHYSICAL METHODS USED IS CHE- 
j MISTBY. The object of this article is to pro- 
! sent a general account of the chief physical 
I methods of inquiry which are made use of in 
attacking chemical questions. In each section 
of the article it has been sought to lay down tho 
principles of the method discussed, and to pre* 
sent, in a general way, the more important re¬ 
sults that have been obtained. No section 
claims to give a complete account of thg subject 
with which it deals. The following articles, 
which aro not specially referred to in their 
alphabetical positions in tho present article, 
should be consulted: Aqoreoation, States of, 
vol. i. p. 87; Atomic and molkculau wkiouts, 
vol. i. p. 336; Chemical and piivsical pro¬ 
perties OF BODIES, CONNECTIONS RETWKEN, VOl, i. 

p. 730; Densities, relative, vol. ii. p. 370; 
mDissocution, ^ol. ii. p. 385; Moleculab con¬ 
stitution OP BODIES, vol. iii. p. 410. 
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I. CAPILLARITY, METHODS BASED ON. 
The term ‘ capillarity * is given to that property of 
bodies which is the cause of the rise of liquids 
in narrow tubes, the spherical shape‘of rain¬ 
drops and soap-bubblcs, the spreading of oil 
on the surface of water, and many other plieno- 
mcna. 

The generally accepted theory by which these 
phenomena arc connected and explained is «luo 
mainly to Laplace, and resti^o^ the assuniplion 
that the parts of a body are held together by 
attractive forces which arc insensible except at 
very small distances. \Ve have evidence of the ^ 
existence of those forces in the cohesion of 
bodies, in the latent heat of evaporation, which 
is inoroly the energy that has to be supplied to 
separate the parts from each other, and in tim 
fact that at liigh pressures, wlien the parts of 
which a gas is eoiupt-ned are so near togelln r i 
that they nev<‘r get altogether away from each I 
other’s inllin'iioe, tlje compressibility is found j 
to be greater than is required by lioyle’s law. 
Thougii Laplace made no reference to molreiih s 
it is now usually .supposed that the aliractious 
in quo.stioii are the forces acting between the ' 
molecules, | 

Imagine a molecule of a lic|nid surrounded : 
by a sphere, whose radius is the di.slanee at 
which the force ceases to bo sensible. If llio [ 
molecule is so far from the surface of the liquid 
that this sphere is entirely immersed, it will bo 
on an average equally attracted all round, an«l 
no work will have to be expende<l to movo it, 
but if it be .“o moved that part of the sjdiere U 
outside tile surface, there will be a resultant force 
tending to draw it back again, so that to lu'iiig 
a nioleiSjlc into the surface requin s l!n expendi¬ 
ture of work. Now if wc distort a gicen volume 
of liquid so as to increase il.i siuhico wo bring 
more molecules into the surface, and we increase 
(bo j>otcntial energy of the liquid by an amour>t 
projjortional to the increase of surface, or Iho 
total potential energy arising from this somce is 
proportional to the extent of surface. Hence, 
since in the position of equilibriiwn of any system 
the potential energy is a minimum, the liquid 
will of itself assume such a shape tluit the Mir- 
face is as small as possible consistently with 
other conditions, such as the action of gravity. 

It is plain that what has been said is not 
restricted to lirpuds, but apjdles Cijually to solids 
and to the surface separating two different 
media. In tlie latter case a molecule at the 
surface of separation is acted on by both media, 
but unless the attractions arc equal there will 
be a resultant force acting on it, and it will have 
potential energy by virtue of its position. 

Capillary piiondhient arc often regarded as 
due to the external him of the substance being 
in a state of tension. It is not easy to imagine 
a tension at the surface of a solid, but the coit- 
ception leads mathematically to the same re¬ 
sults as the assumption of the existence of sur¬ 
face energy, and is practically only another way 
of stating the same thing, (or we have seen that 
on the hypothesis of molecular attractions wc 
arrive » the result that the inrfaoe tends to 
become a maximum, and this is equally well 


I described by saying that it belnaves as though it 
were in a state of tension. Further, the mea- 
I sure of the tension—that is, the total force acting 
I across a line of unit Icngth-^is numerically cqued 
' to tlie potential energy per unit area, which is 
' easily proved as follows. Imagine a rectangular 
' piece of the surface a cm. long and 6 cm. wide-— 
increase it to a rectangle a' cm. long and b cm. 

I wide. Then wc havK produced (a'*“rt)6 sq. cm, 

' of new surfaco, and if R is the potential energy 
‘ per sq. cm. wo sliall have done K(a'-a)6 units 
of work. On tin otlu r hand, if T is the surface 
tension, the furce acting on the side 6 will bo 
T6, an<l we have moved it through a' - n cm., and 
hence have done ~ ti) units of work. These 
two measures of the work must l)o equal, and 
hence E -T; and since the rectangle can bo 
taken anywhere on tho surface and with its 
siiles in any direction, it follows that the sur¬ 
face tension is tlie same at every point and in 
any direnion. • 

• It is to b(! observed tliat this tension diffors 
from that of a stretched pifico. of indiarubher, 
for iiistance, ii\ the fact tliat it docs not depend 
on the amount of .‘itretching. No matter how 
much a soap tilm is extended, the tension re¬ 
mains tho same until the tilm becomes so thin 
th.it there are oidy a few molecules in tho thick¬ 
ness. 

Tho surface ton.'^ion, then, is a consequence 
of tho molocular attractions wliicli tend to draw 
the molecules as close together as possible. In 
ord«‘r to balance this tendency and to allow tho 
giihstiince to ho in equilibrium, Laplace imagineil 
the existence of an internal hydrostatic pressure, 
which, from the value of tho latent heat, is cal¬ 
culated by Stefan to he about 1600 atmospheres 
in the case of water. Tho potential energy duo 
In tins pressure is proportional to the volume, 
which is constant in most capillary pheuo- 
mcj7a,and hence inis no elTcct on the equilibrium 
position. 

1’he forms of crystalsare probably conditioned 
to some extent by capillary forces. Most of the 
properties of crystals being different in different 
directions, the potential energy of a surface may 
be expected to depend on its direction, and those 
faces will be formed which have least energy. 
Furtlier, as a large crystal has less surface in 
proportion to its \olume than a small one, the 
familiar phenomenon of tho largo crystals ab¬ 
sorbing the small ones is explained by the loss 
of potential energy resulting from the opera¬ 
tion (y. Liveing, Camb. Phil. Trans. 14, 370). 

If two immiscihlo fluids are in contact witli 
a solid, the surface separating them meets that 
of tho solid at a constant angle, called the angle 
of contact. The most important cue is where 
one of the fluids is air and the solid is glass. 
Many experiments have been made to determine 
this angle, tho conclusion being that in most 
cases it is probably zero, but on this point see 
Magie (TT. 26, 420), v^uincke (W. 27, 219), and 
Worthington (P. M. [6] 20, 05). 

ITic constant which is most commonly used 
is the surface tension as defined above, but 
Quincke and some others use another called 
the specific cohesion, denoted by a*, which is 
; twice the surface tension divided bv the density 
of the liquid, or the height to whicti the liquid 
would rise in a tube of ui^t radios. 
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Thd foUowiug an (he principal methods that 
hftTe been used in determhiing these constants: 
1* By determining the rise of liquids in capillary 
tabes (Quincke, P. 139, 8 ; Frankenheim, J,pr, 
98, 40i).-'2. By weighing or measuring the drops 
from a rod or pipette (Quincke, P, 135, 621; 
Budaux, i. Ch. [5] 13,76; Linebarger, Am. S. 44, 
88 ).» 8 . By measurement of large drops or 
bobbles (Quincke, P.M. [4] 41, 245; Edtvos, W. 
27,448; Worthington,P.Jlf.[6a20,51).-4. By de¬ 
termining the force required to detach a disc or 
ring from the surface of a liquid (Weinberg, 
Z.P.C. 10, 84). 

Mendel4eff states as one of the characteristics 
of a perfect liquid that its surface tension shouid 
be a linear function of its temperature, and Selby 
(P. M. [5] 81, 430) has given thermodynamical 
reasons for this relation. The subject boa been 
investigated experimentally by Frankenheim, 
Weinberg, and others, and it is found that the 
equationy ■> a^bt bolds approximately, ^hcrey is 
the surface tension, t the temperature, and a aod 
b are constants; hence by determination of 7 at 
two temperatures we can calculate roughly the 


temperature ^ at which the surface tension is 

0 


zero—that is, the critical temperature. Edtvds 
extends this result by showing that the rate of 
change with temperature of yvf, where v is the 
molecular volume of the liquid (and hence yv^ 
is proportional to the energy of the amount 
of surface which contains a given number of 
molecules), has a constant vdue which is the 
same for all liquids. 

The only measurements of the surface ten¬ 
sions of pure liquids which have been carried out 
extensively are those of ScbiH {A. 223, 47; and 
(?• 14, 868 ). 8 obi£f determined the surface ten¬ 
sions of a large number of organic substances at 
their boiling-points, and divided the observed 
values by the molecular weights, denoting the 
quotient by N. This quantity was found to be 
in general unchanged by the substitution of one 
carbon atom for two hydrogen atoms, of one 
oxygen for three hydrogens, and similarly for 
other elements, so that each atom had its hydro¬ 
gen equivalent, and compounds with the same 
totid of hydr(^en equivalents gave the same 
vidne lor N. Taking K for ordinate, and the 
total hydrogen equivalent, for abscissa, Sohiff 
plotted a curve from which he obtained the rela¬ 
tion 

log N - 9'8165 - - 007283 ; - log x. 

This equation enables us to calculate the surface 
tension of a liquid compound from its formula. 

There are many exceptions to the law that 
each atom has a fixed hy^ogen equivalent. For 
instance, G must be put equal to 3H in the free 
fatty acids Instead of 2H as in most compounds; 
01 generally has the value 7H, but when seve- 
nd chlorine atoms are attached to different car¬ 
bons in a compound it has the value 6 H; Br is 
usually equivalent to 13H, but sometimes to IIH, 
and BO on. 

A few preliminary measurements of the capil- 
larv constants of the surface separating water 
and oiganlo liquids which do not mix with it, 
have bMn made by Linebarger {Am* 8. 44, 63), 
by idlowing the liquid to drop through the water, 
upwards or downwards, according to iti q^eoifio 


gravity, and ooanting the drops from a giTeii 
volume. The results already published show 
that the introduction of two methyl groups in 
the meta- position into a benzene ring does not 
affect the snrfaoe tension, while if they are In 
the para- position the surface tension is greatly 
diminished. 

' The surface tension of an aqueous solution of 
a salt is greater than that of water, and increases 
proportionately to the amount of salt present. 
Quincke (P. 160, 337, 560) found that for soIU'* 
tions of chlorides of equivalent concentrations— 
tbatis, containing*the same amount of chlorine per 
0 . 0 .—the constant of proportionality is the same; 
but Volckmann {W. 17, 363), on repeating the 
work, concluded that the agreement is not within 
the errors of experiment. Traube {J.pr. [2] 31, 
192) showed that the capillary constant of a 
10 p.c. solution of water in alcohol is not raised, 
like that of water, but is lowered, by the presence 
of a dissolved salt. 

Determinations of the surface tensions of 
solutions of organic substances In water have not 
hitherto led to any important general laws. Such 
substances lower the surface tension but not 
proportionally to the concentration, as appears 
from the work of Duclaux {A. Ch. [6] 13,70), and 
of Traube [B. 17, 2294; J.pr. [2] 31,177 ; 34, 
292). The former gives the law that if aqueous 
solutions of two alcohols, or of two acids, have 
the same surface tension, the percentage compo¬ 
sitions of the two solutions will have a constant 
ratio. Traube's work confirms this result, but 
loads to nothing farther of interest beyond the 
fact that solutions of isomerides have not gene¬ 
rally the same surface tensions. J. W. 0. 

II. CllYSTALLOGBAPHIO METHODS; v. 
Crystalusation, vol i. p. 278; and Isomorphism, 
vol. iii. p. 88. 

III. DIALYSIS AND DIFFUSION. ME- 
THODS BASED ON. When a solid is dissolved 
in a solvent a movement of the particles ocoors 
from the places where the solution is more con¬ 
centrated to the places where it is less concen¬ 
trated, and continues until the concentration is 
uniform throughout. Similarly when gases which 
do not react chemically are mixed, movements 
of the particles,take place until the gases are 
equally distributed throughout the space. The 
mixing of gases or liquids, by reason of the 
movements of their particles, is called diffusum. 
When the diffusion of a liquid is accompanied 
by a total or partial separation into unlike bodies, 
the process is generally called dialysis ; this pro¬ 
cess is usually effected by allowing the diffusion 
to take place through an animal or vegetable 
membrane. The chemical applications of diffu¬ 
sion are chiefly connected with the diffusion of 
substances in solution, and generally in solution 
in water. 

Graham (T. 1850.1, 805 ;• 1851. 483) was the 
first to measure the rates of diffusion of different 
compounds, in aqueous solution, without a sepa- 
ratii^ membrane. He nearly filled glass jars 
with the various solutions, oarefullv poured water 
on tjie top of the solutions, placed the jars n glass 
dishes, and filled these with water until the 
water extended in the dishes about 8 0 . above the 
tops of ^ jars. The dishes were set ^de for 
some time; when the process was to be ftopped, 
glass plates were slid over the moo^ of the Jar^ 
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vliieh theo romored, and the qaaniitiei of differ maoh. He found certain inboiancot which 
substance in the liquids outside the jars, called diffused in water with very great slowness; those ^ 
the diffusates by Graham, were determined. substances included gums, tannin, albumen, 
Graham found that the quantities which caramel, <&o. Inasmuch as the substances 
diffused varied much according to the com- which diffused comparatively rapidly generallv 
positions of the diffusing substances. The assumed crystalline forms when they solidified, 
quantity of a specified substance which diffused | while substances which diffused very slowly 
In a determinate lime was found to bo nearly : solidified in amorphous forms, Graham called 
proportional to the concentration of tho original ; the former crystalloids and the latter colloids, 
solution. Graham also found that diffusion was The solution in water of crystalloids is usually 
able to effect a tolerably complete separation of accompanied by thermal changes; tbesolotioDt 
two salts whose rates of diffusion differed con- boil and freeze At temperatures different from 
siderably. He looked on his iWsults as allowing the boiling- and free?.ing-points of water, and the 
that nearly equal quantities of chemically : properties of tho solutions differ considerably 
similar salts diffused in equal times. from those of the solvent. On the other hand, the 

A few years after Graham’s fundamental ex- solution in water of a colloidal substance is not 
periments, Fick, reasoning from Fourier’s theory , attended with any marked changes, 
of the conduction of beat, came to the tentative | The solution of a colloidal suhsianoo allows 
conclusion that tlis quantity of a salt which the diffusion through it of a crystalloid, in solu- 
(iijfuses through a stated area is proportional to tion, but scarcely permits the diffusion of 
the difference between the concentrations of two another Ailloid. 4f, then, a solution containing 
areas infinitely near one anoOicr. Assuming the a erystalloid and a colloid is separated from 
truth of this statement, a definition was obtained water by a colloidal mcmbraite, such as animal 
iQTihediffusion^co7istantota.sii]iMtheqmntUy or vegetable parchment, tho crystalloid will 
of a salt which dijfmes through unit area in diffuse through this membrane into tho water 
unit time, when unit difference of concentration outside, but tho colloid will bo retained in the 
prevails throughout unit dUtance, A long series interior liquid; in this way colloids can be 
of researches by Beilstein {A, 99, 105), Simmler separated from crystalloids by diffusion; this ^ 
a. Wild (P. 100, 217), Stefan (1^. A. B. 79,101), process was called dialysis by Graham, 
and especially by Weber (W. 7, 409, 550) and By means of dialysis, Graham prepared 
Graham (2*. 1801. 163), has fully confirmed many oompounds in a colloidal, or jelly-like form 
Fick’s law, and has given measureinents of tho (T. 1801. 183). Most inorganic colloidal com- 
diffusion-constants of many substances. Atten- pounds were found to exist in two forms; one 
tion should be drawn, in this connection, ea- soluble in much water, and tho other gelatinous 
peciall} to Graham’s method of allowing salts to and insoluble in water. For instance, an aqueous 
diffuse in water gelatinised by starch, gum, &c. solution of silicic acid, containing 14 p.c. of this 
(2*. 1801. 183; v. also Voigtliinder, Z. P. C, 3, acid, was obtained by adding a solution of 
316). In 1880, Long (IF. 9, 013) made a number sodium silicate to excess of dilute HOlAq, and 
of determinations of rates of diffusion; ho divided ; dialysing (by pouring into a fiat saucer formed 
tho notabera obtained by the moleciiar weights of parchment paper which was floated on pure 
of the salts used, and thus obtained figures water) for some days, until the liquid inside the 
which represented the number of molecules of dialyser ceased to give a reaction with AgNO,Aq; 
each salt which diffused under the same con- tho liquid in tho dialyscr was then concentrated 
ditions. The results showed somewhat regular by boiling in a flask. The solution of sUicio 
arrangements of the molecular diffusion-values, acid gelatinises after a few days, or at once by 
For Instance, Long found that »he haloid com- addition of a trace of an alkaline or earthy car- 
pounds of K had nearly the same value, that the i bonate, or by a few bubbles of CO^ or by certain 
sulphates of Mg, Zn, Mn, Co, Jli, and Cu had j soluble colloids, such as gelatin or soluble 
approximately equal values, and 80 on. *j alumina. Tho gelatinised colloidal silicic acid 

Marignac {A. Ch. [6] 2, 54G [1874]) followed : is insoluble in water, 
up Graham’s observations on the simultaneous Graham prepared soluble and gelatinised 
diffusion of pairs of salts, and anived at the im- j colloidal forms of Al.^O„ Fo,0« CuaFeCy,, Cr)0|, 
portanl result that tho order of the rates of | stannic acid, Ac. Other soluble inorganic eol- 
diffusion of the salts of any acid is independent: loidal compounds have been obtained in recent 
of the nature of the acid, and that the order of i years. 

the rates of diffusion of the salts of a metal i Graham looked on colloids as very different 
is independent of the nature of the metal. ' in their constitution from crystalloids. He re- 
Jiarignao was thus able to construct a table ! garded colloids as prone to undergo changes 
showing the order of the diffusion-coefficients of which take place very slowly; he thought It 
acid i^ioles, on the one hand, and of metals, on possible that the molecule, or molecular aggni- 
the other hand. Tlks table is as followsgate, of a colloid is formed * by the grouping 
Cl, Br. 1 H together of a number of smaller crystalloid inole- 

NO, K, NH, cules.’ Colloids, a^ yording to Graham, are 

dO,, CIO 4 , MnO, Ag capable of loosely combining with various pro- 

p Na portions of water; this process of * gelatinous 

CrO« Ca, Sr, Ba, Pb, Hg hydration* was regarded bv Graham as being 

Ho, Mg, Zn * * as truly ohemical as that of orystalUns 

CO, Cu hydration.* 

A1 Graham’s views mt the nature of ooUdds 

CrysAlloids and eolinds^ Graham observed have been confirmed, on the whole, by more 
that the rates ot diffusion of different substances recent work. J. M. van Bemmelen has especially 
e 
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studied the hydration of coUoids. He gives the 
name kydrog.ls to those gelatinous hydrates 
which contain varying quantities of water jrot 
agreeing with any definite formula; he describes 
the reactions of hydrogels with gases and Uquids 
to form what he calls absorption-compounds, and 
discusses the part played by such compounds in 
the soil (L. V. 35, G9 ; Abstract in C. J. 64,985). 
For van B.’s work on various individual colloids 
V. B. T. C. 7, 37. 69, 75, 87, 106,114; Abstracts 
in a. J'.54,1157 -1102. 

PictoD {C. J. 61,137) and f^icton 'a. Linder 
(C. «r. 61, 114, 148) have recently prepared a 
number of soluble colloidal forms of metallic 
sulphides, such as CuS, llgS, As^S^. The 
colloidal solutions were obtained (1) by pouring 
solutions of the metallic salts into IZ^SAq, into 
which HjS was continuously passed, and dialys¬ 
ing, after removal of excess of IIj,S by a current 
of H; (2) by passing H;,S into water with iiictallic 
hydrates in suspension ; {X, by suspending 
freshly ppd. metallic sulphides in water f.>nd 
passing in H.^8. * All tlie solutions contained 
combined H^S, and were therefore solutions of 
hydrosulphides. The solution of Aa^S, contained 
about 5 g. Aa^Bj per litre, and that of IlgS about 
10 g. per litre. These colloidal solutions were 
shown to contain solid pavliclcs. In some eases 
the particles were visible through a powerful 
microscope; in other cases the particles were 

f troved to be present by passing a ray of bright 
ight through the liquids, and showing the 
scattering of polarised light which thus oc¬ 
curred. Solutions of ‘colloidal molyhdic acid,’ 
and colloidal silicic acid containing free HGl, 
seemed to be free from solid particles. Solution 
of colloidal antimony sulphide showed no par¬ 
ticles under the microscope, but the presence of 
particles was revealed by the passage of a beam 
of light; after keeping for about ten days, par¬ 
ticles bad formed sulllclcntly large to be seen 
by the help of the microscope; and after some 
weeks the Sb was all ppd. as Sb.^S,. In this 
case the passage could be followed from a liquid 
containing very minute particles, whose presence 
was detected only by the fact tliat they scattered 
light, to a liquid containing particles sulllciently 
large to be seen under the microscope. On the 
other hand, a solution of CrCl, in water contain- 
Lnff a little chromous acetate was able to scatter 
li^t, and therefore contained solid particles; 
but ^ter a few days the particles were no longer 
present. In this case the passage could be traced 
from a liquid containing very minute particles 
to a liquid free from such particles. 

The colloidal eolations did not difiuse, with 
one exception —namely, arsenious sulphide. The 
diffusible solution was obtained by running 
AsyOyAq into H,SAq, into which H^S was con¬ 
tinuously passed, and removing excess of H,S by 
a current of H. This solution showed no par¬ 
ticles under the microscope, but as it scattered 
polarised light particles were present in it. The 
liquid was put into a small wide-mouthed bottle, 
which was placed in a beaker and covered with 
water; a distinct amount of A^jS, had diffused 
in one day, and after eleven days about 121 P‘<)' 
of the As^S, was found in the diffusate. This 
colloidal solution therefore presented the in¬ 
teresting phenomenon of a liquid containing 
soHd panicles capable of scattering poUrisea 


light from a beam passed through, and yet able 
to diffuse in exactly the same way as true sola-, 
tions undergo diffusion. 

Picton a. Linder consider that their expert* 
ments establish ‘ a good prima facie case for the 
belief that there Is a continuous series of grades 
of solution passing without break from suspen¬ 
sion to crystallisable solution.* They look on 
the very small particles in some of these colloidal 
solutions os large molecular aggregates, and they 
think that these aggregates become very small in 
the solutions which can diffuse, and that the 
forces by which the aggregates are held in solu- 
tioii ‘ become more definitely those of chemical 
attraction.’ (In connection with colloidal solu¬ 
tions V. I'literno, if. P. C. 4, 457 ; and Barns a. 
Schneider, if. P. 0. 8, 278.) 

Diffusion of getses. The fact was observed 
by Dalton (P. M. 24, 8) that if a heavier gas is 
placed in a bottle which is connected with 
another bottle containing a lighter gas, and 
placed beneath the first bottle, after some days 
the gasc.s will bo equally mixed in both bottles. 
The same fact was observed, and some measure¬ 
ments were made, by Berthollet {M^.in. S. d’A. 
2, 403). Graham (Q. J. S. 1829. 74; P. M. 1833. 
175,200, 351) made a great many measurements 
of tlie rates of diffusion of different gases. For 
most of these ho employed a di/TMAfwwfcr, which 
consisted of a glass tube about 20 cm. long 
and about 11 cm. diameter, having a plug of 
plaster of Paris in one end extending inwards 
about cm., and graduated from this end 
downwards. The tube was filled with the gas 
under examination and placed in water; when 
the level of the water in the tube had become 
constant, the total volume of gas now in the 
tube was measured, and the amounts of air and 
original gas contained in the tube were deter¬ 
mined, With gases lighter than air there was a 
decrease in the contents of the tube, as the 
lighter gas passed out through the porous plate 
more quickly than air passed in; with gases 
heavier than air there was an increase in the 
gaseous contents of the tube, as air passed in 
more quickly than the heavier gas passed out. 

The conclusion which Graham arrived at was 
^hat ‘the diffusion or spontaneous intermixture 
of twe gases in contact is effected by an inter¬ 
change in position of indefinitely minute volumes 
of the gases, which volumes are not necessarily 
of equal magnitude, being, in the c^e of each 
gas, inversely proportional to the square root of 
the density of that gas.’ 

Modifications in Graham's apparatus have 
been made, and many determinatioDB of the 
rates of diffusion of gases have been conducted; 
the results have fully confirmed Graham’s law, 
which maybe stated In the formc;c^ =» \^d'i ^d, 
where c and c' are the diffusion-rates of two 
gases whose relative densities are d and d\ 

It is evident that Graham’s law of diffusion 
gives a means for finding the molecular weights 
of gases; inasmuch as the law enables measure* 
ments to be made of the relative densities of 
gases, and the density of a gas, referred to 
hydrogen, multiplied by 2 is (approximately) toe 
molecular weight of that gas. For a description 
of an instrument fbr this application ofatbe law 
of diffusion v. Bunsen’s Qasomet Metkoden, p, 
160 . ¥• M. F. U, 
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nr. DTHAMIOAL METHODS. Sovenkl 
methods used in attacking chemical problems 
may be put together under this general title: v. 
Cheuical change, Tol. i. p. 731 ; ArriKiiT, vol. 
1. p. 67 ; Aooreoation, States or, toI. i. p. 87; 
PiasoczAnoN, vol. ii. p. 385; EquiLiniacM, Chf- 
uiCAL. vol. ii. p. 434; Molecular constitution 
OF noMEs, TiiRoniEs OP, vol. iii. p. 410. 

V. elkctkicaIj METnons. 

HistoricaL —The history of the science of 
electricity divides itself into two weli-detined 
periods, the boundary between which lies at the 
close of the last century, and is marked by Volta’s 
discoveries concerning the production of elec¬ 
tricity when different substances are brouglit 
into contact. The investigations in the older ; 
period, when only the plienoincna of frictional 
electricity, characterised by small quantity and 
high tension, were known, showed no connection 
with chemical problems. It is true, Deiipaun 
and Paets van Trostvijk had decomposed water 
by means of the eltctriciil machine ; tlu.s effect 
was, however, assigned as duo more to the high 
temporature of the eU ctric spark tlian to a spocilic 
property of electricity. 

It is only with Galvani’s discovery of the 
electricity winch appears when different sub¬ 
stances are brought into contact, and with the , 
scientific investigation of this discovery by Volta, j 
that the period of ekcfro-ch<‘inistry begins. This j 
branch of science is thus of nearly exactly the j 
same age as the current century. It was by ; 
means of the pile as constructed by Volta that j 
chemical changes were recognised to be essential , 


present into acids and bases, and of accumulating 
these at the poles, where they could be detected 
easily. Only vessels of gold proved to possess 
the necessary resistance, and when these were 
used not the least quantity of either acid or base 
I was obtained from pure water. 

After Davy liad thus become acquainted with 
I the great power of dccom|>osing compounds 
j possessed by the electric current, he proceeded 
at once to submit the most diverse substances 
to its influence. By means of the largo batteries 
of the Kb^al li^titutioii, which had boon con- 
Btrucled according his plans, he succeeded 
in obtaining great effects; he decomposed the 
alkalis, ami isolated the metals potassium and 
sodium. 

At the present day it is diflicult to imagine 
the impression which this discovery made on his 
contemporaries. It was not scientific circles 
I only that wore full of it; the public at large and 
the daiIy*pros9 oocupied thcmselvcB most dili- 
goijtly with this fact. Kveryono who could pro¬ 
cure some dozens of copper aitd zinc plates tried 
lo repeat the experiment, and gave an account of 
it. Napoleon, who tlicn had just nearly reached 
the ztMiitli of his power, proceeded at once to liuvo 
larger batteries constructed in order to .><11100111 
tlio way for similar discoveries by tlio Frencli 
fcicutists. He also offered groat iinzes for scion- 
tilic works dealing with voltaic elcctrioity. 

Davy’s discovery was of great importance 
for the development of the seienco of chemistry, 
because it enabled the alkalis to be classed with 
other basic metallic oxides. Clieiuical claHsUlca- 


phenomena concurrent witli the jiassage of an j tion was thus simplilied considerably. The in- 
electric current through certain substances, j vestigations of Davy were, however, without 
Directly this apparatus became known, Nicliol* influence on the knowledge of chemical afllnity, 
son and Carlisle (1800) used it for Ihedecompo- i so.,nd as were Hie views hold by this man of 
sition of water, and since then the fact that ; genius concerning the relation between chemical 
there is|i close connection between chemical and i and electrical processes, 
electrical phenomena has always been present ! It was at this same time that llio two Swedish 


to the mind of investigators. The mysterious naturalists Berzelius and Ilisinger carried out 
and unexpeoted mode of action of this apparatus work which then, it is true, did not attract any- 
soon revived tlie hope that by means of it the thing like the same attention as had justly been 
jifoblcm of vital activity might be fathomed, aroused by Davy’s investigations, but which had 
Consequently, the electric currer.t was made to an even more lasting influence on the later 
pass through various animal fluids, such as blood, development of scientific chemistry. Davy’s ex- 
protein, Ac., with the object of following the periments dealt chiefly with the fact that the 
changes produced by this influence, and thus* electric current split conipounda into their con- 
obtaining information concerning the proccs.ses atituents, and aimed at the isolation of these 
taking place in the organism. It w'as found that, constituents. Berzelius and Hisinger wont a stop 
along with other effects, a basic reaction was farther; they tried to grasp the laws underlying 
always observed at one pole, and an acid reaction this decomposition, and from these they de¬ 
al the other. On further investigation it was velopcd a theory conccrningcliemical compounds, 
found that the acid and the base still appeared, The generalisations under which Berzelius and 
even when water was taken instead of the animal Hisinger comprised their results were as follows: 
fluids, and thus the electric current seemed to {a) Chemical compounds are dcconipos^ by 
be a means for producing acids and bases from the electric current, and tlicir components collect 
pure water. This is the point at which Uie at the poles. 

classical researches of Humphry Davy began. (b) The combustible substances, the alkalis, 
In order to decide whether acids and ba.scs were and earths go to the negative pole; oxygen, the 
really produced from pure water by means of acids, and oxidised substances go to the positive 
eleotricity, be repeated the experiments. He soon pole. 

recognised that the vessels in which the water The fact that Berzelius had experimented 
was contained exerted a determinant influence chiefly on the salts of the alkalis determined the 
on the results; be proved that very small quan- theoreticalconception of electrolysis. Bineeacids 
titles of the substance of the vessels were always and bases appeared at the poles when alkali salts 
dissolved by the water, and that vessels of glass, wereelectrolysed.acidsandbasesweraoonsidered 
elay, basalt, Ao., were subject to this influence, to be the components of salts. Berzelius assumed 
The elecMio current had the power of decom- further that a similai binary division prevailed 
posing the very small quantities of saline mattv throughout the whole of chemM com- 
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pounds. He conceived every atom m endowed 
with, a definite quantity of positive or negative 
electricity, and this led him to distinguish be* 
tween positive and negative elements, and to 
arrange the elements in a series, beginning with 
the most positive down to the most negative. 
It was thus that for Berzelius the combination 
of elements with each other was simply an act of 
electrical attraction; according to him the thermal 
and optical effects which are produced along 
with chemical combination are due t(^ the same 
cause as the corresponding phenomena which 
accompany the electric spark. It is true that 
at this pint Berzelius, with the caution peculiar 
to him, himself brings forward the objection that 
when the opposite electricities have neutralised 
each other a further cause of their keeping 
together is no longer present. It seems, how¬ 
ever, that he did not consider this difficulty of 
sufficient importance to give up his theory for it. 

When a positive and a negative atom inter¬ 
act, their electricities, according to Berzelius, 
are in pnoral not completely neutralised, as the 
quantities of electricity present differ according 
to the nature of the atoms. The compound 
formed thus retains a surplus of positive or of 
negative electricity, and acts therefore similarly 
to an element, but less intensely. It is in this 
way that compounds can again combine with 
each other to form compounds of a higher order, 
and so on, and thus is brought about a binary 
oonatitution of all compounds. 

This electro-chemical theory of Berzelius, 
which he developed more fully at a later time, 
has exerted a very marked influence on the pro¬ 
gress of chemistry, since it has impressed on this 
science the form which was the only one recog¬ 
nised from 1810 to 1840. It was charaoteristio 
of this phase that after this first investigation 
Berzelius did not again undertake any experi¬ 
mental work on the action of eledtneity on 
chemical compounds. The places wherein the 
Berzelian theory was weak from the physical 
point of view were not considered at ail, as the 
theory was used only lor the purposes of chemical 
olassificatioD; no attempt was made to explain 
by means of it the problems of chemical affinity. 

After an almost unoontested reign of twenty 
years' duration the theory of Berzelius proved 
itself insufficient to follow the progress of the 
science. Since it was deduced from the pheno¬ 
mena of the-decomposition of compounds by 
electricity, it was not surprising that it could 
not represent the chemical relations of organic 
oompounds, which, as a rule, are not decomposed 
by mectricity. Investigations on this subject 
proved more and more conclusively that in 
obonioal compounds individual atoms could bo 
substituted by other atoms or groups of atoms, 
quite independently of the ‘electro-chemical* 
nature of the elements; in the most conspicuous 
mid best-known examples it was a question of 
&e substitution of * positive ’ hydrogen by ‘ nega¬ 
tive* chlorine. Such a process Berzelius con¬ 
sidered to be quite impossible in the light of his 
theory. 

But it was not this proposition of the eleo- 
tro-ohemical theory alone, but the whole founda¬ 
tion of Berzelius's system, whioh was made 
donbtful and proved to be untenable by the 
sewer development of organic chemistry. I^e 



theory of the binary constitution of cbomica! 
compounds was no longer capable of being < 
brought into acoord with facts, whioh rather led 
to the unitary conception of substances. Olos^y 
oonueoted with this development is the esta¬ 
blishment of the conception of the chemical 
molecule, a conception which assigned a shmrply- 
defined existence to the combinations of the ele¬ 
mentary atoms, and whioh led to the view that 
these structures would split up in the most 
diverse ways, according to the nature of the in- 
fiuences to whi^h they were subjected, although 
no such division appeared pre-existing in the 
molecule. 

At the same time (after 1840) at which 
purely chemical facts had proved Berzelius’s 
system insufficient for the domain of organic 
chemistry, the insufficiency of its physical 
foundations was also made apparent. This 
hapftened in consequence of Faraday's funda¬ 
mental work. 

A lively discussion concerning the cause of 
the production of electricity in the galvanic pile 
had been carried on ever since the days of 
Volta. While Volta and his successors sought 
for the cause of the electrio tension at the ex¬ 
tremities of the pile in the contact of the metals, 
a number of other workers held to the opinion, 
as first expressed by Fabbroni, that the cause of 
galvanic electricity was to bo found in the 
chemical processes which take place in the pile. 
It is not possible to enter here into the history 
of the contest which has lasted up to the pre¬ 
sent day. Faraday attempted to solve the pro¬ 
blem, and in so doing he discovered the electro¬ 
lytic law (1834) which goes by his name. 

This law affirms, firstly, that when electricity 
passes tlirough a body which is decomposed by 
it—that is, through an elecirolyte~ihe quantity 
of substance decomposed is proportional to the 
quantity of electricity that has passed through. 
Secondly, the law affirms that when the same 
quantity of electricity passes through different 
electrolytes, the quantities of the different sub¬ 
stances which are therebv decomposed are to 
each other in the ratio of tneir chemical equiva¬ 
lents. 

These two" generalisations primarily sup- 
ported the chemical theory of galvanic electricity, 
as according to them a galvanic current is never 
possible without a corresponding chemical pro¬ 
cess. At the some time, however, they were in 
unresoivable contradiction to the foundations of 
the theory of Berzelius as conceived by him; 
since, if one and the same quantity of eleotrieity 
is always necessary in order to decompose 
chemically equivalent quantities of any sub¬ 
stances, it cannot be true that diffoient quantities 
of electricity cause their combination, in which 
act they neutralise each other. Berzelius was 
keenly alive to this contradiction, but as he did 
not wish to doubt his own theory he preferred 
to doubt the laws of Faraday, and he continually 
argued against them. 

It was through the work of Daniell iT» 1889. 
i.^7, and 1840. i. 209), whioh foUowea op 
researches of Faraday, ^at the eleotro-ohemioal 
theory was fought on the very ground from 
which it had sprang. The results ofd^e elec¬ 
trolysis of neutral salts, such as potauium sol- 
phato or sodium ohloride. whei^.ths two sl«o< 
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trod 6 » of Iho d«Qtrol;^o edil woxo lepartfled by 
a porous diaphragm, showed that detonating gas 
’ (or hydrogen) was formed in the same quantity 
as in a voltameter with dilute sulphurio acid 
inserted in the circuit, and besides this anequiva' 
lent quantity of the salt was decomposed into 
acid and base. This phenomenon cannot be 
brought'into accordance with the law of Faraday 
otherwise than by assuming that electrolysis does 
not split up the salts into base and acid, but 
rather into the metals and into the elements 
(such as Cl) or radicles (such as SOJ combined 
with these. Thus, whenj>potas|fam sulphate is 
electrolysed, hydrogen and oxygen are only so* 
condary products, just as the free aoid and the 
base are only secondary products; the salt K.^SO, 
splits up rather into free potassium which 
acts on the water, forming potash (K,+2Hp 
nHy-f 2 KOH), and into the radicle SO 4 , which 
with water gives sulphuric acid and oxyceii 
(SO^ + HO =a H^SO* + 0). Correspondingly, wliou 
copper sulphate is electrolysed wo obtain, not 
copper oxide and sulphurio acid, but ou the one 
side motallio copper, and on the other aide SO, 
which gives sulphurio acid and oxygen. Thus 
Daniell arrived at the conclusion that the con¬ 
ception of salts as consisting of base and acid 
would have to bp given up, and that they rather 
consist of a metal and a simple radicle fC), 8 , 
d’ 0 .),or a compound radicle (SO,, NO,, ^ 0 .), and 
he further pointed out that Davy had already 
expressed similar ideas. 

The same result to which the application of 
Faraday’s law led in this case had meanwhile 
been arrived at by chemical methods. After 
Graham (T. 1833. ii. 253) had reduced the differ- 
.ences exliibited by the salts of pbosphorio acid 
to differences in the amounts of water held by 
the aoid, and hod thus founded the theory of the 
polybasio acids, Liebig (1838), in his celebrated 
paper (A.*2C, 11.3), enunciated the theorem that 
ail acids must be looked on as hydrogen corn- 
pounds, and that the formation of salts consists 
in the replacement of this hydrogen by metals 
or metailio radicles. By means of this conception 
the unnatural division between the salts of oxy- 
acids on the one hand, and the halogen com¬ 
pounds of metals on the other, was again put 
aside. The necessity for such sf division bad 
been felt by Berzelius to be a great trouble, and 
to do away with it he had for long clung tena¬ 
ciously to the assumption that the halogens were 
oxygen compounds. 

The first attempt to utilise the facts of gal¬ 
vanism for chemistry bad failed. In 1850 Ber- 
selius’s electrochemical theory had but few 
supporters left. Still the consciousness survived 
that the mistake had lain in the form In which 
the rehtion between chemical and electrical pro¬ 
perties had been represented ; and it continued 
to be recognised that this relation actually did 
exist, and that it was of the greatest importance. 
A sign of this recognition is found in the fact 
that althoogb Berzelius's theory had been re¬ 
jected, the elements which form bases were slill 
called positive and those which form acids were 
ealled wgativt. In fact, the eleotroohemicaV 
eontrastof the two constituents of salts is a fact 
which becomes obvioos with each electrolysis, 
and whiob,^erefore, cannot be doubted. It wu 
only neoessary to modify the view M ^rseiiut 
Tol. X7. 


and to say that it is not the acids and bases (or 
more correctly their anhydrides) which are toe 
constituents of salts, but rather it is the metal 
and the acid radicle. This modification of the 
electrochemical theory has, however, soarcel/ 
left any traces in the development of the ohe- 
mistry of that time. The reason of this is that 
compounds of the nature of salts receded quite 
out of the foreground of interest. Organio ohe- 
mistry, which at that time developed brilUantiv, 
dealt with substances very few of which could 
be decomposed the electric current, which 
were not oleoirolytes, and for which, therofore, 
the eleotroehemical contrast did not exist. The 
unitary conception was consequently involun¬ 
tarily extended to the salts, and the important 
distinction between electrolytes and non-electro¬ 
lytes was not at all taken into account by che¬ 
mists. It is true that Faraday attempted to 
account for those two classes of bodies by sup¬ 
posing th«t in tli^ one case the number of 
positive and negative atoms was tbe same, but 
in the other case tltcse numboss were different; 
but this rule proved to be incorrect, and for a 
long time these relations wore neglected because 
they could not be grasped scientifically. After 
the rofutation of the erroneous views of Berzelius, 
people thought themaeives justified in altogether 
ignoring the electrochemical relations. 

This was the condition of e)ootroohem. 8 try 
till quite recently. The only attention it received 
was from the hands of some physicists, and it is 
only natural that purely chemical problems did 
not fare particularly well under tnese oiroum- 
stances, the more so as even up to tlio present 
day it often hapiiens that from this side th i 
electrolysis of dilute sulphuric acid is represented 
as th^ electrolysis of water * which has been made 
conductive by an addition of sulphurio aoid. 
Although the direct furtherance thus given to 
c))emistry was insignificant, yet tbo indirect 
effects were important. If it is possible to speak 
to-day of the development of a new electroohe* 
mical theory, it is almost exclusively to these 
physicists that we owe the means for so dding. 

The first investigator to be mentioned at this 
point is Hittorf. He connected his work with 
the experiments of Daniell, and took up the 
consideration of a plienomenon which bad re¬ 
mained incomprehensible to the latter. When 
Daniell experimented with sulpfaurio acid in his 
apparatus, he found that besides the electrolvsis 
of the aoid a change in the concentration had 
occurred; at the negative pole the acid solution 
had become more dilute, at the positive pole it 
had Wcorae more concentrated. It ooourred to 
Hittorf that this plmnomenon must be due to the 
different velocities with which the two consti¬ 
tuents or ions of sulphurio acid—that is, 2H and 
80,—travel through the liquid. If, for instance) 
the hydrogen remained at rest and the group 
BO, alone moved, it would follow that after the 
electrolysis of one molecular weight of sulphniio 
aoid, l^ere must be an increase, by that amount, 
in the concentration at the positive pols towards 
which SO, had travelled. If, on the other hand, 
the hvdrogen alone travelled, the ooneentratioa 
would remain unchanged. Now, it bad been found 
by Daniell that the increase in concentration at 
the positive pole was equal to less than a quartet 
of the quantity of aoid mecirolyied; the necessary 
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eoncluilon w&s*therefore,that both ionatravelled, rauself (W^ li; 668} 6 

imt that SO* moved much more slowly than 2H. and accurate method. As soon as the values of 
Hittorf proved by a great number of careful ex- the electrical conductivities of electrolytes could 
perimcnts {P. 8U, 177; 98,1; 103,1; 106, 337) be determined easilf, by Kohlrausch’s method, 
that this conclusion always agreed with observed important relations soon came to be recognised 
facte. He then used the knowledge thus gained ^ betvreon the conductivities and the chemical pro¬ 
to answer chemical questions, for the solution of parties of electrolytes. The most important of 
-Which no other moans existed at the time. But these relations, the discovery of which was made 
in spite of their great importance, Hittorf’s by Arrhenius {Bigh. Swensk. Ale. 8, Nos. 13 and 
results have been all but completely ignored by 14,1884), lies on the path opened up by Hittorf. 
chemists. The fact that substances capable of conducting 

These experiments afforded verification of the the current and of being electrolysed are also 
conclusion’that the more immediate components specially capable of entering into chemical re- 
of salts—orwhat is the same, the ions of salts— actions, which was emphasised by Hittorf, can 
really are the metal and the acid radicle. At now be made definite by saying that both powers 
the same time electrolysis furnished llitttuf with ■ are nearly proportional for different electrolytes.* 
the means of solving certain old problems. Thus, From this discovery there ha.s grown anew 
for instance, opinion was divided as to whether electrocliomical theory, which, in its entirety, 
potassium platinichloridoandsimilarsalts should will be expounded later on. 
beoonsidered as double salts—for example, as The other problem concerning the connec* 
2KC1 and BtCl,—or as sal/s of chAoroplatinio tion between the electromotive force of galvanic 
acid H.*rtCI,. Hittorf submitted sodium platini- cells and the cliemical processes within them 
chloride to eleetrolysis. If it consistca of was solved by Helmholtz {Die Erhallung dcr 
2NaCl + PtCl„it followed that .sodium and plati- Kraft, 1847), and later on also by Sir William 
num were the positive ions and chlorine the Tliomson (P. M. December, iSf^S), and this was 
negative; if,on the other hand,it was NalUCIe. priniarily on the basis of a hypothetical 

the ions would be 2Na and PtCI,.. In the first assumption. According to Faraday’s law, when 
case, therefore, the platinum must travel to the equivalent quantities of different substances are 
negative pole, in the other case to the positive, used in the galvanic cell, equal quantities of 
Experiment decided for the latter view; the electricity are always put into motion. This 
platinum did not go to the negative pole, as the being so, the intensity of the motion, or the 
metals generally do, but travelled with the electromotive force of the galvanic cells, must 
chlorine to the positive pole, thus proving itself bo proportional to the quantity of heat produced 
to be a constituent of the acid radicle. In a like by tho cheinicai processes within the cell. The 
manner Hittorf dccidedquiteauumberof similar supposition is made hero that all heat is used 
questions. ... elcctricakwork—a supposition which Thom- 

During these investigations, Hittorf drew at- son found verified by an experiment of Joule, 
tention to another point, which at a later time Meanwhile it has been proved, however, that the’ 
proved to be of tho utmost importance. Tho heat produced in chemical changes is not gene- 
fact that electrolysis can be started by the rally completely transformed into electrical work, 
weakest cuirents is in contradiction to tho usual and Helmholtz {B. li. 1882) himself hus worked 
chemical views, according to which tho consti- out the formula representing tho general relation 
toents of salts, such as KCl, Na.SO„ &o., are botween these two quantities, 
held toother by very strong ailinitios. At tlie To these problems are joined those concem- 
samo4imo,Hittorf cmphasi.sedthe fact that those ing tho nature and tho value of galvanic polari- 
substances which conduct clcctrolytically are the sation. In this province investigation has, how- 
most ready to interchange tlicir constituents, ever, made so little way as yet that it suffices to 
This fact also is apinst the assumption of a point out that most important problems here 
specially firm binding together of the consti- await their solution. 

tuents of salts. Occasion will bo found later to TIic foundaliotis of the science of electricity, 
refer to this remark. General considorations.-If a bar of per- 

There are other parts of tlie science of elec-, fcctly pure or amalgamated zinc is placed in 
tricity, besides the phenomena of electrolysis, dilute sulphuric acid, no clicmical action takee 
in which the chemical nature of substances has place, nor is there any such action if a bar of 
to be considered. These are the electrical con- platinum be introduced into the acid. But as 
ductivities of electrolytes,tho electromotive force soon as the two metals are made to touch each 
of golvsnio cells, and galvanic polarisation, other an action occurs; the zinc is transformed 
These fields have been cultivated till quite lately into zinc sulphate by expelling the hydrogen 
only by physicists to whom purely chemical from the sulphuric acid, which hydrogen, how- 
questions were foreign. ever, is evolved at the surface of tho platinum 

Theelectrical conductivity of an electrolyte is bar. 
a quantity the determination of which was Direct contact of the two metals is not 
formerly attended with great difticnlties. Those necessary. If, for instance, tho zinc is touched 
difiiofilties occur because the ions which sepa' with the end of a copper wire and the platinum 
rate where the electric current enters orteaves is touched with the other end, the same effect ie 
the liquid ' polarise ’ the electrodes, and thus produced. On the other band, there is no effect 
p^uce new and unknown eloctfomotive forces, the connection is made trough glass, wood, 
Details of the various attempts which have been or srch like substances. * 

made to overcome this difiiculty will be given The copper wire which connects tMk two 
later. It was.however.onlyinlSSOthat,after long metals has acquired special properties^hich 
ond.yaried preliminary investigations, F. Kohl* | remain as long os the ohemic^ adSon of tho 
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li«la parallel to a movable magnetic needle at a 
abort distance above it, the needle will be de¬ 
flected ; farther, the wire ^^omcs heated; and 
finally, it the wire is cut in one place, and the two 
ends are placed close to each other on a paper 
moistened with solution of potassium iodide and 
starch, it can be perceived that a cbcuiicnl de- 
compdaition of tlte potassium iodide has occurred, 
since a blue spot of iodide of starch appears under 
one end of the wire. 

iror^'i or, speaking generally, energy ^ is gained 
by the chemical action between Iho zinc and tlie 
sulphuric acid; the energy usually appears in the 
form of heat. The arrangement described shows 
that it is possible to conduct this energy away 
from the place where it is sot free—that is, from 
the point of contact between zinc and sulphuric 
acid—and to make it cflcctive at any point of 
the connecting wire wo please. And furtjier, we 
can obtain this energy at will in tlie foriA of 
thermal energy, chemical energy, or mechanical 
energy. 

The sole difference that can bo perceived bo- 
tween the metals in their usual state and when 
dipped into the acid is that they have bccuiuo 
electric ; the platinum shows itself charged with 
positive, and tlie zinc willi negative, electricity, 
hy means of a suitable olcclromctcr this cloctrio 
charge can bo measured. It appears to he de¬ 
pendent on the nature of the metals, as as 
on that of the acid. 

Uenco we conclude that the chemical action 
between the zinc and the acid does not, as usual, 
give out its energy in the form of heat, but in 
that of electrical energy. As to whether tlie 
transformation from chemical to electrical energy 
'U complete or partial, and, if the latter, by what 
this partial amount is determined, these arc 
questions with wlueh we can occupy ourselves 
only at ^ later stage. * 

As is generally llie case with al! forms of 
energy, electricdl Viorgy allows itself to he re¬ 
solved into two factors, one of which iAacaimcity, 
and the other Is an intensity, Por these factors 
the general law ho!>ls, that a system can bo in a 
state of rest only if the intensity of the energy is 
the same througliout the wliole. An exception 
to this occurs only if different kinds of energy 
are present simultaneously in one system ; then 
there can exist a diflerence of one intensity, if a 
compensation is produced hy a corresponding 
difference of the q^licr intensity. 

The two factors «)f electrical energy arc 
called q^iantity of electricity and clcctroinoiive 
force ox potentiai \ the first is the capacity, the 
second the intensity. In accordance with tlio 
above-mentioned law, we shall therefore say that 
in a svstem in which electrical forces alone aot 
there is equilibrium if the electromotive foroo 
or the potential is the same throughout. This 
is the well-known law for conductors of elec- 
iricity. 

With substances which do not allow of any 
motion of the electricity—that is, with non¬ 
conductors—the potenti^ cau, it is true, be 
different in different places. But then, owing 
to the striving for equalisation on the part m 
|hejBj||sQtia], small displacements are produced 
Di ibeDod^i and the reacting forces of elasticity 
wl\ieh aocimpany these form the compeasation 
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for the ineqaality of the eleotrie intensity or 
potential. 

When contact between two different eub- 
stances occurs, a mutual action at Uie surface 
of contact is generally set up, and a displacement 
of energy is thub brought about. The changes 
in the surface-energy which thus occur Mem to 
be generally compoiisated by corresponding dif¬ 
ferences ill the electric intensity, i.e. the surfaoes 
of different substances in contact attain different 
potentials. If the substances are oonduotora 
of e]ectricky,eachof them must be at a uniform 
potential at every point wiihin it; hence a dif¬ 
ference of potential exists at the surfaces of con¬ 
tact only.* 

Klectrical moasuremonta. In order to 
examine systomatically the nature of electrical 
phenomena we are at the very heginning obliged 
j to tlnd a measure for tlieiii. We generally start 
1 from a deiinition of quantity of uleclrieity, since 
I the historical development of the science has led 
! to the notion that tliis is one of the most im- 
I porfant factors in the phenomqpa. And yet we 
I have no proof that such things as thohyt>otlietical 
I electric lluids actually exist. What we do know 
of elcclrioul pluuiomena are the meohanioal, 

: thermal, and clicmical effects, i.e, the mani- 
! festations of the electrical energy, and it is this 
I which is tlic real thing underlying the electrical 
i phenomena. Quantity of electricity is a mag- 
' uitiide of the same order as perha^H) a volume, 

I and one which can be increased or decreased at 
will. But electrical energy cannot be destroyed, 

I nor can it bo produced; it can only be changed 
I into, or obtained from, other forms of energy. 

I Electrical energy is then to be measured by 
i the same units as other .forms of energy, me- 
' ohanical energy especially. The unit used for 
kinetic energy, which is represented by the for- 

! (whore *7/1 stands for the mass, V fot 


i the velocity), is double that energy which the 
: muss of one gram possesses when moving with 
the velocity of one centimetre in one second. 
This being so, the unit accepted for electrioai 
! energy is that quantity of energy which is ob- 
; tained by the transformation of the above-defined 
i^quantity of kinetic energy into electrical energy. 

; And furl her, since, ashas been already mootioDM, 

! electrical energy has to be looked upon as the 
i product of two factors, tlio quantity of electricity 
I Q and the pol^iuial E, the unit by which the 
; product QE must be measured is thus also fixed. 

I The units of the two (actors Q and £ are still 
arbitrary, in so fur as wc can oboose one of them 
’ at will, that (or the other being then fixed. In 
fact, different units have been chosen for different 
purposes, and accordingly different systems of 
j electrioai magnitudes have been obtained. Fara¬ 
day’s law, that equal quantities of eleohrioity 
travel with equivalent quantities of senate 
i<^8, supplies the chemist with a natural unit 
for quantity of electricity. Hence tiiat quantity 
of electricity which is combined with one gram 
of hydrogen as ion will serve as unit ol quantity 
of electricity. Then the unit of potential would 
have to be the potential at which tiie a^ve- 
defined quantity of elecirioity must be in orderto 
i produce unit of work. 

I This system of units has not become general \ 
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H hM been displaced by a system which is de« 
rived in a somewhat complicated manner from 
(be action of current electricity on magnets. 
This system also has not been retain^ un¬ 
changed, but another one has been deduced from 
it, in which instead of the unit of length of 1cm. 
a 10”*fold value has been introduced, while 
instead of the unit of mass of 1 g. a value 
10 '’ times as small is accepted; the second has 
been retained as the unit of time. Hereby the 
unit of electrical energy has been changed also; 
it no longer coincides with the. mechsbiical unit, 
but is 10’ times greater. 

In this system the unit of potential is called 
a voli\ in order to get a conception oHts magni¬ 
tude it is to be remembered that the diilerence 
of potential at the ends of a Dauiell cell is about 
I’l volt. 

The unit of quantity of electricity has been 
called a coulomb. When a coulomb is forced 
through a volt a quantity of work equal to 10’ 
mechanical units is done. 

In order to fix the relations of these units to 
other units of energy, we must first remember 
that the work necessary to move 1 g. through 
1cm. against gravity is equal to OBO mechanical 
units, approximately. The abovo-dellned unit 
of electrical energy would therefore be equal to 
10 * 

^^,orapproximatelyio 10200 gravitation^nnits. 
980 

Further, the unit of thermal energy is the quan¬ 
tity of heat which raises the temperature of 1 g. 
of water by l^G., and which, according to the 
measurements of Joule, is equal to 42350 gra¬ 
vitation-units, i.e. 42350 g. would on falling 
through 1 cm. give up 1 calorie of heat, or would 
heat 1 g.of water by 1*^0. Hence this magnitude 
is equal to 4*15 x 10’ mechanical units. Since the 
unit of electrical energy amounts to 10’ me¬ 
chanical units, it follows that 1 calorie is equal 
to 4*16 electric energy units, or 1 volt x coulomb is 
equal to 0*241 calories. A number obtained more 
recently by Dietcriui by direct measurements is 
probably more accurate. According to him, the 
energy of 1 volt x coulomb is equal to 0 2356 cal.; 
the unit of quantity of heat here used is of 
the quantity of heat given out by 1 g. of water in 
cooling from 100^ to 0^. This factor is import-, 
ant for the relations between the heat produced in 
chemical changes and the corresponding electri¬ 
cal phenomena. Finally, we know from measure¬ 
ments by F. Kohlrausoh and Lord Kayleigh that 
1 g. of hydrogen as ion carries with it 06540 
coulombs. The same quantity of electricity is 
earried by each equivalent of any other ion, for 
instance, by 107 g. of silver, ^ x 63*4 g. of copper, 
^ X 27 g. of aluminium, &o. 

Electric currents. If the potential of 
electricity is different at different places of a 
conductor, a movement of th4 electricity is pro¬ 
duced in the same way as motion is produced in 
a mass capable of moving freely when it is a4 a 
higher level than its surroundings. If the dif¬ 
ference of potential Is maintained, the movement 
is maintained also. 

* The compensation of a difference in electric 
potential necessitates a decrease in the electric 
energy, which in this process changes into an¬ 
other torm. The form most easily produced is 
thermal energy, but, as has been mentioned | 


I above, it is possible also to obtain* tttbcha^cal 
or chemical work. 

The measure oL the quantity of energy 
changed into anotheftorm is given by the pro* 
duct of the quantity of electricity moved into 
the decrease of the potential. If the differances 
of potential are distributed over measurable 
distances the process is called an electric current 
The term has been taken from tlie analogy which 
in fact does exist between currents of water and 
currents of electricity. The level of the water 
corresponds to the potential of the electricity, 
and the quantify of water corresponds to the 
quantity of electricity. In both cases the trans¬ 
formable energy, or the available work, is equal 
to the product of the quantity (of electricity or of 
water) into the difference of level or of potential, 
and a current sets in when 04 diHerence of level 
exists. It must only be borne in mind that the 
phenomena which are brought about by the 
kinetic energy of the moving masses in water 
currents have no analogy in the domain of electri¬ 
city. The electricity behaves as if it possessed 
only an inappreciably Small velocity or mass. 
Therefore, when the electricity has sustained a 
definite decrease in potential, it has lost the whole 
corresponding quantity of energy, while the water 
can retain a part of it in the form of velocity- 
energy. 

Electric currents are measured by their in- 
tensify. By this is understood the quantity of 
electricity which flows in the unit of time through 
a cross-section of the current-path; hence the 

intensity I has to be put as where t stands for 

the time. Since electricity moves only when 
using energy, a loss of electrical energy cor-, 
responds to every current, the lost energy gene¬ 
rally reappearing as heat. When heat is the 
only forpi into which electric energy is trans¬ 
formed, the following equation must hold; 
w 

WsiEQ, and-y=EI, wheradG stands for the 

loss of potential between the two ends of the 
path of the current considered. 

Experience has farther shown that different 
conductors when introduced into a circuit cause 
different lossep of potential along their lengths. 
This property has ^en ascribed to a resistance 
of the conductor to the motion of the electricity, 
in a way similar fb that wherein tubes of different 
bore offer different resistances to the motion of 
water within them. In accordance with ^is, the 
resistance B is defined as the ratio between the 
difference of potential E and thequantity of electri¬ 
city forced by means of it, in unit time, through 
the conductor, or, what is the same, the intensity 
F P 

I. Here we have Bay or I» This is the 
I B 

I celebrated law of Ohm, that the intensity or the 
! strength of the current is equal to the ratio be¬ 
tween electromotive force and resistance. 

Combining this law with the preceding one, 

I XB 

it follows that = I*B. This expression is the 

Jaw arnved at experimentally by Joule, accord¬ 
ing to which, for currents of equal strong, tha 
heat evolved in unit of time is proporurmal to 
(be resistance, and for equal resistanMs i( is pro» 

; portional to. the square of the current stxengtL 
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11 if HSf to Maee from the tinita tlreadj 
^Yon th« values for tbe units of the two oew 
terras introduced when deAning electric ourreuts, 
namely, tbe strength of tbe ourrent S and the re¬ 
sistance R. The unit of intensity 1 is that strength 
of current at which, in every second, one coulomb 
(tows tbroagh theoross-secttonof the conductor; 
the unit of intensity is called an The unit 

of resistance is that resistance by means of which 
a current of unit intensity (1 ampi^'fe) produces in 
unit of time the unit of heat. As we have seen 
above, this last is equal to 10’ mechanical units, 
or to 0*2350 calories. An atten^t has been made 
to represent this resistance with the utmost 
possible accuracy, and it-ha^>cen found that it 
equals the resistance of a coluum of mercury 
of 1 sq. mm. section and 100*3 cm. in length, at 
the temperature of melting ice. This unit of 
resistance has the name ohm. Slightly different 
to this is the kgul ohm, which has becnJixeil 
arbitrarily as equal to th<5 resistance of a colutnn 
of mercury 100 cm. long and 1 sq. ram. section, the 
exact determination of the true ohm being u very 
difficult operation. The commercial resistances 
ore graduated according to the legal ohm, and 
in scientific works in which the absolute value of 
the ohm comes into consideration, this difference 
of 3 per thousand must be taken into account. 
In most cases this is not necessary, just as in 
most cases it is immaterial whether or not a set 
of weights is made a<trording to exact grams, as 
long as it is only made exact in its proportions. 

The Law of Faraday. Those substances 
which allow a movement of electricity through 
them, i.e. conductors of electricity, are divided 
into two olassrs. In the cases considered so far, 
the assumptir)ti has been made th.at the only form 
of energy into which the electric energy of tho 
ourrent is trunsfor.iicd is heat. Conductors 
which undergo no change other thau that they 
got heated wlien the current passes through 
them are called conductors of the first class or 
metoUic condnetora. To this class belong the 
metals, their alloys, carboo, and certain com¬ 
pounds. 

Now, there are many substances which permit 
a movement of electricity through them, but in 
so doing themselves suffer chemical change. To 
tliese belong aqueous solutions of acids, basesf 
and salts, as also salts in the molten state, and 
a few other compounds. Such substances are 
called cotiductora of the second class or electro- 
lyles. 

The movement of electricity in electrolytes 
takes place in such a manner that the com¬ 
ponents of the electrolyte move ftidependently 
of each hthcr. Hydrogen, the metals, and the 
metallic radicles move with the positive elec* 
tricity, or, according to the usual designation, 
from places of higher to places of lower potential. 
The halogens, the acid radicles, and hydroxyl, 
on tbe other hand, travel with the negative elec¬ 
tricity, or from places of lower to places of higher 
potential. 

According to Faraday’s nomenclature tbecom* 
pooents of electrolytes—that is, on the one hand 
the metals, hydrogen, Ac., on the other hand the 
halogens, ihe acid ra^cles, &o.—are called tons, 
inie first named, which travel down with the 
enrrent,«re oall^ eatiorUt those which tvavel up 
anions. 


In a eireuit oonsisUng exolniively of an 
electrolyte, a motion of electricity can taka pl^e • 
without the corresponding ohemioa! action being 
apparent. But if a conductor of the first doss 
directly touches an electrolyte, whenever there is 
a movement of electricity there is also a produc¬ 
tion of the ions nt the surface of contact, and the 
chemical effects become apparent. As proposed 
by Faraday, the surfaces of metallic conductors, 
where they touch the electrolytes, are called 
ch clrodcs. Tlic surface at which the anions ap« 
pear is cfLllcd the atunk, and that whereat the 
cations appear is called the ratkotie. 

Faraday also formulated the general law to 
which all movement of electricity in electrolytes 
is subject. In every electrolyte the quantity of 
ion separated out is proportional to the quantity* 
of electricity which has ^tsed through, and the 
same quantity of electricitypaesvu/ thfxnigh dif¬ 
ferent electrolytes separatee quantities of the dif¬ 
ferent torfe th<it am in the ratio of the chemical 
equivalents of those ions. In those propositions 
it has been assumed for simplftity’s sake that the 
ions are actually separated out at the electrodes, 
but this is not essential frr the truth of Fara¬ 
day’s law. The following wording completely 
expresses the actual meaning of Faraday's law: 
Electricity can move in electrolytes only simul¬ 
taneously with Oui ions, and so that cliemieally 
equivalent qitanfities of the different ions carry 
tciih them equal quantities of positive or of 
negative electricity. 

We arrive at a perfectly appropriate concep¬ 
tion of the nature of electrolytic conduction if 
we assume that each equivalent of the different 
ions possesses an equally large capacity for 
electricity, or, to use tho words of HelmnoUz, 

* tho electricity in electrolytes behaves as if it 
were divided into equal atoms.’ 

In ap]>Iyiijg Faraday’s law, it is tmporianb 
that we should keep in mind the difference 
between the equivalent and the atom; the 
equivalent weight is equal to the atomic weight 
divided by tlie valency. Thus the same quantity 
ofeloctricity travels with 107g.of silver,) x 66*5g. 
of zinc, and ) x 27 g. of aluminium; also with 
35*6 g. of chlorine there travels only hall as 
much electricity as with 96 g. of SO|. As an 
amplification of the iUnstration used above, we 
must assign to each atom as many equal 
capacities for electricity as the number of 
valencies it possesses. Perhap.s this is the path 
by which in the future we may arrive at aa 
elucidation of the nature of chemical valency. 

Tbe truth of Faraday’s law was tested by its 
discoverer himself in many ways {Exp. Bes, 
vii. Ror.). He convinced himself that tbs same 
quantity of dilute sulphurio-aoid was always de¬ 
composed by the same current, whether the 
electrodes, or the B.M.F., were large or small. 
Nor did the strength of the acid exert anyinfla- 
ence. Finally, he introduced into the aanm 
circuit dilute sulphuric acid and tin chloride, 
lead chloride, or lead borate, or he led the same' 
current through different beakers with dilute sul¬ 
phuric acid, u^ing electrodes of different met^; 
In all oases he found bis law verified. Later on, 
other investigators have tested whether pi^ of 
the electrici^ is not perhaps condnoted tbroagh 
electrolytes in the same way as thtongh metals, 
but no trace of this has boon discoTerod; 
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every case the electricity passed through bae 
been etriotly proportional to the quantity of ion 
separated out And the law of equivalency has 
also proved itself so correct that it has been 
used lately as a moans for determining equivalent 
weights, and hence atomic weights. 

The cases in which the same element exhibits 
different valencies according to circumstances are 
of special interest. Many such cases have been 
examined by Itegnauld U. Ch, [4] 11), who 
formed cells by taking platinum and different 
metals, along with the correspuifding electrolytes, 
and then determined the quantities of metal 
dissolved when equal quantities of electricity had 
been allowed to pass. Tims it was found that 
mercury in dilute nitric acid has the equivalent 
200, since it is changed into HgNO„ a compound 
of mono-valent mercury; in a solution of potas¬ 
sium cyanide it has the equivalent 100 , because 
it becomes Hg{CN) 2 , in which the mercury is di¬ 
valent. Similarly, copper in hydrocliloric acid 
forms CuGl and has the equivalent 03'4; in 
nitric acid it forms Cu(NO,)o, and has the equiva¬ 
lent 31‘7. Tin scarcely ever passes into solution 
except as a di-valent element; it is only in 
alkaline polysulphidcs and in a solution of caustic 
potash containing nitre timt it acts as a tetra- 
valent element. Tellurium also can be made to 
act as a di-valent and a teira-valcnt element. It 
is known that the elements mentioned show quite 
different reactions in their solutions, according 
as they are present as mercurous or mercuric, as 
stannons or stannic compounds, d;c. Henco in 
these cases the nature of the chemical reactions 
depends on the quantity of electricity with which 
the ions are combined. • 

This is the place to refer back to a mis¬ 
understanding concerning the law of Faraday 
into which Berzelius first fell, and which has 
rooarred many times since. As has been men¬ 
tioned, Berzelius saw in this law a contradic- 
tioD to his theory, and tried to refute it by the 
following argument: if equal quantities of 
electricity wore required for the decomposition 
of equivalent quantities of the most diverse 
compounds, it would follow that those could be 
decomposed by equal forces; this, however, is 
not possible, since the different substances are 
evidently held together by quite different forces 
of affinity. From the illustration given above it 
can be seen that, contrary to the assumption of 
Berzelius (which, however, was veiy excusable, 
considering the state of electrical science at 
that time), Faraday’s law does not in any way 
deal with forces, but rather with quantities of 
electricity. Comparing electrical decomposition 
to the raising of water out of wells by means of 
buckets, Faraday’s law asserts that in spite of 
the differences in the depths of the wells, the 
size of the buckets is always the same. We would 
fall into an error similar to that of Berzelius if 
we concluded from the equal size of the buckets 
that the work necessary for raising the water out 
of all the wells of different depths was the same. 
The illustration also shows directly wherein the 
differences in chemical work, corresponding to 
the different depths of the wells, assert them¬ 
selves, namely notin the quantities of electricity 
required, but in the differences of potential. 

Electrolytes and ions. It follows from 
the nature of an electrolyte that it must be a 



compound aubstanoe, SinioS otherwise its'parts 
or ions could not transport the electricity in bo^ 
directions. Yet all compounds do not possess 
the power of conducting electricity. In particu¬ 
lar, we do not know of any substance liquid at 
the ordinary temperature which is an electrolyte; 
amongst pure substances it is only the salts 
melted at a higher temperature which conduct 
at all appreciably. 

On the other hand, all substances having the 
character of salts, acids,and bases possess electric 
conductivity when in aqueous solution. In these 
cases the water Ixerts a specific iniluence, since 
solutions of the same substances in alcohol con¬ 
duct much less if ^ all; and solutions in ether, 
carbon disulphide, and similar solvents are 
scarcely conductive. • 

There are two factors, therefore, which are 
necessary for the production of electric conduc¬ 
tivity, i.e. the nature of the substance and the 
condition in which it is. 

In electrolysis the molecule of the conducting 
compound appears to be split into two parts. 
There can be no doubt as to what these parts 
are with substances such as chloride of silver 
' or potassium* iodide; since they consist of two 
elements only, the metal must be one ion and the 
halogen the other. The queslion gets more 
doubtful with ternary compounds, such as nitric 
acid, sodium acetate NaCO.^CH„, or ammonium 
chloride NH,Ci. Since, however, no important 
distinction manifests itself in the behaviour of 
these substances and those mentioned above, it 
is simplest and most obvious to assume tliut their 
ions correspond to those of the substances first 
named. Hence the ions of nitric acid are H and 
NO,, those of sodium acetate Na and CO,GH,, 
and those of ammonium chloride NH, and Cl. 

It is possible to examine this assumptiem on 
the basis ef Faraday's law. In the electrolysis 
of potassium sulpliate as much oxygen and! 
hydrogen are obtained as from the electrolysis of 
dilute sulphuric acid by means of the same cur¬ 
rent, but in addition to this there is found at the 
anode an equivalent quantity of free sulphurio 
acid, at the cathode a corresponding quantity of 
free caustic potash. If we assume with Berzelius 
that the current has decomposed the potassium 
'sulphate into potassium oxide and striphur tri- 
oxide, K,0 and SO,, which combine with tho 
water to form 2KOII and we should have 

to assume further that the same current had in 
the same electrolyte simultaneously decomposed 
an equivalent quantity of water. But this is in 
contradiction to the law of Faraday. If we as- 
same, howe>^r, that the ions arc £, and SO 4 , it is 
comprehensible that the potassium separated out 
should act on the water of solution, evolving 
hydrogen, according to the^quation 2K + 2H,0 
-2KOH-fH.; in like manner the ion SO, acts 
on the water and forms sulphuric acid and 
free oxygen, according to the equation H,0 + SO, 
eH^SO^ + O. With those metals which do not 
decompose water, such as zinc, copper, and 
silver, wo actually obtain the metal only at the 
cathode; and similarly, solutions of oMorides, 
bromides, and iodides do not generally give free 
oxygen, but free halo^n. 

It is necessary, therefon, to distinguish care¬ 
fully between the primary ai^ the cecondaty 
effects of electrolysis. The primary effects consist 






th^ «leotrodeg. 

Bat Binoe the ions do not oontinne to exist as 
Buoh after having given up their eleetrioity* they 
undergo further changes according to oircuni* 
stances. The simpiest case is that of the metallic 
ions, when these cannot act on the water; they 
simply become solid or liquid metals. So also 
the separated atoms of the halogens pass on, com* 
bining into gaseous chlorine, G4t or into the 
molecules of the dissolved bromine or iodine. 

The metals which decompose water can citill 
be obtained in the metallic state when water is 
excluded or reduced to as smaU a quantity us is 
possible. A classical example of tliis is furnislied 
by the electrolysis of slightly moistened potash, 
by means of which H.Davy discovered potassium. 
The electrolysis of morieu salts, that of tlie 
chlorides especially, furnislies a UieJms for pre¬ 
venting tlie secondary reaction of the metals; 
such electrolyses, which had first l>een used by 
IBuuscd for scio^lilic investigations, have ob- 
tiiincd at the present time great technical im¬ 
portance in the production of magnesium and 
aUnniuiuin. 

Complex cations of the type of ammonium, 
are very unslabln, and until recently it 
was doubtful whetfier the so-callcd auanonium 
amalgam, which is obtained on using a mer¬ 
cury catliode in tlie eloclrnlysig of ammoniiira 
chloride, really contained llm compound radicle 
Nil,. JJy mcuKurcnjcnts of another kind (viz. of 
the electromotive force) the existence of am¬ 
monium ill the amalgam has now been placed 
beyond a doubt. 

Tim compound anions as such are all of them 
very unstubbt. Many of them, such as the anions \ 
of the nitrates, phosphates, sulidiates, Ac., sim- ; 
ply act on tho water by taking up from it tho 
hydrogen required to produce acids, and liberate ; 
the oxvgen. The latter, which appears in tlie 
nascent state, is capable of bringing anout power¬ 
ful oxidising elTects. If, for instance, lead or 
iiiauganesc' salts arc electrolysed, tho oxyg^ui 
acts on the dls.-^olvcd metal and separates it 
at the anode as )>eroxide. In other cases the 
anion splits up into more stable compound.-;. 
Thus in the elcctroly.us of formates wo obtain 
carbon dioxide and hydrogen from the ion H(JOO, 
according to the equation 2HCfOO = H.j + 2CO.^ 
The acetotes give carbon dioxide and etliaue 
2CH^C02».CjH„-i-2CO2, and similarly the sails 
of the higher fatty acids give the corres|X)nding 
paraffins. 

In some cases the secondary action can take 
place in another direction ; in this manner the 
formates can produce—instead of hydrogen and 
carb6nic acid—water, carbon dioxide, and carbon 
monoxide, as is shown in the following equation, 
2Hn0s = H^0 + C0 + C05. In most cases such 
secondary processes take place along with the 
primary actions, and the proportion between the 
two depends on external circumstances, tem¬ 
perature, concentration, current-density. &c. 

In a few cases it is somewhat difficult to I 
recognise the primary or secondary character | 
of a product of electrolysis. On electrolysing ; 
potassium silver cyanide or sodium platinichjpr* 
ide, silver or platinum separates, at the cathode, \ 
so that it seems as if the silver oyaside or the 
platioie^oride were decomposed primarily. This, 
however would be an enoneous view, sines the 


I ioQ«^ tlM salts are K and Ag(CII)^ and and 
PtCl« respectively, and the heavy meuUs are only 
secondarily reduced from the eclutions by the 
alkali metals. We can convince ourselvesof this 
by using small electrodes and strong eurrents, 
when the salt near the cathode is soon used up, 
and potassium (or sodium), or, more correctly, 
hydrogen wdiich has been formed secondarily, 
S‘'paratos. More distinct proof of the nature of 
the ions is, liowcver, obtained by studying the 
migration of tlie ions, to be discussed later. 

So faethc assimi])tinti has been made tb^ 
tlio ions exert ifo ni'tiun on the metal of the 
eUetroile; this, however, is not always correct. 
Only a few nietalB when used as anodes offer re* 
sislance to tlie chemical attack of tho anions. If 
tho metal can combiuo with the anion it forms 
the corresponding salt, which either dissolves in 
the water of solution, or, if insoluble, remaiot 
atlacliod to the electrode and often interrupts 
the currigit. But al^o when used as cathodes 
the inclats often combine with the cation; thus 
inclctiry forms amalganiB, i^d the hydrogen 
sc]>iirated at tho cathode is occluded in greatei 
or Kinaller quantities, espi^cially by palladium 
and platinum, and also by iron. In other cases 
the cathode 6im]>ly becemea coated with a layer 
of the corresponding metal, which separates mors 
or less uniformly according to its nature and that 
of tlic electrolyte. Tlicse processes are used foi 
coating substances which are conductors, or ii 
non-conductors, whose surfaces at least bavs 
been made conductive; such processes have also 
been employed for galvanoplastio coating with 
gold, silver, copper, Ac. 

Tho constitution of electrolytes- 
It lias already been remarked that all oompouodi 
arc nut eleclrolytea, and that some substancei 
which do not conduct olectrolylically by them 
sc-lvoB obtain this power when dissolved inoertait 
solvents, csjx’cially in water. Prom this it followi 
that electrolytes have a special constitution witl 
wliich their special property is connected. Thi 
question as to what this constitution Is hai 
Bcavcely been raised yet, much less has it bee] 
answered. This is because most of the 00m 
pounds known in the days of the eleotrochemioa 
I system of Berzelius were electrolytes, and late 
' on, when many organic compounds, wfiiob Mr 
I mostly non-electrolytes, were discovered, th 
electrochemical tlieury had been given up, aO' 
the interest in it hud disappear^. The fin 
investigator who proposed the quesrion olearl; 

~ and who, as far as he could, answered it—wa 
Ilittorf. Tie. it was who established tlie prop<yd 
lion * electrolytes are salts.* Under the nam 
of 'salt* Ilittorf comprised all those compound 
which are capable of exchanging their const! 
tueuts within tho shortest time. Hence alon 
with the suits proper must be classed acids an 
bases. 

By enunciating this law, Hittorf was the fini 
to draw attention to a most important relation 
which has become the starting-point for tibe doe 
comprehension of the constitution of electrolytes. 
The power to conduct electricity and the powai 
to exert chemical reactions are so closely panBe) 
that both must be considered as Iffie outcome cl 
the same cause. This cause, however, has to ^ 
looked for in the constitution of the electrolytef 
themselves. 
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ElectrolyUe oondaotion it brought aMni hy 
Uio poBitiva and negative electricities moving 
through the conductor bound to their ponder* 
able carriers, the ions; it is necessary, therefore, 
to assume a oonsiderabie mobility of the ions. 

And, further, eiectrolytic conduction occurs in 
consequence of any difference in potential, how* 
ever small. It is necessary, therefore, as was 
already pointed out by Clausius (P. 101, 338), 
that in every electrolyte there should be present 
a certain number of ions capable of moving 
freely, i.e. in every electrolyte a portion of the 
Balt*uke compound which prodhees the conduc¬ 
tion must be partly split up into ions. Clausius 
left undecided how great this portion is, as he 
possessed no means to determine it. To the 
chemists who, in consequence of a peculiar 
shifting of judgment, considered electrolytes 
generally as specially stable compounds, he made 
the ooncession.that this portion might be very 
small. In the imagery of the kinetic hypothesis 
he conceived that, owing to tne collision of the 
molecules of the eiectrolytb with each other Und 
wiUi those of the solvent, one or other occa¬ 
sionally splits into its constituents, and so gives 
the necessary free ions. 

It is now possible to urge similar considera¬ 
tions from the chemical side. While gaseous 
substances at the ordinary temperature react 
but seldom, acids, bases, and salts dissolved in 
water do so instantaneously. A mixture ol 
oxygen and hydrogen does not form water until 
it has been heated to between 400^ and 500^; a 
mixture of hydrochloric acid and potash, how¬ 
ever, when in aqueous solution, passes so quickly 
into potassium chloride that it has been found 
impossible as yet to determine the time required 
for the change, and yet in the first case 68.000 cal. 
of heat are produced, while in the second the 
heat produced, or the energy liberated, is only 
18,700 cal.—that is, five times less. In general, 
aon-eleotrolytio solutions also react with each 
other extremely slowly. An example of this is 
afforded by the means which must be taken to 
hasten the reactions of non-electrolytes, and 
especially ol organic compounds; this has to be 
done by heating the reacting mixtures, often 
Qnder increased pressure. For the formation of 
acetic ether from a mixture of alcohol and acetic 
acid—that is* for a process intimately connected 
vith that of the formation of salts-^at least ten 
vears ara needed) at the temperature of the room, 
before it has approximately attained the end 
which nnder these conditions it can reach. From 
Uie ohemioal point of view, therefore, it is neces¬ 
sary to suppose that compounds which react in- 
stantaneoudy—that is, electrolytes—possess a 
special mobility of their parts or ions; and that 
it is the constituents of' salts ’—the term being 
used in the widest sense—which are the ultimate 
causes of electrolyses as well as of chemical re¬ 
actions. These constituents of salts are, on the 
one hand, tlm metals, the metallic radicles, and 
hydrogen; on the other band, the halogens, the 
acid radicles, and hydroxyl. It is possible, there¬ 
fore, to apply to substancM which react rapidly 
—that is, to salts, as this term was used by 
Hittorf- the same kinetic considerations as were 
made use of by Clausius to show the presence of 
(poa in electrolytes. 

We are now confronted on both sides by the 


pnestioa of how great Is tha pKtpatiim of ttm 
ions, or oi decomposed molecules, in solution of 
electrolytes. The fact that a maximum reacting 
power exists for a given class of substances is in 
contradiction to the assumption that this propor¬ 
tion is inappreciably small. It has already l^n 
explained (compare the article ArnNiry) how the 
substances which have been most carefully ex¬ 
amined from this point of view—the acids—exert 
their chemical reactions according to a definite 
oo-efilcient which is characteristic of each acid. 
This co-elBcient—which can be determined, for 
instance, by merns of the velocity of inrersioD 
of cane sugar—cannot be increased at will, and 
does not exceed adefinitemaximum value, which 
maximum is possessed by hydrochloric acid, nitrie 
acid, benzenesulphonic acid, Ac. All the condi¬ 
tions—such, for instance, as the introduction of 
oxygen, sulphur, or halogen into the molecule— 
which increase the velocity of reaction of weak 
acids are without any measurable effect on the 
strongest acids. From this it follows that the 
circumstance which is the cause of the velocity 
of reaction«-that is, the unimpeded mobility of 
the ions—has in these substances already 
reached its highest degree, or is at least very 
near to it, since, in opposition to Clausius and 
to the views current tUl now, we must assume 
that in aqueous solutions of these strong acids it 
is not, perhaps, a few hundredths or thousandths 
of the molecules present which are split into 
their ions, but rather that by far the greater 
part of the electrolyte is split into ions. 

A similar conclusion can be drawn from the 
degree in which electri^ytes conduct the current. 
The more detailed consideration of this subject 
will be taken up presently. Here it will only be 
mentioned that the results of these inv^tigationa 
agree completely with those on the velocities of 
reactions. 

A third entirely independent verification of the 
unexpected conclusion that aqueous solutions of 
the strong acids are nearly completely disso* 
dated can be gained from a study of the pro¬ 
perties of these solutions. 

Only so much of van’t Hoff’s theory of solu¬ 
tions {Z, P. 0. 1.481) as is necessary for under¬ 
standing the constitution of electrolytes will be 
^explained here.' 

The fundamental idea of van't Hoff’s theory 
is as follows. The physical properties of gases, 
and especially the relations between pressure, 
volume, and temperature, are practically inde¬ 
pendent of the special nature of the substance, 
while such an independence does not exist with 
liquid and solid substances. The cause of this 
phenomenon may be sought in the fact that the 
smallest parts or molecules of gases are always 
at such a distance apart that they are not capable 
of exerting an action on each other. In liquid 
and solid substances, however, the molecules are 
in close proximity, and exert, therefore, their 
specific reciprocal actions. But there is another 
condition in which the molecules of a substance 
are relatively distant from each other, namely, 
when the substance is present in a solvent in Ae 
st^e of a dilute solution. 

We should expect, therefore, that in this state 
matter would be subject to laws analogous to 
those which hold for gases. 0 

The first property characteristic of gases is 
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tkvit powsr of «xt«a4tiig anfformlj through adj which in do not yet know very exactly, but ol 
gjveo apace. Solutions exhibit the same peou- which we can assort that it has to be measured 
liaiiiy. When the pure solvent is placed oveir* by thousands of atmospheres (in the case of 
the solution of any substance, the substance water it is approximately 20,000 atm<wpheres). 
heginsdirectly to enter into the solvent (the pure Hence this pressure is under all oiroumstanocs 
solvent playing the part of a vacuum), and the quite suflicient to maintain equilibrium with the 
movement does not cease until, os with gases, osmotic pressure, and the only effect of the 
the substance is uniformly distributed through latter is to slightly increase the volume of the 
the whole space. The only ap^iarcnt difference solution. 

ft that in the case of gases this process is com* It has been shown by vanH Hoff that the 
pleted in a very short time, while with solutions laws of osmotic pressure exactly coincide with 
months, and even years, are needed in order to those of gases. Hoyle’s law enunciates that 
bring it, practically speaking, t<a an end. This pressure and volume are inversely proportional, 
movementcanboiinpededbyintroducingbetweon PfelTur’s law eays that pressure and ooncenlra* 
the solution and the pure solvent a partition tiou (or density) are proportional; this agrees 
which allows the passage of the tatter but not of with Boyle's law. Further, the law of Gay- 
the former. Such a ' semi-pcnneable * partition Lussac tells us that at constant volume (or at 
can bo produced by saturating a porous clay coll, constant density) the pressure of a gas increases 
for instance, with a solution of copper sulphate, with the temperature, and that for each degree 
washing the ceil, and hiling it with a solution of it docs so by 3^ of the value at 0°. A similar 
potassium ferrocyanide. A pp. of amorphous thing has«bccn proved by van*t Hoff from 
copper ferrocyanide is thus formed in the pores the numbers obtained by Ffeffer. And finally 
of the clay, and this pp. allows the passage of for leases we have the law of^Avogadro, that, 
water through it, but does not allow various uther temperature and volume being tlio same, equi* 
substances to pass. In order to arrive at a con- molecular quantities of different gases exert the 
ception of the cause of such a property wo can same pressure. Taking the moleculaaiweights 
imagine that the pp. of copper ferrocyanide acts iq grama, and taking for the common volume 
as a filter which allows tlie passage of the smaller 1 litre, then at 0^ this pressure is equal to 22‘87 
water molecules, while it retains the larger mole- atmospheres. Now, it bas been observed by • 
culcs of the dissolved substance. Pfuffer that the osmotic pressure of a one per 

W. PfeiTer, who bas studied such cells very cent, solution of cane sugar, which therefore con* 
thoroughly, found that if the cells are closed a tains 10 g. in one litre, is 0 649 atmospheres at 0°. 
very considerable amount of pressure is produced The molecular weight of sugar is 842; 

in their interior. A 1 p.c. Holution of sugar pro- a solution containing this quantity in graipe in 
duces a pressure of more than 50 cm. of mercury; one litre would exert a pressure ^ timet as great 
a solution of nitre of equal strength gives pres- — that is, a pressure of 22*2 atmospheres. This 
.Buresof between three and four atmospheres, number agrees within the limits of expcrimoiital 
Pfefier also found that the pressures increased, error with that whioli holds good (or gases; and 
at constant temperature, to maximum values, { hence Avogadro's law bolds also for solutions, or, 
which remained constant as long as the partition more correctly, so far, for solutions of cane sugar, 
remained intact. These pressures proved to be | The question whether the law holds for other 
proportional to the concentrations, and further, ' dissolved subshmoes must be answered^in the 
they increased with a rise of temperature. | allirmative. It is true that only very few 

According to van’t Hoff, this pressure, the ^ measurements of osmotic pressures have been 
* osmotic pressure,’ is to be looked on as ana- | made, but these phenomena are so closely con* 
logous to tlio gaseous pressure. It is possible to | ncctcd with others to bo considered shortly, that 
form a similar conception of its cause as is it has been possible to place the general validity 
formed of the cause of gaseous pressure; the of the law beyond doubt, 
molecules of liquids, like the molecules of gases, Let us imagine a aolution poured into a 
po'ssess a quantity of kinetic energy which is pro- vessel of the form of an invert^ funnel, the 
portional to the temperature. The solvent—for opening of which is closed by a seini-permeable 
instance, the water—can pass through the serai- wall in contact with which is a quantity of 
permeable wall, and since it is present on both the pure solvent. Then the solution will rise 
sides iU pressure is the same on 00th. The sub- in the tube, because of the greater internal 
stance dissolved, however, bombards the wall pressure, and equilibrium will be est^lishad only 
from one side only, and thus a prc.ssure is set up. when the pressure of the liquid oolumn in tha 
Thisview—which, however, is only hypothetical, I tube has become equal to the osmotic presaura. 
aud which can be accepted or rejected without | Let this arrangement be covered by a bell-jar, 
the ^heory itself being called in question—has i from whiclatbe air has been completely expelled; 
been objected to oi\ the ground that if it were the solution will then be surrounded bythe vapour 
true a weak-walled vessel must needs be broken of the solvent only. But the pressure of tba 
by a solution placed in it. But this assertion j vapour is slightly smaller in the upper part of the 
overlooks the important point that the osmotic : bell-jar, at the level of the solution, wan below 

S resBore can exert itself only toiihin the solution. | at the level of the pur.., solvent, and it is smaller 
! we imiqpne for simplicity’s sake a drop of a ! by an amount which is equal to the pressure of 
solution floating in space, it is true that a pres- the weight of the vapour present between the two 
Mire due to the substance dissolved will ^ levels. Moreo^cer, it is by this amount that the 
verted on the internal surface of the drop, wbi^ vapour-pressure of the solution must fall short 

S resBuxe may easily amount to 100 atmospheres. | of that of the solvent, because, if this were not 
ut to thU pressure there is opposed the normal the case, liquid would either continually evapo- 
eapillary pressure of the liquid, the magnitude of 1 rate, or condense, at the surface of the solution: 
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in eotiseqtienoe of the osmotic pressure, the | 
obanges in |evel produced would always equalise 1 
themselTtis again, and we should have a per> 
f€tuum mobile^ which is impossible. 

It follows, therefore, that in general the 
vapour-pressure of a liquid must decrease when 
a substance is dissolved in it, and that this takes 
4 )lace according to laws which run parallel with 
those of osmotic i)ressure. 

This theoretical conclusion is in accordance 
with observation. It has been found by' 
■Wullner (P. 103, 529) that, qt a constant tem¬ 
perature, the decrease of the vapo\ir-prcR8ure of 
an aqueous solution is proportional to tho con¬ 
centration of the solution. Baboon his part had 
established that the ratio between the vapour- 
pressures of the pure solvent and the solution is 
independent of tho temperature. Both .results 
have been confirmed, on the whole, by later in¬ 
vestigations. Baoult especially has occupied 
himself with this question^ be hasishown that 
tills behaviour is genera), and he has also found 
thatequimolecularwcights of different substances 
dissolved in the same solvent produce equal di¬ 
minutions of the vapour-pressure, and finally 
that oikKUsing equimolocular quantities of dif¬ 
ferent solvents the relative diminution in the 
vapour-pressures is the same. If / stands for the 
vapour-prossure of the solvent,/' for that of the 
Bolntion, and if further N stands for the number 
t>f molecules of tho solvent (in gram-units), n 
for the number of molecules of the substance 
dissolved, the general expression holds 

/ N-)-71* 

While Baoult discovered this law empirically, 
van’t Hoff has deduced it tlicuretieally from tho 
laws of osmotic pressure {Z. I\ C. 1, 494). 

This formula can bo used for determining 
the molecular weightof a substance in solution. 
liOt j> grams of a substance with unknown 
molecular weight m be contained in 100 g.of tlio 
solvent, the molecular weight of which is M; 

then grams of substance dissolved in one 

molecular weight of the solvent; let this «5; 
then patting , and N-1, and solving the 


equation for m, it follows that m 

Finally, a third sot of pUenomeua is known, 
governed by similar laws. It has long been 
known that salt water freezes at a lower tem¬ 
perature than pure water. As far back as 1788 
Blagden (T. 1788) established tho fact that the 
lowering of the freezing-point of a solution, of 
salt in water is proportional to the amount of 
salt dissolved. Later on, Budorff (Pal 14,63) re¬ 
discovered this fact, which hod been forgotten, 
and de Goppet found that equimolecular solu¬ 
tions of salts having analogous constitutions 
exhibited equal lowerings of freezing-points 
(A. Oh. [4] 23,3Q§). Baoult discovered that the 
same law held for the moat diverse solvents. 
This law states that equimolecular quantities of 
whatever substances wo take, added to a constant 
quantity of thesolvent,lower thefreezing-pointby 
(he same amount (C.R 1882). Baoult thought 
for a time that the lowering of freezing-point was 
the same for equimolecular quantities of different 


solvents, but this proved to be eiroheoas. Yan*t 
Hoff has deduced this important relation from 
the laws of osmotic pressure, and bis formula 
agrees well with experiment (Z. P. 0. 1,481). 

We can convince ourselves of the necessity 
of these relations by an argument similar to 
that used in order to prove the connection 
between osmotic pressure and change of vapour- 
pressure. Ah the mechanical theory of beat teljj^ 
us, below 0®the vapour-pressure of ice decreases 
more rapidly than that of over-cooled water. A 
tenipomture must therefore exist whereat a salt- 
solutTon, w]iich>has a vapour-pressure less than 
that of water, exhibits the same vapour-pressure 
ar, ice. This is the only temperature at which 
the solution can exist side by side with ice, as 
otherwise a jicrpctmim mobile would be possible. 
Since, therefore, this temperature, which is the 
freezing-point of the solution, is in inseparable 
connection with its vapour-pressure, the laws 
holding for the one must also hold for the other, 
and from this the laws already stated follow di¬ 
rectly. Formulating these laws, we get 

ml 

where A is the lowering of the freezing-point, I 
tho weight of the solvent, p that of the substance 
dissolved, and m tlic molecular weight of the 
snb.stancc, while r is a constant dependent on 
the nature of the liquid. From tho formula it 

follows; Having, therefore, once fCr 

all determined the constant for a solvent, it 
is possible to find the molecular weight pf a 
substance by determining the lowering of the 
freezing-point of its solutiun in that solvent. 
Van’t Hoff has shown that the constant can be 
deduced thermo-dynamically from the beat of 
fusion of the substance. 

• If we now apply these methods for determin¬ 
ing tliG molecular weights of dissolved substances 
to solutions of electrolytes, wo find that the 
molecular weights appear smaller, and hence the 
number of mokeules in solutioh are greater, than 
correspond witA the formulae. In many coses the 
amountof this deviation is very considerable, and 
I it.s existence at first proved a great obstacle in 
the way of van’t Hoff’s theory of solutions. To 
Arrhenius {Zi P. 0. 1) we owe the means,of 
accounting for the deviation. The views pro¬ 
pounded by this investigator have shed such a 
hood of light over dillicnlt questions in chemistry 
and physics that wo must consider the work of 
Arrhenius to bo one of the most important ad¬ 
vances ever made in this and in allied domains. 

Arrhenius' idea consists in ascribing the de¬ 
viations of tho observed from the calculated 
molecular weights, to a dissociation of the 
electrolytes into their ions. From the mag¬ 
nitude of this deviation a conclusion can be 
drawn as to the number of molecules which are 
dissociated; the problem which was left unsolved 
by Clausius thus receives its solution. 

Beserving the numerical proofs of the troth 
of this view till later on, it is proposed to de4l 
first with some possible objections and diffi- 
qplties of a general nature. 

The application of the hypothesis leads to 
the conclusion that in moderately dilute solu¬ 
tions of strong acids and bases, a^ also of 
normal salts, as much as 60 to 90 per cent, of 
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Um. KibBtftnoe in Bolalioa is dissooiated into Us 
ions. Hence a solution of potassium chloride 
contains little else than ions of chlorine and 
potassium. How is it that the chlorine does not 
escape into the air as a greenish yellow gas, and 
the potassium does not act on the water? 

Tlie answer lies in the consifleration that the 
chlorine which wo know as a greenish yellow 
as is the electrically neutral molecule Cl„ and 
oes not consist of the separate atoms of Cl 
which are charged with a large amount of nega¬ 
tive electricity.' The potassium again is not 
present as the compact metal, lait in the form 
of strongly positively charged ions. Considering 
the great dillevencea exhibited by allotropio hjrnis 
o! the same element (oxygen and o/ono, red 
and yellow phosphorus, Ac.), wo cannot wonder 
that iu these cases also considerable dilfereuccs 
appear. 

And it is further possi))lG to produce solu¬ 
tions in which such ions —as, for instance, potas¬ 
sium— are present in excess, and therefore cer¬ 
tainly in the free stale. For Diis purpose, let us 
imagine two vessels tilled with potassium chloride 
solution and placed on an insulating stand, and 
then connected coniluetivcdy byiiieansof asy[ihon 
filled with the solution. Let us^ow bring n<-ar 
to tlie one vessel a body charged with negativi*. 
electricity. The vessel becomes cliarged posi¬ 
tively by induction, and an eejuivaUmt tiuantily of 
negiitive electricity moves tlirough the syphon 
into the second vessel. If we now remove tlio 
syphon, and then the body charged, the first 
vessel remains charged positively, the second 
vessel negatively. So far tlie experiment con¬ 
tains nothing that is now; it is the eleiuoutary 
experiment used for proving the inductive elTctd. 
of electricity. If, however, we pay attention to 
the fact that, according 4.0 the law of Fara«lay, 
electricity can move in electrolytes (yily simul¬ 
taneously with the ions, the conclusion is in¬ 
evitable that an excess of potassium ions must 
be present in the vessel charged positively, and 
the same excess of chlorine ions must be present 
in the vessel charged nogalivcly, Tlicsc excesses 
of ions are maintained as long as the electric 
charge of the vessels exists. On discharging the 
vessels the ions give up their electricity, and the 
substances appear at the point discharge cn-, 
dowed with their usual properties. 

Owing to the magnitude of the quantities of 
eleotrioity contained iu the ions,the question may 
be raised whether the experiment winch has just 
been indicated really can be carried out. Ostwald 
and Nemst have shown {Z. P. C. 3) that this is 
actually possible. By means of a mercury elec¬ 
trode contained in a capillary tube, such small 
quantities of hydrogen can be observed that the 
experiment becomes quite feasible. Since under 
ordinary conditions one gram of hydrog'm occu¬ 
pies a space of about 12,000 0 . 0 ., a small bubble 
of 0*1 mm. diameter, which one can still see with 
the naked eye, has a weight of only 10'^® g., and 
one of 0*01 mm. diameter, which can be seen 

* From tho number, alroady given, of S0«540 ooulomlifl, 
which are oomblned with 1 g. of hydrogen and vriilcb are 
aleo present in one Utne of normal potoMlum chloride solu- 
tdon-Hks positive elecblclty on the potassium, or negative 
•leotrielty on the ohloHne—it te possible to omculete that 
this qnoBti^ of eleotrioity would lui&oe to obarge a sphere 
Of on approxLmate diameter of 10>* cm.—which, therefore, 
wonldbelffgerthaatbe whole solar syitMn—to a potential 
•t OM tolt. 


under a microscope, has a weight of only 10*’*g. 
This is as small a quantity of matter as can ^ 
recognised in any way, and the electricity com¬ 
bined with it can be detected in an apparatus of 
very moderate dimensions. 

Thus the experiment described above is not 
only conceivable, but feasible; and thus.it is 
proved that free ions, such as those of potassium, 
can be present in aqueous solutions without acting 
on the water. 

The assumption that some of the molecules 
of clectroVtca s)dii into ions in solutions 
explains many properties of these solutions. In 
tho following paragraph wo will assume for sim¬ 
plicity's sake that the splitting up is complete— 
an assumption which is nearly correct in the 
cases of salts, strong acids, and bases; the modi¬ 
fications which must be introduced into these 
considerations by taking into account the portions 
not split up, will be considered afterwards. 

Let nseunoider^i’rst, tlie chemical reactions 
of electrolytes. As is well known, certain reac¬ 
tions are used in analytical chemistry for 
indicating definite substances. These reactions 
must take place quickly, as otherwise they would 
be of no practical use; hence they most be reac¬ 
tions between ions. If asked what it is that the 
ordinary analytical reactions allow us to recog¬ 
nise, we are inclined to answer, the different 
cliomical elements. But this is not at all appro* 
)>riate. A solution of a salt of silver is called a 
reagent for chlorine, and in fac.t by its help 
chlorine can Ifb detected in metailio chlorides. 
But tlio chlorine in potassium chlorate^or in 
monochloracctic acid cannot bo detected by 
means of silver solution. In tho same way chlor¬ 
ides indicate silver; but the silver in potassium 
sih'cr cyanide cannot be recognised by mean’s of 
chlorides. The different oxyacids of sulplyir 
also give quite different reactions, though they 
all contain the same elements; similarly, the 
reactions of iron, copper, mercury, tin, <fco., are 
quite different, according to the degree of oxida¬ 
tion of the metal. 

These examples prove that it is not the ele¬ 
ments which are indicated by analytical reactions. 
A more careful consideration shows that since it 
is tlie ions which react, tho ions are indicated by 
the analytical tests. • ^ . 

Tliis simple proposition removes all the diffi¬ 
culties which confronted ua. If a solution of 
silver is a reagent for chlorine ions, naturally 
it cannot indicate the chlorine in potassium 
chlorate, whose ionsare K and CIO,; nor in mono- 
cliloraccticacid, whoso ions are H and CHjOlCOj. 
And, conversely, silver is indicated by chloiidea 
only where it appears as tlie ion; but the ions 
of potassium silver cyanide aroK and Ag(CN)y The 
behaviour of cliloroplatinic acid ll^PtCla to- 
wanla silver solutions is specially remarkable, 
a behaviour about which an incredible confusion 
lias reigned in chemistry, because it has always 
been believed that its cblorino must be precipi¬ 
tated by silver solution as sUyer chloride. The 
matter was first cleared up by Jdrgensen 
[2] 1C), who found that ncr silver chloiidv ia 
formed at all, but rather the silver salt of chloro^ 
platinic acid Ag.^tCl,; sodium platimcbloride 
IB completely precipitated by two equivalents of 
silver solution only, instead of iiy six, which 
correspond to the proportion of chlorine. 
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Thofl the go-called anomalies of analytical 
reactions are folly explained. It is further ex* 
plained why, for instance, all the different 
enlphates give the same reaction with barium 
ohloride. The nature of the metal is of no ac¬ 
count, because the reacting ion SO 4 is not com¬ 
bined with the metal at all, but exists by itself. 

It is a remarkable fact that similarly con¬ 
stituted ions give, under certain conditions, dif¬ 
ferent reactions. According to this view, the 
iron in a solution of FeCl.^, and also in a solution 
of FeCla, is contained as an ion; jet the two 
act differently. In like mafiner, solutions of 
K,Fe(CN)y, as well as those of K-,Fe(CN)^, con¬ 
tain the same negative ion Fc(CN)^, and these 
two substances give quite different reactions. 
The explanation lies in recognising that these 
similarly composed ions are endowed with dif¬ 
ferent quantities of electricity according to their 
valency. Thus iron appears divalent and tri- 
valent, mercury and copper monogalent and 
divalent, the atomic group ¥'e(CN )0 tetravalent 
and trivalent, in that they contain corresjfbnd- 
ing numbers of positive oy negative electric units 
or * atoms.* 

If the theory developed so far is correct, then 
all properties of salt solutions must be of an 
additive nature with regard to the two ions— 
i.e. their properties must be made up of two 
parts, one of which depends only on the posi¬ 
tive ion, and the other only on the negative ion. 
This fact was recognised before it found an 
explanation in terms of the hyf^othosis of the 
independent existence of ions in solutions. 
Arrhenius drew attention to this fact {Z. P. C, I) 
when he was establishing his theory. Some 
examples will moke the point clearer. 

In 1874 Valson enunciated a law concerning 
the specific gravities of salt solutions (C. B. 73), 
which he called the law of the moduli. By 
means of it the specific gravity of a * normal ’ 
solution—that is, of a solution containing one 
equivalent of the salt in grams in one litre—of 
any salt can be found by adding to the specific 
gravity of a sclution of ammonium chloride 
(chosen as the standard) two values, one of which 
aepends on the metal only, and the other on the 
acid radicle only. According to Valson, these 
moduli are (NH^Cl Aq of spoeifio gravity 1015 being 
taken as theBtandard);—K == 30,Na « 2.5, ACa» 2C, 
JMg-20, iSr»65. ^,Ba -73.|Mn = 37, ;Fo« 37. 
|^Zn«41,JCu«42,iCr«61,APb*=103,Ag«105; 
Br«84, 1*64, |80,-20, ^aCO,*14, 

HGO«>b16. To these are added the value zero 
for NH 4 and Cl. These values allow us to cal¬ 
culate the epeoifio gravities of solutions of 
14 X 7 * 98 salts, and the calculations agree very 
well with experiment. Latdr on (1863), the law 
was confirmed by C. Bender (IF. 20, 660), and 
by Niool (P. Af. [ 6 ] 18,179), and was also ex¬ 
tended by the first named. 

A similar law was established by Gladstone 
(Pr. 16, 439) for the refraction-equivalents of 
salts. Gladstone expressed his generalisation in 
the form that the difference between the refrao- 
tio^requivalents of the salts of two metals with 
Uie same acid is always the same, and is inde¬ 
pendent of the composition of the acid. The 
following table shows how the values agree in 
the cases of salts of potassium and sodium wHb 
acids o| different compositiona 
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FotusimB 

Sodioia 

Difference 

Chloride • • 

18-14 

16-11 

8-3 

Bromide . . 

25-81 

21-70 

8-6 

Iodide • • 

86'33 

31-59 

8-7 

Nitrate 

21-80 

18-06 

3-1 

Hydrate . • 

12-82 

9-21 

.3-6 

Alcohol ate . • 

27-08 

21-28 

3-4 

Formate 

19-93 

10-03 

8-9 

Acetate • • 

27-06 

24-03 

3-6 

Tartrate • « 

57-00 

60-39 

8-6 

Carbonate . • 

81-93 

28-56 

2x3-2 

Bichromate ^ • 

79-9 

72-9 

2x3-6 

Hyl^ophosphite . 

20-94 

20-93 

2x3-0 


A similar law exists for the salts of strong 
acids, but with the weak acids the differences 
are much greater. We are now in a position 
to account for this discrepancy, which was left 
unexplained by Gladstone. Since the weak 
acids are only very partially split into their 
ions, it cannot be expected that hydrogen as an 
ion should have the same refraction-equivalent 
as it lias in the undecomposed compound. 

Gladstone also enunciated the general law 
that the coloigr of the solutions of salts whose 
acid or whose metal form coloured compounds 
is independent of that of the other constituent 
(P. M. [4] 14, 418). If we consider how de¬ 
pendent colour is on constitution in other cases, 
this fact must bo considered as a specially weighty 
proof of the mutual independence of the ions. 

The knowledge of the fact that the character' 
istic colours of salts are dependent on the nature 
of the eolouied ion only, and are independent of 
that of the other ion, has existed for a very long 
time, almost, as one might say, unconsciously. 
In green liquids we should always expect nickel, 
in rod ones cobalt, in pale blue ones copper, drb. 
Some exetiptions to this can easily be explained. 
One such exception is that most copper salts 
show the blue colour of the copper ions, whDe 
concentrated solutions of copper ohloride appear 
green. * The cause of this is that in concentrated 
solutions a considerable number of undecompo&ed 
molecules CuCl^ are present, which molecules are 
coloured a deep yellow, as can be seen in dry 
copper chlorid?, which looks almost reddish 
'brown. This yellow colour mixes with the blue 
colour of the copper ions, and produces the green 
oolonration. From the fact that as the tempera¬ 
ture is raised the green colour becomes more 
intense, it must be concluded that with rise of 
temperature more molecules GuGl, form at the 
cost of the ions (v. Ostwald, Z» P. C, 9, 679). 

Another additive property has been found 
by Marignac [A. Ch. [5J 8,410) in the specific 
heats of salt solutions. This property is, how¬ 
ever, partly hidden by small deviations which, 
though capable of explanation, require the know¬ 
ledge of some quantities the measurement of 
which has not yet been undertaken. 

And, further, Ostwald (/.or. [2] 18, 863) has 
proved such relations to hold in a fairly exten¬ 
sive manner for the volume-changes accompany¬ 
ing neutralisation. On saturating solutions of 
potash, soda, and ammonia by the same add the 
total volume changes in a very different manner. 
These volume-changes are, however, governed 
by the law that on saturating two ba^ by the 
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flune Rtid the difference of the volume-changes 
is independent ol the nature of the acid; and in 
like manner the difference in the volume-ohauge 
on saturating two different acids by the same 
base is uninfluenced by the nature of the base. 
Hence the volume-change always depends on two 
constants, one of which is determined by the acid 
only, mid the other by the base only; the specific 
nature of the salt formed has no influence. The 
following table shows these relations :~- 



Fotftsslum 

Sodium 

Amniouia 

Nitric acid . 

200 

19-8 

- 6-4 

Hydrochloric acid . 

19-6 

19*3 

- 00 

Hydrobromic acid . 

19-6 

19-3 

- 0-6 

Hydriodio acid . 

19-8 

19-6 

- 6-4 

Formic acid . • 

12-4 

12-1 

-13-6 

Acetic acid . 

9-5 

9*3 

-16-3 

Monoohloracetic acid 

10-9 

10-6 

-15.1 

Dichloracqtio acid . 

13-0 

12*7 

-130 

Trichloracetic acid. 

17-4 

171 

- 8-7 

Isopropionio acid . 

7-8 

7-7 

-17-8 

Butyric acid , 

70 

6-8 

-180 

Isobutyric acid • 

C-3 

6-1 

-19-3 

Ulycollio acid. 

9-6 

9-8 

-16'6 

Lactic acid . • 

8-3 

8-1 

-17'7 

Sulphuric acid • 

11-9 

11-6 

-14-4 

Oxalic acid . • 

9-9 

9-7 

-161 

Succinic acid. • 

8-2 

7-9 

-17-6 

Malic acid . • 

8-6 

6'6 

-17-4 

Tartaric acid. • 

9-4 

9-2 

-170 


The differences between the corresponding 
members of two horizontal or of two vertical 
columns in this table are seen to be constant 
within the limits of error. The all but complete 
equality of the values for the four first-named 
acids, which are almost completely split up into 
their ions, is remarkable.;# * 

The most striking case of the additive pro¬ 
perties of salt solutions is, however, given by 
their thermal relations. Hess long ago esta¬ 
blished the law of the thermo-neutrality of salts; 
tliis law declares that there is no thermal effect 
on mixing the solutions of two salts provided that 
everything remains in solution. This fact is dif¬ 
ficult to understand aa long as eve assume the 
existence in an undecomposed state of normal 
salts in solutions, since the mutual changes of 
the salts would have to proceed without any 
energy-change, and this is a behaviour without 
analogy. If we assume, however, that the solu¬ 
tions of the salts contain chiefly the ions of the 
salts, the fact becomes explicable, because on 
mixing the solutions, the ions remain unchanged, 
they do not influence each other, and hence there 
is nothing to cause thermal effects. 

More remarkable still is the explanation 
which the theory gives concerning the beats of 
neutralisation of acids and bases. At first sight 
it se-'ms as if no action could take place between 
s ch compounds, if we consider the strong acids 
and.bases to be almost wholly separated into 
tons. Because if the solution of the acid, of the 
base, and of the salt contains ions only, no 
change ought to occur when the acid and the 
base are mixed. If, however, we consider the 
reaction ^ore carefully, we arpve at different 
resnlts. instance, let there be given soda 


and hydrochloric acid; the reaction wUl be 
+ 

Na + OH + H + Cl»Na+Cl + H,0 
The ions sodium and chlorine remain unchanged; 
bnt since water conducts very badly, only a very 
slight separation of H.0 into the ions OH and 
H can occur, hence when the ions OH and U 
meet they must combine to form Hp. 

licnee the process of ficutralisation in aqueous 
solutions is not a combination of the eonslU 
tuents of the salt, but only a cotnbineition of the 
constituent of water. 

It is true tlAt this remarkable result is 
somewhat contradictory of the usual views on the 
subject, but it is in complete agreement with the 
facts. If the process of neutralisation between 
acids and bases decomposed into their ions really 
consists only in a formation of water from 
hydrogen and hydroxyl, then its concomitant 
phenomena must be independent of the nature of 
the acids the bases. 

The most impfrtant of these oonoomitant 
phenomena is the heat of neutralisation. This 
value has been determined by different observers? 
with special exactness by Thomsen {Th. 1). A 
number of measurements are collected in the 
following table, calculated for one d'quivalent; 
the unit used'is the rational calorie, K «100 
gram-units of heat 



NaOII 

KOH 

LlOU 



HCl. . 

137 

137 

137 

139 

139 

HBr 

137 

137 

— 

_ 


HI . 

137 

136 


_ 

— 

HNO, . 

137 

138 

_ 

140 

139 

HCIO, . 

138 

138 

— 

140 


HBtO, . 

138 

138 

_ 

_ 


HK), . 

138 

138 

... 

_ • 


HCIO, . 

141 

143 

_ 

_ 


in,s,.o. . 

136 

— 


139 


4H,l>iCl,. 

130 

— 

— 

— 

— 


And, similarly, tetramethylammonium hy¬ 
droxide, platinodiainine hydroxide, and triethyl- 
Biilphine hydroxide give with hydrochloric acid 
138,137, and 137 E respectively. 

From this table, which could easily be en¬ 
larged, it follows that the heat 9 ! neutralisation 
of the strong acids and bases is a constant, and 
is approximately equal to 13,700 cal. This num¬ 
ber must be looked on as very nearly equal to 
the heat of formation of water from tite ions 
+ — 

H and OH. (A more exact calculation gives 
13,500 cal.) The small deviations which are still 
present originate in the fact that the spBtting 
up of the acids and bases referred to, tliough very 
considerable, is yet not quite complete; it is in 
this undecomposed remnant that the individual 
nature of the two substances stiU asserts itself 
a little. 

The conditions become quite changed when 
we consider the weaa u^ids and bases. Here 
the constancy of the heat of neutralisation ceases 
completely, and values are observed which fluc¬ 
tuate between 163K and lOE. In these oases the 
quantities of heat which are concerned in the 
splitting up of the acid and the base into their 
ions must be taken into account, beeides the heat 
of formation of water from its ions, and the beat 
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of neotn^itaiion maf be rcprcscoted by an ex- 
preition of ihe fom K ■> IH,500A + B, where 
A T B is the quantity of heat necessary for decom> 
{KMing the acid and the base into ions. As ex¬ 
periment {)aB shown that the salts when in dilute 
solution are uniformly and nearly completely 
decomposed, their heats of decomposition need not 
be taken into account meanwhile. This formula 
also expresses a law which, discovered some time 
back by Favre and Silbermann (A. Ch. [3J 37, 
48(>), has been confirmed by tlio younger school of 
thermo-ohemists. This law is, that tli^ dillorence 
between the heats of neutralHation of any two 
bases is alwa^ the same whatever acid is taken, 
and that likewise the dilTcronco between the heats 
of neutralisation 5f any two acids is iiidepcnilent 
of the base. This is only another expression for 
the proposition that the acid and tlie base each 
contributes towards the licat of neutralisation a 
definite portion, which is iiuh-p<‘rident of tiic 
nature of the substance with which Jbe acid or 
the base reacts. * 

Very similar facts may bo noticed conccrtiing 
^he other phentfmena which jw.compnny neu¬ 
tralisation. A table has already been given 
(p. 189) showing tlmt the same relations hold 
good for the changes of volume tliat accompany 
neutralisation; the strong acids and bases give, 
on neutralisation, very nearly the same change 
of volume, i.6. 20 o.c. per litre of normal solutions 
of aeid and base. The same holds good for the 
changes in the refractive indices. 

The electrical conductivity of elec* 
E 

trolytos.—Olim’s law I=»j^ gives a definition 

of R, the resistance of a conductor. It has been 
shown that the rcsistanco is dependent on the 
nature the conductor, and on its <iiniensions, 
in that it varies directly as the lengtli and in¬ 
versely as the cross-section. It has been agreed 
,lo call the resistance of a conductor of cross- 
section 1 sq.milUm. and length lOU contim. Its 
spectre resistance; this doptuida on the nature 
of the material of which the conductor consists, 
and on its temperature. 

If we define a quantity ^ • and call it the 

tondwHvity, Ohni’s formula becomes I-EC. 
We may best regard C as the power of tlie con¬ 
ductor to allow the electricity to pass through, 
or the power to transport the electricity. In tlio 
illustration of a current of water in a tube, C 
would be comparable to the cross-section of the 
tube. The conductivity is the reciprocal of the 
resistance. In calculatingthe strength of currents 
it is more convenient to work with resistances; 
if these ore connected end to end, the total re¬ 
sistance is the sum of tlie individual resistances; 
but if the resistances are connected side by side, 
the conductivitiee must ho snmmed up. For 
electro-chemical purposes the idea of conductivity 
has always proved more useful than that of re¬ 
sistance. 

Measurements of resistances or of conduc¬ 
tivities ere mailc according to different methods, 
all of which rest on the application of the for¬ 
mula above given. For instance, we can measure 
the current strength, I, u.sing the same electro¬ 
motive force E (from a constant cell, as, for in 
sUoce, a Daniell), there being included in the 


circuit at one time the resistance R, which is ta 
be determined, and at another time a resistance of 
known magnitude IV We then get the equations 

I,and and from these R,*=Bu^ It 

R] If 

is not necessary to discuss here the various 
methods of measuring resistances. 

As mentioned before, the unit of resistance 
used is the o/im—i.c. the resistance of a mercury 
column of 1 sq. mm. section, and 101) or IOC'S cm. 
length at 0^ Tlie unit of conductivity is given 
by the same qi^antity; since this represents tho 
reciprocal value of the resistance, it has been 
proposed to designate it by Mho, which is the 
name Ohm reversed, and for wliich Mo might be 
put shortly. . 

While so far the dilTorfiit powers for con- 
ductijig electricity possessed hy the metals have 
remained more a question of practical than of 
theoretical imporlatice, tlie study of tho elec¬ 
trical conductivity of electrolytes ^has led to 
most inij)ortaTit and suggestive views as to their 
naliu'O. These have only hecn arrived at quit© 
lately, chictly because until recently there existed 
no convenient and good inoihod for determining 
the conductivities of electrolytes in solution. 

The dilliculty to bo surmounted consists in 
tho fact that tho current must be conducted 
through Uio electrolyte by moans of electrodes, 
and that these get coated with the ions which 
separate—t.e. tlicy become i^olarUcd. In con¬ 
sequence of tins the electrodes become the seat 
of now electromotive forircs, tho magnitude of 
which is variable, and therefore not capable of 
being determined exactly. One method only has 
been brought forward as yet in which this difii-. 
culty is completely obviated; it is due to Guthrie 
and Boys (P. M. 1880. .338), and consists in 
allowing a system of strong magnets to rotate 
rapidly rci»ind the axfly a cylindrical ve8.scl filled 
with the electrolyte ana suspended by a long tliin 
wire. By this means currents arc produced in 
tho electrolyte (ns would he i)roducod in every 
conductor), the clectro'lynainic effect of which 
temls to rotate the vessel in the same direction. 
The strength of thc.se currents is proportional to 
tho conductivity of the liquid, and the vessel is 
rotated until ll^e torsiun^f tho suspfmding wire 
* becomessulliciont to maintainequilibrium agaiust 
tins rotatory effect. We •'re therefore justified 
in putting the deviation as proportional to tho 
conductivity, the velocity of tho magnels remain¬ 
ing the same. As tho currents produced in tlie 
electrolyte occur exclusively within it, no polar¬ 
isation is possible. The method has not been 
applied, because the apparatus required is ex¬ 
pensive and difficult to handle. 

Becqucrel and Horsford tried to bring up 
polarisation to its highest value by using strong 
currents. In this method'the .current is led 
through the electrolyte, then tlirough an adjust¬ 
able resistance, and finally through an instru¬ 
ment for measuring currents (galvanometer, <S:o.), 
and its strength is determined. The distj^nce 
between tlie electrodes is next decreased by an 
accurately measured amount, and resistances 
are inserted until tlie strength of the current has 
regained its value; then the resistance inserted 
is equal to that possessed by the port^ of the 
liquid taken out The method suffenrfrom the 
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dindnnii^ ihai St b ' lo the ! 
•eleetromotive force of polarisation constant as 
presupposed; and,farther, the Uqaid is ohauged 
at Uie electrodes by the use of the stronger 
currents required, so that what we measure is 
the resistance of the changed, and not that of 
the original, liquid. 

By using electrodes of 7.inc, which in solutions | 
of Bine salts give no polarisation, Beetz (P. 117,1) 
was able to determine the conductivities of such | 
solutions by the methods used for metals. : 
Paalzoff shovpcd (P. 13(1, 480) that the method j 
can b^ applied to other solutions also if we j 
bring the two zinc electrodes in!b two separate ; 
vessels, and establish conduction through a I 
syphon filled with the liquid to be investigated. I 
The process is based on the fact that no polarise* 
tion is produced when a current is passed through 
the surface of contact of difTercnt liquids. 

But this method is again far surpassed in con¬ 
venience by one given by F. Kohlrausch (lV-11, 
G53), in which polarisation is made harmless 
by using alternating currents. Such currents, ! 
in wliich equal quantities of electricity Ilow i 
alternately in opposite (Hcections, arc produced : 
most easily by means of an ordinary induction : 
apparatus, It is true that by such currents the | 
electrodes are also polarised, but the polurisa- j 
tions occur rapidly in opposite directions, so* 
that the polarisation produced by the first cur- ! 
rent-impact increases the strength of the second | 
current-impact which has tlie opposite direction, 
and the polarisation resulting from the latter 
adds itself on to the third currcnt-irnpact, and 
80 on. Kohlrausch has shown that by using 
platinum elo«qrodea of ton sq. cm. surface 
coated with platinum black, the cficct of polar- 
' isation may be reduced to less than 0*1 p.c. of 
the resistance. Kohlrausch uses for his method 
'Wheatstone’s bridge in Kirchhoit’s arrangement. 
For details reference is made to Kohliausch’s 
memoir.' 

The definition of specific conductivity as 
given above, and as employed in physics, is not 
of practical use in considering electrical con¬ 
ductivity from the point of view of the chemist, 
riinco, according to tlie law of Faraday, the ions 
alone conduct, and since each ion carries the 
fame quantity of electricity, it is evident that 
the conductivities of dillercnt solutions must bo 
referred to the same number of ions in onler to 
obtain comparable numbers. That wo may 
form a conception of erjuivalent conductivity fol¬ 
lowing from this, let us imagine two electrodes 
of indefinite extension placed at a distance of 
1 cm. apart, and let there be brought between 
them so much of a solution as contains the 
e<)uivalent weight in grams of the dissolved 
elcctiolylc; the conductivity of such a system 
is the equivalent conductivity of the electrolyte. 
In order to find the relation between the specific 
and the equivalent conductivity, we bear in 
mind that the length of the solution of the 
electrolyte is 106 times less than 106 cm., which 
was the length of the conductor assumed in the 
definition of specific conductivity. When the 
solution is normal—i.e. contains one g. eqnivalent 
per litre—the cross-section is 1,000 sq. cm.; when 
the same weight is dissolved in v litres it is l,000v 

* A detaUM dcsoriptioo ot the method for oarrjlug out 
neh meaetfeiaeats U to be found In 2r. F. S, Ml. 


•q. cm.; this if lOO.OOOv times greater than the 
orosB-seotion for the specific conductivity, which 
is *01 sq. om. Hence from the specific conduc¬ 
tivity f we obtain the equivalent oonduetivity A 
by the equation \«l*06x 10*Jt>. It should be 
remembered that the specific conductivity of an 
electrolyte is not usually referred to ohms, but to 
the unit of Siemens, formA'ly commonly em¬ 
ployed, which is equal to the resistance of a 
column of mercury 100 cm. in length; hence 
instead of 100 wo must put only 100, and the 
equivalent conductivity becomes As 107u. 

In addttion t« tl\o equivalent conductivity 
we can calculate the molecular conducHvU]/t 
wliich is as many times greater than the equiva¬ 
lent conductivity as tlio molecular weight con¬ 
tains the equivalent weight. So the molecular 
conductivity of sulphuric acid is Uvico as great 
as the equivalent conductivity, that of aluminium 
chloride three times as great. 

For the gcierul facts wliich have been esta¬ 
blished rejfirding aquivalent conductivities we 
are ^specially indebted to Kohlrausch, and to 
several invostigatorp who succeeded him. The 
most simple relations are exhibited by dilute 
solutions in which v is greater than 1 lit., and 
these will be considered first. 

1. -Tho equivalent conductivities of normal 
salts arc of the Bamc order of magnitude, but are 
not the same (Kohlrausch). 

2. The conductivities of all salts increase 
slowly with increase of dilution, and generally 
reach a maximum value, which is not surpassed 
after dilutions of 20,(K)0 to 60,000 litres per 
gram-equivalent (Kohlrausch). 

I 3. The increase of conductivity is least for 
: salts which consist of two monovalent ions; it 
I is about twice ns great for salts which contain 
j one divalent and one monovalent ion; and about 
four times as great for salts whose ions are 
I both divalent (Ostwald). 

I 4. The equivalent conductivities of equally 
concentrated solutions of the most different 
salts can be represented ns the sum of two oon- 
j stunts, one of which is dctormlnod solely by the 
jmsitive ion, the other solely by the negative ion 
! (Kolilrausch). Tfiis law agrees the Wtorwith 
j experience tho more dilute the solutions are. 

In order to give an illustration of these laws, 

I I append the equivalent condiictiviticsof sovcral 
! normal salts ns measured by Kohlrausch. Tho 
j values are for 


DiluUoQ 

KCI 

NilCI 

IJCl 


iMO. 

iMgSO, 

12 

01-9 

cn-5 

r.9-1 

65 8 


sr-0 

102 

101-7 

«(;-6 

77-5 

86-1 

89-r 

47*4 

1"()/ 

1147 


H7-5 

10<l-6 

1(I9'8 

ri-K 

I.IKIO/ 

llQ-3 

100-S 

»2-l 

100-2 

120-7 

9»S 

lO/rfMV 

120-9 

102-9 

91-9 

112-6 

124-9 

103-i 

80,(W07 

121-7 



111-4 

126-0 

lOS-9 

100,W02 

121-6 

102-4 

OG-5 


137-5 

lOA-0 


If we attempt to form a picture of the pro¬ 
cesses occurring In clocirolytic conduction, we 
must first bear in mijid tliat, according to tho 
statements of Kirchhofi (P. 78, 606), free elec¬ 
tricity must be present along the surface of each 
current-path; and the fall of this poteotuU 
causes the motion of the electricity inside the 
conductor. Hittorf pointed out that the theories 
of electrolysis hitherto held could not satisfy this 
requirement. Assuming the preseq^e of free iontf 



m PIITSICAL METHODS 

It li avident at once that the eurfabe charge is 
formed these. Owing to the fall of potential 
which exists, the positive electricity is now driven 
to the one side, the negative to the other. Both 
are bonnd to the ions; which are, therefore, 
moved in the same way by forces that are of 
equal magnitndes on both sides. 

The velocities acquired by the ions under the 
mfluenoe of these equal and opposite forces will 
not generally be the same, since it cannot be 
assumed that the resistances to motion encoun* 
tcred by the ions in the solution wilM^ the same. 
}lut in dilute solutions, anyliuw, the nature of 
the second ion, travelling in the opposite direc> 
tion, will have no influence on the velocity of 
any definite ion—euoh as, for iiftfitnce, Cl. 
Hence the conductivities of salts, when referred 
to equal quantities of ions, can be represented 
as the sum of the migration-velocities of the 
positive and negative ions. Galling these migra¬ 
tion-velocities u and V, we get 

But this is exactly the relation discovered by 
Eohlrausoh (p. 191), to whom also the argument 
just given is due. 

Viewed thus, the phenomena of electrical 
conductivity are brought into connection with 
another group of facts, the comprehension of 
which had presented great ditficulties to the older 
naturalists. These are the phenomena of the 
' migration of the ions,' It has been mentioned 
that Daniell observed the corresponding mani¬ 
festations, but they were not explained till Hit- 
torf did so. 

From the table already given it follows that 
the different ions must possess very different 
migration-velcMjities. On comparing, for instance, 
KCl and LiCl, we find differences of 27 to 80 
units. Since the chlorine must possess the same 
velocity in both cases, and hence participate to 
the same amount in the conductivity, the dif¬ 
ference is due solely to the ions K and Li. In 
the same manner we can convince ourselves that 
Afferent negative ions migrate with different 
velocities. 

On electrolysing a substance whose ions 
travel with different velocities, different quanti¬ 
ties of the ions will collect at the electrodes, 
and, in addition to decomposition, the liquid will 
undergo an unequal cliango of concentration at 
the electrodes. In order to get as good a repre¬ 
sentation as is possible for those relations, let 
the Ions be represented in the figure in the next 
column by black and white circles. The different 
borizontH rows represent different phases of tlie 
electrolysis,*these being such that between them 
there is a distance equal to the mean distance of 
the ions. It is assumed that the block ions mi¬ 
grate twice as quickly to the left as the white 
ones do to thb right. At first there are seven 
ions on each side of the central line. At the end 
of the process six ions have been liberated at each 
end, and, in addition, five out of the seven pairs 
have remained behind at the left side, and two 
have disappeared; while of the equal quantity 
at the right side three have remained behind and 
four have disappeared. Hence the proportion of 
salt has decreased at the right side twice as mnch 
as at the left—that is, the same ratio as that 
^ which the two ions migrate. 

Therafore^in order to determine the ratio of 
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the migration-velooiiies of the two ions of a ull 
it is only necessary to determine the proportioi 
of undocomposed salt at each electrode befon 
and after electrolysis; the ratio of the deoreast 
of this proportion at each side is equal to th^ 
ratio of the migration-velocities, is the ' mi¬ 
gration-measure.’ 

This representation holds good on the sup¬ 
position that the ions which separate at the 
electrodes do not again go into the solution. If, 
however, we electrolyse a solution of copper sul¬ 
phate between copper electrodes, the copper, it 
is true, will le^^e the solution at tb^ cathode, 
but the ion SO 4 will not separate out at the 
anode, but will combine with the copper of the 
anode to form copper sulphate, which will go 
into solution. The solution will, therefore, be¬ 
come, not more dilute, but more concentrated. It 
is, however, easy to take this circumstance into 
account. It is only necessary to determine the 
totd quantity of electricity passed through the 
solution (for instance, by means of a silver 
voltameter); from this wo can calculate bow 
much copper has gone into solution, and we need 
then only deduct this quantity from the total 
quantity of copper at the anode, as determined 
by analysis. It is simpler still to weigh the 
cathode before and after the experiment: tlie 









II 



IT 

4 


8 


8 

1 

N 


■ 

1 






s 


ft 

I 



E 


1 







' 


f 






1 

1 

1 

1 

1 


1 








8 

-i 

1 

t 

-f 

t 

8 

-f 


■8 

n 

i 

1 

j 

1 

I 

1 


1 


-- 

-* 



-4 

-1 

■! 

i 

1 

I 

\ 


[ 









i 





1 

I 

I 

I 

1 

1 


1 

j 




n 



ft 

B 

M 

ft 


ft 

ti 


H 

ijiH 

H 

B 

B 

1 


increase of weight is equal to the weight of 
copper which has dissolved at the anode. 

Hittorf examined {P. 89 to lOfl) a great many 
salts and acids with respect to their ‘ migration- 
measures,' and established the fact that the 
current-strength has no influence on the ratio of 
themigration-^^locities, the temperature has an 
'inappreciably small influence, but the concen¬ 
tration exerts a changeable effect—in some cases 
it is inappreciably small, while in others it is 
fairly important. 

Hittorf found, for instance, that the concen- 
tratioD of ECIAq at the electrodes. scarcely 
changes at ail; hence chlorine and potassium 
must migrate with very nearly equal velocities. 
If we consider the solution v »1,000/ in the table 
given on p. 191 , it follows that of the 119-9 units of 
conducti>ity of potassium chloride, 59'68 belong 
to the chlorine and the same number to the potas¬ 
sium. Knowing these numbers, we can calculate 
the velocities of migration of all the other ions 
in the table. NaCl has 100-8; on subtracting 
from this 59*7 for the chlorine, the velocity of 
the sodium ion becomesdM. Similarly, Lis 32 * 4 , 
ih& « 49 * 5 . As K » 59 - 7 , and as «120-7, 

it follows that ^SO^aCl-O; hence ^MgB82’5. 

From these numbers we can again calculate 
the migration-measures, or the chang^ uf con¬ 
centration al the electrodes, of otfer oalbL 
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IhaB 5 t» for NoCl - - 0-69i for LiCl ^ 

t> 69-7 697 

-0-54j for BaCl, ^-O'SS. &o. It is evident 
• o9’7 

that when one migration-measure is known, the 
migration-measures of all corresponding salts can 
be calculated from the measured conductivities. 
And since, on the other band, the conductivities 
of salts represent the sums of the velocities of 
their ions, we can realise the very great simpli- 
fication which these considerations, duo to 
F. Kohlrausoh, have produced in tlm relations of 
eieetrical conductivity which formerly api>Garcd 
so complicated. If, for instance, we know the 
conductivities of ten salts with the negative ion 
A and the positive ions B, to B,o, and of other 
ten salts with the ion B, and the ions A, to 
A,o, and in addition to these the migration-mea¬ 
sure of one salt, we can calculato from thca^ 
21 measurements the conductivities and the 
migration-measures of 100 salts - that is, wo can 
deduce 200 data. 

An extensive examination of these relations, 
undertaken by Eohlrausch (IF.C, 104), and later 
by Ostwald {2. P. C. 1, 74), as well as by Loeb 
and Nernst {ib. 2, 048), has proved tliat they 
hold good with very sufficient accuracy for very 
dilate solutions. But deviations from these rela¬ 
tions become apparent in concentrated solutions, 
and these ieviations are greater the more con¬ 
centrated the solutions. And, further, diiTorent 
salts behave differently, inasmuch as salts con¬ 
sisting of two monovalent ions show the smallest 
deviations, salts with one monovalent and one 
divalent ion show greater deviations, and salts 
with two divalent ions show the greatest devia¬ 
tions. Now these are the classes of salts which 
exhibit differences in the changes of conductivity 
accompanying dilution (p. 101),and we are,J.herc- 
fore, led to the conclusion that the same caiue 
underlies both phenomena. 

The free acids and bases only partially con¬ 
form to Kohlrausch’s law. The following data, 
taken from Kohlrausch's determinations, exem¬ 
plify this statement. Temp. » 18° 


198 

preserving very dilute solutions of alkalis per¬ 
fectly pure. 

From these measurements it follows primarily 
that hydrogen and hydroxyl possess much greater 
migration velocities than the other ions —namely, 
284 and about 150, rospootively. It follows, there¬ 
fore, that if the law of Aohlrausch were generally 
TaUd,th6ConductivitiesofallacidB would be > 2H4, 
and the conductivities of all bases would be > 150. 
On looking at the numbers in the table, we find 
that phosphoric acid and acetic acid, as well as 
ammonia, ard at a <|uito hopcles^s distance from 
these values. Sulphuric acid, also, does not obey 
the law. For .^SO,the valueClOwas found above; 
on deducting this number from pl.SO,^B31*6, 
there remains II - 270 0, and the difference of 
this viUue from the one found before, 284, oxceedft 
the limits of experinu’ntal error. 

On carefully studying the table we now see 
that the acids and bases which form exceptions 
to the law efbibit tlte same peculiarity as the 
cxcepli^mal salts; they cluitigt* their oonductivi- 
li(!S very markedly upon dilution. While the 
substances which follow tho law have nearly 
readied the maximum of the equivalent con¬ 
ductivity at 1000/, tlie numbers show that this 
is far from being the case in the exceptional 
substances. We are thus led to inquire as to 
the cause whicli brings about the clmnge in 
conductivity that accompanies dilution. 

Tho arguments used so far liavc tacitly as¬ 
sumed that all the molecules of the electrolyte 
participate in the ( lectrical conductivity, and 
that the electrolyte is therefore completely split 
into ions. This assumption is evidently arbi¬ 
trary ; and when wc icmombor that aqueous 
solutions of ammonia and acetic add exhibit 
nearly normal lowerings of the freezing-points, 
and that, therefore, dissucialion occurs only to a 
small extent, if at all, wo see tliat the assumption 
is completely erroneous in these cases. The 
former equation x - tt f v, established without 
reference to the degree of decomposition, must 
be changed into \=-x (u + v) where x represents 
the degree of decomposition—i.e. the ratio be¬ 
tween the molecules decomposed and the total 


Dilution 

SO! 

H.N'O, 

^11,80. 


cir,.co,u 

KOH 

NaOH 

NH.On 

li 



188-9 


1-2 

171-8 

119-0 

0-H4 

10! 

321-4 

3-22-6 

208-4 


4 3 

lO.s 6 

170-0 

8-1 

100! 

341-6 

330-5 

2S.')'.5 


13-2 

212 4 

187-0 

9-3 

1000! 

345-0 

812-7 

8.-) 1-6 

96-8 

38-0 

214-0 

188-0 

20-0 


Among the substances quoted, IICl, UNO,, 
KOH, and NaOlI follow the law of Kohlrauscb. 
Thus, if 59*7, which is the migratiou vuiocity of 
E, is deduct^ from 118, which represents the 
conductivity of KNO, as determined by Kohl- 
rausch, the difference, 583, is the velocity of 
KOg- On deducting this number from the con¬ 
ductivity of nitric acid at lOOOi —that is, from 
342*7—it follows that the velocity of hydrogen 
is 284*4. From HC1» 345*6 it follows that 
H " 285*9, since Cl« 59*7; these numbers agree 
to within less than one per cent. In the 'same 
way the difference between ROH and NaOH is 
equal 4o 26*0, thus approximating to eqnality with 
that between £01 and NaCl, which ii 19*2. The 
larger differeifte proceeds from the difficulty of 
VoL. IT. 


number of molecules orginally present. In doing 
! this we make the most obvious, and probably only 
possible, assumption, that, cceicris paribun, the 
conductivity is proportional to the number of 
conducting particles or ions. 

We may find a method for determining s 
in the deviations of electrolytes from the limpie 
laws of solutions with resp jt to vapour-pressure 
and freezing-point. We have another and much 
more accurate method, however, in the deter¬ 
mination of the electrical conductivity itself. As 
was found by Kohlrauscb, the equivalent (and 
also the molecular) conductivity increases with 
rising dilution, reachingamaximmn value in the 
ca.se of salts within limits which are still prac¬ 
tically measurable. We con interpret this 
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behavfoor from the atandpomtoow gained Id the 
sense that the number of molecules split into ions 
eoniinnally increases with increasing dilution, 
«nd that the maximum value of conductivity 
corresponds to a (practically speaking) complete 
splitting up. Then X’*!, and the formula A a 
v) changes into the former, A«tt+v. Now, 
for most salts the maximum value is reached at 
a dilution of lOOOf, and the decomposition is 
nearly complete; it follows from this, that the 
law of Eohlrausch X-u-vv holds ^oo<l for this 
maximum dilution. This^an be asserted for 
the strong acids and bases, such as IICl, HNOj, 
EOH, and NaOH. On tlie other hand, as can 
easily be soen from the course of the numbers, 

increase has not nearly reached its limit for 
acetic acid and ammonia at a dilution =10002; 
hence the value x is still very far removed from 
unity, and the law of Koldrausch cannot hold in 
its simplest form. 

On the assiirnption tl^t the molecular con* 
ductivities of dilute suiiitiuns depend onlyon tbo 
number of iofls presont, the values of x can bo 
easily calculated Iroin a knowledge of the values 
of the conductivitifs at dilTcrent dilutions, as 
well as of their nmxiiuU7n values; designating 
the molecular condm tivity at tho dilution of 
V litres by /tri and tlio maximum value by 
Mflo • then, according to the assumpliuu made, 

Whether tho above-mentioned assumption is 
strictly correct cannot bo a8Her(o<l a priori. It 
must be looked upon as probable, since the 
resistances to motion which tho ions experience, 
and which determine the velocities u and v, 
depend on the nature of the solvent, which in 
these cases is water; and considering tho small 
differences which exist between the properties of 
very dilute solutions and those of water, no ap¬ 
preciable difference in tho resistances to motion 
can be supposod to exist in those differently 
diluted solutions. But the admissibility of tho 
assumption can also be put to cxpcrimeiilal 
proof ii>dotermining x on tho one hand by the 
deviations from tho laws of solution, and on tho 
other hand by tho equation just given. 

If Wo is the theoretical molecular weight, and 
m>the moleonlar weight determined from the 
laws of solution (for instance, from the lower* 
ing of the freerdug-point), then for electrolytes 
tn>mot following van'tHoff, we put tho ratio of 

tlie two If, on the other hand, x is the 

w 

number of molecules split up, the total number 
of moleonlea being put equal to 1, and if n is the 
number of ions into which each molecule splits 
(for ECl n*»a, for BaCl, n = 3. Ac.), tho number 
of molecules in the solution will have increased 
in the ratio 1: l-*x + nx, that is, in the ratio 
l:l + (n—l)x, and we have, therefore, 
<»l + m~l)x.. 

Arrhenius, to whom wo owe this calculation, 
has shown (^. P. C. 1, 634) that in the greatest 
number of oases investigated there is an excel* 
lent »)cordance between the values of 4 as 
ealoulated from the electrical conductivities and 
those deduced from the freezing-points. Indi* 
vldual cases whiolMt first seemed to be exception^ 
hava» 01 ^ later investigation, also proved to be 
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subject to thf law (^T. P. C. 2, 491), and tbo 
apparent deviations have been shown to be due 
to incorrect observations. It is only at greater 
concentrations, where the suppositions made in 
determining molecular weights from the freezing* 
points, and those made in determining x from 
the electric conductivities, become uncertain, 
and not applicable, that marked deviation*! are 
apparent. • 

I In addition to this confirmation of Arrhenius' 
assumption that in electrolytes a more or less 
considerable portion of the molecules is split up, 
j a further confirmation has been found by W. 

; Ostwald, which is based on tho following con* 

I siderations (^. P. C. 2, 36, and 270). The 
spontaneous decomposition which the electro* 

! lytic molecules undergo in solutions is of the 
j nature of dissociation ; and since, according to 
I van't Huff, tho substances in solution are subject 
I to the gaseous laws, it must be possible to repre- 
, sent the process by the same formulm as hold 
for the dissociation of gases. Considering the 
simplest case, that each molecule fijdits into two 
parts, there holds for gases (vol. ii. p. 406) the 

relation constant, where p, is the partial 

pressure of the undeeomposed portion, and p, 
that of the decomposed portion. 

In order to apply this equation to electrolytes, 
we notice that the pressures are proportional to 
! the numbers of tho molecules, and inversely pro¬ 
portional to the volumes occupied by these. If 
X is the part dissociated, and v the volume, then 

p, = a~. .^and p.j=a-; a represents a factor 

I V . V 

I dependent on the units chosen. Further, accord* 
ing to tho former equation, we have in* 

, trodu^ing those values into the dissociatibn equa¬ 
tion, wo get o « ft, where ft is a constant, 

X* 

and from this * = fty. 

{“co “Mp )^oo 

This equation represents a relation between 
the conductivity and tho volume, or the dilution, 
which must be followed by all binary electro¬ 
lytes, if the assumptions made are correct. 

Tlio equation cannot well be tested in the 
case of salts, as i,hcso very nearly reach com¬ 
plete decomposition; the value Moo thereby 
becomes very small, and the experimental errors 
exert a preponderating inlluence. Those electro¬ 
lytes which are only partially dissociated, such 
as acetic acid Ac., lend themselves much better 
to applying the test. Here also it seems as if a 
diiHculty met us, the quantity Moo lending 
itself to direct measurement because, with the 
very great dilutions necessary, the inevitable 
impurities of the purest water make accurate 
measurements impossible. But tho law of Kohl- 
rausch provides us with a means for making 
the measurements. It appears that the salts of 
weak acids are dissociated to just the same 
; extent as those of strong acids i it is possible, 
therefore, as was shown at pp. 192-8, to calculate 
the migration-velocity of the negative ion. On 
adding to this the migration-velocity of hydrogen, 
which can also be determined (p,d93), the sozn 
represents the oonduotivity ox ^ oompletely 
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discooiated aeid-^tbii If, tha quatitj 
; •oa|bt (Oftwald, Z. P, 0» i, 840). 

in tmf manner, then, we obtain all tha data 
^ (or testing the above equation, and it proves 
^ itself to be in direct accordance with the facts. 
The examination ie best carried out by calcu* 
lating the constant k for a number of values of 
M at different dilutions, and seeing whether it 
really is constant. In the following tables a few 
examples are given. The numbers hold for 25*^, 
and are molecular conductivities referred to the 
mercury unit 

Acetic acid, 


e 

w 

loot 

M«e 

k 

8 

4’34 

1-193 

0-000180 

1« 

6-10 

1-673 

179 

32 

8-65 

2-380 


64 

1201 ) 

3.-33 


128 

16'99 

4-68 


256 

2 .- 1-82 

6-56 


512 

32-20 

914 

^^B n 

1024 

46-00 

12-66 

■i 




0-000180 


The values of k, calculated from eight differ¬ 
ent measurements, agree within the limits of 
experimental error. 

The osmotic pressure of acetic acid at v ~ 8 
corresponds to about three atmospheres, that at 
v«»1024 to about atmosphere, or to !•? mm. 
mercury pressure. The dissociation law 
has, therefore, proved correct within tliese 
wide limits; no examination of the law so far- 
reaching as this has ever been possible in the 
case of gases. 

Further examples are:— • 


Cyanacctie a(ud, *362. 


V 

M 

IW — 

k 

16 

788-0 

21-7 

0-00376 

32 

105-3 

29-1 

’61Z 

64 

139-1 

38-4 

’ 374 

128 

176-4 

48-7 

861 

256 

219-1 

60-6 

362 - 

512 

260-9 

72-0 

361 

1024 

297-8 

82-1 

368 




0-00370 


Here also the individual values of the con¬ 
stant vary irregularly about the mean value, so 
that the disorepancii^ havtf to be ascribed to 
experimental errors. 

In the accompanying tables, which have been 
taken at random from a great number, the dis¬ 
sociation law proves itself everywhere to be ac¬ 
curate. It has, in fact, been verified in every case 
In the course of an investigation which, for 
reasons to be discussed later, has been carried out 
vrith more than 400 acids, and it can be looked 
upon as generally valid. 

We must not otnit to remark, however, that, 
w observed Ibove in the cases of the very strong 


OxyiBobutyrio add, ^00 « 866. 


m 

w 

100't- 

* 

32 

20-06 

6-65 

0-000106 

64 

28-05 

7-91 

106 

128 

38-86 

10-95 

106 

256 

63-91 

16-20 

106 

512 

73-49 

20-70 

106 

1024 

99-62 

• • 

28-06 

106 

0-000106 

Oxysalioylic acid, »356. 

V 

f* 

100 

k 

04 

• 84-1 . 

23*6 

0-00114 

128 

112*5 

81-0 

114 

256 

147-0 

41*3 , 

113 

612 

187-0 

62-6 

114 

102t 

2300 

64-7 

116 

2048 

270-4 

76-0 - 

117 

0-00116 

* Ol'lhochlorobcnzoic acid, Mo© 

~366. 

V 


100 

k 

64 

89-2 

25-1 

0-00131 

128 

119-4 

33-6 

131 

260 

156-1 

43-8 

133 

612 

197-0 . 

6r>*3 

133 

1024 

238-7 

67-1 

184 

0-00132 


acids, and the neutral salts, which are very nearly 
completely dissociated, the calculation of the 
constants becomes very uncertain, and that 
greater deviations exist between the observations 
and the formula than can be ascribed to expeii* 
mental errors. Which of the assumptions already 
made will have to be modified in order to explain 
these small discrepancies cannot as yet be deter* 
mined; but anyhow the discrepancies are so 
inconsiderable, and there are so many cases of 
agreement, that the deviations must be looked 
upon as of a secondary nature, and undoubtedly 
they will receive their explanation later on. It if 
well not to pass over in silence, nor to attempt to 
bide, such deviations from a law which is other* 
wise generally valid, since in most oases theo¬ 
retical progress is connected with the Investiga¬ 
tion of the causes of deviations from genert^ 
laws. Examples of this are found in the devia- 
tionsof gases from the siir ;>lelaw8,and the theory 
connected with this by van der Waals, and in the 
deviations of some substances from the law of 
Avogadro and ti e elucidation thereof by the 
theory of dissociation. 

Chemical a^licatioM ,—The laws of eleo* 
trical conductivity, as developed in the prece¬ 
ding pages, give us the means for solving many 
chemical problems. This they do, because they 
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ive s deeper insight into the constitniion of 
issolyed substances than is aCTorded the 
isual ohemioal methods. A series of such appli- 
ations is already contained in the preceding 
lages; others are considered in the following 
)aragraphs. 

The hrst of these applications is connected 
rith the question as to the nature and composi* 
ion of the current-conducting particles or ions 
d salts. The conception of Berzelius that these 
ire the 'anhydrous* acid and base has, in the 
igbt of Faraday’s law, bccnsrecogiflsed as erro- 
leouB. Afterwards, in analogy with the com- 
lounds of organic chemistry,the salts werelookcd 
ipon as having a unitary composition, and this 
dew is still generally held. But this conception 
lannot be regarded as quite correct, since it does 
lot take into account the fundamental diilcrence 
which undoubtedly exists between salt-like com¬ 
pounds and indifferent compounds, a difference 
which manifests itself chiefly in Ae capacities 
for reaction of the two groups. The oonQ^ption 
of Berzelius rested on the correct recognition 
that salts are dual compounds; he had only mis¬ 
conceived their constituents. 

The new electro chemical theory of Arrhe¬ 
nius avoids both errors, and retains what is cor¬ 
rect in each conception. The solid salts, and, 
according to concentration, a greater or smaller 
portion of the salts dissolved in water, * salt ’ b^ng 
understood to include acids and bases, have, it 
is true, a unitary composition; but that portion 
of them which is capable of reacting chemically, 
and which therefore is of preponderating interest 
to the chemist, is split binarily. 

* Balts,’ in the general moaning, are there¬ 
fore substances which very readily undergo such 
a binary splitting, and herein lies their binary 
character, correctly recognised by Berzelius. 

It is a most remarkable fact that in the 
splitting up of * salts ’ their constituents appear 
in oppositely charged electrical conditions. This 
indicates that probably both phenomena stand 
in the closest connection. It may be asked 
whether the salts split up so easily because 
their parts readily octiuiie opposite electric 
chaises, or, conversely, whether the parts are 
easily charged electrically because they are 
readily separated. Not less remarkable is the 
fact that whenever a salt molecule is split up 
an equal quantity of electricity is produced (or 
separated), independently of the nature of the 
parts. It is beyond doubt that this fact is of 
decisive importance for the recognition of the 
nature of electricity, as well as of that of chemical 
afllnity ; when the one is elucidated, the other 
will be so also. But which of the two will first 
be thus advauocd cannot as yet be foreseen. 

A further remarkable fact is, that pure salts 
at ordinary temperatures do not conduct appre¬ 
ciably; the ordinary solid salts do so as little as 
ure sulphuric acid, acetic acid, &c. Even the 
alogen acids HF, HCl, HBr, and HI, when 
liquefied by pressure or cold, axe all non-coo- 
duotors. According to the dissociation theory 
of electrolytes this is quite conprehensiblo; the 
pure 8ub8tano<» do not conduct becumse they are 
not dissociated, and they are not dissociated 
because their molecules have no space wherein 
to dissociate, or because they do rot possess 
luflicient mobility. 


Whether dissociation occurs or not when 
salts are dissolved depends in a marked way on 
the natnre of the solvent. Hydroohlorio acid, 
which when liquid is not dissociated, dissociates 
at once when dissolved in water. But on using 
as solvent benzene, xylene, hexane, or ether, no 
dissociation ensues; these solutions are non¬ 
conductors (Kablukoff, Z. P. C, 4, 430J. On 
using alcohols as solvent, methyl alconol is 
found to bohave almost like water; the solutions 
of hydrochloric add in irhave a molecular con¬ 
ductivity about three times smaller than aqueous 
solutions. THe conductivities of the solutions 
become less and less as wu use ethyl aloohol, 
isobiityl alcohol, and isoamyl alcohol. 

It is still quite unknown what the condition 
is which determines the property of different 
solvents to cause dissociation to adifferentdegree, 
and it is not known whether, as is soB^ewhat 
probable, these effects remain proportional in the 
cases of all salts. Here it seems, however, as if 
the capability of the solvent itself to separate into 
ions, even if to a small degree only, determined 
its power to cause the dissociation of substances 
dissolved in it. 

Although the questions just mentioned still 
await solution, partly fur lack of experimental 
researches in this domain, yet the new concep¬ 
tion of the binary character oi salts allows os to 
distinguish more sharply between the different 
classes of these compounds than was possible 
before. This is especially so in the case of the 
so-called double salts. This name is at present 
somewhat uncertain in its application. Potas¬ 
sium copper sulphate K. 2 SO,.CaSO, is called a 
double salt, but sodium plalinichloride is also 
formulated as such, 2NaC1.1‘tCl,; the first foc- 
mula is correct, but tho latter is wrong. This is 
so bocatiso potassium copper sulphate gives all 
the reactions of potassium sulphate as well as 
thoscof copper sulphate, but from sodium platini- 
chloride silver solutions do not precipitate silver 
chloride as from sodium chloride, but silver 
platinichloride Agal’tClj (Jorgensen, J. pr. 
[2] 16, 345). It is probable, therefore, that 
sodium platinichloride is a salt of chloro- 
piatinio acid H^PtCly. If this is correct, the 
tons of the sodium salt are 2NaandPtCls,and in 
electrolysis ftie platinum must not, like the other 
metals, go to the cathode, but as a constituent of 
the acid radicle to the anode. And, in fact, 
Hittorf has proved (P. 100, 520) that this ia 
tho case. 

Similarly with other salts; for instance, 
that which is obtained from chromium oxide and 
potassium binoxalate, and which has the em¬ 
pirical formula 3K.^C..O,.Cr(C^O,),. Since this 
salt gives no pp. with calcium salts it cannot bo 
regarded as an oxalate. In fact, in electrolysis 
tlie chromium goes to the anode; the chromium 
is, therefore, a constituent of the acid radicle, 
and the salt must be looked upon as the potas. 
Siam compound of a tribasic chromoxalio acid 
(ilG. 04 ),Cr—thatis, as KjC„0,aCr (Eistiakowsky, 
Z. P. C. 6,107), 

Such salts, ^erefore, are not double salts, but 
are salts of complex acids; it is possible to test, 
in tho way already indicated, in everv case 
whether a definite salt is a. true doable salt 
or the salt of a complex acid. On^xamination 
we find that, not double salt, but a salt of a 
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•omplez Mid li prasect whenever the reaotioni 
^ the lah in question are not those of its con* 
•tituents. This decision is spc^all; oonvenient 
vluus the solution of the salt is coloured. Be* 
Mose, since the properties of the positive ion8» 
and therefore their colour also, are independent 
of the negative ions, it will always be possible to 
conclude that the positive ions an no longer 
present when their colouration disappears. In 
the easily decomposable salt 2ECN.Ni(CN)| we 
must not see a double salt, but the potassium 
salt of cyano-nickelic acid lL;Ni(GN) 4 , because its 
solution is yellow, and not grecii as solutions of 
the nickel sails are which contain nickel as an 
ion. 

The line of demarcation between the two 
groups of salts, however, is dot absolute, as 
many salts exist w'hicb in aqueous solutions are 
both double salts and also complex ones. This 
is the case with potassium ferri-oxalate, for in¬ 
stance. Since this salt is green, while all true 
ferric salts are yellow or brown, it may be con¬ 
cluded that it is a complex salt, the compound 
of a fcrri-oxalic acid 11,0,0,.^Fe analogous to 
the above-mentioned chromo-oxalic acid. The 
solution of this salt gives, however, a precipitate 
with calcium solutions, which proves it to be an 
ordinary oxalate, but on the other hand the iron 
goes to the anode. From this it is seen that the 
aqueous solution contains chiefly the ions 
3K + C,0,.^Fe, but that a portion of the salt has 
split in the manner of a double salt into 
potassium oxalate and ferric oxalate, which on 
their part form the corresponding ions. 

The study of such cases has as yet scai'cely 
been begun, because until now wo possessed 
neither theoretical nor experimental means for 
answering the questions which arise. The elec¬ 
trical methods, in conjunction with the methods 
for the determination of molecular woiglits 
arising out of the theory of solutions, ifbw afford 
easy access to these hitherto closed and uncul¬ 
tivated domains. 

The dissociation-constants of organic 
acids. The only province of chemistry which 
has been studied somewhat thoroughly in the 
light of the new electro-chemical theory is that of 
the organic acids. We have seen above that 
the molsoular conductivity of •these can be 

represented by the formula-7 - ^ — «. hv. 

This formula contains only the single constant 
li;, which constant depends on the,nature of the 
acid, the temperature, and the solvent, but is in¬ 
dependent of the dilution. At a given temiKira- 
ture, and in the same solvent, the quantity k is 
therefore a measure of the electrical conductivity, 
and hence it is the capacity for reaction of the 
acid; for the substance considered, k therefore 
represents the long sought for numerical value 
of Oie chemical aj^nity. 

It is remarkable that the two conflicting 
views concerning the nature of ohemical affinity, 
M represented by Bergmann and Berthollet {cf. 
vol. i, 68) hete coincide. Berthollet, who re¬ 
presented the affinity as dependent on the mass, 
was right, and so w'as Bergmann, who desired to 
represent it by a constant. By accurately formu¬ 
lating theJdea of the influence of mass as given 
by Berthollet, we obtain in the equation for the 


ehemioal effects a oo-efficieni independent of the 
quantity—that is, one referred to the ohemionl 
unit of quantity, which is Bergmann's measure 
of chemical affinity. 

It has already been shown (vol. i* 81) 
that the elootrioal conductivities bear a definite 
relation to the composition and constitution of 
the acids. But the law of dissociation of ^eo- 
trolytes had not l^on discovered at the time 
when the article referred to was written, and the 
observed relations could not be represented no* 
merically. • This has now become possible, by 
means of the va^es of the constant A, which 
have been measured for about 4(K) acids (Ost- 
wald, Z, P. 0. 3, 170; Buthmami, i6. 5, 886; 
Bader, ib. 6, 280). 

Before cxiniunding those relations, it will first 
bo shown how the laws which have boon found 
empirically for the electrical conduotivities follow 
directly from the al)Ove dissociation-formula. 
In order ta make the consideration easier, the 
formula will first bc^somewhat simplified by sub- 
stitffting for the molecular oouduotivity Its 

value referred to the maximum m. 

Mco 

The equation then assumes the simple form 


In the first place, we see that as the dilution 
V increases infinitely, the quantity 1—m must 
approach zero. Hence m must approach unity; 
hence the electrical conductivity increases with 
dilution up to a maximum, as bos been shown by 
experience. 

Further, it was found that when at any dilu¬ 
tions, V, and v.^, two different acids have the 
same (relative) conductivity, they also have the 
same at other dilutions v/ and u/, as long as the 
new dilutions are in the same ratio as the old 
ones—that is, when V, : t>,=rv,': v.J. This follows 
from tlie formula in this way: on the supposi¬ 
tion that the relative conductivities are the sam^, 
ni* m* 

we have first of all * 

therefore = k^v.^. And in the same way for 
the other dilutions, Ar/v,'* from which it 

follows directly that u, : Vj = v,' : vf. 

In addition, F. Kohlrausch had already pointed 
out that in the cases of acids which conduct badly 
(which, therefore, are but little dissociated), the 
molecular conductivity increases nearly as the 
square root of the dilation. If in the equation 

i » kv, m is very small, 1 —m differs little 

from unity, and can be looked upon as constant; 
then approximately, ^ ftv, or v'/cv. 

Finally, on taking the logarithms of the dilo¬ 
tions as abscissa) and the values of m os ordinates, 
we also get from the formula a curve resembling 
a tangent-function (vol. 1. page. 82); the inter¬ 
polation-formula given in vol. i- must be replaced 
by the present rational fonnula. 

As regards the meaning of the constant If, we 
recognise what this is on putting m 0*6, when 

we get 2k 2A is therefore the reciprocal 

value of the volume, or the concentration at 
which the electrolyte is just half dissociat^* 
This number is extremely characteristic for * 
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lerefit toids, riiie« its value may vary according to 
the nature of the eubitance between the limits 1 
and LOOO.OOO. 

The measurement of the quantity "k for differ¬ 
ent acids has led to the foliowinggeneral law:-> 
constant k is approxipuitcly the product of 
a number of factors, each of which depends on the 
naUire of the constituents of the acid and on their, 
position relatively to the carboxyl group. 

In order to realise what this law implies, and 
in what manner it is applied, wo will proceed to 
discuss in the following pages the mpst impor¬ 
tant groups of the organic acids. The relations, 
the main features only of which could formerly 
(vol. i. page 82) be investigated, can now be 
represented numerically with perfect exactitude. 
The numerical values for k havo been multiplied 
by 100 in order to get rid of ciphers; they all 
hold for aqueous solutions at 25°. 

The fatty acids. The following constants 
were measured:— ^ 

Formic acid H.CO^H . *, • 0*00214 

Acetic acid CHj,.CO,H . . , 0 00180 

Propionic aoid^.^j.COi2 • • 0*00134 

Butyric acid 0,11,.CO,H . . 0*00149 

Isobutyrio acid . 0*00114 

Isovaleric acid (GH,),G.,1I,.00,11 . 0*0*0161 

Caproio acid C,H„.00,H . . 0*00145 

Formic acid has the highest constant; the re* 
placement of its hydrogen by methyl reduces 
the constant to half its value. But on again 
replacing one hydrogen atom in acetic acid by 

methyl the constant only decreases to of 

• 1*4 

its value, and further similar substitutions no 
longer produce a weakening of the acid, but some 
of them even bring about a slight strengthening. 
These changes are, however, but small, so that 
the constants of acids of this scries having more | 
than three carbon atoms vary irregularly about I 
tile mean value 0*0014. | 

It is evident, then, that the substitution of i 
hydrogen by methyl acts quite differently, ac- I 
cording as* it occurs next to the carboxyl or at' 
a greater distance from it. This is a result 
which will afterwards be shown to hold good in 
all oases; on the whole, tlie effect of each sub- 
etituent is the smaller the more distant it is 
from the carboxyl. The inference that the*^ 
interposition of even two carbon atoms nearly 
counteracts the effect is correct for methyl, for . 
which it is relatively small. Other constituents i 
of greater energy extend their action further, but i 
yet not over more than three or four atoms of 
the * open chains ’; in the case of ‘ closed chains ’ 
other relations hold good. 

Halogen derivatives of the fatty acids. The 
entrance of chlorine in the place of hydrogen in 
the fatty acids exerts very considerable influence. 
The constants are— 

Acetic acid OH>-CO.,H . .. . 0 0018 

Monoohloracetic acid GH.,Cl.GOj^ 0*156 

3)ichloraoetio acid CHClyCO^H . 6*1 

Triohloracetio acid GCl,.CO,H . 121 
The oonetants are in the ratio of 
1 : 86 : 2840 : 67200. The ratio of the values of 
the constants for the different acids, referred to 
the entrance of each separate chlorine atom, is 
84, 83, and 24. It is onl^ the ratios of the 
constants, and not their differences, which are 


important; the ratios, though not equal, are 
yet of the same order of magnitude, while the 
differences between 0*155, 5, and 121 are quite 
incomparable. Further, it follows that the re¬ 
lative change of the constants for the entrance 
of each chlorine atom is not of the same 
value; the first chlorine atom acts more intensely 
than the second, and the second more intensely 
than the third. We shall again meet with a 
similar relation when dealing with substitution 
in connection with the same carbon atom. From 
this it may be concluded that the first chlorine 
atom which en^rs into acetic acid exerts its in¬ 
fluence under more favourable conditions, there¬ 
fore probably from a less distance, than the 
second and third, and it becomes evident how 
well such moasdrements lend themselves to in¬ 
vestigations and examinations of the relations 
in space of the atoms within the 'molecules. 
The action of other elements and radicles i^very 
similar to that of chlorine. 

Monobromacetic acid OH^Br.COjH . 0*138 
Cyanocetio acid CH 2 .GN.CO.JI . . 0*870 

Thiooyanaoetio acid GH,.8GN.C02H . 0*265 
So-called * carbamine tbioglycollic 
acid ’ CH2(SC0NH2)C02H . . 0*0246 

Isothiocyanacetic acid GjHjOjS.N . 0*0000246 

Thiaootio acid CH,.GOSH. . . 0 0469 

The constant of monobrom^etic acid does 
not differ much from 0*155, that of monochlor- 
acetic acid, hence both halogens exert about 
the same influence. Cyanogen acts much more 
intensely. The ratio of cyanacetic acid to acetic 
acid has risen to 205 jfrom 86). Thiocyanaoetio 
acid also is stronger tnan monochloracetic acid, 
but not so strong as cyanacetic acid,'though sul¬ 
phur is generally a negative substituent—that is, 
one which augments the acid properties. The 
idea of relations in space at once suggests itself; 
by the iatroduction of sulphur there has, in 
fact, taken place, on the one hand, an increase 
in the acid properties, but on the other hand, 
since the cyanogen is removed to a greater dis¬ 
tance from the carboxyl, there has been a 
weakening, and the latter effect preponderates 
over the former. By taking up water, thio- 
cyanacetic acid easily passes into the acid 
Cri.^.SCONH~^ 2 H, the group CN changing into 
CO.Nflj. This transformation is accompanied 
by a marked decrease in the c^ductivity, the 
constant falling to less than a tenth of its 
former value* The change can be conveniently 
studied in an aqueous solution of thiocyanacetio 
acid, by determining its electrical conductivity; 
the conductivity decreases continuously, and 
after even a few days the greater part of the 
thiocyanaoetio acid is found to be changed. 
Finally, there is a compound isomeric with thio- 
cyanacetic acid, which Volhard (,7. pr. [2] 9, 6) 
obtained by the action of hydrochloric acid on 
sulphohydantoi'n, and which is isothiocyanacetic 
acid. The constant for this compound is 10,000 
times smaller than that for thiocyanacetio acid ; 
it is also smaller than that of any other carbon 
acid, so that the inference must be drawn that 
the substance is not a carbon acid at all. This 
confirms the view expressed by Liebermann, and 
the reasons for which were given bv Hantxsch 
(B. 20, 3129), that the compound is a dioiy* 
thiazole— ® 
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The feebly aoid properties are ascribed to the 
hydrogen of the imide group. Tlie thiacetio aoid 
mentioned at the end of the last table contains 
sulphur in the place of oxygen in the hydroxyl 
of the carboxyl. In accordance with the nega¬ 
tive nature of sulphur^ this acid proves to be 
twenty-six times stronger than acetic acid, and 
this factor may be looked upon as the greatest 
to which sulphur can give rise ^hen replacing 
oxygen, because in tlris case the sulphur atom 
acts from the most favourable position which is 
ever possible. 

Oxyacetic acid and iU derivatives, 
Glycollio acid CH,.OII.CO,H. . . 00152 

Methoxy-acetic acid CHj.(OCH,)CO^H . 0*0535 
Ethoxy-acetic acid CHj(OCjHJCO.H . 0*0234 
Phenoxy-acetic acid CH,(OC,iyCO,U . 0 0750 
iJlyoxylio acid CH(OH),CO,H . . 0*0474 

The replacement of hydrogen by hydroxyl in 
acetic acid produces a rise in the constant of 
9 times its former value; hydroxyl, therefore, 
acts much less intensely than the halogens. 
By introducing a second hydroxy) the constant 
again becomes greater, hdt only 3*1 times greater. 
Here we find quite the same elTects as in the oases 
of mono- and di'Chlorucetio acid, the second 
substitution of the same substance acting less 
strongly than the first. In the numerical values, 
even, we cannot overlook a certain correspon¬ 
dence ; in the case of chlorine the ratios are 
1:86 and 1:33; in the case of hydroxyl they 
are 1:9, and 1:3*1. It may therefore be said 
that, using round numbers, in the derivatives of 
acetio aoid chlorine acts ten times as intensely 
as hydroxyl. When the hydroxylic h;i4^ogen of 
glycollio acid is replaced by radicles, the constant 
changes, and, strange to say, methyl acts in this 
case in a strengthening manner, the constant 
rising to a little more than twice its former 
value. The substitution of hydrogen in this 
methyl by methyl again has a weakening effect, 
as is the case with the fatty acids; ethoxy-acetic 
acid is 1*4 times weaker tlian methoxy-acetio 
acid. Finally, by the introduction of phenyl, 
the constant becomes appreciably greater; it is 
about five times as great as that of glycollic acid, 
and is 2*3 times greater than that of meth- 
oxy-aoetio acid. The ratio is smaller than that 
between acetic acid and benzoic acid, which is 
1: 3*3, an indication that the exchange of metliyl 
for phenyl has in the latter cose taken plaice in 
greater proximity to the COOH group, a con- 
dusion which Allows also directly from the 
formulae. 

A number of other substances related to 
glycollio amid have given the following numerical 

Values 

Thioglycollio acid^3H,(8H)C02H . * 0*0225 

Thiodiglycollio acid S[CH,CO^), . 0*048 

DitfciodiglycoUic acid . 0*065 

Dij^yoolUo aoid 0(GH,CO^L . . 0*11 

As the constant of glyoollio acid is *0153, we 
see that the substitation of 8 for 0 in hydroxyl 
has caused the constant to increase X'6 times; 
now, M aibstitution of S for 0 in OOOH of acetitf 


aoid increased It from 1 to 26, we see here also 
the great influence of the position occupied by 
the replacing atom. 

The three otlier aoida quoted In the last table 
are dibasic, and the question at once arises 
how their oonstauts must be calculated, since 
the dfSsociation-formula has been developed for 
binary electrolytes—that is, for monobasic aoida 
only, and not for ternary ones, to which class the 
dibasic acids belong. It can, however, easily be 
shown that, as long as (he dissociation is not 
great, the weaker dibasic acids are not electro¬ 
lysed according i$ the formula 2U-f-B", but 
according to the formula H-fHlt. In other 
words, at first one hydrogen atom only is sjplit 
olT, and ilto dissociation takes phvee according 
to the binary scheme of till monobasic acids. 
This follows from the fact that the change in 
the molecular conductivity of such acids con be 

represented by the same formula so 

I—w 

that k remains ooniftant. But the formula cal- 
culoled on the assumption of a dissociation 
according to the scheme + K does 

not represent the change in tne conductivity of 
these acids as determined by experiment. 

Malonic acid GIl^fCOOH), may serve as an 
example of dibasic acids. It gives:— 


• 


m 

100* 

16 

63U 

0-149 

0-169 

32 

72*3 

0*202 

0-189 

64 

971 

0-272 

0-158 

126 

128-5 

0-359 

0-167 

256 

166-9 

0-464 

0-167 

512 

208*8 

0-580 

0-163 

J024 

253-2 

0-708 

■ 0-168 

2048 

294-2 

0*823 

0-187 


The constant does not change till the value 
m»0'58G is reached—that is, tili about half 
the acid has been dissociated according to the 
binary scheme; then it becomes greater—a sign 
that henceforward the formula loses its validity, 
and that the decomposition according to the 
ternary scheme 2U+1V' begins to assume an 
appreciable value. 

If, on the other hand, we attempt to calculate 
the conductivity according to the formula corre¬ 
sponding to ternary dissociation 

the values of k decrease very rapidly ana are tar 
from being constant. 

The values for tlie constants of dibasic aoida 
given in the table preceding the last one have 
been calculated on this principle, and refer, 
therefore, to the fimt stage of binary dissociation 
E^l-HK + H. 

^Comparing thioglycollio acid with thiodigly- 
collie acid and dithiodiglycolUc aoid, we And thiU 
the constants do increase distinctly, though only 
slightly: they are 0 o255, 0*048, and 0*065, and 
are in the ratio of 1: 2*1: 2*9. When, therefore, 
the residue of acetic acid, CEjCO^H, enters ^io- 
glycollic acid, this process has no appreciable in¬ 
fluence on the constant. On the other band, the 
constant of diglycolUc %Bid is 7*2 times greater 
than that of glycollic acid. From the fact that 
the same substituent produces such different 
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eSecta in glfoollie acid and in tbioglyooUio acid, I timet. The ratio of tbeia effeeta it abont 
it may be presumed that in the first case the 1:2000; oaioalated for each Oi atom the ratio is 
otygen brings the negative aubstitnent nearer to ^2000=12'6i this ratio comes very near that 
the carboxyl than the sulphur does in the second estimated for a- and jS*iodopropionio aoidSs 
case, and this presumption may be further utilised 


for hypotheses concerning the configurat^n of 
the Bulpbor atom, and the arrangement of the 
alfinity points on it. It has, howevors not yet 
been established irith certainty that the greater 
or less distance of the groups is the only cause 
of their different actions, and there are some 
circumstances which allow us to oonclude that 
other conditions are effective also; therefore, 
until these have been cleared up, conclusions 
such as the above hold only hypothetically. 

Di>Tivaiives 0 f amido-acetic add. 
Phenylamido-acotio 

acid CH,(NHC,HJCO.^. . . 00039 

Hippurio acid CH.(NH.CO.C«H..)COjH . 0 0222 
Aceturio acid CH^(NH.CO.CII,)CO^ , 0 0230 
Phthalylamido-acetic acid ^ • 

CH,(N0A0«H.)C0.^ . . . O'iOO 

Amido-acetic eicid has not the character of an 
acid; the basic NHj group completely removes 
the acid properties of acetic acid. But if nega¬ 
tive radicles are introduced into NH.^, well defined 
acids are again obtained. Phenyl has this effect; 
the constant of phenylglycoooll is 2*2 times as 
groat as that of acetic acid. The constants of 
the acids obtained by introducihg CO.C^Hj and 
CO.CH, for H in NII^ are 12 to 13 times greater 
than that of acetic acid. The substitution of 
the divalent residue of phlhalic acid for the two 
hydrogen atoms In the NH, group raises the 
constant of acetic acid 55 times. 

Derivatives of propionic acid. 

Propionic acid CH 3 .CH.^CO.JI . . 0 00134 

Lactic acid CH,.CH(OH)COjH . . 0*0138 

iS-Oxypropionio acid CH,(OH).CHa.C 03 H 0*00311 
Glyceric acid Cri.^.OH.Cil.OH.C 05 {H . 0*0228 
0-Iodopropionlc acid CHjI.CIL^.CO-^H . 0*0090 
Triohlorlactio acid OCla.CH.OII.CO*jH . 0*465 
The constant of d-ozypropionio or lactic 
acid is 10 times greater than that of propionlo 
acid, but the constant of 3-oxypropionio acid is 
only 2*3 times greater than that of propionic 
acid. The difference in the action of the same 
substituent, according to its nearer or more 
distant position relatively to COOH, asserts itself 
most clearly. The ratio botwcon propionic 
acid and i&ctio. acid is slightly greater than that 
between the analogbds acetic acid 

and glycollie acid (1:9); if is; Jberefore, not 
quite immaterial whether the aubetitri'twH 
or does not take place in the group Cli,. The 
influence of the more distant position of the 
substituent can be recognised in 8 iodopropionio 
acid and triohlorolactio add. The first is only 
6*6 times stronger than the parent substance. 
No measurement of a-iodopropionio'aoid has yet 
made, but there is little doubt that iodine 
in the a- position must act very similarly to chlor- 
me or "jomme, and must, therefore, increase the 
Jonstont by 70 or 80 times. The effect in the 
9- position le 10 to 12 times loss than this. In 
Bubstilution of 3C1 for 3H in 
COOH increases k^ibout 67,000 times; but 
Jie intr^uotion of 8C1 into CH,.CHOH.COOH 
» the position morsases k only about 337 


Derivatives of higher fatty ad4$. 
Oiyisobutyric acid (CH,),CH. 0 H.C 03 H O'OIOS 
Mononitrocaproio acid 03 H,o(N 02 ).CO,H 0*0123 
Dinitrocaproio acid 05 Hg(N 02 ) 3 C 02 H . 0*069 
LfBvulinio acid CH,.CO.CH,.CHyC02H 0*00255 
Since the constant of isobuiyricacid is 0 00144, 
the hydroxyl in the a- position here oanses the 
factor 7*4, whiph is somewhat smaller than 9, 
the corresponding ratio between acetic acid and 
glycollio acid. 

The ratio between caproio acid and its mono- 
nitro- derivative is 1: 8*5. Since, as will soon be 
shown, the nitro- group has a more strongly nega¬ 
tive action than chlorine, NO 2 must, in the pre¬ 
sent case, be in the 8- position. The same holds 
for the dinitro- compound; it is 5*6 times stronger 
than the mononitro- compound; it is again 
evident that the second negative group has less, 
effect than the first. 

LmvuUnio acid, or 8-aoetyl-propionio acid, 
allows us to recognise the smaller influence to 
be expected of the acetyl in the 8- position; the 
constant is only 1*9 times larger than that of 
propionic acid. 

Benzoic add and its derivatives. The largest 
and most varied group of allied substances that 
has been investigated so far, is that of benzoic 
acid and its derivatives, and consequently it has 
been possible to trace here many and striking 
regularities. 

Benzoic acid O^HjCO^H . . . 0*0060 

Salicylic acid CbH,(OH)C02 H . . 0*102 

m-Oxybenzoio acid CyH«(OH)CO.^n . 0*0087 

p-Oxybenzoio acid 0^<(OH)CO..H . 0*00286 

Oxysalioyhc acid [1:2:3] C,H,(OH)jC0.2H 0*114 
Oxy8aUcyIioacid[l:2:5] CyHafOHaj^COxH 0*108 
8-Ue8oroylic acid [1:2:4] C«H 3 (OH) 2 CO..H 0*053 
a-Besorcylio acid [1:2:6] 03 H,(OH) 2 C 03 H 6*0 
Protocatochuic 

acid [1:3:4] C3H3(0H),C0.;EI . . 0*0033 

m-Dioxybenzoic acid 0«H,(OH)jC02H . 0*0091 
Gallic acid [1:3:4:5]C«H,(0H),C02H . 0*0040 
Pyrogallio aoid[l:2:3:4] C 3 H 2 ( 0 H),C 03 H 0055 
Phloroglucin c^boxylio 

acid [1:2:4:6] 03 H.,( 0 H) 3 C 0 .^ , 2*1 

The numbers indicats the positions of the 
OH groups relatively to COOH supposed to bs 
in position 1. 

This table contains the constants of* all 
hydroxyl-benzoic acids known up to the present 
' ^e. These show such close conneotions with 
that, knowing the constants of benzoic 
acid and monoxybenzoic acids, those 

A# a 1 \ calculated approximately. 

T* la is not quite exact, but 

«f la a.IffiL* ^*1 1 ®® ^ enable us to deduce the 
nnTioiit !t‘^**°* corresponding substances 

Zvtlv “i Wedge ofttie conetaMs. 

jr » '‘“‘‘li'ants of benzoic acid and its 
ratio is 1:17. This value 
OH h introduced 
; fatty acid, in which oases 

Si ™?' •■“<> ?ed 10: in the $- position, 

the ratio did not ezoe, jj, oonstltntion of salioylie 

'Sj^teSwatn‘:/.'-6erthan2-3. ftoni this 
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it appears tkat the orUio- posiUoniavolTeaaibaoh 
closer relation in the benzene nnoleos than even 
the ft- position in the open chain, a fact which 
later on will be confirmed in many ways, and 
which seems to be of great importance in dealing 
with the question concerning the constitution 
of benzene. 

The constant is increased but slightly by OH 
in the meta- position. But in the para- position 
the hydroxyl even produces a diminution of the 
constant to rather loss than half the value. We 
deal in this case, therefore, not only as usual 
with a greater or smaller value ctf the infiuenoo 
exerted by a substituent according to its position, 
but with a reversal of the direction in which the 
influence is exerted. This fact, whioh has already 
become evident in the case of methyl, recurs with 
other feebly negative substituents in the para- 
position of the benzene nucleus. Thisj)romi8os 
to become very important in the construction of 
a theory to explain these phenomena. 

We have then the following factors for the 
influence of the hydroxyl:— 

Ortho. 1:2 or 1:6-= 17 
Meta- 1:3 „ 1:6- 1-4 

• Para- 1:4 « 0*5 

By their help we are able to calculate the 
constants of the di* and tri oxybenzoio auids by 
multiplying the constant of benzoic acid by the 
corresponding factor for every hydroxyl intro¬ 
duced. It must be remembered that such a calcii. 
lation can only give approximate results; for we 
have seen that substituents already present soiiio- 
what influence the magnitude of the factor of a 
newly entering substituent, and that, generally, 
by decreasing it. It is, therefore, only the order 
of magnitude of the constants, and not their 
exact value, that we shall be able to find in tho 
manner indicated. 

Four dioxybenzolc acids can be deriyod from 
salicylic acid; tlie constants of ^thesc four acids 
aro calculated thus:— 

1:2:3 gives ‘0060 x 17 x 1*4-0*143 
1:2:4 „ *0060 x 17 x 0*5 = 0*051 
1:2:5 „ 0060 x 17 x 1*4 = 0*143 

1:2:6 ,. *0060x17x17 ’■=1*73 

The numbers observed are 0*114,0*052, 0*108, 
and 6*0. In the case of the flrst^nd the third 
acid whioh both contain a hydroxyl in the 
m- position, a diminution of the combined ettect 
therefore makes itself felt as usual. In the 
second acid 1:2:4, calculation and experiment 
completely agree*, while the fourth acid 1:2:6, 
which contains two ortho- hydroxyls, shows a 
value about three times greater than is furnished 
by the estiznation. We shall see later that this 
behaviour is common; two substituents in tho 
orthc- {position do not, as is otherwise usual, 
weaken one another, but reinforce each other’s 
eflect. 

For the two dioxybenzolc acids still remaining 
we must expect the following constants: 

1:3:4 gives *006x1*4x0*6-0*0042 
1:3:6 „ *006 x 1*4 x 1*4 = 0*012 

Measurement gives *0033 and *009, both con¬ 
stants being therefore as usual somewhat smaller, 
a Mnsequence of the combined effect, yet being 
quite of the expected order of magnitude. 

The six^ssible trioxybenzoio acids allow ns 
to estimate U8 following constants : 


l':9:8:4 gives *0060 x 17 x 1*4 x 0*5 • 0*07 
1:2:4:6 *0060x 17x0*5x 17-09 

1:3:4:5 „ *0060 x 1*4 x 0*5 x l'4-OOOO 

1:2:3:5 „ *0060x 17x1*4x1*4 - 0*8 

1:2:4:5 ^ *0060x 17 x 0*5x1*4 - 0*07 

1:2;3:6 „ *0060 x 17 x 1*4 x 17 * 9*4 


Of the six possible trioxybenzoio acids three 
are known and measured. The comparison be¬ 
tween the olracrvod and estimated constant 
gives 0*055 instead of 0*07; 0*004 instead of 0*006, 
where as u||ual the observed value is smaller than 
the estimated valift; and in the case of the acid 
with two hydroxyls in the ortho- position wo have 
2* 1 observed instead of 0*9 estimated, which there¬ 
fore, as before, is about twice as great. In Uie 
same way we may expect in tho cases of the 
three trioxybenzoio acids still unknown, that 
the real constants of tho acids l:2:3:k and 1:2:4:5 
will be somewhat smaller than the estimated 
values, and^horefor^ about 0*15 and 0*06, while 
the third acid l:2:3fl) with two ortho- hydroxyls 
will probably have a constant from 6 to 6*5. In 
spito of the uncertainty of thd ostimation, the 
differences are so considerable that when in 
future one of these acids is prepared the de¬ 
termination of the conductivity of an aqueous 
solution will suHice to decide its constitution. 

The constitutional relations of the oxybenzoio 
acids, as indicated by the dissociation-constants, 
are therefore in complete agreement with those 
deduced from chemical relations. 

The mclhods just expounded may be directly 
utilised for elucidating constitutional relations. 
On heating orcin O.H,(OH),CH, with KHCO, 
there is formed' paraorHellio acid,’ whose con¬ 
stitution must correspond either to that of 
ft- or /3-rosorcylio acid. On measurement, the 
constant appeared to bo 4*1; the acid has, there¬ 
fore, a constitution analogous to that of a-resor- 
cylio acid, corresponding to tho arrangement 
CO,H:OH:OH:CH,=1:2:6:4. 

Further substitution products of benzoio 
acid gave the following numbers:— 
o-Chlorobcnzoio acid ObH^CLCOJI , 0*182 
m-Chlorobenzoic acid C,lI^I.CO.J£ • 0 0165 
p-Chlorobenzoio acid 0,H,Cl.COjlI • 0*0093 
o-Bromobenzoic acid C,H,Br.CO.^I , 0*145 
tw-Bromobenzoic acid CgH^Br.COaH • 0 0137 
Monobromgallio 

acid CgHBr(OH),CO;^ . . , 0*059 

Dibromgallio acid C»Bra(OII),CO,U . 1*21 
m-Fluobonzoic acid CgHjP.COgH . • 0 0136 

w-Cyanobenzoic acid CbH^ON.COJI ♦ 0020 
o-Nitrobenzoic acid CjH,NO^.COjII , 0 016 
m-Nitrobenzoic acid Cgll^NOjCOaH • 0*0345 
p-Nitrobenzoio acid CgHgNO,CO,li • 0 040 
Bromonitrobenzoio 

acid [1:2:5J OJl,Brm,CO,U . . 1*4 

o-Amidobenzoio acid CgH,NIIaCOaH . 0*0010 
p-Ainidobenzoio acid CgH^NI^COail . 0*0012 
o-Acetamidobenzoio 

acid OgH 4 (NHCOCIT,)COaH • • 0*024 

m-Acetamidobenzoio 


acid CgH,{NHCOCH,)CO,H . 
p-Acetamidobenzoio 
acid C,H,{NHCOCH,)COaH . 
o-Acctoxybenzoio 
acid C.H,(OCOCH,)CO,H ; 
pAcetoxybenzoic 
acid Cga*(OCOCH,}COaH 


. 0-0085 
. 0*0052 

• 0*033. 

• 00019 




m-AM(ox 7 b 6 BEoto * When hydrogen fa galtie aofd is replaced bj 

Mid OiHzlOCOOHalCO^ • . 0*0099 bromine in the ortho- position, the constant ia* 

o*Metboxy-Denzoic creases to 15 times its ralue, therefore less 

aeid C,H 4 {OCH,)CO»H « • • 0*0082 than in the case of benzoic acid. This corre- 

p-Methoxy-benzoio spends to the general rule that several substi* 

acid OgH^iOCHjeO^jH . • . 0*0032 tuents simultaneously present diminish each 

The same conclusion may be drawn from other’s action. Only when two substituents, 

these numbers as to the inOuence of the halogens which are the same, occupy the ortho- position 
as had been deduced for hydroxyl—namely, that is an increase in the simultaneous effect to be 
the ortho- position is that of greatest influence, observed; in fact, a second bromine atom which 
The constant of benzoic acid rises to 22 times occupies the ortho- position brings about a 
its value on the introduction of chlorine in the greater rise of tho constant than does the first 
ortho- position, to 2*6 times its value when Cl is —21 instead 0^15. 

put in the meta- position, and to 1*5 times its Hydrofluorio acid being much weaker than 
value when Cl is put in the para- position. But hydrochloric acid, it was to be expected that 
along with this there is a remarkable difference the fluobenzoic acids would be weaker than the 
between the behaviour of OH and that of Cl; chlorobenzoic acids. In case of the meta- com- 
hydroxyl acts much more strongly in the ortho- pound this ocours> however, only to a small ex¬ 
position of*the Benzene nucleus than in the tent; the constants differ but little,and are nearly 
a- position of the open chain, while chlorine, tho same for the bromo- and fliio- compounds, 
which in the a- position of the op^ chain in- It would be of interest to determine whether in 
creases the constant to md’e than 80 times its the ortho- position also fluorine acts as strongly 
value, does so only 22 times when in the cAtho- as chlorine, but o-fluobenzoic acid has not yet 
position in the*benzcne nucleus. For this dis- been examined; m-cyanobenzoio acid is 
orepancy the explanation offers itself, on the ! markedly stronger than m-chlorobonzoio acid, 
one hand, that the system of carbon atoms Tliis completely corresponds to tho fact that 
which constitutes the benzene nucleus is not cyanacetio acid is much stronger than ohlor- 
rigid, but alters its form according to the atoms acetic acid. 

present in it, and that if so, the difference in j From measurements of the nitrobenzoio 
form must be especially -groat according as I acids, the group NO, appears to be the most 
hydroxyl or chlorine enters near the carboxyl. I effective negative substituent. The ortho- oom- 
On the other hand, tho following possibility | pound exhibits a 103-fold increase of the oon- 
strikes us. According to the hypothesis of stant, the meta- compound an increase equal to 
Kokul5, there are two sorts of ortho- positions, 5'8-fold, and the para- compound a 6‘7-fold in- 
the one being represented by a double, the other crease. With regard to the influence of posi- 
by a single, linkage. Now it is quite possible lion, the numbers agree with those foimd for the 
that in benzene itself the change of the double chloro- and bromo- compounds, in so far as the 
or single linking to the right or the left takes ortho- position is again that of greatest influ- 
place eaailv, but that when two adjoining ear- cnce; but, on the other hand, the influence of 
bon atoms nave fixed different atoms or groups : the nitro- group makes itself more felt from the 
of atoms, only one sort of linkage, cither a single i para- position than from the meta- position, in 
one or a double one, is stable. Assuming that { opposition to the relations found in the case of 
•—in salicylio acid, for instance—double linkage chlorine. 

exists between tbe carbon atoms, combined with ! Bromonitrobenzoio acid contains the sub* 

COOH ! stituonta in the order CO,H:NOa!Br=1:2:5. 
yC. I The constant is made up of that of benzoic 
oarbotyl and hydro:!^! respectively, ^ COH ' factor of the o-nitro- group 103, 

I j and that of the m-bromine 2*3, and is therefore 
' i calculated to be 1*38, which agrees well with 1*4, 
while in o-ohlorobenzoio acid tho single linkage ' tho value found by experiment. In this case, 
COOH I therefore, the mutuul influence of the simul- 

! tancously present substituents is practically 
only is stable, CCI ' difference empha- : zero. 

•y I The constants of o- and p- amidobenzoic acid 

' I allow that the amldo- group considerably re¬ 

sized above can be understood, since in the first duces the strength of the acid. But the values 
case the ortho- relation is a much more intimate quoted can only be looked upon as approxima- 
one than in the second. j tions, since peculiarities appear in the determi- 

The smdl changes which tbe constant of I nations which are not yet elucidated. ^ 

benzoic acid undergoes in m- and p-chloro- I But the numbers b^omo regular when tho 
benzoic acid correspond to the greater distance basic properties of the amldo- residue are com- 
of the chlorine from the carboxyl. According ' pensated by tiie introduction of acetyl. Of the 
to tbe usual representation of benzene, the in- three acetamidobenzoio acids the ortho- com- 
fiuenee of the para- position proves to be the ; pound is the strongest, it surpasses benzoio acid^ 
smallest. But this behaviour is by no moans by four times its value. The meta-compound is* 
general. only 1-4 times as strong as benzoic acid, and in 

Bromine behaves vei^ similarly to chlorine, the para- position the atomic group NHCOOH, 
The effect for the or^o- position is somewhat acts similarly to hydroxyl—that is, it exerts a 
larger than for chlorine—i.e. 24 instead of 22; weakening effect—the constant it only 0*8B of 
that for the meta- position somewhat smaller that of benzoio acid. The aoetyl-oxybensoio 
—2*3 instead of 2*6. noids behave quite similarly ; theii^factors »• 
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«odO*76. On 

oomparing with these and the former aambers 
the factors qf the ozybeazoic aoids^oamely, 
n, 1% and 0*6—it follows that the substitaent 
which in the ortho- position acts most strongly 
also exerts the greatest weakening influence in 
the para* position. 

But this relation again is not universal. 
Replacement of hydroxy lie hydiogen by methyl 
in salicylic acid produces a quito extraordinary 
weakening of the acid; instead of 17 times, the 
constant is only 1*4 times, as great as that of 
benzoic acid. In the para* portion, however, 
the same change produces scarcely any effect; 
the constants of p-oxybenzolo acid and of j 
p-methoxy-benzoioacid or anisic acid are nearly | 
the same, and the decreasing effect of the group | 
OGH, is much greater in the para* than in the 
ortho* position. . . I 

It is farther remarkable that acetosalioylio : 
acid is weaker than salicylic acid, in spit^ of | 
acetyl being a negative radicle. It may be that i 
the causeof this curious behaviour is tobefound 
in a change of linkage similar to tliat mentioned 
above. 

Homologttes of benzoic acid. 
o-Toluic acid C„H,(CH,)COJI . . 0*012 

wToluic acid O,Mi,(ClI0CO,H . . 0*0051 

p-Toluio acid C,H,(CH 3 )CO,H . . 0*0052 

Phenylacotic acid 0^11^.011.^00^11 • 0*0030 

Phenylpropionio 

acid CH,.CH(C,njCO,H . . . 0 0043 

p*Phenylpropionic 

acid OH,(C,H,)ClI,.CO.n: . . . 0 0023 

Cuminic acid C,H*(C,U,}CO,H . . 0*0050 

A comparison of the constant of benzoic acid 
with those of the toluio acids shows that a 
doubling of value has occurred by the introduc* 
tion of methyl into the ortho* position, but that, 
as usual, the methyl group in the inei% o{ para- 
position has a slightly weakening effect. Tho 
isomeric phenylacetic acid also has a very similar 
constant. This constant is 3*1 times greater than 
that of acetic acid—an indication that phenyl is 
a negative radicle - but it does not attain to the 
value of benzoic acid. 

The constants for the two phonylpropionic 
acids show that, as in the case of a- and J9* oxy* 
propionic acids, tho acid in wbicl! the plienyl is 
at a greater distance from the carboxyl is tho 
weaker. The other relations to bo expected are 
also found; between propionic acid and a-plienyl- 
propionic acid there is the same ratio of tlie con¬ 
stants, 3*1, as between acetic and phcnylacutio 
acid. 

Ouminio acid differs from p-toluic acid only 
in that it contains isopropyl instead of methyl. 
To this small difference in constitution corre¬ 
sponds as small a difference in the constants. 

Hydroxylised homologiies of benzoic acid. 
Mandelio acid 0;a».CH(OH)CO^ . 0*0417 
Phenozy-acetio acid OaH^O.CH^CO^H . 0*0756 
o-NitrophenylglycoUio 

acid 0^,(N0J0.0H,.00,H . . 0*158 

• f)-Kitrophenylglycollio 

add 0^,(NOffO.GH^GO^ . . 0*153 

Tropic acid cifoH).0H(0,H4)C0,H ..0*0075 
Phloretio acid 0^0H(0«H4.0H)C0,H 00020 
Hydropanootfmano 

add OHKO,H4.0H)OHrGO^. . . 0*0017 


I Mandelic acid ia phenylated oxyacetio add; 

' the ratio of its constant to that of glycoiUo acid 
is 2 * 7 , while that between acetic acid and 
phenylacetic acid is 8 * 1 ; both values approxi¬ 
mate closely to each other. 

On introducing into the phenyl of phenoxy- 
acetic acid a nitro* group in the ortho- position, 
the constant rises to double its value. The in¬ 
troduction of NOj in the ortho- position into 
benzoic acid raises the constant to 103 times ito 
former value. Tiiis enormous difforonoe ezem- 
plillus mosVpromincntly tho influence exerted by 
the varying distahfie of tho substituent from the 
carboxyl. The same thing ia made evident by 
the constant of p-nitroplienylglycollio acid, which 
is scarcely different from that of the ortho* com¬ 
pound; the change from tho ortho- to para- 
position, which is generally so influential, is of 
scarcely any account at this distance from the 
carboxyl. 

Tropic ^id is a-ohcnyl-iS-oxypropionio acid. 

It is 2*5 times strodf^er than oxypropionio acid. 

For the influence of phenyl in the a. position we 
have before found tho factors 2*7 and 3*1. 

Phloretio acid is plicnylpropionio acid whose 
phenyl contains a hydroxyl in the para- position ; 
its constant is half as groat as that of phenyl- 
propionic acid; hence the para- hydroxyl here 
exerts its charactoristio weakening effect. • 

In the same way hydroparacoumario is 
hydrocinnamio acid which contains a para- 
! hydroxyl in the phenyl. This also has a de* 

I creasing action on the constant, but owing to 
! tho greater distance of tho phenyl this effect it 
' not so great as in the preceding case. 

Unsaturated acids. Thealhnityoo*effloi*mts 
of these substances present a special interest 
owing to their isomeric relations, which cannot 
be represented by the ordinary chemical 
formula. Following up an idea of van’t Hoff, 

: nil explanation of these phenomena has lately 
i been given by Wtsliccnus {Abh. Kiinig. Sdchs. 

I Oes. dcr IFiss. 1887). In this explanation tho 
j cause of the chemical differences is supposed 
: to lie in differences in tho relative positions in 
space of the radicles linked to tho carbon. Since 
the rctmlts so *far obtained from a considers- « 
tion of the alhnity-constants invariably point to 
relations in space, it becomes possible to subject 
this hypothesis to an experimental examination. 

' Acrylic acid CH.,:CH.CO.,H . . 0*0066 

' Crotonio acid 011(011,):CH.CO,H , 0*00204 
I leocrotonic acid CH(Cn 3 ):CH.COj^ . 0*0036 
I Tiglic acid CH(CH,):C(CH,}CO.,H . 0*00096 
Angelic acid CH(CIf,):C(CHJCOaH . 0*0050 
«*Chloroorotonio acM 

Cn(CH,):CCl.CO.,H. . . • 0*0720 

af 2 o*a*Chlorocrotonic acid 
CH(CH,):CCl.CO,H... 4 0-158 

i 8 -Ghlorocrotonio acid 

CC1.{GH3):CH.C0,H . . • 0*0144^ 

aflo- 8 'Chlorocrotonic acid 
GCl.(GH,):CH.CO,H . . . 0*0095 

A consideration of these numbers shows that 
the unsaturated acids have in general greater 
constants than the saturated ones. We must, 
therefore, ascribe to hydrogen a strongly basio 
character. And, further, as in the case of the 
saturated fatty acids, the constants on the whole 
decrease as tne carbon increases. And, finally, 
we see that the isomeric acids for which, accord* 
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ing to the TleWa hitherto held, no difference of 
oonstitntion could be formulated are in fact dis- 
tinctly different. 

Now Wisliconus represents the difference be¬ 
tween crotonio acid and isocrotonio acid by the 
(ollowing formula 

Orotonlfl acid Isocrotonio aold 

and 

In crotonio acid the methyl group stands 
nearer to the carboxyl, in isocrotonio acid the 
hydrogen. Since, in accordance with present 
experience, a methyl group linked to carbon 
which is also directly linked to CO-^l decreases 
Uie constant, a smaller constant must be ex> 
peeled for crotonio acid than for isocrotonic, 
this difference being moro pronounced owing to 
greater proximity in space. Experiment con¬ 
firms this conclusion, and thus proves the ap¬ 
propriateness of Wisliccnus’ assumption. 

It may be asked whether we a% not here 
dealing with one of the cases of which tome 
were mentionedHbeforo, in which, as an excep¬ 
tional case, the methyl acts by -increasing the 
strength. But this view is excluded, since both 
acids are weaker than acrylic acid. Methyl has, 
therefore, in botli casos reduced the strength, 
bn^ to a greater degree in crotonio tiian in the 
iso- acid. 

V/islicenus assumes similar differences in 
constitution for angelic and tiglic acids. We get 

Angelic licifl 1'iglio acid 

„„.i Oll,>^n-.G^CO,n 

Hence angelic acid again would havo to be 
stronger than tiglic, ns lias been verified by 
experience. But it is remarkable that in this 
case the difference has been found to be much 
greater than in the first one. Angelic acid has 
a greater constant than isocrotouio acid, which 
contains CK, less than angelic acid, a fact as 
unusual as that tiglic acid exhibits a smaller 
constant than the corresponding saturated acid, 
valeric, which has for constant 0 00101. 

the same way the values found for the 
o-ohlorocrotonio acids agree With experience. 
The constants are \ cry nearly in the same ratio 
AS that of those of the two crotonio acids them¬ 
selves, and the rise effected by the chlorine in¬ 
troduced into the a- position is represented by 
the factors fiC and 44, which, though markedly 
smaller, are of the same order of magnitude as 
the factor for monocliloracctio acid. 

In opposition to the agreement holding 
hitherto between tlieory and experiment, in the 
case of the /3-oblorocrotonic acids, the allo^ com¬ 
pound proves distinctly weaker than the deriva¬ 
tive of crotonio acid. The cause of this dis¬ 
crepancy cannot yet bo established. The ratio 
of the constants for crotonio acid and ^-chloro- 
crotonio acid is 1:7, which is nearly the same as 
the corresponding factor for propionic acid and 
|3-iodopropionio acid, viz. 6'6. On the other 
hand, the ratio for the factoro of isocrotonic acid 
and the alfo-iS-chloro- derivative is 1:2'6, and is, 
therefore, much smaller. 

Tetroiio acid is formed from both ^-ohloro- 
erotonic acids by splitting off hydroohlorio acid; 
the constant is 

Totrolic acid CH,.C:C.CO,H . . . 0*240 


Though hydroohlorio aoid is one ol th* 
strongest acids, yet the splitting off (ff its 
elements from the ^-chlorocrotonio acids uot Only 
has not lowered the constant, but has raised it 
considerably. This result makes evident the 
strongly acid nature of carbon and the basic 
nature of hydrogen; the removal of four hydro¬ 
gen atoms from butyric acid, whose constant is 
0 00149, has prodneed a rise in the constant of 
160 times its value. 

Of other unsatursted acids the following havs 
been measured— 

Ilydrosorbic acid CjH,.CO,H • « 0*00241 

Sorbic acid O.H,.COaH • . . 0‘00173 

Parasorbic acid CjH,.C 03 H . • 0*00173 

Ethyl-methacrylic acid CjHj.COaH • 0*00111 
Atropio acid CBL:0(C,Hj)C02H . • 0*0143 

Cinnamic acid CH(C,H5):CH.C02H • 0*00355 
IsocinnamicacidCH(C^j):CH.CO,H . 0*0166 
p-Coumaric 

' acidCH{O.H..OH):CH.CO.;n . 0*0022 

o-Coumoric 

acid CH(CaH*.OH):OH.CO,H . 0*0021 

Umbellic acid 

CH(C,H,(OH),):CH.CO^ . . 000188 

a-Bromo-cinnamio 

acid CH(CA):CBr.CO:^ . . 1’44 

^-Bromo-cinnamio 

acid CH(C,HJ:CBr.CO.^ . . 0*093 

Plienylpropiolic acid OBHj.CiO.COjH , 0*59 
o-Nitro-phcnylpropioIio 

acid CbH,NO,.C;C.COjH . . 1*06 

In accordance with the general rule, hydro-^ 
sorbic acid is stronger than the correspond¬ 
ing saturated compound, which is caproic acid 
(k = 0*00145), while sorbic acid, which oontoius 
2H less, is not stronger but weaker than hydro- 
sorbic acid. It is, therefore, probable that sorbic 
acid has not one treble linkage, but two double 
ones, ortit may have an altogether different 
constitution, perhaps one with a closed chain 
arrangement of the carbon atoms. 

Sorbic acid is sometimes obtained in the form 
of an oil which only when treated with acids or 
alkalis passes into the crystalline acid. Since it 
did not seem impossiblo that this was a case of 
isomerism, such as that of erotonic and isocro- 
tonic acid, tb^ constant of the liquid parasorbic 
acid was also measured. It proved identical 
with that of sorbic acid, and hence, with Fittig 
and Baringer (A. 161, 325 [1871]), these sub¬ 
stances must be considered, not os isomeric, but 
os cliemically identical. 

The constant of methylethylacrylio acid is 
remarkably small; it is smaller than that of 
the saturated fatty acid, and approaches that 
of tiglic acid. The acids a-phenylacrylic, or 
atropic, and /3-pbenylacryIio or cinnamic, behave 
as we should expect; the phenyl group causes 
a much higher value of the constant when it is 
in the a- than when it is in the 0- position. But 
it is remarkable that cinnamic acid is not only 
weaker than atropic acid, but even weaker than 
acrylic acid; in this case, then, the phenyl 
group lowers the constant. 

In the case of cinnamic acid, two ‘geometri¬ 
cally isomeric* compounds may be expected, 
namely— 



METHODS. JlW^ 


Quite reeentlj there hu been disooTered by 
Liebermann a seeond cinnamio acid which 
most be regarded aa geometrically iaomerio 
with the ordinary one; it has a much higher 
constant than the latter, and hence we may 
conclude that in the new isooinnamio acid^he 
negative phenyl has a closer connexion with the 
carboxyl than in the old one, and that the new 
acid may have the second of the above formulae. 

Similarly, there are known two isomeric 
bromocinnamio acids, which are produced from 
cinnamic acid dibromide by splitting off hy- 
drobromic acid, and for which the samo kind 
of isomerism holds. Nor can'thcre be any 
doubt as to which acid corresponds to each for¬ 
mula, the differences iff the constants being 
very great, and in fact it has been made known 
quite recently by Erlenmeyer that he has ob¬ 
tained Liebermann's isocinnamic acid from the 
stronger a-bromocinnamic acid. 

The phenylpropiolic acid formed from the 
hromoinnainic acids by splitting off hydrobroinio 
acid, is stronger than the &• compodnd, but 
weaker than the isomeric a- compound. The 
constant is also, as was to be expected, greater 
titan that of tetrolic acid. In o-nitro-pbenyl- 
propioUc acid the nitro- group in the ortho* 
positionbas again been able to exert but a slightly 
strengthening action, owing to its being at a 
groat distance from the carboxyl. 

On comparing cinnamic acid withp-coiimario 
acid, we find that the hydroxyl intri^uccd into 
the p- position again lowers the constant. But,' 
strange to say, a similar effect is produced in the 
derivatives of cinnamic acid by hydroxyl in the 
ortho-position; o-eoumario acid is also weaker 
than cinnamic acid. It is in accordance with 
this that umbellio acid, which contains one 
hydroxyl in the ortho-position and a second one 
in the para- position, is weaker than all these 
acids. It is to be expected that these gelations 
will prove of importance for the complete olu- 
eidation of the constitution of these remarkable 
compounds. 

Dibasic acids. The acids of the oxalic scries 
gave the following constants: 

Oxalie acid (CO^), . • • • 10(?) 

Maionic acid C]^(C02H)2 • • . OTi38 

Buooinio acid C^«(CO,H), • « • 0*0006 

Pyrotiartorio acid CjH^iCOall), • . 0*0048 

Adipic acid 04 Hg(CO^H), . • . 0*00:i7 

Pimelio acid CjH„(Cb4l)* • • O OOdO 

Buberic acid CgH„fC 0 . 2 H), • . • 0*0020 

Bebaoic acid OkH„(CO,U), , • . 0*0023 

It has alre^y .been explained that the weaker 
dibasic acids H.II" split electrolytically accord¬ 
ing to the scheme H + HB'<, and that therefore 
constants may be calculated for these acids in a 
manner analogous to that adopted for the mono¬ 
basic acids. In the case of oxalic acid, however, 
this is not possible, since the dissociation has 
proceeded too* far; the constant is only esti¬ 
mated approximately, but beginning from ma- 
lonie acid, the values of the constants can be very 
well determined. 

We see that at first the constants decrease 
very rapidly; that of malonio acid is about 60 
times smaller than that of oxalic acid. From 
malonio to succinic acid the step is much 
smaller, 24 :1, and much smaller from the Utter 
to pyrotaiHric acid, 1*4 : !• and henceforward 


the numbers vary only by smalt amounts. The 
influence which one carboxyl group exerts on the 
hydrogen of the other decreases, therefom, very 
rapidly in eonsequenoe of the interposition of 
the carbon atoms; sebaoio acid does not sur* 
pass by more than twice the fatty acids richer in 
carbon. Of the numerous isomerides with side 
carbon chains, the following have been mea¬ 
sured : 

Methylmalonic acid CH(CHs)CO,H . 0*087 

Ethylmalonio acid CH(0.;Hj,)GO;^ • 0*127 

Dimethylmalonio acid G(CH,)yCO;,H . 0*077 

Methylsucofiiio acid 0,11,(011^00^ • 0*0080 

a-DimcthyUucciuio 

acid C,A(CH.)f 0,H .... 0*0343 
jS-Dimcthylsuccinic 

acid C,H,(CH,),00,H .... 0*0245 
The three first acids appear at once to be 
derivatives of malonio acid; their constants do 
not differ much from that of their parent sub- 
stance, but all are somewhat smaller. Similarly, 
the constants of tbederivatives of succinic acid 
appiv^aoh to the value of the latter, but are all 
greater. The alcoholic groups) liave therefore 
acted in these cases in the ordinary way: an 
explanation of this has been attempted by Beth- 
mann [Z.P.C. 6, 407). 

Derivatives of oxalic and of malmic acid :— 
Oxamio acid CO.NH.^OO,H . . • 0»80 

Oxalurio acid 00(NH.C0.NII,)C0,n • 4*5 

Oxanilio acid CO(NHC,HJCO,II . • 1*21 

o-Ohloro-oxanilio 

acidCO(NHCj,n4Cl)CO,H . . . 2*03 

n-Ohloro-oxanilio 

acid 00 (NHO„H 401 )CO,H . . . 1*40 

p-Tolyl-oxamic acid CO(NIIC,II,)CO,H . 0*88 

The amido- group entering jntb one of the 
carboxyls of oxalic acid causes a weakening of the 
acid to ODG-tweUth its value; the much more 
weakly basic urea residue produces a much 
smaller weakening effect, viz. to about half the 
value. The decrease caused by the residue of 
aniline is smaller also, to about the eighth part; 
when chlorine enters into the phenyl of the 
latter, there again occurs an increase in the acid 
properties, which increase, however, in conse¬ 
quence of the greater distance, is much smaller 
than in benzoic acid. But a distinct difference 
between the ortho- and the para- position still 
asserts itself. Methyl in thopara- position exerts 
a distinctly weakening effect. 

Tartronic acid CH(OU)(CO,H), . . 0*107 

Phenylmalonicacid (C,H5),C:(C02n), , 0*408 

MalonanilicacidOH,CO(NIIC,H,)CO,H . 0*0196 
Strange to say, in spite of the hydroxyl, 
tartronic acid is weaker than malonio acid 
(k a 0*158). The replacement of both hydrogen 
atoms of maionic acid by benzylic radicles raises 
the constant. Finally, malonaniiio acid is about 
eight times weaker than the parent substance. 

Derivatives of succinic add. 

Malic acid C,H,(OH){oO,H), . . 0*0305 
Inactive malic acid 02H^(0H)(00,II)| 0*0399 

Bextrotartaric acid C^H,(OH),(00,11), 0*097 
Lfisvotartaric acid C,H,(OH),(CO,H), 0*097 

Racemic acid 0.,H5(OHj,(CO,H), . 0*097 

Mesotartario acid C,H,(OH),(00,II)s • O OGO 
rhenyl-succinaniio 

acid 0,HdC0NlIC,HjC0,H . . 0 0020 
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o^Ohlorophen^lfaocinamio 
acid 0,H,{C0NHq,H,Cl)C0^ . 0 0021 

m-ChloropheDylsucclnamic 
aoM OJfI,(CONHO,H.ClJCO^ : 0*0021 

P'ChlorophenylsQccinamic 

acid CjH,(CONHCf,H 4 CI)COaH . 0*0021 
o-TolyUsaccioaniic 

acid C,H,(CONHC,H,)CO^ . • 0*0021 

p-ToljI‘SUCcinamio 

acid 0^<(CONHC,H,)CO^ . . 0*0020 

Sticcinurio 

acid Q^«(CONHCONHj)COaH ^ • 0*00311 
Tiiio-suooinurio • 

acid 0^4 (CONHCSNHj)CO.JI . 0*00333 

Oxysuccinic, or malic, acid has a constant 
aix times as great as succinic acid. T)ie (actor 
is somewhat smaller than for the monobasic 
acids, which may be because a negative radicle 
carboxyl is already present. The natural opti¬ 
cally active acid has exactly the same constant 
as the inactive acid got from monobromsuccinio 
acid. The same relation recurs in tartaric acid 
and racemic acid. Botli the dextrorotator^and 
tlie Iwvorotatorytkoid, as also the inactive racemic 
acid formed by a combination of these two, are 
all of exactly the same stroiigth. This result is 
in accordance with the present views concerning 
the constitution of these compounds. The 
dextrorotatory and Irovorotatory aciils contain 
their constituents in a perfectly symmetrical 
arrangement, and must, therefore, have equal 
oo-efiicients of alhnity. It has been assumed 
that theoptically inactive acids produced from the 
optically rotating ones consist each of two mole¬ 
cules of the active acids. This is probably cor¬ 
rect for the solid crystallised substances, but not 
for solutions; in these, both compounds are pre¬ 
sent side by side, uncombined, a conclusion 
which has also been arrived at in another way 
by Perkin (0. J. 52, 302). The undoeomposable 
inactive mesotartario acid has, however, another, 
and that a smaller, constant; theory also as¬ 
cribes to it a diKerent constitution. 

In the preceding table are further contained 
a number of derivatives of pheuylsuccinamio 
or succinanilio acid. This acid itself is only 3*3 
times weaker than succinic acid, wliile the in¬ 
troduction of the aniline residue into GO.H of 
malonie acid decreased the strength 8 times; 
this indicates tliat the position of the substituent 
at a greater distance weakens the effect. The 
almost complete equality of the constants for 
all substitution products of siiccinanilio acid is 
of great interest; the distance of the benzylio 
residue from the carboxyl is here too great to 
allow the substituopts to exert their effect over 
it. The usual assumption, that the rooleonlar 
forces cease to act at even very small distances, 
is thereby made more deffnite, in that such 
distance are already given by the molecular 
dimensions. 

As already found, the introduction of the 
urea residue produces a smaller decrease than 
that due to aniline. Smaller still is the effect 
of the thio-nrea residue. 

Dicarboxylic acids of benucne, 
O-Phthalio acid 0,H,(CO,m, . . 0*121 

vn-Phtbalio acid G,H,(GO^), . . 0*0237 

Oxyterephthalio acid C^H,.OH.(C02H), 0*25 

Phthilamio acid 0,H,(GONH,)COsH . 0*0160 
Phthalurio acid 0,HJCON^,GO)CO^ 0*0290 


As we were led to ex|^t, the entry od t 
carboxyl in the ortho- position produces a some¬ 
what considerable rise in the constant— vi». to 
twenty times the former value. For the meta- 
position the faptor is only 4*6. jp -Phthalio acid 
is teo insoluble to be measured. But assuming 
that in oxy-p-phthalic acid the hydroxyl acta 
as strongly as in salicylic acid, the constant 
of p-phthalic acid would be estimated as 0*014 to 
0*015, and it would follow that, in .accordance 
with the usual result, carboxyl in the para- posi- 
tion~t.e. in the distant one—exerts the least 
action. A toe(\^ening effect, such as is exerted 
by hydroxyl in the para- position, seems to be 
excluded. 

The amide residue'in phthalamic acid has 
lowered the constant to one-eighth its valhe, but 
the acid is yet stronger than benzoic acid, and 
the group GONR; must be looked upon as nega¬ 
tive. The urea residue exerts, as it always does, 
a much less marked weakening effect. 

Unsaturaled dibasic acitls. The dioarboxylio 
acids CHjn.jfGOOH), exhibit very similar iso¬ 
meric relations to those of the compounds of 
the acrylic acid series. The following were 
measured: — 


I 


Maleic acid OjHj(COjHh . • , 0*17 

F’umaric acid C 2 H.,(GO ^)2 . • , 0*093 

Citraconic acid C2H,(G02n)2. , * 0*340 

Mosaconic acid GjH, (GO.^!!), , . 0*079 

Itaconic acid CaH 4 {G 02 H )2 . . . 0*0120 


The isomeric compounds arc seen to have 
"widely different constants. These results agree . 
very well with the views of van’t Hoff and WU- 
licenus. For fumario and maleic acids the fol¬ 
lowing formula have been adopted: 

Malcic acid l^Imaric acid 

According to this, the two carboxyl groups 
are much nearer to each other in maleic than in 
fumario acid, and the first must be stronger, as 
is actually the case. Similarly, according to 
Wisliconus, the formulcs 


Citraconic acid Mesaooulc acid 



hold, and forHhe same reason citraconic acid 
must be stronger than mesaconio acid, which 
conclusion again agrees with experiment. 


Itaoonio acid has the formula 


GH.^:0-G02H 


H.,0-C02H* 

and therefore no double linkage between the 


carbon atoms combined with carboxyl. Accord¬ 
ingly, its constant is much smaller; it is only' 
twice as great as that of succinic acid. 

It may be mentioned tbai acetylene dt- 
G—GO n 

carboxylic acid >» so strong that a 


constant cannot be determined for the first stags 
of dissociation. The acid is but little inferior to 
sulphuric acid. 

Thiophene and pyridine group, 
a-Thiophenio acid C,H,S.COaH . . OHISO 

Pjromucio acid 0,H,O.OOjH . , 0'071 

Pioolinio acid (.) 0,H,N.CO^ . . 00003 

Nicotinic acid («) d,H,N.CO.H . . 0-00137 

Isonicotinic acid (y) C,H«N.CO,H .* 0-00109 




MBTmoDa 


m 


0'60 


0-21 


0*43 

0*30 


tMmt aoia (n) OAH^OO,9)« 

(SnohomeroDio 

add {$y) 0,H,N.(CO*H), 

Isooinohomeronio 
acid (o^) C.H,N.(CO,H), 

Cbinolinio acid (ajS) C.n,N.(CO,H)| 

^0*Pyridine dicarboxylio 
acid 0,H,N.{C0,H)a .' . . 0*15 

The replacement of the group Cfii in benzoic 
acid by sulphur raises the constant to five 
times its value, provided the carboxyl is placed 
next to the suiplmr. In t^o J3- position the 
carboxyl is without doubt indueimed less, but we 
have yet no measurement of the constant. 

It is remarkable that a similar replacement 
of by oxygen, forming pyromucio acid, acts 
much more stoongly than a replfmement by sul* 
phur. On account of the magnitude of the con> 
stunt it is very probable that in pyromucic acid 
the carboxyl is in a position next to the oxygon. 

Differently from sulphur and oxygen, tlio re¬ 
placement of OjHj by GNU has a strongly 
weakening effect on the constant. The valuos 
found for the monocarboxylic acids of pyridine 
correspond fairly with the assumptions which 
might be made on the basis of the constitutions of 
these substances; piculinic acid, which contains 
the carboxyl next to the nitrogen, is by far the 
weakest; but the jS* acid is stronger than the 
y- compound, so that in pyridine tlie $- position 
proves the place of smallest intlnenco. 

The behaviour of the dicarboxylio acids of 
pyridine is very unexpected. Whilo all mono¬ 
carboxylic acids of pyridine are weaker than 
benzoic acid, all dicarboxylic acids are stronger 
than tlie strongest dicarboxylio acid of benzene 
—that is, o-phthalic acid, whose constant is 
0*12. A further difference is that the strongest 
dicarboxylio acids am those which contain carb¬ 
oxyl in the a- position—that is, next to the 
nitrogen. Then follow the acids which contain 
carboxyl in the y- position, and lastly those 
with carlxixyl in the 0- position. These rela¬ 
tions are the exact reverse of those observed 
fur the monocarboxylic acids; where a decrease 
of the constant had been observed there, an 
increase is found here. Mo plausible hypothesis 
concerning the cause of these y>eculiar pheno¬ 
mena has yet been brought forw^d. 
Oxyciifchomeronlo 

acid OjH 2 (OH)*N.{CO,H), * . , 107 

Methyl pyridine dicarboxylio 
acid C,H,(CH,)-N.(COJI)/*, . . 0*20 

Dimethyl pyridine dicarboxylio 
acid C»H(CH»),-N(CO,H)/«» . . 0*31 

Dimethyl pyridine dicarboxylic . * 

, acid 6*H(CU,),-rN.(CO,H)/^* . . 0*55 

Owing to the entry of hydroxyl in the ortho¬ 
position, cinchomeronio acid has had its con¬ 
stant increased to eight times its value. The 
methyl groups increase the strength of the 03- 
dicarboxylio acid, and they do so to a greater 
extent in the y* position than In the a-position. 

Further, several poly-carboxylic acids of pyri¬ 
dine were examined ; the constants cannot, how¬ 
ever, be calculated, because the dissociation 
assumes a somewhat complicated character. 
Blit it is evident that the relations found in 
the ease of the dicarboxylic acids concerning 
the influence of the position of the carboxyl bold 
good in these oases also. The roles found for 


0*0012 

0-0013 

0-002 

0-082 

00006 

0-011 


the dioarboxylio acids wars alto confirmed in 
the case of methyl derivatives of the tricarb¬ 
oxylic acids. On the other band, phenyl on 
entering into lutidine dioarboxylio acid, whose 
constant Is 0*34, has a weakening effect, the con¬ 
stant for tlie compound formed bdng o^y 0*012. 
The action here is tho reverse of that observed 
in the case of the fatty acids. 

Qiiinaldinic acid C„Il„N.CO.Jl • 

Cinchonic acid 0»H«N.COjH. • 

Dipyridyl inonocarboxylio 
acid C„lLN,.CO,H . 

Dipyridyl dfcarbox^lio 
acid {00,11), . 

o-Pyridine benzoic acid CnHaN.COgH 
Phenyl pyridine dicarboxylic 
acid 0„H-N.(C0,J1),. 

Tho quinoline carboxylic acids, which have 
a constitution analogous to that of the pyridine 
carboxylio acids, are somcwliat stronger than 
these, as tho naphthoic acids are stronger than 
the benzotc^acids. £oncerning the other acids 
but Vttio can bo generalised. 

Amidobenzene sulphonic ocufk and similar 
compounds* 

0 -Amidobenzene sulplionio 
acid 0,H*.NU,.SO,H . , . . 0-330 

m-Amidoben/.ene 8ul])honio 
acid C„H,.Nil,.SO,H . . . 0-0196 

n-Amidobonzone sulplionio 
acid C,U 4 .NH,.S 0 ,U , . . 0-0681 

The results obtained from measurements of the 
ainidobeuzene sulphonio acids are somewhat re*- 
markable. While benzene sulphonio Mid itself 
is so strong an acid that its dissociation constant 
cannot be determined, its amido- derivatives can 
be measured with ease; the amido- group has, 
Ihorefrro, as it usually does, exerted a weaken¬ 
ing effect/ But in the case of the carboxylio 
acids the ortho- position was always that of 
greatest influence; here it appears as the posi¬ 
tion of least influence. The weakest of the 
three acids is tho meta- compound, then follows 
tho para- compound, and then the ortho- com¬ 
pound, which comes nearest to tho parent sub¬ 
stance. Tlie assumption is thug suggested that, 
by tho agency of the group BO„ the hydrogen 
is brought to such a distance from the benzene 
nucleus that it is more influenced by the radicles 
in the meta- position than by those in the ortho- 
I ]>ositioD. 

Diaiiildobenzcne sulphonio 
I acid (2,3) C«H.,(NH,),SO,H 
I Dromamidobenzene sulphonio 
acid (2,5) C.U,BrNH.^O,H 

■ Bromumidobenzene sulphonio 
1 acid (3,6) C«H,BrNK,SO,H ^ 

! Dibromamidobenzene sulphonio 
I acid (3,4.6) C,U,Br,NH.,BO,H 
: Toluidine sulphonio 
I acid (3.4) C,H,(Cn,)NH,SO,H 

■ Xylidene sulphonio 
I acid (4,2,5) C,H,(CH,).,NH,SO,H 
! In iudicating the constitution, the sulpho- group 
I is put »If then follows amide, and ^en bromine 
j or methyl. 

These acids exhibit the nsual relations to be 
{ expected from tiie nature of the substituents 
I and their position, and thos do not call for any 
detailed discussion. 


0-0060 

7-9 
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C«n#ra{ comideraHons,. The proper- 

of ohexnioftl compounds, which can be ex¬ 
pressed nomerically, may be divided into three 
groups—the additive, the cumulative, and the 
constitutive. The fi»t are of such a nature 
that in chemical compounds their value is the 
sum of tiie corresponding values of the consti¬ 
tuents ; these values have led to the conception 
of the atomic theory—t.c. to the assumption 
tliut the components continue to exist in the 
compounds as such. 

The cumulative properties exhibit the pecur 
liarity that, independently of the number and 
nature of the constituents^ their numeriosl 
value is the same for certain complex systems. 
These have led to the conception of the mole¬ 
cular theory— i.e. to the assumption that the 
components of chemical compounds primarily 
form similar groups or systems, which have an 
individual existence, and out of which the visible 
and ponderable substances are built up. 

And, finally, there exists a thiii group of 
properties, which are neither additive nor c^piu- 
Intivo, since even in the case of substances 
having the same* composition they can assume 
ditlerent values. These have led to the assump¬ 
tion that, in addition to the nature and number 
of the composing atoms, the properties of sub¬ 
stances are induonced by still another condition. 
This condition has, from the time of Berzelius, 
boen considered to He in the diiTerent arrange¬ 
ment of the atoms within tho molecule-—i.6. in 
the constitution. 

Of all the constitutive properties hitherto 
known—such as boiling-point, melting-point, 
colour, orystaliine form, do.—not one aCfurds 
a clear insight into the determining cause, 
the chemical constitution. It is possible, when 
the latter has been found, more or less approxi¬ 
mately, by purely chemical methods, to establish 
ompirioal relations; but these Ho on the surface 
only, and lack generality. The cause of this is 
the defective development of our conceptions 
concerning the kind and the amount of the in- 
duenoe which the arrangement of tho elementary 
atoms in the molecule exerts on the properties 
mentioned. 

I believe I am not deluding myself when I 
affirm that the affinity constants, which repre¬ 
sent a property of eminently constitutive nature, 
are far superior to all others with respect to their 
theoretical applicability. The result that one and 
the same atom exerts quite different effects, ac¬ 
cording to the ‘ position ’ which it occupies in the 
molecule, and that these effects are the greater 
the more close is the relation of the atom to that 
of the acid hydrogen, leads to tlie general infer¬ 
ence that these effects are functions of the dis¬ 
tance in space of the atoms in question. But 
thereby, for the first time, is gained a means of 
taking measurements in space of molecular 
structures. There is no doubt tlmt long and 
laborious work is needed before such measuro- 
mento will lead to results which will give an all- 
sufficient representation of the form of molecules. 
But it already seems certain that this goal can 
be reached. 

. It has been mentioned, to start with, that kt 
the affinity oo-effioient of acids, appears, generally 
speaking, as a product whose factom are given 
by the nature and position of the elementary 


atoms composing the loid. This follows from 
the fact tfalat with analogous changes in ana¬ 
logous substances the constants change in the 
same ratio— i.e. that in consequence of ihesd 
changes the constants of the original substances 
must be mnltipHed by the same factor. But 
these factors are never exactly the same, just 
because two analogous changes are never exactly 
the same. If, for instance, we change acetic 
acid into glycollio acid, anj propionic acid into 
lactic acid, the two changes are, it is true, very 
much alike; but in the first case the hydroxyl 
takes up a position next to two hydrogen atoms, 
in the second case next to one hydrogen atom 
and one methyl; the hydroxyl is therefore sub¬ 
ject to a different influence, and will in con¬ 
sequence necessarily act differently on the carb¬ 
oxyl. The same holds for all corresponding 
cases. The approximate character of tho general 
relation follows, therefore, as a necessity; tho 
deviations from tho type arc caused by tho 
nature of the subject, and themselves afford a 
means for bringing to light their cause, which 
is the secondary influence mentioned above. 
What has been said concerning the constitutive 
properties generally—that they can never be 
completely represented by a general scheme, 
because this is contradictory to their nature— 
holds particularly for the affinity oo-clficients. 
In them the whole variety of nature asserts itself, 
and within the framework of great and general 
regularities produces the finest individualisation. 

The form of the dissociation-constant as tho 
product of factors csc,.c,.C 9 .... has a deeper 
significance, which is recognised on going back 
to tho dissociation-formula itself. This formula 
is obtained from the mechanical theory of heat 
in the following form: 


log. as C 
Pip2 


where p, 'and are the partial pressures of the 
products of decomposition, p the pressure of the 
undccomposed substance, p tho heat of dissocia¬ 
tion, T the absolute temperaturo, R the gaseous 
constant, and C is a value which is a function of 
the temperature only, and which, therefore, at 
constant temperature can^ be looked upon as a 
constant. 

In the casein point and sincetp, and 

p must be put proportional to and 

V V 

follows that and thence 

p^* m* 


m‘ 


Kt 


0 


or log. -A + C'. 

(1—»n)w lir 

Now the affinity co efficient is and 

(I -m)w 

since, on the other hand, quite generally k<» 
kf.ki.hg . . « . it follows that 


log.ft,+ Iog.b 9 + log.ft, -f. 




The constant G’ depends only on the nnit adopted 
and on the point chosen as zero; if, therefore, 
there appears on the left side of the equation a 
sum of terms represented by log.k, there must 
correspond to each of these on &e rigkt side 4 
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term o! the form - so that ^ also resolves 
Ut Rt 

itself into a sum of corresponding terms 
*iJr(/'i+p3+ft ••..)« which one Rn and 

one pn always correspond to each other. 

This means: Tho natnral lo;?arithm of the 
dissociation-constant or allinity-constant is (save 
(or a constant) proportional to tho licat of dis¬ 
sociation of the acid in splitting into ions. Since 
the value of the dissociation- or a^hnity-constant 
is known from exp» riinent to bo tlie snin of a 
scries of terms which depend on tho nature and 
on tlm position of the constilmnt atoms, it 
follows that liio oloctrolytic heat of dissociation 
also is tlie sum of a (anresponding nunda'r of 
terms each of which is tixed l)y tho nature ami 
position of eacli individtial atom. | 

Now in this case tlie heats of dissociation • 
ftro the exact measures of the quantities of i 
work which are done in tlie sopara.tiun of tlu! acid ; 
hydrogen atom from tho negative ion. Tliia is 
80 because no external work lias to be taken into j 
account, and bcoatise tho condition of the sub- l 
stances dealt with very closely approaches that ' 
of ideal gases, llenoc the heat of dibsociatiori ! 
measures the potential or tho force-function of i 
the atomic systcuj at tho corresponding point, | 
ind we tec that this force-function is tlie sum 
of the values wliich, according to their naiuro j 
and position, the individual atoms contribute j 
to the total value. And thus elements wliich, like ^ 
chlorine, sulphur, A'C., raise the conslant Ar, cause 
a decrease of tho heat of dissociation, since log.?c 
and p have dilTer<’iit signs. Tho arniilo group, 
on the other haml, which decreases the conslant, 
raise.s tlio licat of dl.-isociation— i.e. it increases 
the amount of work necessary for spliiting oil 
the acid hydrogen. 

It is by these considerations that tlie long- 
mooted question concerning tlie connection be¬ 
tween chemical aftinity and the thermal values 
of reactions has been decided in principle. In 
this result we see the eminently constitntivo 
property of afhnity-quantities brought back 
again to llie additive form. Tliis has bfum effected 
by introducing tho inlluenco of C(fnstitution, or 
of position in space, into the terms themselves. 

A similar development awaits tho theory of all 
constitutive properties, as, in fact, we arc forced 
to conceive tho combined action of different 
elements as tho sum of various effocts. 

EUcirical theory of chemical afmity. 
Elsewhere fApFis-nY, vol. i. p. 07) the laws of 
chemical allinity have already been cxidainod. 
Nothing definite could be stated concerning their 
cause ; but it followed from the close connection 
whioh was shown to exist between tho co-cOi. i 
dents of chemical reacting power of electrolytes, | 
and the values of the electrical conductivilios, I 
that an intimate relation exists between these | 
two properties. The pro.spect is thus opened of i 
carrying out in an exact form the electro-chemical 
theory of affinity which wag rather conjectured 
than worked out by Davy and Berzelius. 

The new view which affords such a possi- 
bUity is the common cause underlying electro¬ 
lytic oondut^on and chemical reactions as recog- | 
oised by Arrhenius, viz. the existence of free ions, j 
On making the assumption, which is justified by j 
Voi. IV, ' 


! this concordance, that chemical processes beiwoet 
! electrolytes take place only by the agency of tlv 
free ions, the laws of chemical affinity, whiol 
I have been established empirically, can be deduooi 
' 80 as to be in accordance with experiment. Ti 
j do tliis we only furliier need van’t iloff'a theory 
I of solutiunn, and the theory of the laws of dis 
I sociation as deduced for gases (v. Dis.soc2ation il 
j vol. ii,), which laws, tlmiiks to van’t Hoff’s theory. 
: can also be applied to substances in solution, 
j The general of chemical affinity firs! 
I recognised is that iminife.slutions of this affinity 
on the jiart of a dclinite Hubstauce are ex¬ 
pressible by a ilctinilo co-efficient, dependent on 
tlie tomporaturo and dilution, but iiulopundcnt 
of llu) nature of tho chemical rojidion in which 
the substance participates. 

Now, if tho reacting power of a substance in 
solution dep« lids on the number of dissociated 
ions which (xro present, it cun bo scon at once 
that^ho abovo-mcntionod law must of necessity 
hold good. 8o, for instance, state of dis¬ 
sociation of an acid determines tho velocity with 
which it must acton methylacctato, acetamide, 
marldo, etc. Tlio nature of the otlior substanoe 
‘dclerniincs a factor only, which in analogous 
cases is the same. 

Hence wo must conclude that all acids, for 
instance, when completely disMiciatod are 
c.pially strong. Tlio strong inorganic acids 
IICI, HBr, HI, llNOj, IIGIO, must bo classed 
liere, ns also the sulpho- acids and similar organic 
acid.s. No one of these subslances exhibits any 
; of the specific differences discussed in fonner 
! paragraphs for acids of medium strength. They 
! all exert o nearly equal effect when used in equi- 
I valent quantities, and approacli tho maximum 
1 eonduclivity even at moderate dilutions. At a 
. time when tlie di.ssociation theory of cleclrolytcB 
j did not exist, tho author of this article vainly 
I tried to obtain from benzone-sulphonio acid, by 
I all the means which make weak acids stronger— 

! sifch as the introduction of halogens, nitro- 
I groups, A'c.— acids stronger than the parent sub- 
I stance, which may itself be ranged side by side 
] with hydrochloric acid. This was not possible; 
j all ‘ Hlrengthencr.s ’ remained in tliis case in- 
; effective. This remarkable fact shows that it 
' is not its special nature, but its electrical con¬ 
dition, whicli is determinant for the cliemical 
effect of a substance, especially if that substance 
be iin acid. 

Tho greater tho number of the moleculea 
which are split into tlieir positively and nega¬ 
tively chaiged parts, tho stronger is the acid; 

^ but any ion, when once present in the separated, 
electrically charged, condition, is as effective ai 
any other. Hero, then, wo see that Berzelius’ 
conclusion drawn from false premisses, by means 
of which he attempted to demonstrate the ab- 
surdity of l-'iiraday’s la*'’ -tliat then the chemi¬ 
cal affinity between tho ions of all electro¬ 
lytes would have to be tho same—ia perfectly 
correct. The affinity of tho most diverse ions ia 
really the same, because it does not depend on 
tlioir nature but on their electrical charge, and 
this, according to Faraday's law, is everywhere 
the same. What does depend on the nature of 
the ions is the degree to which they dissociate, 
and herein alone lies the cause of the differenoos 
in the affinity-quantities. 


F 
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In the arguments used so far, it has been as* 
nmed that the state of dissociation of the react* 
ing substances is determined by the volume and 
the temperature, and that the presence of other 
substances does not alter the state of the one 
considered. This case, however, only occurs 
when there are present cither one dissociated 
substance and nothing but non-elcctrolytes 
besides, or when all the dissociated substances 
present are for all practical purposes completely 
split up. But as soon as several, partly dis¬ 
sociated substances are prcficnt, the relations 
become much more compUealcd. 

It is known from the theory of dissociation 
that when two gaseous substances are present, 
and the quantities of these substances vary, the 
product of their active quantities, or of their con¬ 
centrations, must bo constant, constant tempera¬ 
ture being presupposed. If, for instance, a given 
space is hlfed with the gaseous pr<>4ucts of de¬ 
composition of amnioniuin liydrosulpliide, the 
addition of sulphuretted liydmgen will caftso a 
decrease in the quantity of hydrosul])hido disso¬ 
ciated, because on increasing the one factor the 
other must decrease in tlic same ratio. The same 
must evidently hold for electrolytes; on adding* 
to a solution which contains the ions A + Ban 
excess of ions A, the quantity of ions B must 
decrease until the product of the two quantities 
has again become equal to its original value. 
Now, it is not very well possible to add ions A 
only, but an electrolyte can be added which is 
also dissociated, and which contains the ions 
A + B'; if B' is different from B, the two do not 
influence each other. 

We may now ask how two solutions must be 
constituted in order that their state of dissocia¬ 
tion shall not vary when the solutions are 
mixed. We have the solutions of the electro¬ 
lytes A-l-B and A + B', which contain a common 
ion A; let their volumes be v and v\ Tlion, in 
accordance with the general law of the equili¬ 
brium of dissociation, the following equations 
will bold; 

= jA . i 

V V V 

V v' v' 

In which the quantities of the electrolytes origi. 
nally present are put as equal to 1, and the dis¬ 
sociated portions equal to £ and £' respectively. 
On mixing the eoiutions, the volume becomes 
v + »', the dissociation ratios £ and £' remaining 
unchanged, as supposed. The quantities of the 
nndissooiated portions are l-£ and !-£', but 
the products £.£ and f.f' change into £(£ + £') 
and £'{£' + £), since the ion A common to both 
substances participates in the equilibrium con¬ 
dition of both. Wc have, therefore, 

_L. {±(1 

itll. 

u + v' u + t>'* v+V* 

On dividing each of these equations into each 
of the corresponding equations given above, it 

follows that i Therefore, in order that 

the stote of dissociation should not alter on mixing 
•(dntions of twp electrolytes which one Ion 


in common (for instance, two acids), thf portiooi 
dissociated must be in the ratio of the volumes. 

Writing the equation in the formi-» the 


law can also bo expressed in this form: when 
the concentration of the common ion !s the 
same in both solutions, these do not influence 
each other. 

Arrhenius, to whom we owe these considera¬ 
tions, calls solutions which do not influence each 
other in the ^enso just mentioned isohydrio 
solutions. Since, in accordance with the above 
formula, it is only necessary for this that the 
concentration of the common ion in the two 
solutions should bo the same, the ratio of the 
quantities of the two solutions docs not enter 
into consideration; isohydrio solutions can be 
mixed in all proportions without mutually 
I clflinging their condition. 

I If, however, two non-isoliydrio solutions 
I which contain a common ion are mixed, the pro- 
I ccss can bo represeuted by saying that the one 
solution withdraws water from the other until 
both have become isohydrio; then they leave 
each other uninfluenced. This withdrawal of 
water occurs in the following manner. First, 
the total concentration of the solution which 
loses water increases, and thereby the concen¬ 
tration of the ions increases also. But, owing 
to this, Iho state of dissociation changes di¬ 
rectly, since, in consequence of the smaller 
volume, the dissociation decreases, and, there¬ 
fore, the concentration of the ions increases 
more slowly than the total concentration. Con¬ 
versely, tlio concentration becomes less in the 
portion which takes up water; but, owing to the 
increase in dissociation, it does so to a-smaller 
degree than corresponds to the volume change. 

Since tlie relation between the volume and 
the state of dissociation is known for binary 
electrolytes (p. 104), a formula can easily be 
deduced wliich allows us to calculate the 
characteristic quantities for a mixture of several 
electrolytes. But it is generally simpler to pro¬ 
ceed by way of successive approximation. 

_ Two solutions which are isohydrio with a 
third must be^sohydric with each other; bccau&e, 
in order to bo isohydrio with the third, there 
must bo in both the same concentration of the 
common ion as is in the third solution. 

These laws were all established empirically 
by Arrhenius {W, 30, 51), and it was only lately 
that he deduced them theoretically from his 
theory of dissociation (Z. P. C. 2, 284 (1888]). 
The examination of these relations is best con¬ 
ducted by making measurements of electrical 
conductivities. Since the conductivity of a com¬ 
pound in solution is proportional to the number 
of free ions, it can easily be recognised whether 
two substances with a common ion—two acids, 
for instance—are isohydrio; if the <K)adooUvity 
of the mixture is equal to the sum of the con¬ 
ductivities of the components, the solutions ore 
isohydrio; if this is not the case, the two numbers 
diSer from each other more or less. To quote 
an example: with a pbosphorio acid solution, of 
speoiflo eondnotiTity I » 225*6, was mixed an equal 
volume of hydrochloric acid solatia 226*9; 
the mixture gave 21 >469*0, while the lom of 
the two values is 461*6; the observed emiduw 
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iliij m too 17*5. Fartbor, the same 

>ho6phorfo acid solation mixed vith an equal 
rolume of a more dilute bydroohlorio acid» 

185*1, gave for the conductivity of the miz> 
;ure 21»407*4; this is smaller by 3*3 than the 
lum 410*7. Finally, hydrochloric acid of I =» 16S-8 
save for the mixture 21-394*4, the sura being 
194*4; both solutions were isohydric. By such 
experiments as this Arrhenius arrived at the 
Aws stated above. 

It need scarcely be mentioned that any other 
property of solutions whicli depends on tho 
molecular condition of the diss<8ved substance 
30u]d likewise have been used for determining 
Iho relations of isohydricity. The best of 
^bese properties would be measurements of tlto 
relocities of reaction for inst:ince, those of tlio 
inversion of sugar-these being proportional to 
the state of dissociation; but tho frec/.ing- 
points, vapour pressures, d:c., could also have 
been used. 

yo far the only case considered has been 
that in which the mixed electrolytes contain a 
common ion. If Oiis is not the case, new 
phenomena appear, which we will now consider 
in greater detail. It has already been pointed 
out that the theory of free ions leads to a 
view of the processes of the formation and 
mutual decomposition of salts w'hicli is very dif¬ 
ferent from that generally accepted. It has been 
thown that, neglecting the small undissociated 
portions, the process of neutralisation between 
the strong acids and bases consists exclusively 
in the formation of water from the ions H and 
OH. The cause why these ions coalesce to 
form undissociated water lies in tho fact that 
water is an extremely stable compound, whicli, 
under ordinary circumstances, is only very 
slightly split into ions. If, therefore, such ions 
snywhere appear simultaneously, they^ombine 
directly to form undissociated water. 

The phenomena take a quite similar course 
when a strong acid—hydrochloric, for instance— 
acts on the salt of a weak acid—sodium acetate, 
tor instance. Tho former solution is almost ex- 
Klusively composed of ions H and Cl, tho latter 
of ions Na and CHj.COj. Since the sodium 
shloride also is almost completely dissociated 
when in dilute solution, the ions Na and Cl are 
already present in the same conditionas in sodium 
chloride solution, and there exists no tendency 
to tho formation of this compound. But, in 
addition, there are present the ions il and 
CH,CO„ and these cannot exist side by side 
without (or the most part combining. Hence a 
corresponding quantity of undissociated acetic 
acid will be formed, as U actually shown by 
experiment. But while formerly this fact was 
oscri^d to a specially great afBnily between the 
chlorine and Ure sodium, and the acetic acid 
was allowed to play a passive part, being sup¬ 
posed to be * expelled ’ by the hydrochloric 
acid, we DOW see that the entire cause of the 
proMse lies in the action of the acetic acid. 
Owing to the great affinity of its ions, it is 
formed whenever its ions meet, while the com¬ 
ponents of the 'strong* reagents, chlorine 
and sodium, remain perfectly indifferent in the 
process. • 

The eoaditions under whiob chemical equili¬ 
brium It esiabliahed between tour subsiancei, 


formed by a combination in pairs of two posiiivt 
and two negative electrolytes, must now be 
established in a general manner. We assume 
we have produced four solutions of the sub¬ 
stances A,B„ A,Bj, A.^„ and A^j, so that 
those solutions which contain a common ion are 
isohydric. When this is the case we can, it is 
true, mix the isohydric solutions in all propor* 
tions; but if wo mix all four solutions tho simple 
law slated above evidently no more holds, and we 
nmst ask iu wlml proportion the mixture must 
bo made in*order ^hat no change in the state 
of dissociation should occur. Let a, 5, c, and d 
bo tho relative volumes of tho four solutions in 
which this occurs, and let a, y, and 5 bo tho 
undissociated quantities of tho four substaneos. 
We can roproRcnt tho dissociated quantities by 
ha, hb, he, and hd, since, in conacquenco of the 
assumption made, thcro must iu all cases bo 
ecpial concentration 04 tho ions. Tho oqua* 
tions of dissociation ef the solutions thus become 


a 

c 

or, a =* ^ 8 = hJiH. 

If wo supposo the four volumes to bo mixed, 
oowetjuations will make t])oir appearance which 

'(tt + 6 + c + d)» 


c:^ 





have the form —r-? 

a+o+c+a 

and which cun bo brought to the form 

aa f be) 

a+5+c+d * 

n + 6 H c f tf' ’ ’ 

The quantities a, 8, 7, and 8 aro to remain un- 
cliangcd, according to the assumption. Now, 
by dividing the corresponding equations by each 
other, the same equation follows from each pair 
ad ■» be, 

i.e, the volumes a, b, c, d of the four solutions 
must be such that tho products of the volumes 
of such pairs of solutions as contain no common 
ion must bo equal to each oilier. 

Now, tlio volumes a, 6, c, and d are propor¬ 
tional to tho active or dissociated portions of 
tho four substances present. Calling the total 
quantitioa of tho latter, p, p^, q, and g,, the 
values a, 6, c, and d aro proportional to w,p, * 
ni.p,, 7n^, and w,q,, and hence wo get from 
ad»bc the equilibrium formula 

This equation represonts not only Guldberg 
and Waage's formula for chemical equilibrium, 
but it also contains the extension, made by Ost- 
wald, that every co-efficient of the Guldberg and 
Waage equation, hipq ^ k.^p,q^, is made up of 
two factors each of which depends only on the 
nature of the ions. 

But the equation goes still further than this 
extension. In the theory of affinity the co-effi- 
cients m„ Ac. have been considered as con¬ 
stant to a first approximation. But from what ' 
has been said it follows that they are not con." 
stant; they depend on the state of dissociation . 
of the four substances, and are rather com-' 
plicated functions of the dissooiaiion-oonstantsi 
of the quantities, and of the total volume. Tha 
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vanons deviations from the simple laws which 
were brouj^bt to light by experiment find here 
their appropriate explanation. Thus it follows 
that in the case of slightly dissociated acids 
the degree of dissociation must be considerably 
lowered by the presence of the normal salts of 
these acids, wiiich salts arc themselves consider* 
ably dissociated. The corresponding fact* that 
such mixtures act much less strongly than the 
quantity of free acid present In them would do, 
was known long before theory explained it. 

Arrhenius has suhjecledehis investigations 
on t])o saponiiic.ation of ethyl acetate by means 
of ammonia in the presence of dilTcrent salts 
(Z. P. C. 1, 110) to an cxatninalion from the 
standpoint of these ncwly.establishcd ideas (ib, 
2, 289), and has everywhere found them to bo 
in complete agreement with experiment. He 
has also re-examined a great number of older 
investigations on conditions of chemical equili¬ 
brium in the light of his theory {io. 6, 1), and 
here also the discrepancies found when Con¬ 
sidered from the^)oint of view of the older theory 
have for the most part disappeared (v. also 
Z. P. C. 9, 487). 

Klectroimtive forces. Contact theory or 
chemical theory ? ‘ 

The laws of electromotive force, or of dif¬ 
ferences in potential produced on the contact of 
dilTerent substances, are not nearly so well known 
as those of electrical conductivity. It is true 
the knowledge of the phenomenon itself is as 
old as that of galvanic electricity, since Volta 
had already carried out the first approximate 
measurement of it, but up to the present day 
no agreement has been arrived at between the 
different investigators concerning even the chief 
phenomena. 

VoUa screwed a disc of 7ino coated with iso¬ 
lating varnish on to his slraw-elcctrometer; on 
the top of tins he placed a similar disc of copper, 
connected the two discs metallically, and after 
the connection had been broken he took off the 
copper disc by means of an insulating handle. 
The elcctromelcr then proved to be charged; 
examination showed that the straws were charged 
with positive electricity. 

This phenomenon indicates that the sub¬ 
stances used—that is zinc, copper, and the 
isolating coating—charge each other electrically 
‘On contact. Volta assumed that, of the three 
contacts, only the one between copper and zinc 
was olectromotively active; the contact between 
the metals and the isolating layer of resin was 
regarded by him as indifferent. Though neither 
then, nor up to the present day, has a proof of 
this assumption been brought forward, it has yet 
mot with fairly universal acceptance, and it often 
passes as a fact not to be doubted. 

On tlie further assumption, which certainly is 
Incorrect, that liquids also—such as water or 
BtUt solutions—show no differences of potential 
with the metals, Volta constructed his electric 
pile by supervising alternately two metals and 
a moist card disc. By this he expected an in¬ 
tensification of the electrical effects, since the 
electricity of the metal lying underneath was to 
communicate itself through the moist discs to 
Ihs one lying above, without any change, and so 

* A eomplcte dUeuision of this aaettlon by 0. LodM 
{» to be found In P. JT. la * ' 
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the effects of the Individual pairs of metals wen 
to be added together. Volta did, in fact, obtain 
the expected intensification- a proof that great 
discoveries may be made on the basis of quite 
false hypotheses. 

Fabbroni first refused to accept the assump¬ 
tion that the tension of the voltaic pile baa 
its seat only at the point of contact of the 
metals, and numerous other investigators have 
taken the same line. Faraday especially, whose 
work in electrochemistry ranks with the most 
important done in this subject, was an opponent 
of Volta’s view%. He attributed the production 
of the electric current solely to the chemical 
processes present, and transferred the cause of 
the production of electricity to the places at 
which these processes occur—*.«, the point of 
contact between the metals and the electrolytes. 

The contention thus aroused between the 
coatact tlieory and the chemical theory of the 
galvanic cell has lasted to the present day, and 
oven now it is not completely decided. But most 
of the discussions raised have certainly originated 
in the insufliciont lucidity with which the ques¬ 
tions have been stated. 

In so far as a galvanic current can be pro¬ 
duced only by using electrical energy, it can bo 
maintained, to begin with, that in order to cause 
a galvanic current there must be present a cor¬ 
responding source of energy. If other kinds of 
energy arc excluded, as is the case in an ordinary 
galvanic cell, it can further be said that chemical 
energy changes into electrical energy, and that, 
therefore, a theory of the electric ciirrents pro¬ 
duced by the voltaic cell must in any case be a 
chemical one. 

But to an electric current there appertain two 
factors: a quantity of electricity, and a difference 
of potential. The first is given by the law of 
Faraday. Since in electrolytes the motion of 
electricity lakes place only simultaneously with 
the motion of the ions, equivalent quantities of 
the different ions carrying equal quantities of 
electricity, a current in a galvanic ceU can 
again not bo produced without a corresponding 
chemical process. From this point of view, also, 
the theory must bo a chemical one. As regards 
the other factor of the current energy— i,e, the 
difference of potential—an unequivocal decision, 
as in the preceding cases, can certainly not be 
pronounced easily. The experiments on tliis sub¬ 
ject, taken alone, have proved that ail substances, 
when separated from each other after close con¬ 
tact, show themselves to be electrically charged. 
The smallest differences suffice for this. It has 
been long known, for instance, that black and 
white silk stockings which have been palled over 
each other are electrically charged after separa¬ 
tion. Even in such homogeneous materials as 
crystals of mica or caloite, the two porta obtained 
by cleavage of the layers are found to be in dif¬ 
ferent electrical conditions at the original point 
of contact. 

It is imperative, therefore, to accede to the 
proposition of the ‘ contact theory,’ in so far as 
to admit tbal a process occurs at the surface of 
contact when two enrfaces touch, in consequence 
of which the snrfaoes are at different potentiMt 
after separation. We do not knowi what the 
nature of this process is. EehnhoUi supposes 
the different substances to possess a different 
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•ttraoticnioreleotrieiiyi in oonseqnence of which 
there is brought about a separation of the eleo* 
trioity at the planes of contact; then when the 
bodies are separated they appear electrically 
charged. A dilHculty with respect to this theory 
is found in the electrical pbcnomooa attending 
the cleavage of crystals, where a difference in 
attraction seems excluded. 

In order that the ciiuilibrium of electricity 
may be changed when two bodies charge them* 
selves oppositely on contact, the expenditure of 
a certain quantity of energy ig#rcquircd. The 
source of this energy has to be sought in the 
change which the surfaces of tho bodies undergo 
owing to their mutual contact. 

In order that this dilTercnco of potential j 
may cause an electric current, two things are 
needed, firstly, tlio bodies touching must bo 
conductors, as otherwise the electricity cannot 
move; and secondly, a cause must be present 
which will maintain uncliung«;d t)io condition of I 
tho surfaces in contact, in consequence of which 
condition the arrangement of the electricity is 
changed; otherwise a charging motion of tl»o 
electricity could take place once only, but not a j 
continuous current. The current can be pro¬ 
duced by mechanical action, and then the 
phenomena of frictional electricity appear, or 
the renewal of tlie surfaces occurs by clieniical 
action, and we deal with galvanic cells. 

When considered from this point of view also, 
the chemical processes appear as the causes of 
galvanic currents, and a final theory of lbc^:o 
currents will doubtless be much more a * chemi¬ 
cal * than a ‘ contact ’ theory. | 

Qalvanic cells. Tlie simplest conditions for , 
examining the relations between chemical and 
electrical energy are found in the so-called con¬ 
stant galvanic t'c//s, of which the Dun^jll cell is 
a type. This cell consists of a copp<;v plate in a 
solution of copper sulphate, and a zinc plate 
in a solution of zinc sulpliate; both solutions 
are in contact with each other. Such agalvanio 
cell has an electromotive force of about 109 


number 213,600 (vol* x coulomb), we get 1*10 
volta for the electromotive force of the Daniell 
element, a number which agrees well with the 
observed value. 

This calculation w'aa first carried out by W. 
Thomson with the help of numbers due to Joule. 
From the agreement between observation and 
calculation, tho inference was drawn that the 
assumption made in this case—namely, that the 
chemical energy transforms itself completely into 
eloctrical eporgy—was universally correct. From 
this was doduccd^hc possibility of calculating, 
on the basis of thormochcmical data, the 
electromotive force of all constant elements, and 
further, tho elcclrdmotivo force of all elements 
in which tho chemical process is known. It 
was only necessary to multiply tho heat of tho 
reaction referred to one cq uivalcnl (not molecular 

wciflit) by 1’ “'*“*' = 0 00000211. It wouM also 

' ' 00540 • 

follJw lliat tlie electromotive ^orce ot all cells 
would be proportional to the heat of tho chemical 
reaction. 

This theory could not, however, be main¬ 
tained. On the one hand, theoretical doubts 
were raised, and that specially by Braun [W. B, 
188), against tho premisses that tJie chemical 
energy of tho galvanic cell was always com¬ 
pletely transformed into electrical energy; and, 
on the other hand, experience proved that as a 
rule the assumed proiiortionality between heat 
of reaction and elcctrom«)tivo force did not 
exist. Baoult (.4. 0/t. [ij 4, 392) dincovercd a 
number of cells, some of wliich produond less, 
and Bomo produced more, energy than corro- 
spouded to tlie heat of reaction of their ohemical 
changes; and at a later time it was proved— 
chiefly by F. Braun and Alder Wright [V. [6] 

19, 1), by moans of direct moasuremont -that 
only in rare cases do tlie chemical and electrical 
. energy exactly coiTespond to each other. 

! Tho simple theory must, thorefoni, bo aban¬ 
doned, and without assuming that the chemical 


volts, which does not change appreciably when 
the metals are connected by a conductor, and tho | 
galvanic current is thus allowed, to pass for a ^ 
longer or a shorter time. 

Tho chemical process in such an element is 
also of the simplest kind: zinc dissolves to zinc 
sulphate, wbilo copper is separated from the 
copper sulpiiato. Hence the same process takes 
place as when a piece of zinc is brought into 
a copper sulphate solution. 

The chemical energy which is available in 
this process can easily be measured by experi¬ 
ment; it proves to be 50,100 cal. for the 
reaction 

Zn + CuSO^Aq » Cu + ZnSO^Aq. 

Now, since (p. 180) the unit of electrical I 
energy, volt x coulomb, is equal to 0'2fk'd> cal., , 
this quantity of heat corresponds to 212,GOO , 
electrical onits. | 

Now, of the two factors making np the elec- : 
trical energy of the voltaic cell, one is given by 
Faraday*s law. One gram-equivalent of a metm 
carries (p. 180) 96,540 coulombs. Since copper 
and zinc ye mvalent, the above equation refers 
to 2 gram-equivalents; when, therefore, 65 g. of 
lino dissolve in the DanieU cell, 193,080 coul. 
an tran^iTede ^viding Uris value into the 


energy is wholly truusfunned into electrical 
energy, wo must seek to discover a relation 
between the two. Rucli a formula has been found 
by W. Gibbs and II. von Helmholtz (/i. B. 1882). 
The following statement is a simple wa;^ of 
dediKung this equation. Ijot tliere be given 
a galvanic coll whose heat of reaction calcu¬ 
lated for one equivalent is W. Let its electro¬ 
motive force at tho absolute temperature t be 
(. On raising the temperature by dr the 
electromotive force is changed by dt. 

Now let us carry out tho following cycle. The 
cell is healed from t to t + dr. Then let the 
quantity of electricity g, by m'.ans of which one 
equivalent of the reacting substance undergoes 
chemical decomposition, jiass through the cell, 
the clcclromolivo fore- remaining « + and 
the temperature being kept constant. Now let 
tlio ton)]}erature be brouglit to r and, the elecirO’ 
motive force being v, and the temperature being 
constant, let the same quantity of olcctricity g 
be passed through the clement in the opposite 
direction. Thereby the element returns exactly 
to its initio condition. 

According to the mechanical theory of heat, 
the portion of heat transformable into work, in 
a reversible cycle taking place in the temperatora* 
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interval dr, is — of the total qoantit; ol heat 

{»n>daced. Nonr, tho work is given by qdf, and 
the total heat which has been communicated to 
and taken from the coll is tq — W. If an electrio 
current alone were produced, the quantity of heat 
would be tq. But since a chemical process also 
takes place, which yields a portion of the heat 
—namely, the heat of reaction, W—it is only 
necessary to communicate the difference *q—\V* 
Wo have then the equation— « 
dr = qde 
T (fj;-W 


W 

The former equation was «= ; wo see, there* 

q 

loro, that a correcting term must bemadded, and 

that this term is dcponden’l on that ig, on 

the ohango of etcctroniotive force with change 

of temperature. In the case that -^--0, the 
d^ 

now equation is the same as the old one; in the 
Banicll cell the temporature co-cilicicnt is, in 
fact, nearly equal to zero, and thus it is explained 
that in this case the chemical energy is equal to 
the electrical energy. 

The equation lias been examined in many 
ways. At first it gave only partially correct 
results, and in some cases observation and cal¬ 
culation dilTored from each other. ThedilTerencos 
occurred, however, only in cells which contained 
mercury compounds, and the cause was the use 
of a wrong number for llio heats of formation 
of these compounds. When this error was cor¬ 
rected by Nernat {Z, P. C. 2,2.‘1) the discrepancies 
disappeared; and a very careful investigation 
by H. dahu (11^. 34, 755), in which the thermal 
and electrical quantities were measured simul¬ 
taneously, has fully conlirined the correctness of 
the Qibbs-llelmholtz formula. 

The formula has boon deduced primarily for 
constant galvanic cells, and when deducing it 
the conditions assumed have been expressed; 
the obemiool process resulting from the passage 
of the quantity of electricity q (which, however, 
can be as small as we wilt) must be reversible, 
by allowing the same quantity of electricity q to 
pass through the element in tho opposite direc¬ 
tion. Id order that a galvanic cell should fulfil 
this condition, it is generally rec^uisito that each 
metal should be surrounded by its corresponding 
salt. Therefore, when the salt is soluble, the 
metal must stand in a solution of tho salt. In 
the case of insoluble suits it generally sulDces to 
cover the metallic surfaco with tho solid salt; 
in this case, either the salt of another metal with 
tho same acid (which salt is not precipitated by 
tbq first metal), or the free acid itself, serves as 
the elcQtrolyte. 

The action in a Daniell cell is as follows. 
Individual atoms of tho metal pass from the zinc 
as positively charged ions into the solution of the 
sulphate. Since no free electricity can exist 
witnin the solution, the copper tons of the copper 
jinlphate must go to the copperplate, where 
they give op their ^sitive dectricity, passing 
ioto ordinary metalUo copper. Owing to this 


action, % motion of the positive electricity from 
the zinc to the copper t^es place in the solu* 
tion; on connecting both metals by a wire the 
current passes continnally through it, corre¬ 
sponding quantities of zinc and copper being 
dissolved, and precipitated, respectively. If the. 
cell is not closed, the zinc becomes charged nega¬ 
tively, owing to the exit of positive ions, and the 
copper positively, owing to their ontrance; and 
this goes on until the attraction of the zinc for 
tho- positive ions, and their repulsion by the 
copper, is so great that neither can zinc pass 
into solution nor can copper separate out. The 
capacity of the ions being enormous, this is 
brought about by even extremely small numbers 
of tlicm. 

Nernst, who has studied tlieso changes in 
detail {Z. 1*. C. 4, 12U), assigns to the metals 
which are in contact with electrolytes definite 
solUtionp}T.<isnres,l^Ht as volatile liquids or solids 
have delinite vapour i}rc3sure8. This pressure is 
the cause of zinc tending to pass into solution. 
The solution pressure of copper is very much 
smaller than that of zinc. Jlcnco when the 
Daniell cell is newly set up, both metals will at 
first send positive ions into tho solution. But, 
since no free electricity can exist in the interior 
of the solutioji, that metal which has tho greater 
pressure will maintain the preponderance; its 
ions will pass into solution, and, in order that no 
free electricity may accumulate in tho liquid, an 
equal nuinbor ot copper ions mustleavo the solu¬ 
tion, and be precipitated in the metallic state. 

Similar arguments hold for all rovcrsible 
elements. By their help, and with the help 
of tho theories of electrolytic solutions ex¬ 
pounded above, a great number of special cases 
referring to galvanic colts can bo deduced theo¬ 
retically, Tho results thus obtained have, on 
tho whole, been confirmed by experiment; but 
details cannot bo entered into here. 

Besides tho oonstant galvanic cells of the 
t}T)o just described, which are n-'vcrsible, there 
still exists a great number of cells which, though 
practically constant, are not reversible. The 
constancy of those cells rests on the fact that 
tho nature of tho surfaces in contact is not 
altered by theVhcmical processes. When metal 
dissolves at the surface of the zinc, and when 
metal deposits at the surf.ice of tho copper, tho 
nature of tho bounding surfaces is not thereby 
inllucnoed; this cell is also reversible, because 
on sending a current through in the opposite 
direction zinc is precipitated and copper dis¬ 
solved, but the surface again undergoes no 
alteration. 

Colls of the type of that of Grove, which 
consists of zinc in sulphuric acid and platinum 
in nitric acid, are also constant. On working this 
cell, zinc dissolves, expelling thq hydrogen ions 
from the sulphuric acid; tliese hydrogen ions 
go to the nitric acid, whose own hydrogen ions 
go to the platinum; at the moment when they 
give up their positive electricity them, and pass 
into ordinary hydrogen (which, however, is in 
the nascent state), they are oxidised by the 
nitric acid to water, and the platinom snrfaoe 
remains unaltered. But such elemerUs are not 
reveriibU. When an opposite oorrent is passed 
through tiie cell, since the platinum ions cannot 
pass into solotioD, tbs ions NO« of the nitiio 
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aeid nparato oat aI iho plo^nosit wbUe hydro¬ 
gen appears at the zino; both these actions 
ebange the condition of the bounding surfaces, 
and thereby simultaneously change iiie electro* 
motive force also. 

Finally, there still remains the large group 
of the non-constant cells. These are distin¬ 
guished by the fact that oven when the current 
passes through them in tlio direct way, the ions 
separated out produce an alteration in tho 
bounding surfaces, or in one of them at least. 
To those belongs Volta’s cell, which consists of 
zino and copper in salt water, :.*nd all tho other 
similar combinations. A type still in use is 
Smee'scell, which consists of zino and platinum 
in dilute sulphuric acid. On closing tiio circuit, 
zinc ions enter into the solution, expelling tho 
hydrogen, which gives up its electricity at tlic 
platinum, whereby it first combines with or 
dissolves in the metal, and when that is saturated 
escapes in the gaseous form. In consequence 
of tins, the surface of contact betweou the acid 
and tho platinum is altered, and tho electro, 
motive force also changes, until saturation with 
Ijydrogcn has taken place; after this point has 
been reached tho electromotive force of Smee’s 
cell remains practically constant. If tho cell is 
left with the circuit open, the hydrogen gradually 
disappears, partly througli ditlusion into the air, 
partly through combination with the free oxygen 
of tho air, induced by the catalytic action of tlie 
platinum. Thus, tlie cell again gradually resumes 
its original electromotive force. Such cells are, 
therefore, quite workable in cases where only 
small quantities of' electricity are required at 
long intervals. 

The seat of the elcctrowotive forces. Volta 
found that no galvanic pile, giving a current, 
could be produced from metals only. \Vh<m 
considered from the point of view outlie prin¬ 
ciples of energy, such behaviour follows neces¬ 
sarily, because, no continuous source of energy 
being present in a circuit of metals alone, no 
current can be produced. 

The cause of this may be of a two-fold 
nature. Either there exist no ditTercnccs of 
potential between metals, or these follow a deli* 
nite law, which involves that in a closed circuit 
these differences just neutralise each oilier. 
With Volta, we will assume the latter alter¬ 
native, of which the former is only a special 
case. If, then, we have several metals A, H, 
C. . « and if we call the differences in poten¬ 
tial between A and B, A and 0, B and 0, 
Ac., in succession (a-b), (a-c), {b-c) . . . 
the law is that we must always have 
(a-6)-l-(6-c)-i-(c-d)-i- . . . 

The difference of potential of a series of motaU 
depends only on tho nature of the first and tlie 
last metal, and not on the nature of the inter¬ 
vening metals. 

This result necessarily follows if the values 
a, 6, c . . . in the quantities Ac. aru 

considered as the potentials of tho individual 
metals referred to a zero value which must be 
fixed arbitrarily. For the zero value of potential 
wo generally use the potential of the earth, or, 
more correctly speaking, that of a large metallic 
mass w))^oh is in connection with the earth, as 
are, lor instance, iron water-pipes. It can, 
thmfion, be aasnmed that every metal con* 


neoied with the earth* assumes a definite 
value of potential which depends only on the 
nature of tho metal. These values of potential 
are the same for every nsotal, whether the dif¬ 
ferent metals are in contact with each other 
or not. • 

In order to measure these differences of po¬ 
tential, tho experiiitcnt of Volta mentioned before 
(p.2l2) has been improved upon, in that instead 
of a dividing layer of resin one of air is used; 
and, dating from tho time that It. Kohlrausch (P. 
75, S.S) thias carried out tho first experiments, a 
groat deal of simnar work has been dune.' But 
in this case also wo are dealing, not with one, 
but with three separating surfaces—namely, 
copper-zinc, ziim-air, air-copper, and only when 
wo make tlio assumption that the differences 
of potential at the last two surfaces are zero, 
are wo enabled to judge from tho iiieasurcmonts 
of tho tot.il differ*'nco of p<iLQiUial as to the 
dilh'rence o'itwi im ^he metals. 

^'lie legitimacy of this assumption has formed 
the subject of much discussioi^ Considering tliO 
universality of differences in potential between 
heterogeneous substances, tlio absence of a dif¬ 
ference between metal and air would bo very 
strange, and wo arc quite entitled to demand a 
proof of it from tho champions of this view. But, 
en tho contrary, it scorns as if tlio following fact 
prove<l tin* existence of such differoncoa of poten¬ 
tial. All tho investigators wlio liavo undertaken 
such measurements com])liiiu of the extraor¬ 
dinary inconstancy in tho differences of potential 
observed. On placing two freslily-oloanod plates 
opposite to eacii otiior an*! measuring tboir 
dilToronco, one is sure to find different values 
after a little time. If tlie surfaces are again 
clcMncd, the original values approximately recur. 
Therefore, it is not the point of contact of the two 
metals (besidt s, this can be made unalterable by 
soldering), but their surfaces with respect to air, 
which are tho scat of tho changes. Ijct us now 
assume that at a definite moment tho difference 
of potential of both plates towards air is equal 
to zero; since another value is observed niter 
some lime, thedifferenccofpolential of the metals 
towards air cannot now be zero, t.c. between 
metals and air there exist differences of potential. 
How great these are cannot as yet be determined. 
There is nothing against tho assumption that 
these make up the greatest part of the apparent 
differences of potential between the metals 
(measured in air). It is true an attempt has been 
made to eliminate the influence of the air by 
making tho experiment in vacuo. But since we 
have learned by observation of the electrical 
phenomena in vacuum tubes, how dilHcuU— 
how impossible, even-it Is to withdraw from * 
substance tho last remnants of air condensed on 
it and in it, these experiments cannot be looked 
upon as affording any conclusive proof. 

Other methods ior solving the difiiooltlcs 
must be sought. Unfortunately, there does not 
exist a single process quite free from objedtlon. 
The following consideration still appears to be 
the best 

When a given quantity of electricity f is 
brought from a potential A to a higher potential 
A -I- a, a quantity of work a q is required. Therfr 
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fore, when we lead a current through two metals 
which touch in one place, and which there exhibit 
a difference of potential a, an absorption or a pro¬ 
duction of energy will^ccur at the place of con¬ 
tact, according to the direction of the current; 
and, if there is no other source of energy, this 
energy-change will he produced from, or will be 
added to, the heat whicli is present, as the case 
may be. In the case of metals such a pheno¬ 
menon is actually known; it is the otTect dis¬ 
covered by reltier {A. Ch. 5C, 371 [1834]). If 
the strength of the current, i|pd th9 total heat 
produced, are measured, tlic corresponding dif¬ 
ference of potential can be calculated. Such 
experiments have been made by Lo Uoux, and 
again quite recently, with great accuracy, by 
H, Jahn {W. 34, 755), and the results have 
shown the values to be very small; they are 
mostly only a few tiiousandths of a volt. 

It is true wo must not pass over in silence 
the following objection niad(taganist*iho validity 
of this argunjent. Since we know nothiiig iJoti- 
niteoonccrniiig tl^e nature of llic electric current, 
the possibility is not excluded that it may be | 
connected with movements of energy of other i 
kinds. It has been especially assumed as pro- I 
bable by several authors that, siinultancoiisly | 
with the electric current, a heat-current flows j 
through the conductor. If so, clie qmuitity of ! 
heat flowing with the unit quantity of electricity | 
might be different in diifcrent conductors; and | 
at tho point of contact of the metals, in addition ' 
to the thermal exchange resulting from the dif- ] 
ference of potential, there might occur a further | 
exchange of heat resulting from the dilTercnco 
in tho ‘ thermal capacity of electricity.’ Since 
these two quantities need not have a necessary ; 
connection, it would not be permissible to draw 
any conclusion from tho Peltier cfToct—that is, ' 
from the sum of two independent effects as to 
tho magnitudo of tho difference of potential. ' 

Without attempting to decide this difficult 
question bore, 1 should like to draw attention lo 
a circumstance which makes it probable that tho 
second effect, if present at all (which so far has 
not been proved), must probably bo of the same 
order of magnitude as the difference of potential 
corresponding to tho Peltier effect. According 
to the second law of tho mochaiiical theory of 
heat, the carrying of a dellnite quantity of lioat 
Q from a lower to a higher temperature involves 

work which is given by qTlIJI*, If, therefore, 

we pass an electric current through a wire whose 
temperature varies, it follows that, if heat is 
carried with tho current, in places of rising tem¬ 
perature a corresponding quantity of work must 
be expended, i.e, an opposing electromotive 
force must there assert itself. Indications of 
such a force ap])ear to manifest themselves in 
the eo-callcd Tliomson effect (supposing that 
this effect does not find its explanation in 
differently heated portions of one metal having 
differences of potential to each other), but in 
any ease the quantities of work, or tlie differences 
of potential, indicated by this phenomenon are 
extremely small (of the same or of a smaller 
order of magnitude as those corresponding to 
the Peltier effects), so that the assumption of an 
e^reciable carrying of heat by means of eleo- 


tricity (for which, at any rate, we lack the powdr 
of forming a conception) seems excluded. 

From this it is evident that though nothing 
quite certain is known concerning the differences 
of potential between different metals, yet pre¬ 
ponderating reasons favour the assumption that 
such a thing does exist, but that its magnitude 
does not exceed a few thousandths of a volt, and 
particularly that it does not attain the order of 
magnitude of 1 volt. Hut, varying slightly with 
tho nature of the metals, such a value has been 
observed by means of the air-condenser method. 

As regards 'differences of potential between 
various electrolytes, such differences certainly 
do exist. This can ho inferred from the fact 
that there exist ‘ liquid chains,’ i.e. combinations 
of different liquids, which produce an electric 
current. If, for instance, we put into a series of 
beakers water, concentrated hydrochloric acid, 
coiq'-ontratcd soda solution, and water, and if we 
connect these by small syphons or by moist 
tlireads, then tho two quantities of water at tho 
ends exhibit a difference of potential which may 
attain to 0-5 volt. 

In such liquid chains we have always to deal 
with three distinct differences of potential at 
least; designating the throe liquids named above 
by A, B, and C, thero exist in the chain the 
differences of potential {n-b), (6—c), and (o—a), 
whoso sum is observed. There is no combina¬ 
tion of tho liquids by which we could succeed in 
obtaining as many independent observations as 
there aro differences of ptdential, so that it is 
inipossihlo to determine by measurements on 
liquid chains onlytlic individual differences of 
potential. 

Tills determination has, however, been 
achieved irv another way. Since in electrolytes 
tho electricity moves only with the ions, differ¬ 
ences in potential between two liquids in contact 
can only bo produced if tho dilhuent positive 
and negative ions distribute theinselvos un¬ 
equally. A cause for such an inequality lies in 
the different velocities of migration of tho ions 
(p. 92}, and, in an extensive investigation, W. 

; Nernst has shown {Z. P. G, 4, 120) how thereby 
i th(3 actually observed differences of potential 
■ can 1)0 theoretically calculated in a great number 
of cases. Tho fundamental idea of these calcu¬ 
lations is tho following. AVhen any solution is 
brought into contact with pure water, forces 
make themselves apparent at the surface of sepa¬ 
ration, which forces can bo calculated by van’t 
Hoff’s theory (pp. 184-5); for ‘ normal ’ solutions 
(which contain one gram-molecular weight per 
litre) they arc o<pml to the pressure of about 
22 atmosplieros, and they are proportional to 
the qlmntity of substance in the solution. 
Owing to the osmotic pressure, the molecules 
of the substance are forced into the water. The 
j velocity of their motion is determined by the 
I resistance which they encounter, and this de¬ 
pends on their form as well as on the nature of 
’the solvent. 

This statement contains a physical theory 
of hydro-diffusion (Nernst, Z. P, C. 2, 613), and 
. from it the law of Kick follows directly, that the 
I velocity of diffusion at any point is proportional 
' to the change in concentration at thxl point. 
From this we see at once how a separation moirt 
ooour in the diffuamn of dissolve aobstanoes^ 



SLSCTEICAX UETHOBa 9li 


because those molecules whleh are endowed 
with greater mobility or suffer less friction out* 
strip the slower ones. The same laws hold for 
each kind of molecules, only the constants are 
different. 

These arguments can only be applied im¬ 
mediately to electrolytes in solution if both ions 
have equal rates of motion. Tliis condition is 
very nearly fulfilled in the case of pobisslum 
chloride, and this substance conforms, therefore, 
to the simple law of diffusion. 

It is now possible, in the cas^ of electrolytes, 
to determine the resistances which the ions en¬ 
counter, as well ns to measure the impelling 
forces. If the ions are moved past each other 
by electrical toxcGS of separation, they encounter 
eiuctly the same resistance, and since in the 
electrical conductivity wo have a measure of Uie 
velocity of the corrtispomling motion of the ions, 
it is possible, as first shown by F. Kohlruu.^ch 
(IK. C, ICO), to calculate the magnitude of tho 
resistances from a knowledge of tho impelling 
.force and of tho velocity attained. On intro¬ 
ducing this resistance (which,owing to the small¬ 
ness of the molecules, is enormously great) into 
the e(piation for the velocity of dittusion, indi¬ 
cated above, Xernst lias found (f.c.) that tho 
volocUies of diffusion agree very well with tho 
results of en)erinunt. 

In the ca.-ic of electrolytes whose Ions do not 
migrate with equal velocities the phenomena 
become much more complicated. If, for in- [ 
stance, we imagine hydrochloric acid, in which • 
tho hydrogen ion travels about six times 
more quickly than tiie chlorine ion, to be 
brought into conla<!t with water, tlie quicker 
hydrogen atoms will, to start with, pass into 
water, and tlie chlorine atoms will remain be¬ 
hind. JJut since the hydrogen atoms are charged 
with positive cdcctrioity, the water wPll become 
positively electrified, while the acid, owing to 
the preponderance of chlorine atoms, becomes 
charged negatively. But the further exit of 
liydrogcn atoms is thus rendered more difficult, 
owing to the clectvo-slatic effect, while from a 
similar cause the chlorine atoms arc subject in 
addition to the osmotic pressure, and also to an 
electric impelling force, and are thus driven into 
the water. The consequence is that both ions 
inlluence each other’s velocity until they again 
migrate at eqnal rates. 

At tlie same time, wo see that every eloutra- 
lytio Bolution whose ions travel with uncJinal 
velocities on contact with water—or, speaking 
more generally, on contact with a solution of 
different concentration—at once acts as the 
cause of difference of potential, and also that i 
the more dilute solution will always assume the 
sign of the ion which has the greater migration 
velocity. The exact expression which has been 
deduced by Nemst (2.c. p. 138) is 

.,-.,=00000360 T 

u + v p. 

Where Si-ts is the difference of potential (in 
volts) of two solutions in which the osmotic 
pressures of the (positive as well as negative) 
tons are p, and p,; u is the velocity of thepositive, 

9 tiial of the negative, ion; r is the absolute 
tempentaze, while log, itandi lor the natural 
logarithm. 


We see that for the electromotive force 
becomes zero, and it becomes tiie greater the 
greater the difference between the migration- 
velocities of the two ions.* Further, we see that 
as regards the electromotive force, only the ratio 

^ of the two pressures, and not their absolute 
‘Pi 

I values, enters into consideration. By increasing 
' the concentration n times in both solutions, the 
I difference of potential does not change. If one 
of the sulfltions ^ pure water, we get 9 s »0, 
and tho electromotive force becomes influitely 
great. Since ‘ pure water ’ in this sense does 
not exist, such values cannot ooine under our 
^ observation. But yet we see that liquid chains 
! with ' water ’ can give very different values 
; according to the degree of purity of this liquid. 

The preceding formula is tho fundamental 
expression for all kinds of liipiiJ chains, since 
in the. conu>ination#oC any solutions the corre- 
spoadiiq; differences of potential are superposed. 
It would take ua too far affoldvto enter into the 
: different eases; in tho memoir of Nornst, a 
number of cases are discussed theoretically as 
well as experimentally. But on the whole it may 
be concluded that tho dilTorcncea in potential 
appanml on contact of approximately equally 
concentrated solutions of the most varied kind, 
vary within fairly .small limits, which probably 
do not surpass 0‘01 volt. 

Now, since wo cannot suppose that differences 
of pottmtial of tho order of magnitude of thoso 
, observed in galvanic colls exist either between 
' metals alone, or (dcctrolyles alone, we are obliged 
: to regard the surfaces of contact between tlie 
I metals and the electrolytes as tho real scat of 
the electromotive forces. This result quite 
corresponds with what was to be expected from 
the relations between the clieinicul and electrical 
energies. This is so because tlioso surfaces of 
contact are tho only scat of the processes by 
, which energy becomea available in the chains, 

‘ i.c. they are tho result of the chemical changes. 

. Since, on tho one hand, tho cause of the gal* 

; vanto current of the chains has to be sought in 
tho transformation of chemical into electrical 
energy, and since, on tho otlier hand, a galvanic 
current can be produced only when a difference 
of potential exists, it does not seem very logical 
I to wish to separate in space, and in their nature, 
the more approximate and tho less approximate 
causes of the same phenomenon, as is done in 
the a.ssumption that tho difference of potential 
is to be sought at the surface of contact of the 
metals. 

The question now arises again, whether some 
means does not exist for directly measuring the 
differenoesofpotentialbetwecnmetaisand electro¬ 
lytes. The answer is that up to tho present only 
one such means is knnwn. A second independent 
way for arriving at these numbers does not fti 
yet exist, and hence it has hitherto been im¬ 
possible to pnt to the proof the results obtained 
by that method. 

The method in question is based on the 
phenomena exhibited by mercury surfaces when 
m contact with electrolytes. Bippmann {P. 149, 
561; A. Ch. [5] 6,494) has shown tiiat there it 
a olose connection between the condition of the 
surface of meicoiy tooohing an electrolyte and 
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ih« eleotrioal stale of (he system. If, for in¬ 
stance, mercury is covered with dilute sulphuric 
acid, and the surface of contact between the two 
is then increased, a galvanic current is produced, 
becauseihe mercuiy becomes less positive on ex* 
pansion. This can bo observed most easily by 
blowing mercury to drop out of a funnel with a ! 
small orifice immersed in dilute sulphuric acid. 
On connecting the mercury in the funnel and that 
collected below the sulphuric acid by means of a 
galvanometer, a current passes from the lower 
mercury to tlie higher; in t^e sulphuric acid 
the reverse occurs. 

This phenomenon is reciprocal. On leading 
a current through the surface of contact between 
mercury and suipliuric acid the surface tends 
to diminish or to increase, according to the 
direction of the current—i.e. the capillary ten¬ 
sion at this point cliungos. As is always tho 
case, both phenomena are in such a relation 
that they oppose each othear-t.e. wl^cn the sur¬ 
face is made larger tho current has the direction 
such that if it »lon6 were active it would tend 
to make the surface smaller, and vice versd. 

Helmholtz {W. IG, 35 [1882]) has given a 
theory of these phenomena which is based on the 
following considerations. When a metal and an 
electrolyte are in contact, they generally possess 
a varying difference of potential. Owing to this 
ciroumstance, the opposite electricities must ac¬ 
cumulate on both sides of the bounding sur¬ 
faces, since they arc prevoutod from combining 
by tho cause which produces the dilTcrcnce of 
potential (and which, without making a dotinito 
assumption, can be designated as a different 
attraction of tho substances for tho electricity). 
Tho result is the formation of an ‘ electric 
double layer,’ which will exhibit a similar 
arrangement to the charge of a Franklin plate. 

But such a double layer will liave tho pro¬ 
perty of tending to increase its surface as much as 
possible, since tho similarly electrified particles 
present at each side repulse each other, and 
therefore tend to slretcli tho surface. Hence 
the development of such a doable layer Will act 
in opposition to the surface tension, wliich seeks 
to decrease the surface, and the actually ob¬ 
served surface tension is the dill'crcnce between 
the real tension and tlio electric force. 

When a surface so constituted is made 
larger, the electric layers are tiiercby extended, 
and their dilforonce of potential decrea!^es. 
But since, as is known from experience, a con¬ 
stant difference of potential is always formed at 
the boundary, which difference of potential 
does not depend on the size of tho surface of 
contact, electricity will flow from the mercury 
as well as from (he electrolyte to replace the 
loss, and in tins way the current is produced. 

If, on the other hand, the difference of poten¬ 
tial of the eleotric double layer is changed, the 
surface tension must change also. It must get 
smaller when the diilerenco of potential is m^e 
larger, and larger when it is made smaller. 

By leading electric currents of varying eleo- 
txomotive force through a system consisting of 
two masses of mercury in sulphniio acid—one 
of which had a very small, the other a very 
large, surface of contact with the acid—Lipp- 
pann was able to follow the change of surface ten- 
iioa at the small bounding sorfaM which aooom- 
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panied the change In the difference of potentia! 
at that surface. Because, since the cnange in 
the difference of potential between a metal and 
an electrolyte is proportional to the density of 
the current (current strength divided by the 
cross-section), the resulting difference of poten- 
! tial practically restricted itself to the small 
bounding surfaco, which was surpassed in ex¬ 
tension some thousand times by tho largo one. 
It was found that when tho mercury of the small 
surface was connected with the positive polo of 
tho extenial cell; the surfaco tension decreased. 
On tho other hand, when negative electromotive 
forces acted, tho surfaco tension increased until 
the external force was 9‘9 to 1*0 voU; beyond 
that it again decreased. 

In accordance with Helmholtz’s theory, we 
must infer from this that tho dlircrenco of 
potential between mercury and sulphuric acid 
is of such a kind that the former hccomcs 
charged positively—t.e. that the positive elec¬ 
tricity of the double layer is on tho sido of tho 
mercury, and the negative electricity is on the^ 
sido of the electrolyte. If tho difference of po 
tential is increased by addition of positive eleo 
tricity to tho mercury, the electric repulsion 
increases, and therefore tho surface tension 
decreases. If, however, negative electricity is 
added, tho charge of tlie double la^wr decreases 
and the surface tension increases. On making 
the successive additions of negative electricity 
larger and larger, the difference of potential of 
the double layer eventually becomes zero; the 
surface tension has reached its greatest value, 
and, beyond this, a new double layer of opposite 
sign is produced. WJien this state is reached, 
the surface tension must again decrease. 

According to tho experiments of Lippmann, 
tho maximum of surface tension is reached 
whoa the'extcrnal electromotive force is 0-9 to 
I'O volt. Then no more double layer is present 
at tho small surface of tho mercury, and the 
metal and electrolyte havo the same potential. 
Since this condition is separated from the ordi¬ 
nary one by about 0-9 volt, it follows that the 
usual difference of potential between dilute sul¬ 
phuric acid and mercuri/ is 0-9 volt. 

This result is confirmed by the following ex¬ 
periment of Pellat (C. It. 104,1099). When the 
surface of contact between mercury and sul- 
phurio acid is uicrcascd, a motion of eleotricity 
is produced, owing, as has been mentioned 
above, to the stretching of the double layer. 
But this must disappear when, by the uso of a 
difference of potential of about 1‘0 volt, the 
double layer has been made to disappear; and, 
in fact, under these conditions, Pellat, on 
changing the surface, could observe no current. 

Another confirmation can bo obtained in the 
following manner. When mercury is dropped 
very quickly out of a fine point into an electro¬ 
lyte, it must, after a short time, as Helmholta 
has shown, assume the potential of the latter 
(W. 16, 35), because if, for instance, the mer¬ 
cury were at the beginning positive, every fall¬ 
ing drop would form a double layer at its sur¬ 
face, wliich would take positive eleotricity out 
of the mercury, and whi(m wonld make its posi¬ 
tive potential smaller ' and smaller till it became 
equal to that of the liquid. 

Bat it ii to be remembered thi^ tiie meiooiy 
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ta eonUot with solphttno acid spontaneonsly 
becomes positively charged; everything will de^ 

J end, therefore, on allowing the formation of 
ropa to take place as quickly aa possible, in 
order that the discharge may preponderate over 
the charge. Experiments by W.Ostwald (Z. P. C. 
1, 583 [1887]) have shown that the discharge 
can be achieved to a great extent, but not com¬ 
pletely; there still remain over, even with the 
best dropping electrodes which have yet been 
made, di&oTonces of some hundredths of a volt. 
But within these limits the experiment confirms 
the conclusion which Helmholtz had drawn - 
the difference of potential between the drop¬ 
ping electrode and tlio mercury at rest in sul¬ 
phuric acid amounts in 'normal* sulphuric 
acid solution to 0*81 volt, while tlic maximum 
of surface tension (lluit is, the true difference of 
potential) lies at 0-8ii volt. 

Finally, another inference, which rausi. bo 
drawn from the theory of Helmholtz, has been 
confirmed by the same author, if the maxi¬ 
mum of the surface tension of mercury, as 
obtainable by means of suitable olectrotuolivo 
forces, actually is the real surface tension of 
mercury in contact with aqueous liquids, free 
from auxiliary effects, then it must have the 
same value wiiatevor bo the nature of the elec¬ 
trolyte, white experience siiows that tlio natural 
surface tension ch.anges considerably with tlio 
nature of the electrolyte. This also was con- 
firmed; while (ho natural surface tension in 
different sulutioiis varied between 48.5 and oiU, 
the maximum values were 010 to 0-14, and were, 
therefore, practiiially constant. 

All these facts speak for the correctness of 
Helmholtz’s theory of the electric double layers, 
and leave us, thcrefuro, with tlic final conclusion 
that the electromotive force require^ for pro¬ 
ducing the maximum of surface tension of mer¬ 
cury in contact with an electrolyte is eipial to 
the ordinary difference of potential at this 
bounding surface (but with inverted sign). But 
it must be agtiin emphusised that this is the 
only group of phenomena from which the values 
considered can be deduced. An examination of 
Uie results by means of another entirely inde¬ 
pendent method has not yet been feasible. 

If, now, the difference of potential between 
mercury and sulphuric acid is known, the differ¬ 
ence of potential between all other metals and 
luiphuric acid can bo measured by experiments 
which are easily carried out. For this purpose 
the elcclromotivo force of the combination mer¬ 
cury, sulphuric acid, and metal alone need be 
mcasurea; this is the sum of the differences of 
potential of mercury-sulphuric acid and sulphurio 
iaoid-mctal, and since the first of these is known 
the other follows by difference. But here it is 
supposed that no appreciable difference of poten¬ 
tial exists between the metals. Again, if the dif¬ 
ference of potential between mercury and any 
other electrolyte is determined, either by the 
maximum surface tension or by means of the 
mercury-dropping electrode, the difference of 
potential of these electrolytes against any other 
metals can also be determined. In this manner, 
tberefc^, the whole subject of the differences of 
poteoUal between metals and electrolytes has 
Seen made amenable to measurement 

But Urn traf t wert l y aMuniimne&ti of this 


kind have as yet been made; *{o the following 
table soma numbers are given 
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Zn . 

- 0-54 

- 0-40 

- 0-30 

-062 

Cd . . 

- 0-21 

-018 

-008 

- 0-22 

Sn , , 

+ 002 

H 0-12 

+ 0-28 

-002 

Pb . 

-I- 0*03 

+ 010 

+ 0-20 

-004 

Cu . 

+ o :!5 

+ 0:)5 

+ 0-30 

+ 0-46 

Hi . 

+ 0-41 

+ 017 

+ 0(10 

+ 0-46 

sb . : 

+ 0*1 

+ 01)0 

+ 0-54 

+ 0-48 

Ag . 

+ 0 - C 7 

+ 0-51 

+ 04 S 

+ 0-73 

Hg . . 

+ 0-57 

+ 0-50 

+ 0-44 

+ 0-86 


The values refer to ‘normal* poluliona of the 
clcclroiyt( s mentioned, and indicate the potential 
of the metal when that of the electrolyte is put 
equal to zero, 

Wc scejhat those metals which dissolve in 
the acids become flogativo; the others become 
positive. Tho values are also in very nearly 
the same order as the corret^mnding heats of 
reaction, but, as a calculation shows, they are not 
proportional. The nature of the cloetrolyte has 
generally a smaller influcnco than that of tho 
metal, but there arc cases whore the reverse is 
true. 

It should be mentioned that nearly the same 
numbers are obtained when salts of the acids, 
w'ith metals which are not precipitated by the 
metal under examination, are uscid instead of 
tho acids themselves. The difference of poten¬ 
tial between the metal and the cloctrolyto de¬ 
pends, therefore, chioffy on tho negative ion of 
tho latter. From the numbers in our possession 
it is seen, for instance, that in the Danicll cell, • 
whose difference of potential is 1'08 to 1*10 volt, 
the greater part of this (0*02 volt) is present 
at tho bounding surface between zinC and ziuo 
sulphate, and tho smaller part at the surface 
(0 4(l volt) between copper and copper sulphate. 

No further conclusions of more general in¬ 
terest have as yet been drawn from these num- 
bers. 

Ga/ni;uc polarisation. When two metal 
plates arc introduced into an electrolytic liquid 
and a galvanic current is made to pass through the 
electrolyte by means of the plates, these plates 
generally become the scat of a new electro¬ 
motive force which acta in opi>osiUon to the 
current already active. This phenomenon is 
called galvanic polarisation, and it may be per¬ 
ceived by connecting the plates with a galvauo- 
meter immediately after breaking the primary 
current. 

The cause of this phenomenon is to be found 
in tho change which is produced by the current 
at the boundary surface between the metal and 
the electrolyte. There the ions of the electrolyte 
separate out, and r-ause changes of the most 
manifold kind. 

The simplest case occurs when the metal 
plates are rarrounded by the solution of a tali 
which contains the same metal, for snob a 
system scarcely exhibits the phenomenon of 
polarisation at all; such electrodes are *un- 
polarisable.’ The reason is that in this case the 
changes occurring at the electrodes do not 
change the condition of the bounding sturfacea. 

II, tor instance, we have xine in tine anlphata. 
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“Pa/ated out at the cathode, and this 
present without ohan- 
then semrates out, which 

then dissolves zinc and foriS zinc sulphate 

bMom«^ sulphate solution 

becomes more concentrated at the anode, and 

brobtrfl^ “ 1 ®'““ ' ooncentration-current can 
be observed, whose electromotive force is, how¬ 
ever, very inconsiderable. 

unpolarisable electrodes 
differs from all similar combinations in that it 
allows any, even the smaller,*, current to ni.s 

tW-f ‘lo “ottc 

“®‘ance, two plntimim plates are 
placed m dilute sulphuric acid, and a current 
of small electromotive force-say, 0-1 volt— is 

mKha?a?T’t"“ by'^t'- Xurn 

Saco button “ electricity takes 

It IS a phenomenon such as a condenser exhibits 
on being charged, with thi8e.difference that tli« 
capacity of such electrolytic 000 “;. ap^m 

tive force, a corresponding ouantity of elcotricitv 

Xrvs'enters'‘l7“^‘"' comlcnse^ 

always enters, but no permanent current is nro 

KOTe than 2‘volt"'7''°”’°‘‘"“ ^®''®® 

more tnan 2 volt; then a more copious passage 

suddenly takes place, and^simul- 

• arrte:".' hydrogen appear 

We must, therefore, represent the pheno¬ 
menon to ourselves in the following way^ Be- 
ween the electrolyte and the platinu7pla7s 

PotentraY^and'"'^'"''”^ ®°™® °'’® ‘’‘fforeica of 
fnJ^ tn ’ i*" ®°“soipience the double layers 

Z to sYf Now. on allowing the electromotive 
force to act, on the one side the difference of 

fhoYthei iooreased, on 

the other it is diminished. The oorrespondin.r 
process to this is the condensing charge. On 
increasing the difference of potential, there is a 
moment at which the condenser no more iso- 
‘ *® “’‘^oonce of the electro static 
effects ; a passage of electricity from the metal 

tnf*p«®d°"® “'O'"'®- corresponding 

to the disruptive discharge of the condenlir, and 
the ions, deprived of their electric charges 
separate out. When sulphuric acid is the elec- 
trolyte, the 10 ns are 11, and SO, ; the latter 
substance is not stable, and reacts with thl 

Zflltf®®®"* ‘® ^®''“ ®">Ph'”>cacid and oxygen, 
the latter escaping m tJio gaseous state. 

tial "’® ®®®.N"‘* “ difference of poten- 

1 ®”**.® ““^nitude must exist when the 

eleotrioity 18 to leave an ion in order to travel 
to a metal; until this difference of potential is 
reached, the system acts at the electrode like 
an isolator. But why does this not occur with 
®l«o‘rodoB ? The answer to tlhs 
*°**°"^s ‘he consideration of the 
E ft these electrodes. Let ul 

nfYeaffY^® Y"® ’’ ®*®® “ ®“lphate, and let 
®'®e‘wo'‘y into one plate. This 
alectr city can at once enter into tL solnti^ 
by using as its vehicle a correspondiL numbe; 

"‘th it as positively 
oharpd zino ions. At the other zinc plate an 

fil"® ‘°“® ““ ‘^®® deposit at 
once, and since there exists no difference of 
potential between zinc and zinc these oan at 


f once deliver up their eleetrioity. Here, there- 

lUs not r“®® ®“®‘® condensing eff^tt 

iLl J- l’ ^7®''®*'- if no difference of poten- 
t al existed between the metals and them solu- 
hoS differences, in fact, are present, and 
hence also corresponding double ^lavera an> 

ButTb ’ c* ®n® ®‘de are made up of ions 
But these do not act as condensers, free oZ-' 
munication of their ions between the metal and 
the diffe™ ^‘® P°®®ihle, and consequently 
CM nafn®f°^ in<l®P®ndent7 the 

itZli M ‘''‘‘°®‘,‘®®N unaltered value. 

pobfrZwa Yf cluetrodes and those 

poninsable at both sides, there still exist com 

"’,'i'*®^‘ polarisation occurs only Yt 

iTace YoY iY®f® ^ -‘’u® ®®‘''°‘’®- This t^es 

place, for instance, with copper plates in dilntA 

SmthY f®’'’' «'® ®®‘hode."wYe" the Z ! 

tromotue force is suliicient, hydrogen separates 
out, just as It does at a platinuZ plate Ytut at 

I'fori edYv “tl, sulphate 

IS lornit. by the ion .SO, acting on the Conner— 

eWiY Yi r‘ f.’ ®‘''®® *" 'is stead positive 
nZe •° ceppe comes out of the plate, 

fionce, no polarisation occurs here. ^ 

Prom what has been said an explanation 

nl ipro”^ “® ®“"®® °i ‘h® polarisation^currLt, 
nhich occurs after breaking the primarv current 

tion ‘hcoppoJitodirec. 

I iVZr ^ ’’‘■'ci- i''® discharge of the elcY 

in dpta'?°"' ®®®®'''ii Toobing at the process more 
I o ®‘a I, wo see hat when the charge in the 
double layers 13 formed, the electricity led in 

of tlTYimosite ‘^‘ 1 ® ®/®®‘''?'^®'‘’- C'P'ai quantities 
tne opposite electricities havin- collected 
from the electrolyte on the electrodes'’—the elco 
ricity being, of course, bound to the ions On 

' trmle^s ®“"®"‘ broken, and the eleo“ 

I Y 5 ® ®0'wected with each other the 

j elcctncities present in these neutralise each 
other and the ions, which are no longer fixed 

j TUs uYts^Ynt®!®,?^ ‘he current in the electrolyte! 
lY,-, i * ‘‘ ‘ m original condition of equili- 

. biitiin has re-establislied itself. ^ 

I In accordance with what has been said the 
, “ ®“surement of galvanic polarisation refers 

I “ssume, or to tho value of the difference of 
, P0‘en‘'al at which the double layer condense 
j no moie isolates.' The measurement of this 
I quantity is somewhat difficult; because, when 

' ®’‘P®ri“®n‘ i^dirated 

■ 1111 tn dY ®’ "^^®? .*®®''®asing the primary current 
, up to decomposition, interrupting it, and after 
I wards connecting the electrodes with an electrY 

I nYYfd '^® “i®®'"''® (iu consequence of the 
I secondary effects) the electromotive force of 
polarisation decreases very rapidly. We are 
®';"® w‘'®‘l^®Z considerable por-’ 
i fn ?», Y ‘® P°’®"l®‘‘°u ''as not already beenS 

mei!t bZ 7/’'®^ ®’“'’®®® ''®'°''® “'®^ mcasuro- 
‘ ‘ ® ®*'®‘® ® “®s”s of obtaining 

mfomation ooncerning the magnitude of the 

ZrYe7ou7°7; ‘^® connections is 

vZes a? firY ® “°/® increasing 

values at first are observed. But these apqiroaoh 


I ">«aohed. •haTi 

! Of electrolytic oonv'SC 
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to ft mftximtus, ond when th# nombor ol oorrent 
reversals reaches about 100 per second a farther 
rise in the velocity no longer produces an in¬ 
crease, as was found by Baoult M. Ch. [4] 2, 
826), and the value observed under these con¬ 
ditions may be regarded as the correct one. 

Other methods are based on making mea¬ 
surements of current strengths and resistances 
in the primary circuit, and qh calculating from 
this the electromotive force of polarisation. 
These become uncertain by the fact that, owing 
to the processes occurring at the electrodes, the 
resistance of the cell undergoes variations during 
the passage of the current, which variations can¬ 
not be determined. Finally, wo can use elec¬ 
trometric methods, by measuring the diffenmee 
of potential between the electrode tobcpolarisid 
and an auxiliary electrode through which no 
current passes, both before closing the circuit 
and while the current passes; tlie difference be¬ 
tween the two magnitudes is tho polarisation 
required. But difficulties, which have not yet 
been removed, appear in tho practical applica¬ 
tion of this ingenious method, which was pointed 
out by Fuchs (P. 150,158). 

Because of these difficulties only a small 
number of trustworthy measurements of the 
electromotive force of tho maximum polarisa¬ 
tion have as yet been made. Consequently, no 
certain relations with chemical conditions have 
been discovered as yet.' Though an attempt 
has been made to calculate the electromotive 
force of polarisation in a manner similar to that 
of the galvanic cell, from tlie thermal effects ap¬ 
pertaining to it, the same objections can bo 
raised against It as in the former case (p. 213): 
the observed eleetr jinotive force is generally 
different from that calculated. 

It is especially remarkable thaithe maximum 
forces of polarisation corresponding fb ono and | 
the same chemical process may be very different ■ 
according to the nature of the metal. If wo : 
form galvanic cells of zinc, dilute sulphuric ; 
acid,and different metals— such ps copper, silver, j 
gold, platinum~or of charcoal, and if we close I 
the circuit in the cells, the same process occurs i 
in oil. zinc sulphate is formed, and, to make up . 
for it, hydrogen is expelled from the sulphuric I 
acid. The latter appears at the metal, and 
polarises it. It is found that the electromotive I 
forces of these cells, even after they have com- I 
pletely polarised themselves, are distinctly diffc- i 
rent; according to the nature of the second metal, i 
a greater or less portion of the energy liberated | 
by the reaction Zn + =: ZnSO| -i- ^ is trans¬ 

formed into electrical energy. 

The cause of this can be understood after 
what has already been explained. The elec- 
ttioity must overcome unequal differences of 
potential in passing from the H ions to the 
different metals; hence different portions of the 
total available energy are used, and only the re¬ 
sidue of this energy finds its expression in the 
electromotive force of the cells. We see, then, ; 
that the electromotive force cannot possibly 
bear the simple relation to the heat of reaction 
which was formerly supposed to be the case. But 
il is possible that tibe equation of Gibbs and 
Belmhc^ (p. 214) is applicable to galvanic 
* Se^ bow«vtf, a vectnt laVMtigstioB to X. hs Blsoo 


polarisation also; if this is so we shall be able, 
from a knowledge of the electromotive force and 
its changes wit^the temperature, to draw con¬ 
clusions as to the thermal changes due to the pro¬ 
cesses which primarily participate in the polari* 
sation. W. 0. 

VI. FREEZING-POINTS OF SOLUTIONS, 
METHODS BASED ON; t». Mohzcvhu^ 
WEIGHTS, vol. iii. p. 417 ; and Eleotjuoaz, 
i UGiTiiotis, this vol. p. 180. 

vn. OPTICAL METHODS.-^Se8tion 1; 
REFRACTION AND DISPERSION. When a ray 
of light passes at an angle from a rarer into a 
denser medium, it is always reflected towards 
the perpendicular, the sine of tho angle of inoi- 
dcnco being in a constant ratio to the sine of 
tho angle of refraction, namely tho ratio of the 
velocities of wave propagation in tlie two media. 
This constant ratio is called the index of refrac¬ 
tion, and ^ generally represented in England 
by the Greek b.ttlT ju, and on the Continent 

by»; *. Tho angle of incidence 

smo r 

being in such case greater than the angle of 
refraction, tlie index of refraction will be greater 
tlian 1. The reverse will be tho case when the 
ray passes from a dimser to a rarer medium. 

The refraction of a ray of light is, however, 
always accompanied by anotlicr phenomenon— 
disjiersion, as the ray is made up of a number 
of vibrations of different velocities which are 
affected diversely in passing from one medium 
to another. This causes the ray of common or 
white light to bo spread out into a numW of 
coloured rays corresponding to vibrations of 
different rapidity. In all jirecise determinations, 
therefore, a dclinitc point of the spectrum thus 
formed must bo measured for retraction, and 
two such points for dispersion. The work of 
early observers on tho refraction of light is 
usually wanting in precision in this respect, 
the records being commonly described as having 
reference to tho bright or yellow part of the 
spoctruni, or to tho extreme red; while they 
furnish no data at all for calculating the disper¬ 
sion. Moreover, ns each colour occupies a 
certain brea<Uh in tho spectrum, and the boun¬ 
daries of the colours are not well defined, it is 
by no means certain that two observations made 
on tho same colour will refer to exactly the 
same part of tho spectrum. In more recent 
observations tho most conspicuous lines of the 
solar spectrum, such as A, D, F, H, aro adopted, 
or, if artificial light bo used, tho a, 8, and y lines 
of the hydrogen spectrum; those are recorded as 
ma, Ml), Ac.: Ma. Me. My The greater pari of the 
English data of recent times am given for the 
solar lines, while foreign observers have gene¬ 
rally adopted tho hydrogen lines. 

Refraction and dispersion equivalents. 
The index of refraction, minus unity, when 
divided by the relative density (d) and multi* 
plied by atomio weight if an element is ex¬ 
amined, or by tho molecular weight if a compound 
is examined (P), is usually represented by the for¬ 


mula P in England and P 


on (he 


Continent, and is termed the refraction-equiva¬ 
lent. It will be expressed in this article by th« 
simple letter B. When Iioreos’s formula is used,' 
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th« refraction-equivalent so oalcu- 

lated will be dietinguishcd as % The part of 
the spectrum to which the observation refers 
will be indicated by adding the sign for infinity, 
or the letters of the solar or other lines ob* 
served, as Bco» Ba. 4rc. The dispersion- 
equivalent represents the difference between 
the refraction-equivalents of two selected por¬ 
tions of the spectrum ; thus the dispersion- 
equivalent for H-A will be expressed as 


d 


.K-i) 


or, more briefly 


Mu -Ma. 


T~' d 

multiplied by P; or Bh - Ra. 

The index of refraction of solids is generally 
ascertained by the method of total reflection, 
unless they are transparent, and can be cut into 
the form of a prism; that of gases is best deter¬ 
mined by interference. The refraction of liquids 
is most conveniently arrived at by placing the 
substance in a hollow prism^with sides of plate 
glass; on the prism being so adjusted thatMie 
incident and emergent rays make equal angles 
with the refracting surfaces, the minimum devia¬ 
tion will bo arrived at. Let D be the deviation, 
( and r the angles of incidence and refraction, 
and a the refracting angle of the prism; then 

IS 

sine r sine l^a 

Kewton, acting upon the emission theory, 
proposed^ as representing the absolute 

refractive power of any substance, and tliis 
formula met with general adoption till recent 
trimos. Gladstone and Bale {T. 1BC3), as the 
result of a long series of experiments with 
different substances at various temperatures, 
found that the refractive index, minus unity, 
multiplied by the volume, gave nearly a con¬ 
stant. To they accordingly gave the name 
of ‘refraotive energy * as really representing the 
influence of the substance itself on the rays of 

light; and to that of ‘specific refractive 
a 

energy.* This empirical formula has been 
adopted by most subsequent investigators; and 
Sutoerlond (P. M. [5] 27,141) has lately advo- 
oated it on mathematical, as well as on physical, 
grounds. It holds its position side by side with 
the theoroticiU formula we have now to 
consider. 

Lormz*a fmnula. H. A. Lorentz, of 
Holland (IK 9, 641), and L. Lorenz, of Copen¬ 
hagen (IK 11, 70), came almost simultaneously 
to the conclusion, from purely theoretical con¬ 
siderations, based, in the case of the former, on the 

electro-magnetic theory, that —must ex- 
CM* + 2)(i 

press the relation between the velocity of the 
transmission of light and the density of the 
medium through which it • is propagated. 
LandoH (£. 16, 64) tested the comparative 
merits of this formula, and that which he had 


previously adopted—via. 


and that of its vapour. This is shown in tbs 
following table, in which it will be also noticed 
that the difference with the rise in temperature 
is uniformly plus in the one case, and minus in 
the other. Weegmann {Bonn. 1888) experi¬ 
menting at 10®, 20®, and 30®, noted the same 
rise in the one case and fall in the other. 


Bubstanoe 

state 

Temp. 

Water • 

Liquid 

lO* 



20® 


Vapour 

100* 

Etlivl alco- 

Liquid 

10® 

bol 


20® 


Vaiwur 

lOO® 

Ethyl ether. 

Liquid 

10® 


Vai'Oiir 

100® 

Etlirl SCO- 

Liquid 

10® 

late 


20® 


Vui-our 

100® 

Ethyl Iodide 

Liquid 

10® 



20® 


Va;mur 

100® 

Chloroform. 

Liquid 

10® 



20® 


Vnt>oiir 

100® 

Carbon dl-. 

Liquid 

10® 

sulphide . 

VaiKtur 

20® 


loo® 


(MD+2)d 


0-2062 

0-2061 

0-2068 

02801 

0-2H07 

0-2825 

0-3026 

0-3029 

0-3068 

0-2517 

0-2619 

0-2683 

0-1557 

0*1658 

0-1571 

0-1790 

0-IT91 

0-1796 

0-2805 

0-28O9 

q*2898j 


0-0001 

0-0007 


0-0003 

0-0018 


0-0003 

0-0039 


0-0002 

0-0131 


(KHiOl 

0-00131 


0-0001 

0-00061 


0-0004 

0-0089 


d 


0*3338^ O'Onos 
0-3336 JSj 

0-3101 

0-4174 n./y,A 4 
,,.4024 0-014* 
XI^SJ'O-OOOS 

0-030, 

24 to ! 


In the case of liquid and solid phosphorus, as 
well as of other liighly refractive bodies, the 
empirical formula appeared to give the best 
! results. Landolt also found the simpler formula 
best adapted to his process of optical analysis 
subsequently described. But while he found that 
the refraction-equivalents (t.e. the specific re* 
fractive energy multiplic<l by the atomic weight 
in the case of elements, or by the molecular 
weight in the case of compounds) of substances 
calculated by Lorenz’s formula are about ono- 
third smqllcr than the numbers calculated by 
the formula previously adopted by him, the 
values which heobtainedfor the elements carbon, 
oxygen, hydrogen, and chlorine did not bear the 
same proportion. Adopting Bruhl’s figures for 
Ba (as described later on), the values accoi^* 
ing to Lorenz’s formula vary from about ^ to | 
the values found by using the other formula. 
Thus 



Old 

Formula 

Lorens's 

Formula 

Carbon . . • . 

6-0 

2-48 

Hydrogen .... 

1-3 

1-04 

Oxygen, alcoholic • 

2-8 

1*68 

„ aldchydic a . 

3-4 

2-84 

Chlorine .... 

9-8 

6-02 

Increase for double carbon 

^nd «... 

2-4 

1-78 


and found that 


10 far os liquids were oonoerned there was 
nothing to choose between them, bat that 
I^orona’i formula showed much less difference 
between the specific refractive energy of a liquid 


i Bruhl, however, in 1886 {A. 235,1), maintained 
I that the statement of Landolt, that the two 
formula lead practically to the same conclusions 
I in respect to chemical constitution and the re¬ 
fraction of light, cannot any longer be accepted 
in its general sense. In this paper Brfihl con¬ 
tended that the expression of the molecular le* 

tt** 1 

<ruUon hithsrto ased—'ri.. F ligwusllf 

adapted only to tbe panfflnoid wrief ^ oatbon 
oompoonda, and lot onaatoraUd pompooodi ot 
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W 9 $k tHspenire power; &nd that ia ih^e oases 
ereo the results are not altogether satisfactory. 
For the investigation of the relations between 
the refractive power and the constitution of 
bodies, Briihl claimed that in future Lorenz's 
formula must bo used. The tables appended to 
the paper certainly show better proportionate 
results for Ba by this formula, cRpccially in the j 
case of the most dispersive substances; but in ! 
using these tables it must be borne in mind that | 
the values assigned to the elements under the 
two formulre are not strictly comparable. Nasini 
{Lincei, Rc. :i, 128) staled that he and Bern* 
heimer did not consider that, from a chemical 
point of view, any great preference should bo 
given to Lorenz’s formula over the formula 

--j , as the newer formula was insuflicient to 
d 

represent every relation between the chemical 
constitutions of tlie substances and their re¬ 
fractive powers. Kettelor does not accept the 
Lorenz formula as altogether satisfactory ; in 

place of it he has proposed "here x is 

a variable quantity depending on the nature of 
the substance, but averaging about 3'5 instead 
of 2. Sutherland (P. M. [5] 27, 141) objects j 
to Lorenz’s formula on the ground that it I 
assumes a mean wave length, whereas the wave | 
length must vary in passing from etljcr to mat* j 
ter; and he maintains that while the formula ' 
holds good for both the liquid and gaseous states, | 
it fails when change of density is produced by t 
change of pressure. On the other hand,he thinks 
that Gladstone’s formula meets the last require¬ 
ment, but fails to bridge over the great gap in 
density between Injuid and vapour. Kettelcr 
{Z.P. C. 2,1*05) suggests an equation of the form 
(n’* — 1) (y ~ /B) • M, where & is the volunfc actually | 
occupied by the ponderable molecules, r that of 
the space in which they are contained, and M a 
molecular function depending on the constitution 
cf the medium. M may have one of two values, 
both of which are defmite constants, the one for 
the liquid and the other for the gaseous state. 
The value of 3 may be obtained by varying the 
temperature, the pressure, or the constitution of 
the media examined. Sutherland says that this 
formula gives for compressibility results less satis¬ 
factory than those given by that of Gladstone. 

Zehnder (li^. 34,01) investigated the influence 
of pressure npon the index of refraction of water 
at different temperatures, and on comparing the 
results with the co-efilclent of compressibility, bo | 


came to the conclusion that the formula 


d' 

was practically exact -much more so than that 
of Lorenz. Bdntgen and Zchnder ( W. 44) have 
since applied the same inquiry to CS,, and OaH,, 
ether, and a series of alcohols, with the result 
that in the cases of all these substances neither 
formula is sufficiently exact, the experimental 
hgures occtfpying very nearly the mean place 
between those given by the two formulse. 

Perkin (C. J. 61, 287) in studying mognetio 
rotation at widely different temperatures, ob¬ 
served a sligjit redaction as the temperature was 
raised. and Gladstone (as long ago -as 
186^ had observed that the s^ifio refractivt 
eoe^ ol sal{jrtanc6a was mmlUslf affected; 


Nasini and Bemheimer ((?. 16, 56) in 1886, and 
Kettoler nr. 33, 606, 662) In 1888, also found 
small differcncejain the same direction. Perkin 
accordingly made a series of experiments to 

see if the changes in ^ due to teinporatara 

vary with different classes of substances, as they 
do in the case of the lm^;netio rotation. The 
results seem to corroborate this, though not very 
definitely. On trying Lorenz’s formula, he found 
the refraction rise with increase of temperature, 
and he came to tlft conclusion that this formula 
is not suitable when dealing with high tempera¬ 
tures. 

Guye (.'Ir. Se. Ocm>ve, 23, 107, 204) pointed 
out a relation between the constants of the 
equation of Van dcr Waals and that of the 
formula of Lorenz for tlio refraclion of light. 
ITo maintained that the relation of the absolute 
critical tei..peratur^ to the critical pressure, 
which ho termed the ‘ critical co-officient,’ is pro¬ 
portional to the molecular refraction, and that 
it furnishes a valuable means of determining the 
molecular constitution of bodies at the critical 
point. By a comparison of the data given by a 
number of observers for forty different substances 
he obtained the result tliat the critical co-efficient 
(K) is in proportion to Rga asl to 1*8. The ex¬ 
perimental difliculties connected with the deter¬ 
mination of K, and the fact that Quye had not 
always the data for reducing E observed to 

, rendered tlie final results less uniform than 
llioy might be otlierwise; but the extreme range 
of his factor varied from 1*C to 2'0, giving 1*8 as a 
mean. Guye found, however, certain classes of 
bodies which gave a diffurent factor to that above 
mentioned. Such gases as 0, N, and CO, gave a 
factor ranging from 1*1 to 1'4. Water gave I’l, 
and metliylic alcohol 1*1 to 1*2. lie also recorded 
some which are exceptionally high, but in most 
of these cases the results of the experiments 
seem untrustworthy in consequence of ohemioal 
action having taken place. Having determined 
his factor, ho was able to divide by it the recog¬ 
nised refractions of the elements according to 
Bruhl, and so to get what he termed the ’ atomic 
critical oo-efficiont,’ from which be could build up 
the critical co-efficient of any substance of which 
the theoretical constitution was determined. 

Dispersion formules. As the observations 
of Gladstone extended to the solar line A, his 
calculations were but slightly affected by dis¬ 
persion ; whereas nearly all the Continental 
observers liave used the hydrogen light, and 
have no actual measurements below the line a. 
They have, therefore, usually sought to get rid 
of the effect of dispersion by adopting one or 
other of the suggested formules for calculating 
the theoretical ray of infinite wave length, ana 
have worked out their results both for the 
observed line a, and lor the assumed limit. The 
simplest of these methods, and on that account 
the one most generally adopted, is that of 
Cauchy. It u usually expressed by the formula 
4 B 0 

in which A, represent, the wave length of »ny 
given line of the spectmm. As this formula con! 
teins three nnhnown qnontities, it reguires lot 
their determination tuoo simalUneotu eqiw> 
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UOBI; but fhe third term is often dispensed with 
to reduce the amount of ooioulation required. 
By the process of elimination, the values of A, B, 
and Care obtained, A being Cauchy’s co-efficient 
of refraction, and B and 0 the co-efficients of 
dispersion. This theory accords fairly with the 
experimental data for substances of moderate 
dispersive power, though by no means well with 
the data for substances of high dispersive power, 
such as oil of cassia. Wullner {A. 1.S3} con. 
sidered that this formula was sufficiently exact 
for bodies of low dispersive po ver when two con* 
stants were used; but that for highly dispersive 
substances, such as carbon disulpliide, it was 
necessary to go to tho third term, as the difference 
between the observed value of and that calcu* 
lated from /ta and My amounted to as much as 
(>0022; while on using throe terms the calcula* 
tion was correct to tlio fourth decimal place. 
He also tried the formula of ChriHto((e 

__ 

m which and A,, signify two selected constants, 
and n is the corresponding index of refraction of 
the wave length A; this also gave results which 
were not sufficiently accurate. Taking tho ob¬ 
served indices for the lines a and y of carbon 
disulphide at O'’ as 1-6310C0 and this 

formula gave l'CC0307 for 0, while the observed 
value was 1*000076. At 20” tho calculated 
value for $ was as mucli as *000404 too higli. 
Langley {P. M. [5] 17, 101) has discussed the 
relative merits of Biot’s, Cauchy’s, and Uedton* 
bacher's formula), and has come to tho conolii. 
sion that while each of them is sufficiently exact 
within the limits of tho visible spectrum, tlioy 
soon begin to give too small results for m when 
that limit is passed. Biot’s formula 

gives more trustworthy results than either of the 
others. 

Eedtenbachor’s formula JL » o -t- bA’ -h — has 
n* A** 

the serious objection that it reached a mini, 
mum at a point corresponding to 1*3047 in 
the prism which he employed, so that for every 
value of n greater than 1*5047 it gave two diffo. 
rent values for A. Langley has experimentally 
detemined wave lengths in tlie invisible pris- 
matio spectrum far beyond the extreme limit 
possible according to Cauchy’s formula. Briihl, 
after working out his results for K ® as well as 
for has latterly (A. 235,1; 2J0, 233) come | 
to an adverse conclusion as to the utility of ^ 
Cauchy's co-efficient of refraction for getting 
rid of the effect of dispersion, and he even 
asserts that when three terms are used the 
results are less to be relied upon for this pur¬ 
pose than when two terms only are employed. 
The following table shows the differences in 
Cauchy's A when calculated with two and 
three terms respectively, from the observed in¬ 
dices fia and My in the former case, and 
from M*. M 0 , and my in the latter; and also 
fifii as observed, compared with the same index 
of refraction as calculated by Cauchy’s formula 
(rmn m and ^ showing in this case a difference 


of from one to five units in the third place pi 
decimals• 


Subatanoe 

Oauchy’B A 


2 terms 

3 terms 

Ob- 

served 

Oah 

oulated 


Benzoyl chloride 

1-61:k)G 

162700 

1*66964 

1 57097 

Orthotoluiiiine * . 

1*537111 

1*64460 

1-68946 

1-69069 

Cirmamio aloubol . 

1 *61.307 

1*65253 

1*69993 

1-60161 

Atiilino . . « 

1*54741 

1*56689 

1*60434 

1-60693 

Purlurol . . • 

l*4Ki’(lJ 

1*49816 

l-64r)t;6 

1*54824 

Ginnatulo alJehyile a 

1‘65‘)()6 

1-68256 

1-(;509U 

1 65623 


In the case of substances of small disper* 
sion, Briihl regards tho use of Cauchy’s for¬ 
mula as superfluous; with substances of 
medium dispersion, the results are generally 
preferable to those for tho line a, though not to 
any great extent; but with substances of great 
dispersive power the differences are too great to 
bo neglected in considering questions of chemi¬ 
cal structure. 

Nasini (Lined, Atti, 18 [3]) comes to the same 
conclusion, that Cauchy’s co-efficient of re¬ 
fraction ought to be rejected in studies of this 
nature, and that his co-efficient B is still more 
misleading if it bo regarded as a measure of 
dispersion. N. (Lined, Alii, 19 [3]) had already 
tested the merits of several formula), and given 
the preference to that of Lomincl as affording 
better results than those arrived at by Cauchy’s 
formula with two terms. Tho following table 
will show the difforonces between M/9 as observed, 
and as calculated by those two fonnulio :— 


Substance 


1 Oalciiinted 

1 DilTerenco 

served 

Cauchy 

hommcl 

CiUichy 1 

Loiumol 

Benzene. . 

1-61.339 

1-61404 

1-61.369 

0-00066 

0*00030 

Aniline . **. 
Mcthyl-a. 

1*6«434 

1-CU592 

1-60522 

0-00169 

0-00098 

naplithol . 
Diuictliyh 

1-64697 

1-6477 

1 64678 

0-00173 

0*00081 

naphthalene 

1-63200 

1-6.330 

1-6324 

0-00100 

0*00010 


Weegmann (Bonn., 1888) gives reasons why 
Cauchy’s formula for the limit of the spectrum 
is not to bo relied upon; and maintains that hia 
B, or co-efficient of dispersion, must not be 
taken as a measure of dispersive power, but 
that it should in any case be divided by the rela* 
tive density. 

Helmholtz has proposed the formula 


n»-l = (5. 




-Pa* 


A*-A»« 

in which n and A represent the index of refrac¬ 
tion and the corresponding wave length, and 
Q, P and A*^ are three constants dependent 
upon the nature of the medium. Kotteler has 
subsequently proposed another, viz. 

Brah! has tested the comparative merits of 
both these formulas, as well as that of Cauoh]’. 
Taking Gladstone and Dale’s observations of a 
solution of phosphorus in carbon disulphide, 
be calculated the values of the lines B, D, F, 
and G from the observed values of A, E, and 
H, and again those of A, B, E, and G from 
those of D, F, and H. The following table 
shows the diiferences in the two eases between 
the observed and calculated valuei^fi. 233 ); 
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m 


1 

<< 

; 

‘Ij 

5- 

a 

i 

1 

M 

b 

5 

1 

a 

*3 

.o 

B 

•a 

Eettder 

A. 

7-606 

1*9809' 




+ 19 

+ 48 

+ 108 

B 

6*379 

1*3314' 

-8 

-5 

+ 2 

+ 9 

+21 

+ 47 

D 

1*603 

l*0527j 

-9 

>4 




... 

R 

6-371 

1*9744 



-4 

-5 



V 

4*663 

1*9911 

+8 

+ 9 

... 

... 

... 


Q 

4*304 

3*0361 

•♦•1 

+ 2 

-7 

-7 

-6 


H 

8-956 

S<»746 

... 







Duporsive power. The difforcnce between 
tlie indices ot refraction of the rays of tho 
spectrum of any refracting medium is termed 
the ' dispersion ’; and by the dispersive power 
of a substance is expressed the ratio ol (he 
co-eflioient of dispersion to tho index of re* 
fraction of the moan ray minus unity. Thus 
taking the full length of the visible spectrum 
as extending from A to H, and F as tho mo.ui 
ray, the dispersive power would be represented 

by the formula, 

— 1 ^ 

Kcttclor (Thcmtisclie Brannaohwcig, 

1885) has proposed two formula) for dispersion 
based upon theoretical grounds: 

and 

when n’s a ray more refractive than m. Costa 
(0.19) regards these as having the advantage 

over the formula on account of their 

a 

being independent of the den.sity of tho 
medium. 

Early ex-perimenis, Newton, Herschol, 
Young, Wollaston, Brewster, and others deter¬ 
mined the indices of refraction of a large 
number of solids and liquids, in most cases for 
the yellow or brightest part of tho F|«ctrum. 
Tho index for the solids ranged from 1*111 for 
tabashcer to 2*97-1 for chromate of lead, and for 
liquids and soft solids from 1*0570 for ether ex¬ 
panded by heat to thrice its volume, to 1*078 
for disulphide of carbon, and about 1*8 for 
chlorido of antimony {Encyc, Brit., 8th edit. 
Optics, 558). 

Arago and Fresnel applied the method of 
interference to the comparison of tho refractive 
indices of moist and dry air, with the result 
that moist air was found to be rather less re¬ 
fractive than dry air. Dulong determined tho 
indices of refraction of a considerable number 
of gases and vapoiira. 

Dulong, together with Arago, Biot, and others, 


adopted the formula of Newton 


and 


came to the following conclusions; that the 
refractive power of a mixture of gases is equal 
to ^e mean of the refractive'powers of the 
eonstitnent gases calculated for the pressure 
to which each gas is actually subjected in the 
mixture, and that the refractive power of a 
compound gas is not equal to the mean of those 
of the component gases, but is sometimes greater 
and sometimes less. 

Hdck also found this formula to apply to 
some mixtures of liquids, and Schrauf (A 183, 
479) has more recently supported the same 
of cakuiating the refractive power; but 
Ketteler (P. 124, 890) found that liquid aul- 
Tofc. IV. • 


phnroai acid was not accordant with tho known 
refraction of the gas as arrived at by the formula 

while the two came into agreement when 
he adopted the modem formula for the speoiao 
refractive energy 

Jamin {A, Ch. f4] 3, 49) made careful ox- 
periments on tho inttuenco of the presonoo of 
aqueous vapour in the atmosphere upon the re¬ 
fractive indqpc, and he found that tho difference 
between the refradtivo indices of dry air and 
air saturated with aqueous vapour was only 
*000000720, a quantity so small that it may bo 
safely neglected in tlie calculation of atmospheric 
refraction for astronomical purjwses. 

Ketteler (B. B. 1805) adopted Jamin’s inter¬ 
ference refractor for tlio measurement of tho 
index of air, COCN. IT, and SO,, for tho line D. 
Hecalculaved the lithium ami thallium lines from 
the wave Icngtii of tlA sodium lino, according to 
the iffoportional number of rulings that coincide, 
it being found that this is indopohdent of density 
end is a true (unction of tho wave lengths. 

Relations dbtwkkn Physical and Chemical 

Pkopehties and llKraACTioN 01 LiguiDR. 

Dale and Gladstone (T. 1858. 887) made an 
elaborate series of experiments on what they 
then termed tho sensitiveness of liquids, or tho 
effect of temperature on tho refractive index. 
The principal conclusions they arrived at were 
that both the index of refraction and the length 
of the speetrum, jWn—M a , diminish as the tcra- 
])cratnre rises, and that tho sensitiveness of a 
substance is independent of its spocilic refractive 
or dispersive power. These conclusions were 
the result of observations on CS,, Kt.^0, 11,0, P, 
alcoliols, A'C. The following table and the table 
on p. 220 give the data for C8, and 11,0: — 


OirUon ciisulpliMo (b.p.=:43®) 


Temp. 

Ma 



Sensl- 

livtfuc-ss 

0® 

1-6217 

1-CI42 

1*7175 


6® 

1*6180 

1*6397 

1-7M9 


10® 

1*0144 

1-6:!46 

1-7081 


1ft® 

1*8114 

1*6303 

1*70.35 


20® 

l*Ci»76 

1*6*261 

1-6993 

0*iKHl 

25® 

1*6036 

1-6220 

1*6942 

Sti® 

1*5995 

1-6SS3 

1*6896 


3ft® 

1*59.56 

1*6140 

16K50 


4</» 

1-5919 

1*6103 

16810 

0*0042 

4-2-5' 

1*5900 

1*6083 

10/78 




o-oe.is 

o*ews9 

OHmsr 

o-oeai 

(H)nir 

e-ww 

O-bVUl 

0‘ftH94 

O-ORO! 

0-US7B 


Dlspcr- 

ilve 

powor 

0*1469 

01407 

0*1477 

0*1463 

0*1463 

0*1460 

0*1467 

0'146« 

0*1159 

0*1443 


Tlie sensitiveness is reckoned from tho indices 
of the lino D, and the dispersive power repro- 

sents ~ 4-. Tho s^noitiveneBS indieatoo an 

anomaly in water, which has also been observed 
by others. , 

Gladstone and Dale (T. 18G3. 317) extended 
the same mquii 7 to the following five points:— 
(1) the relation between eensitivenese and the 
change ot Tolnme b; beat ; (2) the retraction 
and dispersion of mixed liquids; (3) the re¬ 
fraction, dispersion, and sensitiveness of di(> 
ferent members of homologons series; ths 
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Water 


TSmp. 



/*n 

Scnsl* 

tiveuvaa 

'‘n-'-i 

OiaiMir* 

sire 

power 

0® 

1S291 

1-8330 

I-S438 

0-0001 
0-0002 
0-0(103 
0-0004 
Q-ii003 
d-OUOS 
0*00116 
o-ODoe 

0-0009 

0-OU08 

0-0009 

(h)012 

O-OOlO 

0-0012 

0-O012A 

0-0147 

0-0420 

6® 

10® 

I'SliSO 

1*32K8 

1-3329 

1-3327 

1-8136 

1*3131 

0-0140 

0*0146 

0-0439 

1ft* 

1'328-t 

1-3824 

1-3131 

0-0147 

20® 

1-3279 

1-83-20 

1-8127 

0-0148 

0-0445 

25® 

1-8876 

I'33I7 

1-3120 

0-0145 


80* 

1-3270 

1*3809 

1-3116 

O-OU.*) 

0-0438 

Sft® 

40® 

1-8264 

1-8267 

1-S308 

1-3-297 

1*3110 

1-3408 

0-0] 16 
0-0148 

0-0419 

4fi® 

1*3250 

1-82HB 

1-3396 

0-OI4U 

ftO® 

1-8241 

1-3280 

1-33H8 

0-0117 

0-0418 

66® 

1-8285 

1-3271 

1-3380 

0-0145 


80® 

1-3228 

1-3259 

1*3367 

0-0H4 

0-0 111 

6ft® 

70® 

1-3218 

1-3203 

1-3249 

1-3237 

1-331-1 

0-0141 

0*0(35 

80® 

1*8178 

— 

1-3321 

0-0143 



refraction, dispersion, and sensitiveness of iso« 
meric liquids; (&) the ciTect of cliemical sub* 
sUtution on these optical properties. As to tho 
first point of the inquiry, they came to the 
conclusion that the specifio refractive energy 

a-) is a constant not affected by tempera¬ 
ture. They mado the reservation, however, ‘ that 
there is some influence, arising wholly or par* 
tially from dispersion, which gives rise to tho 
slight progression of most of tlio calculated 
products, and perhaps to the non-inversion of 
tho sensitiveness of water at 4°, remarked on 
already by Jamin and ourselves.' As to Die 
second point of inquiry, it was found * that tho 
specifio refractive power of a mixture of liquids 
is the mean of tho specifio refractive powers of 
its oonstituonis,' subject to some slight oxcep* 
tions, as in the case of sulphuric acid and water. 
The inquiry into tho refraction, dispersion, and 
sensitiveness of difierent members of homo* 
logons series showed a progressive increase in the 
specifio rofraotivo energy as tho series advauced; 
but that the iniluenco of each addition of CXL, 
which is oWrvable throughout the scries of Die 
tueUiyl group, does not necessarily hold good 
with reference to substances of quite another 
type. The observations on isoinerio bodies 
showed that some of them are widely different 
in their option! properties; but that those which 
have a close chemical relationship show an 
identity in their optical properties also. In the 
last branch of the inquiry it was sought * to 
determine the amount of change in the optical 
properties which results^from a replacement of 
one element by another, the type remaining the 
same,' in order to * attain to a knowledge of the 
infinenoe of the individual elements on the rays 
of light transmitted by them.’ The general 
conclusion of Gladstone and Bale w(» that 
'every liquid has a'specific refractive energy 
composed of the specific refractive energies of 
its compound elements, modified by the manner 
of combination, and which is unaffected by 
ohanM of temperature, and accompanies it when 
mixed with other liquids.' This opened up a 
question which has since occupied the attention 
of many observers. 

Bandolt (P. 117, 122, 123) took up the 
inqaixy, adopting the formula used by | 


Gladstone and Bale, and applieditiiithefirsti]i- 
stance to an investigation of the values of 0, H, and 
0. He simplified the investigaUon byrnnltiplying 
the specific refractive energy by the molecular 

weight of the compound, which gave ? 

a 

as the molecular refractive power, or refraction- 
equivalent, terms which bad already been applied 

by Berthelot and Schrauf to the formula P ^ 

d 

By comparing series of homologous compounds, 
acids of tho series ChH^hOj, alcohols of the 
series G„H.>nfiO, and eaters of the series 
CnH^qO;,, L. obtained tho increment due to each 
addition of CHj as shown in the following 
selection from his data 


- 

Substance 

s.a. 

n 

M 

^•—1 

a i 

n. 

Dill. 

CH, 

A«i*l3 iForralo 

jRutyrio, . 

IValerlanlo . 
Giprolc 
|Ujniuitliylio . 

1-2211 

1-0614 

0-9963 

0-9G10 

0-9.313 

0-9252 

0-8175 

I- 3693 
1-3699 
1-3846 
1-3955 
1-4022 

II- 4116 
j 1-4192 

0-3024| 

0-3518 

0-S8<)0' 

0-41161 
0*4319' 
0-4449' 
1 0-4569 

1891 
21-11 
28-57 
36-22 
44 05 
61-61 
59-40 

7:20 

7-16 

7-65 

7-83 

7-69 

7-79 

AIcoIiqIs jftretityl . 

0-7964 

!i:3279 

0-4117 

18-17 



0-8011 

11*3006 

0-4501 

20-70 



I’ropyl . 

0-8012 

1-3794 

0-4717 

28-30 



butyl . 

0-807 li 1-3910 

0-4879 

36-11 

7 78 


\tnyl , . 

1 0-8135 

j 1-1057 

0-4987 

1 43-89 


Esters 

/Mothyl 


1 






0-9003 

. 1-3593 

0-3967, 

29-36 


UaIIvIiU, 

■' Ethyl 





6*81 


ocutato . 

09015 

, 1-370.5 O-lllO 

36-17 



/Methyl 







butyrate 

0-8976 

• 1-3869, 0-43111 

43-97 



Ethyl 





735 


hiityrate 

10-8900 1-3910, 0-44211 

51-32 



/Methyl 







valerate 

0-8S09 

, 1-39271 0-41581 

51-71 



Ethyl 

1 




7-49 


valerate . 

0-8674 

1-3950,0-4554 

59-20 



formate . 

|0-9O78 1-3580 0 3944 

29-18 



Ethyl 





6-99 


acetate . 

0-9015 

, 1-3705 

0-4 lie 

36-17 



/Methv-l 

1 






butyrate 

0-8976 

1-3868 

10-4311 

43-97 



Methyl 





7-74 


valerate 

0-8809 

11-3927 

, 0-4458 

51-71 



^ Ethyl 







biitvrato 

0-8906 

1-3940 

0-4424 

' 51*32 

1 


Ethyl 





iT*fi8 


Tulcrato « 

0-8674 

1-3950 

0-4554 

59-20 



Tho mean of Landolt's comparisons gave the 
value Bs7’60 for GIL. Bcaling in the same 
manner with compounds difforing by one atom 
of carbon, by two atoms of hydrogen, and by 
one atom of oxygen, respectively, he assigned to 
the several elements the following refraction* 
equivalents; 0 = 6*00; H»1'30; 0«8'00, 

Subsequent investigations would lead one to re* 
ject several of tho substances whioh he brought 
into comparison. 

Landolt also adopted a modification of Biot 
and Arago's formula for mixtures of gases, by 
substituting n for n'-‘ throughout, so that 
N-ln _n-l^ . n‘-l^ 




S + -V-V+ 


N, B and P representix^ the index of refraction, 
density, and * molecular weight' of the mixture, 
and the small letters the same values of the 
several substances forming the oompound. In 
this manner he i^oulated the value of Qt Ma, 
for mixthres of liquids as shown in the fdUoir*' 
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bg tobb. It wni b« seen that the caloolated 
and observed vaioes correspond very closely. 


- 

P 

Observed 

d If 

Calcu¬ 
lated If 

Ifethyl afeobol . . . 

96 

0-7964 

1-3279 


Ajnyl .... 

S3 

0'8135 

1-4057 


Mlztoro . 

184 

0*8038 

1*3640 

1*3644 

Kthjl alcohol • . . 

92 

0-8011 

1*3603 


Amyi , ... 

68 

0-8133 

1-4067 


Ulzturo • 

18U 

0-^005 

1-3822 

1*3821 

Ethyl alcohol . . , 

4G 

i)-6on 

1-3605 


Amj-l , ... 

17G 

0-8135 

1-4U57 


Uizture . 

'2Ti 

0-8104 

1*3961 

1*3960 

Acctlo acid • . , 

CO 

1-U3I8 

1-3700 


Butyric „ ... 

86 

0-9010 

1-3953 


Ml.vturo . 

146 

0-9930 

1’3650 

1-3847 

Ethyl alcohol . . . 

4C 

0-8011 



Formic acid . . , 

40 

1-2-211 

1-3693 


Mixture . 

95,' 

0-9C02 

1-3610 

1-3612 

Oil of bitter aimondt. . 

li'C 

1-0474 

1-5391 


Funzilo acid . . 

40 

1-2211 

I-305'3 


Mixture . 

152 

1-0876 

1-4900 

1-4900 


Landolt subsequently {A. 4, Su]>pl.) rcvcrsocl 
the process, and applied it to the quantitative 
analysis of mixed liquids by means of tlieir re¬ 
fractive-indices and specific gravities. Tlie ful- 
lowing will serve as instances of tlie percentage 
results obtained:— 


Refr^otion-eqaiTalenta of the ele¬ 
ments. Gladstone (7. 159, Id; Pr. 18, 49) 


applied LandoU’e P 


^»-l 


to inorganic oom> 




1 


Terci 

•iifn;:*! 


Pm 

d 

a 

Calcii- 

Actual 

Amyl alcohot . 

1*4057 

0*8135 

0*4987 

47*4 

47*8 

Methyl „ 

Mixture . 

1*3279 

0*7901 

0-4117 

62-6 

62-2 

1*3040 

0-8036 

0-4529 

loo-o 

luuo 

Acctlo acid . 

1-27<KJ 

10:.18 

0*3'>23 

40-3 

40-5 

Butyric „ - . 

1-3--I55 

o'mio 

0*4116 

89-7 

69-5 

Mixture . 

1-3850 

0*9930 

0*3877 

100-0 

100*0 

Ethyl alcohol . 

1*3606 

0-8011 

0*4501 

49-8 

60-0 

Formic ncld . 

1-.3093 

1*2211 

0*.3a24 

fM-lP 

60*0 

Mixture. 

1*3610 

0*9602 

0*3700 

1000 

100*0 

Oil of bitter al- 






mondd . 

1*0391 

1*0474 

0*5147 

69*8 

69-7 

Formic a<'ld ' . 

1‘3(;93 

1*2211 

0-3U24 

30*2 

30-3 

Mixture . 

1*4900 

1*0876 

0-4003 

100-0 

100 0 


pounds in order to arrive at the refraotion- 
equivalents of the several elements, and also to 
determine whether or not any of the elements 
had more than one definite refraction-equivalent. 
As most of his observations were made upon 
crystalline s^Its, many of which were doubly re¬ 
fracting, G]ailstuno%doptod the plan of dissolv¬ 
ing them in water, or alcohol, and deducting 
from the U of the solution the 11 duo to the sol¬ 
vent. This mode of operation was supported 
by the consideration that in the cases of rock- 
salt and sugar, where the rcfraotion-equivalent 
of the substance has been obtained both in the 
solid and dissolved condition, it Is found to be 
the Kaine. Cu comparing a series of salts of K 
and Nn, if w is cvident^lhat, while the refraction- 
equivalents of the coiupoimda differed very 
widely, according to the nature*of their nega¬ 
tive constituentB, the refraction-equivalents of 
the compounds of Na dllTered pari pas&ti with 
tlioso of the K compounds, and hence it was 
concluded that the negative constituent has the 
same effect on light, whichever metal it is united 
with. Values were arrived at for forty-six of 
tlie elements, a number wliich has been subse¬ 
quently Bomcwlint increased; and more reoent 
investigations have led to slight modifioationi 
in the dgurcs. The latest list is as follows;-- 


Halogen compounds. Landolt's values for 
the refraction-equivalents of C, H, and 0 are; 
Carbon . . 4‘8tt K. 5-00 

Hydrogen . . „ 1-29 „ 1'50 

Oxygen . . „ 2*90 „ 3 00 , 

Adopting these values, Haagon (P. 131,117) i 
dei^ced values for Cl, Br, and I from some of 
their organic liquid compounds, and then de¬ 
duced values for other elements from obser¬ 
vations of Bfor their chlorine compounds. The 
following are the results he obtained for Bm 
and B. 


Element 

B. 

B. 

Chlorine • 



9-53 

9-79 

BtomiiM , 

• 


14-76 

15-34 

lodiu*. , 

• 


23-55 

24-87 

Salphar . 

• 


14-74 

16-03 

PhoBpbonu. 

• 


14-60 

14-93 

Aiwnio . 

• 

• 

18-84 

20-22 

AntunooT , 

• 

• 


25-66 

Silicon . 

• 


7-81 

7-90 

Xin .. . 

« 

• 

18-64 

19-89 

Sodium *• 

1 ■ s - •••, 

* • 

* 

4-71 

4-89 


Kli-meut 


At w. 

K 

Aluminium . 


27-5 

7-7 

Antimony • 


120 

24-6 

Arsenio , • 


in 

15-4 

Barium . • 


137-2 

15-8 

Beryllium 

■ • 

9-1 

6-1 

Bismuth . 

• • 

208 

38-2 

Boron, in borates 

* • 

11 

about 

Bromine . 

• • 

80 

15-3 

Cadmium 

• • 

111-0 

18-1 

Ciesium . . 


13-J 

19-1 

Calcium . 


40 

10-0 

Carbon . 


12 

6-0 

„ doubly linked , 


6-1 

Cerium . 

, , 

138-2 

19-6? 

Chlorine. 


sn -2 

9-9 

Chromium 


52-4 

16-4 

„ in ebrornutes. 


about 2 

Cobalt 


68-7 

104 

Copper . 


08*4 

11-6 

Piilyniium • 

• * 

145 

28-8 

Fluorine. . 

• • 

19 

1-6? 

Gold . . 


19C-2 

23-1 

Hydrogen . 


1 

1-8 

Iodine 

Iron, in ferrous 

com* 

.127 

24-5 

pounds 

Iron, in ferric 

com- 

56 

11-6 

pounds • 


.* 

19-4 

Lanthanum . 

• • 

133 

22-9 

Lead . • 

• • 

* 207 

24-3 

Lithium . . 

• • 

7 

8-5 

Magnesium • 

• • 

24 

6-7 

Manganese . . • 

„ in pormanga* 

56 

11-7 

nate* . . 

• - • 

- w 

about 2i 









238 


PHTSIOAL METHODS USED iS OHBMmTRY. 


Elemeot 


Akw. 

lu 

IferouTT . 


200 

19-4? 

Kickel . 


68-7 

10-0 

Nitrogen 


14 

4-1 

„ in bases, oxides, 



Ac. . 



5-1 

Oxygen, singly linked . 

16 

2-8 

„ doubly linked . 


3-4 

Palladium 


106 , 

21 -6? 

Phosphorus . 


'' 81 

18-3 

Platinum . 

• • 

195 

24-7 

Potassium • 


89-1 

7-85 

Bhodinm . 


103-4 

23-4? 

Bubidium . 

. . 

85-4 

121 

Selenion. 


78 

30-1 

Silicon . 

. . 

28 

7-4 

„ in silicic acid . 


about 6 

Silver . 


108 « 

i:v2 

Sodium . . 


•23 

4-4 

Strontium 


87-5 

13*0 

Sulphur . .* 

, , 

32 

16-0 

„ singly linked 

,, 

14-1 

Thallium 


2080 

20-4 

Tin . 


118 

27-0? 

M • • 



18-07 

Titanium . 

• • 

48 

24-6 

Uranium • 

• • 

287-6 

19-4 

Vanadium 


51-3 

24-8? 

Zina 


65-8 

9-8 

Zirconium 


90 

21-3 


Anomalies were pointed out iu the refraction* 
equivalents of the hydracids, and of Ihebenzenoid 
carbon compounds. With regard to the spccilic 
refractive energy it was remarkedFirst, hydro¬ 
gen has more tlmn double the energy of any 
other element, even in the lowest number that 
can be assigned to it. Second, phosphorus, 
vanadium, titanium, and sulphur have singularly 
high energies, and they are substances that 
present certain chemical analogies. Third, there 
are several pairs of analogous elements having 
nearly the same energy; thus bromine and 
iodine, arsenic and antimony, potassium and 
■odium, manganese and iron, nickel and cobalt. 
Fourth, an element in altering its valency alters 
its energy. Fifth, if the metals are arranged in 
the order of their energies, they are, with few 
exceptions, in the inverse order of their atomic 
weights. 

Benzenoid hydrocarbons.—-The ano¬ 
malous refraction and dispersion of the hydro¬ 
carbons already referred to was treated in a paper 
by Gladstone (C./. 23,147), the tables in which 
indicated that the values for all these bodies and 
their derivatives were largely in excess of the 
normal, oalonlating of carbon at 5 0. The re- 
fmotiott-eqaivalcnts of the typical hydrocarbons 
were expressed as in the following table; but 
while the physical fact indicated has been fully 
verified by subsequent research, the particular 
numbers in the third column have been modified, 
and a plus has been assigned to the olefines. 

A eimilar table is given illustrating the in- 
ereased influence on light of carbon which is 
combined wiUi two atoms of hydrogen or one 
of oxygen, in a series of oxidised bodies obtained 
from essential oils, differing from one another 
only in the quantity of hydrogen. 


Hydroearbont 

Topical 

Formula 

B 

Paraffins . . 


Normal 

Olefini • • • 



Terpenes . • 


„ +3 

Benzenes . • 


»» +6 

Naphthalene • 

Can,,.,, 

-414 

Anthracene • • 

c,n,„. 

„ -417 


Bedson and Williams (il.il. 1881.155) tested 
the question whether the spccifio refraction of a 
solid body could be determined from the refrac¬ 
tive power of its solution as stated by Dale and 
Gladstone, as this method had been called in 
question by Janovsky {Site. W. 82,148). They 
found the specific refractive energy for the ray of 
infinite wavelength, calculated from solutions of 
NaCl, NojBjO^, liaBO,, and NaPO, to be in sub¬ 
stantial accord with the results derived from 
observations on tlio solids. They also found that 
the specific refraction of liquid phenol is prac¬ 
tically identical with the value calculated from 
solutions in alcohol and in noetic acid. 

In taking the index of refraction of solid 
NaPO„ B. and W. immersed it in a liquid of 
greater refractive power, and then added a feebly 
refractive liquid until the refractive power of the 
mixture appeared to be the same as that of the 
solid suspended in it. The index of refraction 
of the mixture was then determined. The result 
being found satisfactory, the prisms of rock- 
salt and of fused borax were also tried by the 
same process, as well as in the ordinary way, and 
with similar results. 

Double values of carbon and oxygon. 
BrUhl, in 1879 and 1880 (A. 200, 139; 203, 
1, 255), conducted a long investigation into the 
chemical constitution of carbon compounds in 
reference to their relative densities and their 
power to refract light. Taking up the observa¬ 
tions of Gladstone, and also referring to some of 
the anomalous results in the tables issued by 
Landolt, whose mode of investigation suggested 
that the grouping of the atoms exercised a certain 
influence upon the refraction of light, Brilhl set 
himself to inquire: What is the typical peculiarity 
which must be common to all the bodies that 
Infract light in an abnormal manner? He usually 
determined the indices for the three H lines, 

and fJLy, and for the Na line ^d, &ud cafbu- 
lated the refractiou-equivalents both for the line 
a, and for Cauchy’s A, viz. . The following 
table is so arranged that between each horizon¬ 
tal line the first-named substance has the’ 
highest molecular weight, while those below 
differ only in having a smaller quantity of 
hydrogen, and, therefore, contain doubly-linked 
carbon atoms. 

It will be observed that the density, the index 
of refraction, and the oo-efflcients of refraction 
and dispersion of Cauchy always increase with 
the du^nution of H, and that the loss In 
specifio refractive energy which is suffered by 
the disappearance of two atoms of H is at least 
fully made up by the consequent double linking 
of me carbon atoms. Pot the calculated values 
of the refraction-equivalents, Brfihl has adopted 
the following values for the eil«Dent8,.vis.~for 
R. O«60, H«H, 









OFTIOAli METEOm 


938 


Snbfttaaee 

Formala 

s.a. 

V 

■ 

Cftochy's 

A. 

Oauohy’s 

B 

e*2:i 

iV 

- 

Ob. 

•erred 

Calcu* 

lAted 

Propyl alcohol . 
Ailyl alcohol 

C,H,0 . . 

C,H.O . 

0 8044 
0-8540 

1-38315 

1-41051 

1-37542 

1-39881 

0-34030 

0-50453 



28-4 

25-8 

Propyl aldehyde. 
Acrolein 

C.H^O . 

C.ll.O . 

0-80()fi 

08110 

1-30157 

1-39020 

1-35314 

1-38010 

0-35005 

0-09427 



25-8 

23-2 

Propyl ether . 
Allyl ether. 

C,H.(OC JI.). 
c,h.(oc;hj . 

0-738C 

0-7051 

1-30758 

1-38505 

1-35975 

1-37047 

O-S.'ftaO 

0-43882 

0-4977 

0-5041 

43-80 

43-36 

48-6 

41-0 

Propyl acetate . 
Allyl acetate , 

C,H.(C.;H,0) 

0-835G 

0 9-170 

1-38235 

1-40205 

1-37427 

1-39151 

0-31832 

0-15458 

0-1317 

0-4334 

44-04 

43-34 

44-0 

11-4 

Propyl chloride . 
Allyl chloride 

CJI.Cl . 
0 ,11.01 . 

0-8898 

0-9379 

1-38059 

1-41245 

l-378ia 

1*40007 

0-36474 

0-53309 

BlEfM 

34-11 

33-64 

33-9 

31-3 

Isobutyric acid . 
Methacrylic acid. 

O.HA • • 

0 ,11.0,. . 


1-39093 

1-42815 

1-38259 

1-41400 

0-35071 

0-C1013 


80-25 

80-27 

30-4 

33-8 

Amylene (34® to 
35®) 

Valerylene. , 

CJI„ . . 
c,u. . . 

0-0470 

0-0780 

1-37330 

1-39703 

1-30352 

1-38505 

0-12173 

0-51600 

0-5704 

0-5080 

40-36 

89-86 

88-0 

85-4 

Hexane • • 

Diallyl 

Benzene • . 

0„H„ . . 
CJI,9 • • 

. . 

0 0003 
0-0880 
0-8799 

1-37337 

1-39180 

1-49008 

1-30538 

1-38589 

1-47502 

0-31402 

0-52733 

0-90810 

0-5055 

0-6787 

0-6046 

48-63 

47-45 

44-03 

48-2 

43-0 

87-8 

Triethylamine . 
Anilino . . 

C.1I,,N . 

C.IljxV . 

0-7277 

1-0216 

1-39801 

1-67948 

1-38803 

1-51741 

0-43179 

1-38319 

0-5470 

0-5072 

65-25 

62-75 

65-8 

44-9 


N = 6‘B; the first three being tlie values given 
by Laudoit, the two halogens those by Haagcn, 
and that for N being determined by liriihl Iriin- 
self. From the observations rccordot in the 
foregoing tabic and others, Brhhl has arrived at 
the following conclusions:—That the closing of 
the chain of atoms in the form of a ring, with 
which so marked an increase in the density and 
index of refraction is associated, exercises a very 
special influence ou tiie power of the substances 
to disperse light; that the mol. refraction of 
the substances in wliich the existence of one 
or more pairs of doublydinked carbon atoms is 
recognised is greater than the sum of the re¬ 
fractions of tiie constituent atoms by 2'0 in the 
case of Cauchy’s -limit, and 2*3 in the case of 
the line H. for each such pair. For combina¬ 
tions of the acetylene typo, including the pro- 
pargyl derivatives, be gives a ratW lower 
value, via.: 1*8 and 1*9 respectively. These 
data give the following atomic refractions for 
•arboD, viz.~ 




n. 

O' . 

. 4-86 

6-00 

0" . 

. 6-86 

6-15 

C'" . 

. 5-76 

6-95 


Kasini and Bemheimer (Lfncef, AlH, 18) do 
cot, however, admit Briihl’s views as to the 
constitution of the propargyl compounds, as 
well as some of the other conclusions at wUch 
he has arrived. They give tables of observa¬ 
tions on naphthol compounds, styrol, cinnamic 
fUoobol, anethol, anisol, thymol, and diimiylene, 
and have wo^ed ont Uie results by the two 

ordinary lOfaud» fw B. and and also tor 
* 


K-/, and well as showing the small 

dilf<Tcnccs both in specific refraction and speci¬ 
fic disperson duo to ditferenccs in temperature. 
The principal conclusions at which Uiey arrive 
arc as follows:—Tho statoinent that every 
doublo bond, and only every double bond, causes 
tlie mol. refraction to increase by a constant 
quantity is not confirmed by complete series of 
substances, because in compounds containing 
only four or five doublo bonds tho increase in 
refraction indicates a much greater number. 
That the increase in mol. refraction grows step 
by step as the compounds become poorer in H; 
but no proportion exists between the increased 
values and the number of pairs of atoms of H that 
is lost; nevertheless, a simple relation exists 
with the other structural changes in tho formula, 
expressed by doublo bonds, closed chains, dc. 
Tiiat the augmentation increases more or less 
rapidly from the paraffins to the olefines, and 
thenco to the ben/cnos, and again to the naph¬ 
thalenes, but by wiiat law is not evident, ana is 
not capable of expression by our structural for¬ 
mula}. They consider it established, however, 
that the principle is apr^roximately valid, that in 
every series of compounds each atom in the 
molecule furnishes its fixed contribution of re¬ 
fraction, and that in the paraffin series the mean 
values of the atomic refractions coincide witii 
those derived directly from the elements them¬ 
selves. Tliey remark that even in the paraffin 
series the constancy of the atomic refractions is 
not absolute; because the more the mol. w» 
increases the greater is the difference between 
^e calculated and experimental valuei. For 
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physical jibthods 

other leriei the seme valaes no longer applet 
being too low, and hence other constants are re« 
qoired. 

Kanonnikoff {Bl. [2] 86, 657) has published 
observations confirming BrUhl’s calculation of 
the increase due to the double bond between 
carbon atoms, and of the loss in specido refrac¬ 
tive energy duo to the elimination of two atoms 
of hydrogen being counterbalanced by the in¬ 
crease due to the consequont double linking of 
the carbon atoms. 

Landolt (P. 117,122) ^ad dettrnimcd the 
refraction of oxygen from a comparison of the 
refraotion-equivalonts of various substances 
the empiric^ formulte of which ditTercd by one 
atom of oxygen; and from acids of tho formula 
CnH^O, by deducting the value of n times Cfl^. 
The results wore somewhat discordant, the first 
series giving a mean value for oxygen of 2'7G, 
and the latter of 8*0. Tho former of these mani¬ 
festly represented the atomic tefraction of 
oxygen in hydroxyl; and if oxygon varied ^.n its 
refraction according to its valency it is evident 
that a general average resulting from theso two 
modes of dotormination could not be taken. 
Brdhl shows that,* adopting LandoU's second 
plan for arriving at the value of oxygen in the 
aldehydes and ketones of tho formula ChH-^rO, 
the Ua for oxygw will average 3*4; and that 
chloral, butyl-chloral, and the oxychlorides 
give substantially the samo result. On the other 
hand, deducting tho refraction-equivalents of 
the aldehydes from thoso of their corresponding 
acids, of tho alcohols from tho glycols, and of 
the acids from the oxyacids, ho obtains 2*75 as 
the mean value for oxygen. An approximato 
i*e8alt, 2*80, is obtained if, from the ethers, 
OaU,„0 }, the value of n times CIL-ftho higher 
value (3*4) for one atom of Oxygen be deducted. 
For oxygen united to carbon by a double bond, 
BrUhl therefore assigns the rofractiou-cquivalont 
8*4 for the line o; and for oxygen in hydroxyl, 
or generally for oxygen united to two other 
atoms, he gives the value 2*8; he represents the 
former as 0" and the latter as O'. 

Hence 0«=0 * 6*0 + 3*4 » 8*4. 

C-0 « 5*0+ 2*8 = 7-8. 

Whether, however, the increased result of the 
double linking of the carbon and the oxygen is 
due to one of tho elements only, or whether both 
of them share in it, he leaves an open ques¬ 
tion, though he regards the latter as the more 
probable. If two atoms of H are removed from 
a substance without involving the double link¬ 
ing of carbon atoms, as in tho case of an alcohol 
being converted into an aldehyde or ketone, 
there follows a very marked reduction of tho 
spooifio refractive energy. This reduction, how¬ 
ever, becomes less and less marked as the quan¬ 
tity of 0 inoreases in the higher meuibors of the 
series. When the removal of two atoms of 
H involves the double linking of the G, the loss 
of refractive energy is more than compensated by 
the increase due to the doubly-linked G. 

A comparison of a considerable number of 
ipomerio bodies of the paralhcoid series of acids 
^ows that the indices of refraction of the 
primary and normal compounds are a little 
greater than Uiose of the secondary and iso-com- 

nnds, and that the densities are proportional. 

the ease of onsatui-ated compounds of similar 


empirical oompo6ition,howey«t,th6 liok* 
ing of the oar^n atoms increases the refiaotive 
power more than the density. 

In a subsequent paper {A, 235, 1), Brdhl 
treated of the molecular refraction of organic 
liquids of high dispersive power. He arrived at 
the conclusion that the dispersion of different 
substances stands in no clearly recognisable re¬ 
lation either to their refraction or ohemioal 
constitution; and that it cannot be numerically 
expressed. This, however, is contested by Glad¬ 
stone (Pr. 42, 401), who, while admitting that 
there are difticulties in the investigation of dis« 
persion which are not felt in dealing with re¬ 
fraction, still holds (1) ‘that dispersion, like 
refraction, is primarily a question of the atomie 
constitution of the body: the general rule being 
that tho dispersion-equivalent of a compound is 
the sum of the dispersion-equivalents of its con¬ 
stituents; (2) that tho dispersion of a compound, 
like its refraction, is modified by profound dif¬ 
ferences of constitution, such as changes of 
alomio valency; (3) that the dispersion fre¬ 
quently reveals differences of constitution at 
present unrecognised by chemists, and not ex¬ 
pressed by our formulic.’ Briihl held that the 
differences which still appear between the calcu¬ 
lated and experimental values when Lorenz's 
formula is used, and which ho showed to be less 
in proportion* than when tho old empirical for¬ 
mula is used, are principally due to the indueneo 
of dispersion, and that they would in great 
measure vanish if this disturbing cause could be 
overcome; that with substances with a dis¬ 
persion equal to about that of cinnamic alcohol 
the molecular refraction for tho lino a would 
serve as a help to the determination of the 
chemical constitution, but beyond that limit the 
numerical results are too uncertain to be of use 
except 83 collateral evidence; that there ie a 
direct and simple proportion between the num* 
ber of unsaturated groups of atoms in any com¬ 
pound and tlio increase of the molecular re* 

fraction over the value derivable 

\/*»4-2/<i 

from the empirical chemical formula; that the 
effect on refraction of tho acetylene oombina- 
tion, which he represents by =, is analogous to- 
that of the ethylene, or doubly-linked carbon, 

, and that it is somewhat greater, but noi 
twice as great, as the latter. 

Gladstone questions Bruhl’s assumption that- 
both cinnamic alcohol and cinnamic aldehyde 
have four pairs of doubly-linked carbon atoms,, 
on the ground that they have widely-differei^ 
dispersions; also that ^lyl paraoresolate and^ 
anethol are similarly constituted, for the Bame> 
reason. He also thinks that the evidence as tO' 
the constitution of cymol and bexabydro-naph* 
thalene from Briihl’s observations is not oonclo- 
sive as to the one having three pairs, and the other 
two pairs, of doubly-linked carbon atoms, seeing 
that they have nearly the same dispersion.- 
Nasini (Ltncet, Rc. 3,164) in like manner holds- 
that those particular compounds do not justify 
the oonolusions that Briihl has come to respect¬ 
ing them, and agrees with Q. t^at the dis¬ 
persion may be a constant, and a muob morw 
sensitive one than the specido refraction; and* 

; that as such it is affected more Mid varias moiw 
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hf oerUm itttle diiifereitoAi of eompotiiion tnii 
ooQstitation of which tho speoiflo mraoiion do«a 
nol feel the influenoe. 

BrOhl {Z. P. 0, 1 , 6) mainUms that Brlen- 
m6jor’80onstHutioDalformala.witb fire ethylene 
combinations, correctly represents the structure 
of naphthalene, and those derivatives in which 
hydrogen is replaced by monovalent elements. 
But the results of the observations on which he 
bases this conclusion all show a larger inore* 
ment than can bo accounted for by this formula; 
the excess ho attributes mainly to the intlacnco I 
of dispersion. In this and all the other inquiries ; 
he has adopted Lorenz's formula, and the solar < 
line C, without attempting to get rid of the influ* 
ence of dispersion by tho use of Cauchy's co-ofli* I 
dent of refraction. In the same paper he 
formulates the following six propositions:— I 
(1) Isomerides of similar atomic arrangement j 
(5f<rffn»i75i5omerc) have similar specific and j 
molecular refractive powers; on the other hand, ' 
those isomerides which show differences of salu* ! 
ration (Sattiffungsisomcre) have various specific 
and molecular refractive powers; (2) polymeric 
combinations never show similar specific refrac* 
live energy, or multiplemoiccularrefractioncor- 
responding to the molecular weights; (3) trans¬ 
formations of multiple linkings of atoms into 
simple ones have as their result a diminution of 
refraction, ei]ually, whatever the kind of cliomic.al 
change may be (polymeric or isomeric change); 
(4) the optical etlcctof the accumulation of mul- ' 
tiple linkings is the same, whether it produces 
open chains (amylene—diamylene) or ring for¬ 
mations with one or more groups of rings (as in 
paraldehyde, cymhydrene, menthol, Ac. in the 
one case, and in turpentine and cajoputol in tho 
other); (5) the molecular refraction of a fully ' 
saturated body is very nearly that of the sum of ’ 
the refractions of the atoms of the empirical 
chemical formula, each of these being reckoned 
as united by single bonds—all those are to be 
regarded as saturated bodies in which Ihonfis no 
multiple linking of the atoms, such as the true ' 
paraffins, or derivatives of the general formula 
(CnH^^s) —icH/, (G) all unsaturated bodies show 
an increased refraction which is proportional to 
the number of ethylene, acetylene, or carbonyl 
combinations present; tho proportion, as a rule, is ' 
the more exact the less the substances in question ' 
are distinguished by a specially great dispersion. ' 
While holding to the opinion that the monovalent! 
elements have virtually each but one refraction | 
equivalent, and that the change of valency in the | 
oihen is the chief cause of their variable refrac- I 
tion, Briihl considers that exact values cannot; 
be o'jtained, because tho mode of the grouping j 
of the atoms may not be altogether without in¬ 
fluence. 

In the meantime, Gladstone (C. /. 45, 241) 
had brought together a large number of observa¬ 
tions on organic compounds, both liquids and 
solutions of solids, and placed against them the 
refraction-equivalents calculated on the basis of 
the following values for the elements 


Carbon, uttnrated . 

B. 5-0 

» in 0|,H. • a 

. . 6-95 

„ donbljr linkol . 

. . 6-1 

Hytopn . . 

. . 1-8 

Oxnra, ringlr Unkal . 

. . 

„ doabf; » 

. . 8-i 


Nitrogen • • • • #4*1 

„ in bases, NO^, Ac. • • 6*1 

Chlorine . . . • • 9*9 

Bromine. . . . • • 15*3 

Iodine ...«•• 24*5 
Sulphur, singly linked « • . |4'1 

„ doubly linked . * . 16*0 

Gladstone's observations confirm liAndoU'a 
original determination for H, and also for 0 in 
saturated compounds. Gladstone points out 
that tho hydrocarbons of the formula OnHh 
scarcely come up Brfihl’s previous estimate 
of the higher value of C, so that in these oases 
he has adopted the figure 5*95 instead of 0*1, as 
the dilTercnoe is more tlian he considers can be 
accounted for either by dispersion or by the 
distance from the boiling-points. In the case of 
those substances whero tlie C atoms outnumber 
those of 11, all of which shownn inordinatelvbigh 
refraction and areat the same time enormously die* 
porsive,0!austono pgints out that Kanonnikoff's 
vic^ that the increase is due to dispersion alone 
is nut established by that observer’s own figures 
for the theoretical limitof the spectrum according 
to Oaucliy’s formula. lie admits,however,that if 
tho limit were carried back considerably further, 
though still fairly within what Langley's obser¬ 
vations would allow, the values would so far ap¬ 
proximate as to render it notampossible that the 
refraction-equivalent of C might prove to be the 
same in thoi;c compounds as in the benzenoid 
series, or wherever it is doubly linked. As to the 
halogens, tho figures in the table are generally 
consistent with the values which wore originally 
assigned by him to Cl, Br, and I, viz. 9*9, 15’8, 
and 21*5 respectively. These numbers arc very 
nearly the same as those arrived at independently 
by llaagcn, viz. 9’8,15’3, and 24*8. The values 
for 0 arc taken from Brulil’s original determina* 
tlons, though the evidence of tho alcohols rathel 
favours his old estimate of 2 9 for the line A. 

With regard to tlie plicnomcnaof dispersion, 
Gladstone points out' that tho double linking of 
carbon atoms, while It docs not much affect the 
specific refraction, widens the spectrum greatly, 
to such an extent indeed that where there are 
three pairs of such carbon atoms the specific 
dispersion is about double that of a saturated 
compound ; whore, however, the carbon atoms 
are actually in excess tho dispersion becomes 
far more r.apid. This is evident throughout, but 
the following typical hydrocarbons may illoa* 
irate it : — 

Hexane . C„H,, sp. ref. 0*5026, sp. dlsp. 0‘0242 
Amvlene . CJU .. 0*5708 „ 00300 

Benzene . CJl, „ 0*5595 „ 0*0486 

NapthaleneC,uH, „ 0*5870 «, 0*0782 

Biiiuorene C^Hn „ 0C057 n 0*1108 

or the following alcohols : — 

Is^>butvl alcoliol C.II„0 sp. ref. 0MS78, Kp.diip. 0*020t 
AUvl ulcobol C,n,0 „ 01731 „ O-OJfS 

PhciW C.ll.O „ O'SOaO „ 0-Oi7S 

Kai»biho! 0,.U,0 „ OStST „ <h)833 

• The effect of the halogens in lowering both 
the specific refraction and dispersion is very 
marked, and that of NO, is still more re* 
markable.' 

Gladstone (C. /. 59, 290,689) has since pub* 
Ushed other loi^; series of observations; includ* 
ing a record of experiments on the effect of 
changes ol temperature on the refraction of 
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lome bt^y-refractive sabstances, wbiob seem 
to confirm the opinion previously expressed by 
Dale and himself. Among the substances con* 
tained in these tables the benzyl and benzal 
camphors of Haller call for special notice, as 
they have a very high refraction, and a disper* 
Bion which is altogether excessive. The latter 
compound has in like manner a very high rota¬ 
tory power. The hydracids in aqueous solution 
are shown to have not only a higher value than 
the normal, a fact which has long been observed, 
but also that the valucl-ises v'ith difution; and 
that in the dispersion the excess is still more 
striking. The same fact was observed by Perkin 
in regard to the molecular magnetic rotation 
of these acids dissolved in water, both as to the 
initial excess,and to its increase with tho dilution 
up to a certain point where it remainod nearly 
constant. 

Other investigators have availed themselves 
of the optical properties ir order !b determine 
the constitution of compound bodies, or to ton- 
firm the views /irrived at on other grounds. 
Knops jA. 248,176) has determined the indices of 
refraction of the methyl, ethyl, and propyl salts 
of fumario, maleic, mesaconio, oitraconio and 
itaconio acids. A comparison of these acids with 
their ethereal salts leads to the conolusion that 
fumario and maleic acids contain only one 
dopbly-linked carbon atom; and that fumario 
acid stands in the same relation to maleic acid 
as mesaconio acid docs to citraconic acid. 

Kanonnikoi! {J. j^r. [2] 31, 321,4D7) has made 
a long series of observations on solutions of 
solids, of which ho tabulates seventy-nine 
different substances, using water, alcohol, 
benzene, and ohloroform as the solvents. As 
a preliminary inquiry, he reviewed tho work 
of former investigators, and in some cases 
added experiments of his own to confirm pre¬ 
vious ooQclusiODs: that the retractive energy 
of a substance is not changed in passing from 
the state of a liquid to that of a gas or vapour; 
that the same applies to bodies in passing from 
the solid to the liquid condition; that the ro- 
fraotion«equivalent of a mixture of liquids is 
the sum of the refraction-equivalents of its con¬ 
stituents ; and that if tho refraction-equivalent 
of a mixture and that of one of the components, 
together with the proportion of the same, is 
known, the refraction-equivalent of the other 
component can be calculated; that the same 
law applies to solutions of solid bodies, and 
that like results will be obtained whatever the 
solvent may be ; that a derivative will be com¬ 
parable with the substance from which it is 
derived, though the one may be a liquid and tho 
other a solid body, ns in the case of mesaconio 
acid and ethyl mesaoonate. From the results of 
the observations above referred to, K. has deter* 
mined the refraction equivalents of fourteen of 
the elements, as follows 


SSemeut 

«0 

Ra 

Elcmepk 

»0 

Bgg 

UtiUum . 


S‘l6 

8*00 

Meurnesium . 

7-03 

6*47 

Bodium . 


4-23 

4*00 

Calcium . 

9*33 

9*08 

'PoteMlum 


7-75 

7*40 

Ziuo 

980 

9*40 

Copper . 



U*30 

Strontium . 

11*61 

U‘S5 

RubidlaB 


13*04 

THO 

Cadmium . 

13*08 

13*66 

BUrar • 


isoa 

13*63 

Barium . 

15*84 

16‘nt 

Oesiiua • 


23-SS 

1870 

Morouty 

19'S0 

ir*w 


USED IN 

E**s values for the solar line 0 will be found to be 
generally slightly lower than those determined 
by Gladstone for the line A. The refraction* 
equivalents for the theoretical limit of the spec* 
tram were also calculated by Cauchy’s formula 
from observations of the lines a and of hydro¬ 
gen. K. also gave determinations of refraction- 
equivalents of thirty organic liquids, showing 
the excess due to the double linking of the car¬ 
bon atoms wherever this occurred. 

Nasini {Lined, Rc. 1,1) points out that the 
suggestion thrown out by Gladstone that there 
maybe a third and higher value of carbon when its 
four bonds are satisfied by othor carbon atoms, 
is supported qualitatively by tho researches of 
Bcrnheimer and himself, but not quantitatively, 
and that, therefore, this hypothesis is not a 
sufficient explanation of the facts. He argues 
as follows: naphthalene derivatives have two 
such atoms, while cinnamic alcohol has but one, 
whereas the values differ but very little. Anethol 
with one such carbon atom has a much greater 
excess than the naphthalene derivatives, while 
styrol shows so slight an excess, that on this 
hypothesis it could hardly be allowed to havo 
any carbon atom in this condition. He compares 
two pairs of isomeric bodies, both as to refraction 
and dispersion,_______ 


Substance 

». 

d 

Allyl phenylate. . 

70-45 

0-0173 

Cinnamic alcohol 

73-83 

0-0220 

Ally] paracresolato . 

78-79 

0-018 

Anethol . 

82-05 

0-0257 


from which he infers that when the allyl group is 
directly united to the benzene nucleus the mole¬ 
cular refraction greatly increases, whereas when 
the union takes place through the intervention 
of oxygen no augmentation takes place; so far, 
therefore, while supporting the hypothesis of 
Gladstone, be does not find any proportionality 
between the number of such carbon atoms and 
the increase of refraction. 

Nasini {Lincei, JRc. 3,164) criticises some of 
the conclusions of Briihl in the paper on the 
molecular refraction of organic liquids of high 
dispersive power (A. 235, 1) already referred 
to; and in particular he points out that the 
elimination of dispersion, if that were possible, 
would not get rid of the discrepancies between 
the observed and calculated values for the re* 
fraction of substances of high refractive power, 
and he cites'observations on a series of sub¬ 
stances in which he finds the constant fact 
that on adding a saturated side chain to an 
aromatic nucleus the specific dispersion di> 
minishes while the refractive power increases. 

Costa (G. 19) has made observations with the 
special object of testing the effect on dispersion of 
adding saturated side chains to a benzene or 
naph^alene nucleus. For this purpose he used 
compounds of amyl with benzene, thymol, 
eugenol, resorcin, and naphthol, and found in 
each case a still further increase in the refrac¬ 
tion-equivalent than could be aocoonted foi bythe 
nucleus itself, while at the same time the fpMifi0 
dispersion showed a decrease. 
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Diipenioa eqalfaltati. In the same way 
that Gladstone arrived at the refraotion-equiva* 
ients ot the elements, he has sought also to 
determine the dispersion-equivalents of several 
of them; and (Pr. 42, 401) ho has given the 
results of his observations upon nine of them, 
together with the values for tho« combinations 
CJ^ and NO^ Tho values are as follows:— 


Substnace 

Ha 

Di.sp. K'lt. II-A 

Phosphorus 

18-3 

30 

Sulphur, doubly linked; 

; iG'O 

2(3 

„ singly „ 

140 

1-2 

Hydrogen . 

1-3 

004 

Coi'bon 

50 

0-2(5 


61? 

0-51 


Cl 

0-0(5 

Oxygen, doubly linked 

3-4 

018 

.. siiiKly „ 

2 -rt 

010 

Chlorine . 

9!) 

0-50 

Bromine . • . 

15-3 

l-2-> 

Iodine . • . 

24 5 

3-(15 

Nitrogen • • . 

4-1 

010 

CH, .... 

70 

0-34 

NO, .... 

11-8 

0-82 


It will be observed that G. gives llircc dis¬ 
persion equivalents for C, which he considers 
pretty .veil established, and ho raises tho ques¬ 
tion whether tliero njay not be an intermcdialo 
refraction-equivalent corresponding to Iho dis¬ 
persion-equivalent 0‘ul, which is found in such 
bodies us the allyl compounds and ololines. In 
his previous paper (ZV. 31, 327), O. suggested 
that there is a still liigher refraction-equivalent 
of C in those cases in which it has four bonds 
satisfied by other C atoms, as in naphthalene 
and pyrene.' Whatever may bo tho truth of tliis 
view, it appears that the dispersion-equivalents 
of these bodies are enormously high — much 
beyond what is recognised in tho above table. 

Briihl {Z. P. C. 7, 2,140) has since modified 
his views upon tho subject of dispersion; and 
has worked out carefully the atomic dispersions 
of some of the most important elements that 
enter into organic compounds. In the courso of 
this investigation he has been led to revise his 
previous figures for the refraction as well as the 
dispersion. They now stand as follows: — 



; .Symbol 

R. i 

1 

Ry-B. 

Carbon, .inRly linked . 

O' 

2-365 

0-039 

Hydrogen 

H 

1103 

0-030 

Oxygon (hydroxyl) 

O' 

1-506 

0-019 

„ (ether) . . 

o< 

1-655 

0012 

„ (carbonyl) 
Nitrogen, linked singly 

0 " 

2-328 

0-086 

with 0 . . , 

N' 

2-78 

0-19 

Chlorine . • « 

Cl 

6-014 

0-170 

Bromine , . , 

Br 

8-863 

0-348 

Iodine .... 

I 

13-808 

0-774 

Ethylene bond . , 

m 

1-836 

0-23 

Aoetylene bond , . 

a 

2-22 

0-19 


It wili be observed that B. retains Lorenz's for¬ 
mula; and that he takes the difference between 
the r^raotion of the hydrogen lines y and a as 
big measure of dispersion. He now aoknow* 
ledges that the moleoolar dispersion can be re¬ 


garded and employed In like manner with the 
molecular refraction as a speoifio expression of 
the material composition of chemical bodies; 
and that the dispersion is decidedlv more sensi¬ 
tive to structural influences than the refraction* 
Ilia inquiries have convinced him that refrac¬ 
tion and dispersion are in no general sense cor¬ 
relative properties; but that certain structural 
peculiarities that have much influence upon re¬ 
fraction have little upon dispersion, while others 
have tho gpposile cjfect, and, as a rule, exercise 
a mucli stronger influence upon the dispersion. 
It 13 evident tlint this must be so, from iho very 
high relative dispersion of 0" as compared with 
that of O' or 0<, and tho largo proportionate 
dispersion due to tlie ethylene bond. This figure, 
•23, B. does not, however, recognise as a constant 
value. These revised vahics have since been 
u.sed by him in his inquiries into tlio relations 
between the optical properties and ohoroioal 
constitution of epfthlorliydrin, the aldehydes 
an4l benzoyl (B.,/}. 21, 050}, in which ho draws 
attention to the concurrence Of the evidence de¬ 
rived from cliemical, calorimetrical, and optical 
investigations. 

Essential oils. Oladstono (C. /.IT, 1; 
2 o, 1) gave a long list of observations in 
wliich lie recorded llio circular polarisation as 
well as the index of refraction. The power of 
I tlic oils in rotating the plane of polarisation 
appears to bo very diverse, both in degree and 
direction; but ho suggests tliat a comparison of 
tlio specific gravity and of tlio length of the 
spoctrum may in some cases bo of servic-e in 
determining the genuineness or otherwise of the 
(fils. Tlio hydrocarbons obtained from those 
oils (of whicli a long table is given) divide them¬ 
selves into two great groups, which &to more 
fully investigated in tlio second paper. 

Subsequently (C. J. 49, 009) tho effect of the 
liighcr refraction and dispersion of 0 when 
united by double bonds was applied to the deter¬ 
mination of the structure of the essential oils. 
Taking 2*2 as llie increased refraction for the 
solar lino A, and 0'8 as the increased dispersion, 
n—A, due to one pair of doubly-linked carbon 
atoms, the torpone.s indicate, both by their re¬ 
fraction and dispersion, that they contain only 
one j)air of carbon atoms doubly linked, thus 
corroborating tho views of those who, on chemi¬ 
cal grounds, have held that a terpene requires 
the addition of only two atoms of hydrogen, or 
their equivalent, to saturate it. The refraction 
and dispersion of solid inactive campliene also 
show that this substance docs not contain more 
than one pair of doubly-linked carbon atoms, 
which is consistent with tho fact that it com¬ 
bines with only one molecule of hydroobiorlo 
acid, and is directly converted by oxidation into 
camphor C,on„0, which is certainly a saturated 
compound both hy chemical and optical evi¬ 
dence. In tlie same way, the citrenes give a 
refraction and dispersion indicative of the pre¬ 
sence of two pairs of doubly-Unked carbon atoms. 
Allied to these are several hydrocarbons having 
different amounts of hydrogen, and the number 
of doubly-linked carbon atoms varying accord¬ 
ingly. Thus, while oltrene has two 

pairs, eymene 0 ,„H |4 has three, while menthene 
one pair of doubly-linked car^n 
atoms, and oymbydrane has none, being 
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k MtontMl body. Fentene and isoprene 0^^ 
we identioal in weir optical properties, and in¬ 
dicate that no less than fonr of the fire carbon 

S toma are donbi; linked, which accords with 
be tact that these compounds combine with four 
atoms of bromine or two molecules of hydro- 
sbloric acid. The following table will illustrate 
the foregoing conclusions 


USED Ilf OHBMlSTBlF. 

MU 2-408449 

MS. 2-417024 and 2-417227 
Mil 2-42S487 

These figures give It =< 4-8, a result slightly lower 
than his earlier observations on the diamond, in 
which the index for the red part of the spec¬ 
trum is recorded as 2-434, and the 8.0. S-55. 
Selenion. Sirks (P. 143, 429) made 


Hjtlrooarbont 

Experimental 

Pairs of 0 
atoms doubly 
linked 

Theoretical* 

lipccifio rcfr&o- 
tiYC energy 

Specific dls* 
peruive energy 

Specific rcfracv 
tive energy 

Spccifio di»> 
pcrslro energy 

Cymhydrene . 


. 

0-513 


none 



Menthene . • 



0-548 


one 

0-517 


The terpenes . 



0-537 


do. 



Terebenthone • 



0-537 

00291 

do. 

»» 


Oamphene. 



0*528 

00309 

do. 



The cedrenes . 



O-i.38 

0-0290 • 

do. 

,, 

0-0351 

The oitrenes . 



0-551 

0-0334 

two 

0‘5o3 

Isoierebentheno. 



0-652 

‘ 0 0337 

do. 



Gaoatobene 



0-554 

0-0300 

do. 



Cymene . 



0-500 

00106 

tliree 

0*558 

0-0113 

Isoprene . 



0-592 

00170 

four 

0-585 

0-0172 


The advance in these experimental figures 
with the double linking is evident, though it is 
obscured in the first two cases by tlie larger 
amount of hydrogen contained in cyinhydrene 
and menthene. The influence of the double 
linking upon the specific dispersive energy is 
apparent at a glance, and renders this property 
more valuable than the refractive energy in 
determining the rational constitution; though, 
of course, it is in the agreement of the two that 
the most conclusivo evidence must bo sought. 

Kanonnikofi (Bl. [2] 30, 657) had already 
pointed out the diSeronees between the cnlcu- 
Icted and observed refraction equivalents for the 
following substances 


Bubstanee 




Peppermint camphor . 

77-6 

77-1 

+ 0-5 

Cajepatene hydrate 
Terebenthene hydrate, 

7-l‘3 

i 

74-5 

+ 0-3 

lievogyrate 

Frenoh terebenthene, 

77-1 

74-5 

+ 2-0 

Iffivogyrate 

Hydrocarbon from 

71-7 

69-2 

+ 2-5 

oleum Camilla . 
Hydrocarbon from 

71-9 

09-2 

+ 2-7 

oleum th^iani 
Isoterebenthene . 

71-4 

09-2 

+ 2-2 

73-6 

09-2 

+ 4-1 

Carvol .... 

74-8 

09-4 

+ 6-4 

Cymene from camphor. 

72-0 

00-0 

+ 5-4 


E. has drawn the conclusion that the first 
two contain no doable bond, that the two tere- 
benthenes and the two hydrocarbons contain 
one double bond, that isoterebenthene contains 
two, and that carvol and oymene contain 
three, double bonds. 

Carbon. Sohrauf {W. 22, 424) made ob- 
icrvationt on the retraction of a Brazilian 
diamond of the first water, the S.O. of which 
•as 8-616, with the following resalta:— 


observations on the refraction and dispersion 
of solid Se. By pressing a small quan¬ 
tity of melted Se between two glass plates, 
he prepared a thin film of the substance, which 
exhibited Newton's interference bands. From 
those ho was able to calculate the index of 
refraction for the solar lines A, a, B and 0, with 
an csitimated error not exceeding 0 003; and 
for D, with some dilficulty and uncertainty, to 
the second place of decimals only. The values 
obtained were:—2-054, Pa 2-092, ps 2-730, 
Po 2-787^ P D 2-98. From these S. calculated 
the dispersion as compared with water, calcepar, 
and CS.„ the figures in each ease being reduced 
to the standard of Pw-Ma = 100 


nil 

■ 

Pa-P a 


Me-M b 

Po-Po 


■ 

30 

31 

33 

88 

Calcspar . 
Disulphide 

of 

30 

30 

31 

90 

carbon . 


31 

31 

35 • 

99 

Selenion . 

• 

29 

30 

42 

140 


Comparing So with CS„ he found that while in 
the case of CS, Pd—P e differed very slightly from 

Po—P a, in the case of Se * '°~^ °-l-46. 

Po-Pa 

In testing Cauchy's and Christofle's formula 
for the index of the ray of infinite wave-length 
by the above observations, the former gave 2-733 
and the latter 2-433. It will be observed that 
Cauchy's co efficient of refraction is somewhat 
higher than the observed value for the solar line 
B, which is 2-730, the oo-efficient of dispersion 
in this particular case being a minus quantity. 

Fhosphorus. Gladstone and Dale IP. U. 
1859) measured the index of refraction of both 
solid and liquid P, an element remarkable not only 
for its very high refractive power, bnt tor an an* 
precedented amount of dis^raion. For sedid F 
at 25° they obtained for Ua 2-1059, for p. 2-1443, 
and lot the extreme limit vbdUe in the fhdsi 
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toriion tii 6 tpeotruim 3'd097. AsBuming the > 
latter to be equivalent to juk. the length of the j 
spectrum Mh—ma » 0’2038. For liquid P at 85^ | 
they obtained the following 





,, End of 

violet 

2-0389 

2-0740 

2-1201 

2-1710 2-2207 


The change from the solid to the liquid state 
is attended with a considerable diiuinutiou of 
density, the ratio between the density and the 
refraction being about the same in the two con* 
ditions. The Ha of P is taken at 18*3 from the 
above observations on liquid P, but Gludstouo 
points out (C. J. 23, 101) that when combined 
with 0 it seems to have a much smaller refrac¬ 
tion, HPOg giving a less value (18 0) than the P 
it contains, while UjP 04 also has a rcfraciion* 
equivalent of only 23*0. 

Sulphur. It was pointed out by Gladstone 
in 1869 (T. 169,9) that while S, whether solid or 
liquid, has a refraction-equivalent of 16*0 or 10*3 
for the solar line A, the equivalent for S deduced 
from CS.;Was 15*85; that the dilTcrcnco between 
KGN and KCNS gave a value of 10*24, and that 
B.^CLj gave a similar figure. On the other hand, 
hpwover, it was evident that in the two gases 
11 . 48 * 14 * 28 , and S 0.4 = 14*91, or in liquefied 
8 O. 4 '-14*59, the refraction-equivalent of B can¬ 
not amount to 10 * 0 , nor yet in II 4 SO 4 , which has 
a refraction-equivalent of only 21'9. 

Wiedemann and Kasini have subsequently 
given considerable attention to the values of B 
in combination. Wiedemann (IK 17,577) in¬ 
vestigated the sulphur substitution products of 
the carbonic esters, and obtained the following 
results:— ' 





/'U 

I. 

CoOCJI. 

0-975 

1-3837 

n. 


1-0285 

1-4479 

HI. 

^^SC4H4 

1-085 

1-51G8 

IV. 

^^0C4H, 

1-0325 ? 

1-4503 

V. 


1-085 

1-5301 

VI. 


1-152 

1-0105 


inflaenoes, in a very distinot manner, the value 
of the index of-refraotion. From the refraetloa- 
equivalents given above W. obtains the value 
14*04 for S' in the oompounds IL and III.; and 
for S" 15*20, 16*31, and 17*45 r^peotively. 
Using Lorenz’s formula he gets the value of 
7*94 for S', and 9*09, 9*44, and 9*83 for S". 
Whichever formula be adopted, the figuroa show 
that the atomic refraction of S, like that of 0, is 
greater when S is doubly linked to an atom of 
carl>on. 4 should be observed that the above 
results are basodlipon the recognised valuea of 
0, H, O', and 0", which give 

CO°°'}|>-Boo 46-91, and K* 27-76; 

and also that W. takes as the value of S' the 
mean derived from the observations II. and IIL 
If Wiedemann had adopted a direct oomparison 
of the acU'al observations, the values of S" 
would approximate more closely according to 
th 8 old formula, and less closely acoording to 
Lorenz's formula. • 

Nasini (G. 13, 29G; TAnceiy lie. 1, 1) bu 
determined the value for S in various compounds. 
From sundry organic sulphides and mercaptans 
lie obtained the atomic refraction of S oorre- 
spending to alcoholic oxygen. From CS^, and 
from the compound 08 ( 064114 ) 4 , he deduced the 
rc.'fruclion of 8 corresponding to aldehydio oxy¬ 
gen:— 


Siib>Imr 

Ha 

lU 

Ba 

Bn 

S' (singly 
linked) . 

14-10 

13-53 

7-87 

7-66 

S" (doubly 
linked) . 

4005 

i 

15 09 

9-02 

8-84 



** 1 


»« 

1*3858 

1-3870 

45-00 

27-80 

1-4515 

1-4544 

60-95 

34-11 

1-5237 

l-5-i87 

09-15 

40-67 

1-4001 

1-4032 

57-82 

84-66* 

1-5370 

1-5431 

70-26 

41-23 

1-0210 

■- 

82-73 

47-66 


From these figures it will be seen (1) that the But when examining otlier compounds, such as 
index of refraction rises whenever an atom of 0 H 4 SO 4 , SO,, and SO,, N. found that whatever 
is replaced by au atom of S, and that bo much hypothesis he adopted as to their constitution 
the more, the more S there is already in the —or, in other terms, whatever valus he took for 
compound; ( 2 ) that the refractive indices of the the atomic refraction of 0 —be obtained values 
combinations which contain the radicle OS are for S,Dot very discor'^ant among themselves, but 
greater than those of their analogues containing totally different from those given above. Treat- 
CO; (3) that the refractive index likewise ing the sulphur as divalent, Bqo varied from 
increases if, besides the radicle, first one and 6*10 to 9*01 : as tetravalent, from 6*94 to 8*43; 
then a second atom of S replaces 0, and In the as hexavalent, from 6*63 to 7*85. Caloulstlng 
latter case more than in the former; (4) the by Lorenz's formula, ranged from 5*34 to 
isomerio bodies H. and IV., as well as Ill. and 6*27 in the first case, from 4*51 to 4*91 in tl^ 
Yn and second, and from 8*13 to 8*79 in ^e third. 

ilk both eases the^ oompoond that has the 8 in Some observations recorded by Eanoonikofl 
the radioU has tha hl^sr index. This indi- (/. B, 15, 484} substantiall/ support ritsea 
AoiAttSKatthaiiorifciantftlMSInthaoooiiKKind figures. 
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Kasini and Soala {LincH, He. 1886.617,623) 
rocord observations on the sulphocyanides, 
which show that the mustard-oil compounds have 
refmetiveand dispersive powers in excessof those 
of their isomeridos, while phenylio isosulpho- 
cyanide has a speciiio refraction and dispersion 
far above the calculated values^-oxceeding, in 
fact, oil of cassia or GS^. In this combination 
ihe union of the group Ss*C=N, endowed with 
a high refractive power, with the plienylic group, 
also highly refractive, appears to*, produce a 
lieightening of the refrangibihty, a phenomenon 
which N. regards as analogous to the increase 
in refraction which he observed when in the 
benzene group an unsaturated side chain is 
joined to an onsaturated carbon atom. In com¬ 
pounds containing four atoms of S there is an ex¬ 
cess of refraction above what is estimated from 
the value of S in GS^, the monothiocarbonates 
of Et and Pr giving a value of 17*4«ind 17*5 for 
the refraction-equivalent of*Bulphur. 

Nasini a. Costa {1st. CU. lUmc, 1891) nVde 


lished {Ar. N. 8) a long senes of very care* 
ful determinations of the indices of refraction of 
mixtures of H.SO4 and H^O, in various propor¬ 
tions for all the principal lines of the solar 
spectrum from A to H inclusive. These show 
a progressive increase in refraction and disper¬ 
sion with every addition of H^SO^, until a maxi¬ 
mum is reached at a point corresponding, 
apparently, with the monohydrate of the acid, 
after passing which the refraction and disper¬ 
sion suddenly decline, while the density of the 
mixture continues to increase. Out of the 
seventeen series of determinations at different 
concentrations, the seven most cono. are given 
below, the central one of the series representing 
the nearest approach to the maximum. Tlie 
indices arc all reduced to a temperature of 18*3°. 
Tho specific gravity given in the lino below is 
for O'*, water at the same temperature being 
taken as 1*0. In the cases of the twoG’sand 
tlio two II’s, tho higher one in each corresponds 
' with the linos so designated by Fraunhofer. 


)* 

63-09 p.O. 
SO, 

711)7 p.c. 
SO, 

81*-ll p.c. 
SO, 

85*93 p.c, 
SO, 

88*117 p.c. 
SO, 

1 91*43 p.o. : 

1 : 

04*72 p.O. 
SO, 

A 

1-40819 

1-41930 

1-43049 

1-43279 

1-43151 

1-42918 

1-42083 

a 

1-40928 

1-42042 

1*43108 

1 *-13385 

1-43270 

1-48035 

1-42781 

B 

1-4101C 

1-42133 

1-43203 

1-43170 

1-43357 

1-43414 

1-42808 

0 

1*41112 

1-42227 

1-43300 

1-43579 

1-43444 

1-43198 

1*42944 

D 

1-41342 

1-42400 

1-43590 

1-43807 

1*43069 

1-434-20 

1-43103 

K 

1-41018 

1-42740 

1-43877 

1-44081 

1-43944 

1-43701 

1-43431 

b 

1-410G9 

1-42793 

1-43928 

1-44130 

1*43990 

1-43749 

1-43484 

P 

1-41838 

1-42907 

1-44103 

1*44311 

1*44108 

1-43922 

1-43049 

0 

1-42058 

1-43186 


1-44534 

1-44392 

1-44144 

1-13809 

a 

1-42233 

1-43304 

Mgg W 

1-44700 

1*44509 

1-44346 

1-44037 

H 

1-4-2421 

1-43501 

1-44703 

1*44901 

1-44759 

1*44512 

1*44229 

H 

1-42607 

1-43090 

1-44841 

1-45040 

1-44883 

1-44040 

1-44347 

S.O. 

1-55438 

1-04925 

1-70000 

1-80070 ' 

1-83123 

1-84485 

1*84994 


further studies of S and its compounds. They 
conclude that the oxygen compounds, which arc 
genetally distinguished by a low refractive and 
dispersive power as compared with those not 
oxygenated, may be divided into two principal 
groups: those which may bo regarded as derived 
frdb SO.jhavo the higher, and those derived from 
SO, have the lower, refractive and dispersive 
powers. Kanonnikoff (vS. Ph. Ch. Puss. 16,129) 
assumed that the refraction of 8 varies with the 
change of valency, and assigned the following 
values for 

S divalent 14*10 
S tetravalent 8*72 (in sulpliones) 

S hexavalent 4*85 (in 

but this is not accepted by N. and G. They find 
that the accumulation of S in the molecule is 
almost always accompanied by an increase in 
the refractive and dispersive power. In this re¬ 
spect, though not in others, S appears to have 
much analogy with carbon. Throughout this 
investigation N. and 0. tested the dispersion 

formula of Eetteler, in which a and 6 

represent rays of different wave-length, and found 
that it gave very uniform results; but from a 
physico-chemical point of view they do not regard 
Ihie fact as an argument in favour of the formula. 

Sulphuric acid. Van der Willigen pub- j 


Van dcr Willigen pointed out that the formula 



apply to mixtures of ILSO4 and water, where 
100—p and p aro the respective weights of the 
two mixed liquids, n, and n" the indices of 
refraction, and d, d\ d" ihe densities of the two 
liquids and tho mixture respectively. Dale and 
Gladstone had formerly stated that tho same was 
the case in respect of their formula. 

Nickel and iron carbonyls. Ludwig 
Mond has prepared Ni(CO)4 and Fe(GO)„ both 
liquids of a highly-refractive character. The 
former has been examined optically by Nasini 
{Lincei, Pc, 7,411). and the latter by Gladstone, 
it,, for the nickel compound was found to be as 
high as 57*7, which, deducting 8*4 for the value 
of each CO, gives 24*1 for the metal itself, 
instead of about 10*0, as determined from the 
chloride, sulphate, and nitrate. This would 
seem to confirm the hypothesis that the refrac¬ 
tive power varies with change of valency, in¬ 
creasing with theincreased power of combination. 
In this compound the Ni is regarded b^ Mond a. 
Nasini as octovalent, and as justifnng Men- 
dol^eff in placing it in Group VIll. of his s^tem 
of classification. Gladstone, on the other bandr 
is disposed to think that the metal in both com¬ 
pounds is, as usual, divalent, and that it If the 
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Bo 

Bo 

«v 

«o 

»K 

c,ir,p 

O.JI, 

49-i3 

42-f9 

4S'3S 

4170 

4370 

4517 

44-08 

44-30 

4S’61 

43-17 

48-40 

43*03 


O'CS 

o-es 

0*33 

0*48 

0‘4i 

0-35 


do which has a greatly iocreased valae. Ha 
obtained for Pe(00)„ B*-e7'38, B„= 69-40. 

Tbeee figures show not only a very high refrac¬ 
tion, but also very great dispersive power. 

Silver iodide, bromide, and ohlorida. 

Wernicke {A. 142, 660) measured the re¬ 
fraction and dispersion of light by these salts i .entity, -0 -28. According to Lorenz’s formula 
in two different wavs: (1) by ezaraimng the , r- o-<J2 and K„. 0-84, showing in like manner 
ight reflected from glass plates covered with a „ „ dispersion. The observations of 

laycrof these salts, by means of a spectroscope, „„ guorspnr, and 

and noting the position of the dark inlcrfercme- | ,n,tliors on solutions of KF and 

bands: (2) by direct measurements ot smal nh p, „i, .lislincfiy confirm the foregoing evi- 
prisms made of the fused salts. Iho portion of anomalous dispersion ; while a 

the spectram observed ranged from the solar .jso,, „{ the reiraction of the three lines 

line C to G. The dispersion po-8d was about ] ^ j,, silicofluoridcs measured 

twenty-seven times that of water in the case of, p j. Christianson, and tho author'a 

theiodide; that of the other two salts is much [ sol-ations of H,SilV 

less, though considerably greater than that of i direction, 

flint glass. Agl seems capable of c.<isting m , i,i,,ueficd gases, llleekrodo (Fr. 87,8S0) 
two conditions; at temperatures above Id. it apparatus for incasuring 

gives a short sptHttrum limited to the red, yellow, indices of rofraJtion of liqucliod gases, con- 
and green, while below that tcinpcrature it ^ modification ot a Faraday tube, 

gives a Bpectniiii twice as ong, showing all llio ^ 

colours. \y. believes that Agl is partly disso- ; pressures. By . 

ciatcd at the higher temporutures. ! epserving, thriingh a microscope provided with 

liromino. Wcegmann (Di.js. Bonn, 18^8) ^ ^rij^inatcd scale and a micrometer screw, test 
determined the rcfraction-cquivalciit of r olijccts, such as icpidoptora scales, attached to 

renz’B, as well as by the older, formula, for both Dicinnersurfaccof the glass plates of tho coll, the 
the hydrogen linos, a, and Cauchy s hunt, from a ^^,.iation in the focus between tho direct obsor- 
scries ot otbylenc and ncctjlcno conipoiiiids, 
adopting Bruhl’s values for C, 11, and tho ethyl- - ... 


ene linking. The following aro bis figures for 
Br compared with those arrived at by Briihl:— 


Bruiniiio j 

K. i 

u. 1 

s» 

B. 

Weegraann . ^ 

14-78 i 

15-33 

8-.7C 

8-83 

Briilil . 

14-31 

15-89 

8-70 

8-95 


found, and, with a correction for tho eiTect of 
the glass, he obtained tiio data from wliich to 
' calculate the index of refraction according to 

i the equation in which D represents 

I the thickness of tho layer of liquid and d the 
api)arent displacement of tho test object. Tho 
observations were taken both with asodintn flame 
and with daylight, and tho calculated probable 
error of the result amounted to ± O'OO.^. The 
first table on p. 2d8 gives the results of B.*s obser¬ 
vations compared with those of Dulotig, Kotteler, 
Croullcbois, and Borenz on the same substances 
in the gaseous state; the specific refraction Is 


Fluorine. The writer of this •rticlc has 
collated the observations made by various ob¬ 
servers on bodies containing.F in order to arrive 
at the refraction-equivalent of this element 
(P. M. 1885. 481). Those of Brewster on cryo¬ 
lite, of Brewster, Wollaston, • Fizcau, Stefan,- , . 

and Kohlrausch on fluorspar, and of Gladstone ! calcifiatcd by both the formula, m common use. 
on aqueous solutions of KF, give a refraction- I „ «- /><="', ctlont.on to the remarkably low 
equivalent for F varying from 0-29 to 0-:i2. I .^-0- «' ctliylene, as the lightest fluid subitanoo 


Those of Topsoe and Christiansen on crystalline 
siiicofluorides of Cu, Ni, Zn, Mg, and .Mn, of 
the formula RSiF„.6Hp, give a refraction- 


known; his dr.terminations gave 0*385 at-6^ 
O-bCl at fi®, and 0‘38(» at 3°. B. also gave 
determinations of the indices of refraction of the 


equivalent for F varying from 0 (12 to 0-84; wliilo 'ol owing subyances taken by the same process: 
(NH.).SiF. gives 0-59 for F. The latter figures commenlcd on the high indices of the 
must be accepted with caution, ns a very slight organo-mctallio compounds as mCjOnsistont with 
difference in the values ascribed to thi other i the opinion expressed by early observers that a 
elements will account for the whole of tho dis- ■ »' *« mdioative of a body 


crepancy. It is evident, however, that in any 
case the refraction-equivalent is of exceedingly 
small amount, and that the specific refraction, 
even if the highest value be taken, can scarcely 
be the half of that of any other element known. 

J. H. and G. Gladstone (P. ilf. 1891.1) have 
investigated the optical properties of fluorbenz- 


beiiig combustible. 


; 


atom of H, leaving a small balance as the atomic j 
refraction of fluorine. 

These flgnrea are remarkable as giving a nega- 
Hte value tor the dispersion namely the J 


SuIlvtuilCO 

Temp. 

»H> 

Hydrobromic acid • 


lO” 

1-325 

Bo. 


15“ 

1-830 

Hydriodic acid • * 

• 

10-5“ 

1-466 

Bromine . • • 

• 

13“ 

1-671 

Methylaminr • • 

• 

17-6“ 

1-342 

Bimethylaniine « • 

• 

17“ 

1-350 

Trimelhylarainc. • 

• 

16“ 

1-363 

Zinc ethyl . , * 

• 

12-5“ 

1-486 

Zinc methyl . • 

» 

14“ 

1-474 

Aluminium ethyl . 

• 

• 0-5“ 

1-480 

Aluminium methyl . 

• 

12“ 

1-432 
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SnbsUnoe 

Liquid 

e=» 

d 

.•-1 1 

ao. 

'•e 

Liquid 

Gas 

Liquid 

Gu 

Bnlpharotu anhydride. 

• • 


1-869 

1-851 

0-252 

0-236 


0-167 

Cyanogen , 

• • 



1-327 

0-378 



0-233 

Hydrocyanic acid . 

• • 



1-2G4 

0-379 

0-368 

■i]! 

0-216 

Nitrons oxide . . 

• • 



■Mm 

0-235 

0-255 


0-170 

Carbonic anhydride . 

« • 


0-863 

1-196 

0-227 

0-221 


0-147 

Hydrooblorio acid . 

• • 

«• 

0-864 

1-257 

0-300 

0-277 

0-190 

0-185 

Chlorine . . . 

1/ 

• • 


1-33 

1-367 

0-270 

0-210 

0-169 

0-160 ■ 

Ammonia . , , 

• • 


0-616 

1-325 

0-528 

0-190 

0-327 

0-327 

Ethylene . . . 

• • 


0-361 

1-180 

0-498 

0-626 

0-321 

0-350 

Hydrogen phosphide • 



0-6!!2 

1-323 

0-519 

0-500 

0-322 

0-333 

Hydrogen sulphide « 



0-91 

1-390 

0-429 

0-113 

0-202 

0-276 


Liveing ^nd Dewar (P. M. 1892. 205] have 
determined the refractions of three liquetieu gases, 
attbeu respective boiling-points,^ direct ob¬ 
servation through a hollow prism, liicy obtained 
the following results for the sodium line D 


* 

<*» 

"d 


Cxygen . , 

1-2236 

3-182 

2-021 

Nitrous oxide . 

1-3315 

11-587 

7-163 

Ethylene . • 

1-3632 

17-550 

10752 


Alums. The indices of refraction of some 
of the alums have been measured by several 
observers, amongst them Oraillch, Fock, Kohl- 
rauBoh, Stefan, 'J^psde, and Christiansen. The 
most complete series of observations on in* 
organio sulphuric alums is that of Soret (Ar, Sc. 
Qcnive, 12,553; 14,90; 20,517), including those 
containing Bb, Ca, In and Ga. His mode of 
dete^inatlon was by total reflection, which he 
considered the best i^pted for the purpose; be 
gave indices which be calculated to be correct 
to two units in the fourth place of decimals. 
His observations were given for eight rays of the 
solar spectrum, viz. the lines a, B, G, D, £, b, F, 
and G. He remarked on the very low value of 
the index of refraction of the Na—A1 alum. 
He gave the following comparative table for /ij,, 
showing that the different series of alums vary 
in general with much regularity. The hori- 
Bontal lines contain the same metal, and the 
vertical lines the same metai or alkaline 
radicle. 



NH, 

E 

lib 

Oi 

Tl 

Alumlnioa 

1*4094 

1*4064 

1-4566 

1*4086 

1*4976 

Indium • 

1*4664 


1*4638 

1*4603 

_ 

OalUum . 

1*46BS 

1*4608 

1*4608 

1*4649 

1*0066 

Ohromium. 

1*4S4S 

1*4814 

1*4816 

1*4810 

1*62*38 

Iron . 

1*4818 

1-4817 

1*4833 

1*4838 

1*6236 


escalating for each salt the difference between 
its Mo and that of the ammoniacal alum on the 
same horizontal Une, Soret obtained• 



NIL-K. 


NH*-Og 

KH4-T1 

Aluminium 

•fO-OOSO 

4*0*0028 

4.0*0008 

-0*0881 

Jndlum « 

_ 

0*0026 

0*0012 

_ 

GuUlom 

0*0030 

0*0026 

0*0034 

0*0883 

OhromlaBa 

0*0028 

0*0U27 

0*0032 

0*0386 

ma . 

0*0061 

0-0026 

0-0010 

0*0888 


These figures show a close accord, except in the 
9^ pf Cs, in which the and Qv compound 


appear to be too low. Soret did not consider 
, that the impurity in the specimens, if any existed, 
I couKl be due to the Cs. 

Gladstone (P. M. 1885. 1C2) worked out 
the refraction-equivalents from the data given 
in the first named of Soret’s papers, and also 
from those by TopsSe and Christiansen, in order 
to test his former conclusions that a salt has 
the same specifio refraction whether it is in a 
solid form or in solution, and that the refrac¬ 
tion-equivalent of ft compound body is the sum 
of the refraction-equivalents of its constituents. 
As to the first point, in the case of the two 
alums given below he found the specifio refrac¬ 
tions, after deducting the amount due to the 
solvent, to be in substantial accord:— 

Dl&solved Oiystalliscd 

Ammonium-aluminium alum 0*2780 0*2784 

Sodium-aluminium alum . 0*2013 0*2604 

To tost the second point, the alums were regarded 
as compounds of the sulphates of two metals 
of different kinds with twenty-four molecules of 
water. Taking the of water in the uneom- 
bined state at 5*926—and taking the observations 
of Kanonnikoff, Topsde, and Christiansen, as well 
as his own, of the several sulphates—Gladstone 
arrived at the results given in the following 
table. The other observers did not take the 
A line, but their observations have been reduced 
to A for purposes of comparison. The agree¬ 
ment between the calculated and observed re¬ 
fraction-equivalents is as near as might be ex¬ 
pected, except in the case of Cs. 


Substonoe 

Ra 

oolcu. 

latGd 

RaoI 

andn 

1 

£ 

uerred 

duced 

|i 

Ammoulam-alumluium 

alum 

352*0 

3S3-2 


ScMlium 


S39-S 

238-6 


Mcthylamlue „ 


267*2 

267*7 


Fotduuiium 


240*1 

!4S'8 


Rubidium m 


804*0 

28S-7 


Oa&)fiUQi .. 


268*0 

262*3 


Aiumoiiium>ohromium alum 

264*0 

266*9 


Fotaaalam » 


207*1 

261*2 


Rubidium „ 


266*0 

866*7 


Cednm „ 


2804) 

276*6 


Ammoolnm-lron alum 

. 

270*6 

269*1 

266e 

Fotanlum • « 


261*7 

260*0 

261*4 

Rubidium H M 


272e 

278*2 

•>» 

Castiui , , 


288*6 

276*0 

— ■ 






































Oladstone alio fon^t, hy meani of Boret’s 
oboerrations, to determine the refraetlon-eqaivav 
loots of Id and Ga, and (B. A. 1893} he gave the 
following oons*tant8 




At. W. 

Ba 

Indium . . 


msm 

l-t-T 

Gallium . . 
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These figures, however, con only bo looked 
upon as approximate, os ail experimental errors 
are accumulated on these residual nuinbors. 

Perrot (-fr. Sc. Qenive^ 1880) has made a 
series of observations on the refraction and dis¬ 
persion of an isomorphous scries of biaxial 
oiystals —the double sulphates of Zn with K., 
Rb.^ (NHJj, Csj, Kj, and of Mg with Rb^, and 
in each case CH^O. Ue has followed the plan 
adopted by Soret in his observations on the 
alums. The results conform satisfactorily to the 
values computed on tho same principle as that 
adopted by Gladstone with respect to the alums, 
except in the case of ca-sium and rubidium, in 
both of which, especially the former, tho ob¬ 
served values are lower than the theoretical. 
The mean ray adopted for this calculation is, 
however, tho arithmetical mean of the three in¬ 
dices observed for each of the lines of tho spec¬ 
trum, and has, therefore, no real physical 
significance. A glance at the tables of observa¬ 
tions will show at once what a wide scope for 
error there is in arriving at a mean value by 
this process. 

Analogy between refraction and dispersion 
and magnetic rotation. Gladstone and Perkin 
have recently observed an analogy between the 
magnetib rotation and the refraction ^nd dis¬ 
persion of light. Tlicy have tested this in the 
case of organic compounds containing nitrogen 
(C. J. fi5, 750), with the result that they have 
found a correspondence that points to some 
oonnection between the rotation of the polar¬ 
ised ray under magnetic influence and the 
retardation of the rays of light in passing 
through a material substance. These three 
properties are really comparable with one 
another, for in each case the observed value 
is divided by the deusity of the substance, and 
it is determined, not for equal weights, but for 
an equal number of molecules. It has been 
found that each property is determined in the 
first instance by the atomic composition of the 
substance, so that it may be laid down as a 
primary law that the molecular magnetip rota¬ 
tion, like the molecular refraction or dis^rsion, 
of a compound is the sum of the molecular mag¬ 
netic rotation, refraction, or dispersion of its con¬ 
stituents. The values are, however, subject to 
large modifications dependent upon differences 
in the structures of the compounds. Thus a 
change of valency^is attinded by a marked 
ehasgs of value in these optical properties, and 
they are apparently affected by some circom- 
stances wmoh are not as yet recognised in 
itruotoral formoln. 

The following valaei have been deduced by 
Perkin Ua the molecular magnetic rotations of 
O^rtain alemepte in the paraffin gronp of carbon 


lfSTBUUS.< MS 


eomj^nndi; ud iikiiut them are placed the n> 
oognieed raluei t6r their molecular retraotioa 
and dispersion 



SfoteoQiar mg- 
neUo rotanon 

»A 


CH, . . 


7-8 

0-34 

C . 

r IB 

6-0 

0-26 

H. , . 


1 -a 

0-04 

0, alcoholio . 

. B 

28 

O-IO 

0, aldehydio. 

0-2(11 

3-4 

0-18 

Cl 

• 1-733 

»-9 

0-60 

lit 

s-.iea 

l.'i-S 

1-22 

I . . . 

7-737 

21-6 

2-62 

N, in amines 

0-717 

6-1 

0-38 


These figures show a certain analog;; and 
when modifications are ii^roiluoed b^hangos in 
tho mode of combination, the change that ocours 
in the one [ifoperty jp noticeable also in the other 
two^ and that'in the same direction, though not 
nccossaril; to the same extent. Thus there are 
in all cases two diiTeront values for oxygen in 
alcohol and aldehydes, and a very great hjoreose • 
of tho values in the case of unsaturated carbon 
compounds. The values also of CH, in the first 
and second members of homologous scries (such 
as the alcohols, paraillnoid acids. See.) are diSer- 
ent from its value in tho higher members of the 
same scries, and always in the same direotion. 

P. also applied the same inquiry to solutions 
of HGI, llBr, and HI, which when dissolved in 
water were known to give higher values for re- 
fraction and dispersion than the normal, The 
same was found to ho the case in the magnetio 
rotations. When HCI was dissolved in isoomyl- 
oxide, however, all three values were found closely 
approximating to tho normal, as will be seei^in 
the following table:— 


Hydroclitorio acid 

Molecular 

miignetio 

rotation 

B. 

Bn-A 

In water . • 

4-412 

14-4.6 

1-12 

„ isoamyloxide . 
By calculation for 

2-238 

11-30 

0-61 

free acid . 

2-187 

11-20 

0-64 


It is, therefore, laid down as generally, if not 
always, true, that where there is a departure 
.from the normal values in regard to one or other 
of these properties, it is to be found in tbs other 
two. The different properties are evidently 
similarly affected by change in ohemioal consti¬ 
tution. The investigation seems to indicate 
another close relationship between electro-mag¬ 
netism and the velocity of light. O. O. 

OPTICAL METHOHS.-8eetion >: BPXO- 
TBOSCOFTC KEIHOOS. 

Hiatorieal notes.—Spectrum analjiii ii aa 
optical method of making a diagnosii of tho 
chemical composition, and in oertun cates tha 
chemical constitution, of either (a)aiieH.1 nt»iin nn, 
body, or (6) an absorbing medinm, whether self. 
Inminous or not. Newton fiiat diseofeied that 
light oonid be analyeed when passed through a 
prism, and, in 1762, Thomas MelriU mads an 
optical analyaia of alcohpl fiames coloured «i|b 
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uM and with nltte, Wollastos, in 1802, observed 
wi^ the prism certain obscure bands in the solar 
Ikht which had traversed a narrow slit in bis 
window shutter. Fraunhofer,in 1814-15, was the 
first to employ a very narrow and accurately* 
fbrmed aperture with a prism, telescope, and di* 
vided circles, and he not only observed the dark 
lines in the solar spectrum, but measured their 
indices of refraction or refrangibilities. He ez* 
amined, subsequently, the spectra of the stars, 
of electric light, and of the exterior envelope 
of the ilame of a wax candle. *The latter 
spectrum he discovered to consist of homo* 
geneous yellow liglit, composed of two distinct 
rays very close together, and coincident with the 
two dark lines in the solar light which ho had 
termed D. Brewster fioted the presence of this 
yellow light in the combustion of many sub* 
stances, btft it was Idox Talbot who, in 182C, 
olearly proved that the source of this light was 
sodium. He likewise connected a red ray with ' 
the presence of potassium and an orange ray '”ith 
strontium, and concluded that a glance at the 
prismatic spectrum of a flame may shoio it to 
contain substances which it tcould otherwise re¬ 
quire a laborious chemical analysis to detect. 
Hersohel hod previously described the spectra of 
a few of the metals and of bovacic acid. In 1834 
Fox Talbot described the strontia and lithia 
spectra, and staled that optical analysis could 
distinguish the most minute portions of these 
two substances with as much, if not greater, 
certainty than was afforded by any other known 
method. 

Wheatstone, nearly at the same time, pub* 
lished some experiments similar to those of Fox 
Talbot, and Swan first estimated the amount of 
sodium which can produce the D lines. At the 
Manchester meeting of the Brilisli Association in 
1842, Brewster read a paper On Luminous Lines 
in Certain Flames cotresponding to the defective 
Lines in the Siin^s Light. He discovered the 
' dark lines of absorption in nitrogen peroxide gas 
when white light is directed through it, and he 
observed and mapped a number of atmospheric 
lines in the solar spectrum. In 184&.FoucQult 
obtained a reversal of the D lines in the elcctiic 
arc. Stokes, about 1850, gave in his lectures the 
true explanation of the coincidence of sodium 
lines' with the dark lines D. Angstrom in 1853 
slated that an incandescent gas emits luminous 
raya of the same refrangibility as those which it 
absorbs, and Balfour Stewart, 1856-9, based the 
following statement on experimental data: The 
radiating power of a body for any ray is equal 
to ito absorbing power for the same ray. 

In 1659, Kirchhoff and Bunsen gave a great 
impetus to spectrum analysis by publishing theii 
researches on the constitution of the sun, and 
also by designing an extremely simple spectro¬ 
scope and describing its use. Chemists ^Ycve 
further made aware of the new power placed in 
Uieir hands by Bunsen's discovery of two new 
metals, rubidium and ciesium, in 1860, by the 
discovery of thallium by Crookes and by Lamy 
in 1862, of indium by Keioh and Bichtor in 1863, 
and of gallium byLecocq de Boisbaudran in 1875. 

Fundamental laws. Spectrum analvsls pri* 
marily depends on the following two laws: — 

. Every solid and liquid when heated begins by 
emitting rays of longest wave-length, whioh are { 


the result of comparatively slow vibrations, bot 
as the temperature rises the vibrations become 
more rapid, and shorter waves are emitted, so 
that at the highest temperatures tne sum of the 
radiations white light, consisting of waves of 
all possible lengths, the effect of which is a 
continuous spectrum. A mass of iron gradually 
raised to its melting-point would be an example 
of this. 2. Every substance vapourised by heat 
omits rays of definite wave-lengths, and these 
rays are characteristic of each substance, because 
it alone can emit them. In other words, every 
substance vapourised by heat has its own definite 
periods of vibration, by which it can be absolutely 
identified, because no other substance can vibrate 
in the same manner and with the same periods. 
All flame and spark spectra furnish examples. 
From this second law it follows that the spec¬ 
trum of an clement is a constant of very great 
importance. The determinations of the spectra 
and of the atomic weights present similar diffi¬ 
culties. which arise from the necessity tor ob¬ 
taining the elements or their compounds in the 
highest possible degree of purity, and also in 
I many cases from the complexity of tlie spectra, 
and the careful observations which are necessary 
in identifying and measuring the wave-lengths 
of the rays. 

Determinations of i\\c absolute wave lengths 
of the bright linos in any spectrum are now 
usually made either with a plane or a concave 
diffraction grating ruled on speculum metal. 
When a sufficient number ot accurately-measured 
lines is known for any region of the spectrum, 
determinations of the wave-lengths of linos in new 
spectra may be made by observing with a prism- 
spectroscope, and by the use of an interpolation 
curve the wave-lengths corresponding to the 
positions ot the lines measured may be found, 
l^rora time to timo the curve will require verify¬ 
ing and correcting. 

There are two classes of spectra, emission 
and absorption spectra. 

Emission spectra consist of: (1) Con¬ 
tinuous spectra and (2) Interrupted spectra. 

1. Continuous spectra arc characteristic of most 
incandescent solids, li<{uids, and gases at great 
pressures, or of a cloud consisting of solid 
glcwing particles. 2. Interrupted spectra consist 
of: (a) Bands of light or * fluted band ’ spectra, 
characteristic of certain vapours, especially the 
vapoursofcompoundsubstancesrenderedglowing 
at comparatively low temperatures; (b) bright 
line spectra, oharacteristio chiefly of transparent 
vapours at high temperatures o» at low pres¬ 
sures ; (c) reversed lino spectra, whioh are dark 
linos s^n on a brilliantly-illuminated ground. 
When bright line spectrum is observed in front 
of a more brilliant continuous spectrum, the lines 
appear dark on a bright ground of colour, instead 
of bright and coloured on a dark ground, and 
they are then said to be reversed. 

Absorption speotr<s. When rays capable of 
giving a continuous spect^m are made to 
traverse [a) transparent solids, (b) transparent 
liquids, (c) transparent gases at ordinary tem¬ 
peratures, it is frequently observed that a definite 
band of rays is absorbed at either end of the 
spectrum. This iacalleda continuous absorption. 
Quite as frequently a band of rays is ont out of 

middle of the spectrom; ttuf is called • 
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tti0eUm aHaon^Um^ and tise ngion of the rays 
absorbed is said to be occupied by an absorption 
band. 

l^productumofmiisiontpecWa, Emission 

E tra may bo produced in the following ways 
By flames of low temperaturo, e.g. by a spirit 
p or Bunsen burner, acting on solids, or the 
spray of solutions. The flame may be fed with 
ohiorioe, bromine, or iodine, or with hydro- 
ehloric acid when salts of the halogens are ex¬ 
amined. (6) By flames of high temperature: 
blow-pipe, and oxyhydrogen flame, (c) By sparks 
in vacuum tubes containing residual gases or 
vapours, (d) By sparks of low tension acting on 
solids or solutions, (c) By sparks of high ten¬ 
sion. (/) By solids in the electric are. {g) By 
electric discharge on solids in vacuo ; these are 
phosphorescence spectra. 

As a rule, litie spectra are the spectra of 
elements, band spectra are the spectra of com¬ 
pounds. < 

Balts of the alkali metals in the Bunsen 
flame emit line spectra characteristic of the , 
metals, while the alkaline earth salts emit lines 
and bands which are characterislio of the 
metallic oxides. On the other band, the burning 
of hydrogen and of hydrogen compounds causes 
the emission of more than 160 lines in the ultra¬ 
violet region, which can only bo assigned to the 
vapour of water at a high temperature. Carbon 
is an element which emits bands in the coloured 
region, in hydrocarbon flames. A list of com¬ 
pounds which emit characleristio banded flame- 
spectra is given on p. 246. Erbia and erbium | 
phosphate emit luminous bands wlien the solid 
substances are heated in a Bunsen or blow-pipo 
flame. Discharges in vacuum tubes somotiincs 
emit a continuous spectrum; oxygen docs so at 
the lowest temperature at which it is luminous. 
Most gases emit a banded spectrum with low 
tension sparks at ordinary pressures; The spec¬ 
trum alters with diminution of pressure until 
finally nothing but a lino spectrum is visible—for 
example, this is the case with air in tbe ultra¬ 
violet region. Sparks of low tension from solids, 
such as metallic electrodes, and from solutions, 
emitUneschiefly in the visible region, while tliose 
of high tension are generally richest in radiations 
of high rofrangibility, chiefly in the ultra-violet 
region. 

Low-tension sparks may be produced in two 
ways from solutions, first by wires of platinum 
moistened by the liquid, secondly by pieces of 
charcoal giving the flaming spark used by 
Bunsen. Many elements have been shown to 
emit a few banas or lines in the infra-red. The 
difference in action of high- and low- tension 
sparks is chiefly, if not entirely, due to tem¬ 
perature; the highest temperatures cause the 
emission of rays of the highest refrangibility. ' 
^lid elements, with few exceptions, yield spectra ' 
in the electric arc. The lines exhibited by some 
of the metalsareexceedingly numerous. Beversed 
line spectra are common in the sun, and afford 
evidence of the presence of metals whose bright 
line spectra are coincident therewith. The 
number of bright lines seen reversed in tbe 
iim'i tpectmm indicates the strength of the 
evidenoe of tbe existence in the son of certain 
dementt. 

Aa to the dlftribution of known kinds of 
IV, ' 


matter in space, the following list shows the 
elements observed in the sun with the numbers 
of their reversed lines seen in the solar spec 
trum: Fe 730, Ti 230. Ca 94, Mn 86, Ni 102, 
Co 91, Cr 71, Ba 26, Na II, Mg 17, Co 7. H 6. 
Pd 5, V 4. Mo 4, Sr 4, Pb 3, U 3, AI18, Oe 2, 
Cd 2, Be 2, Sn 1. 

IJeOiods of sptctnpm analysis. For efficient 
work with the spectroscope an instrument is to 
be preferred which admits plenty of light, has a 
rigid collimator, and immovable prism. Com¬ 
pound prisms of Grubb’s and of Thollon’s oon- 
striiction are amora; the best. The arc should 
be divided on the vertical edge of the prism- 
table or on an edge inclined at an angle of 45°, 
A vernier ttavclling over the arc and a mounted 
lens, for convenience in reading the scale and 
vernier, should be fitted flear the telescope. A 
beautiful instrument made by the &oci4t4 
G^nevoise pour la ConsiriicHon cies imtnitnents 
de Physique Vas a circle completely divided, and 
liftings for invcsti(fhting ultra-violet spectra, 
eillftr by photography or with a fluorescent eye¬ 
piece of Borot’s design. It is pvovided with two 
verniers,and an automatic arrangement admitting 
of the prism being placed at the minimum angle 
of deviation for each ray under examination. 
This is necessary in order to secure the best de¬ 
finition. The instrument, of whatever form, 
sliould be capable of dividing and mcasuringthe 
lines D' and D* of sodium, tlie first, second, and 
third lines of the yellow band; and in the carbon 
siieclrum the first, second, third, and fourth lines 
of the green band, and the first, second, and third 
lines of the blue band, which are seen in the 
green inner cone of a powerful Bunsen burner. 
An <nstrument with a photographic scale, if it is 
sulficicntly delicate, which is seldom the case,is 
of great use. One of these, constructed by 
Duboscq, was employed by Lccocq do Boisbauditm. 
A lens of short focus should bo used to concen¬ 
trate the light, from whatever source, upon the 
slit of the instrument. A test tube about 12 mm. 
diam., supported vertically, if filled with water 
and placed close to tbe slit of the instrument, 
answers this purpose. The telescope should be 
capable of^asy movement without vibration, and 
be supported for two-thirds of ;ts length from 
tlie object glass; neither clamping nor the use 
of the focussing screw should be capably of 
displaciug its position. The rays should pass 
straight down the collimator and completely fill 
the lens. Before commencing any serious work, 
the capabilities of the instrument and its use 
I for obtaining measurements should be carefully 
studied. 

Supports of platinum wire fused into glasa 
tubes are used for examining concentrated solu¬ 
tions and fused beads of salts in ordinary flames.' 
Bunsen burners with steatite tops are particu¬ 
larly useful. Blow pipe flames with a vertical 
direction, urged by bellows worked by the foot, 
are useful for examining the alkaline earths. 
Hydrogen gas from a constant genemtor made 
of lead'and of large size is better than coal-gu 
for all flame spectra. Whether coal-gas or 
hydrogen be used, it is advantageous in exami¬ 
ning salts of the alkaline earths, particularly 
ofaloridea, to pass the gas through a litre of 
strongest hydrochloric acid into a Bunsen 
burner, which is made of hard'glass tube tipp^ 
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with platintan. The flame is thus supplied with 
bydrochlorio acid, and the chlorides are volatilised 
apparently without decomposition, so that they 
emit rays of great brilliancy which yield simple 
line spectra. For high temperatures a very 
small gas blowpipe may be supplied with oxy¬ 
gen. In this case the supports of platinum 
would be fused, and it ha^therefore boon found 
convenient to use a wire of iridium, twisted into 
a loop, the compound being placed in the loop. 
In this manner manganese dioxide yields the 
bands of the dioxide, the spectrum of which is 
observed in the Bessemer flamd. Calcium fluoride 
and copper oxide readily yield characteristio 
spectra. The alkaline earths yield very brilliant 
spectra, which are due to the metallic oxide in 
each case. When volatile substances, such as 
salts of lithium and the other alkalis, are under 
observation, it frequently happens that a difll- 
oulty in measuring their lines occurs owing to 
the evanescent appearance of their spectra; more 
lasting spectra may be produced by converting 
the volatile salts into silicates or borates by h\lat- 
ing in a platinum spoon, or even in a porcelain 
crucible, with crystals of boracic acid. Beads of 
the borates will continue to illumine a flamo for 
a lengthened period; with lithium and thallium, 
measurements have been made for as long as 
twenty minutes without renewing the material. 
Should the alkalis be accompanied by lime, 
Btrontia, or baryta, the spectra of these eartlis 
hre suppressed, but towards the end of the ob¬ 
servation sometimes the green colour of boric 
oxide appears. Sparks, both of low and high 
tension, may be used with Dolachanol and Mor- 
met’s fulgurator. This instrument has the ad¬ 
vantage of using very little solution, and losing 
none. Some solutions, such as salts of yttria, 
do not yield their charaoteristio spectrum to low- 
tension sparks, and it is necessary to strengthen 
the current by interposing a Leyden jar in the 
circuit, or, what is bettor, a pane of glass coated 
on either side with 030 square centime, of tinfoil. 
The spark should be 3 to 6 mm. in length. The 
lines of platinum, hydrogen, sodium, and a few 
of ohloTine are visiblo, but these are known and 
are measurable. When the solution becomes 
oontaminated with platinum, it may bo removed 
and purified to be used over again if necessary. 
For such work it is best to use a coil which can 
yield sparks 170-180 mm. long in air. 

For observations on ultra-violet spectra the 
arrangements described by Soret and by Cornu 
consist of an optical train of quartz and a prism of 
60°, which is composed of two halves eaon of 30°; 
one of the two lenses and one half of the prism 
are out from a right-handed crystal.the other cor¬ 
responding parts from a left-handed crystal, so 
that the double refraction of one is corrected by 
that of the other. *One half of the prism may 
be fixed on the collimator close to the lens, the 
o^er in front of the object-glass. For ordinary 
observations a fluorescent eye-piece is neces¬ 
sary, but generally photography is more con¬ 
venient. Cornu has used lenses achromatised 
with colourless fluorspar, but this is not neces¬ 
sary, because the peculiarity of the camera em¬ 
ploy^ by Hartley enables whole spectra to be 
accurately focussed on one plate if only one 

E rism of 60 degrees be used. The camera back 
\ sloped at an angle of about 22° to the normal, 


which brings one end of the plate nearest fh the 
rays of shortest wave-length, and tiie locus of 
the foci of all the rays, from the least to the 
most refrangible, lies upon the plate. There is 
thus a saving of time in the observation of com¬ 
plicated spectra, with the additional advantage 
that angular measurements are abolished and 
linear measurements substituted. Moreover, an 
increased dispersion and separation of the rays 
is obtained. This arrangement is most suitable 
for use with two half-prisms of quartz of 30°. 
Six hundred lines in tlie spectrum of iron have 
thus been photographed with such excellent de¬ 
finition that a magnifying power of 25 diameters 
was used in their measurement. A quartz lens 
75 mm. in diameter and of 75 mm. focus is placed 
in front of the slit. The camera back is so con¬ 
structed that by a rack and pinion motion a 
succession of twelve or fifteen spectra may be 
taken on one plate. The lenses, which are not 
aclnromatiscd, are of 425 mm. focus for yellow 
light, and 50 mm. in diameter, the prisms being 
of corresponding dimensions. 

Sparks of high tension obtained in the 
manner already described arc necessary. They 
may be passed between metallic electrodes 3 to 
6 mm. apart. 

For photographing spectra yielded by solu¬ 
tions electrodes of graphite are used, or wields of 
fine wire drawn from pure gold. The solution 
is placed in a small J tube; in the shorter limb 
the electrode is placed, and a platinum wire 
passes down the longer limb to make connection 
with the coil. By means of a pipette the tube is 
easily charged.. The graphite electrodes are cut 
from good sound pieces of Ceylon or Siberian 
graphite, and are clii.sel-shapcd, with grooves 
scored along them with the point of a pin. The 
opposite electrode may bo of graphite or of any 
suitable metal. In order that the strongest dis¬ 
charges may pass from below upwards the lower 
should be the negative electrode. The admirai^ 
ble work of Lecocq do Boisbaiidran on flame and 
spark spectra {SiKctrcs LnnwieuXy 1874) not 
only gives the practical details, but maps of pris¬ 
matic spectra, and tho same applied to a scale 
of wave-lengths, as well as a complete description 
of the spectra and a description of each line. 
Tho publication proves to be all that a guide to 
the use of the spectroscope should be, but it 
deals only with the visible region. In photo- 
grapliing spark spectra the trouble of making 
drawings is unnecessary, since the photographs 
themselves are better than any reproduction *, all 
that is required is a description and a map of 
the principal lines on tho scale of wave-len^hs. 
In photographing the spectra of solutions by 
means of graphite electrodes it is, of coune, 
necessary to ascertain that the material does 
not yield any of the numerous lines in the 
spectrum of iron, generally speaking four lines 
of magnesium with wave-lengths 2801'1 to 2789'6 
are visible. Although photography has been ap- 
I plied almost exclusively to the ultra-violet rays 
I and to the infra-red, there is no reason why it 
! should not be used for visible rays, since gelatin 
plates stained with cyanine, eosine, erythrosine, 
and some other dyes, render the plates sensitive 
to the orange, red, and yellow rays. Cyanine is 
a dye which is sensitive to most of the speotaa 
as far as the rays o! very long wave-lengths. 
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On ihe iemiHvenett of mission s^tra^ 

The foUowizig table givea the sensitivenesa of 
the emission spectra of rarioas elements in 
fractions of a milligram. It will be observed 
that radiations in different regions, and excited 
by different means, greatly vary in emissive 
power even with the same clement. 
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Vhoto^djphed ultra>vioUt sparh spectra 
(Hartley). 
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On ultra-violet spectra. The conditions 
necessary in photographing ullia»violct spectra, 
are: Ist, a sensitive salt exerting an equ^ity of 
action throughout the whole range of the spec¬ 
trum ; 2nd, a perfectly diaetinic vehicle to bold 
the Bfdt; dnl, a process of development which 
will not exert a pr^erential action on any portion 
of the speotnun. These conditions m fulhHed 
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by the ose of silver bromide emulston, the gelatin 
being of ihe purest description, and the image 
being developed by pyrogallol, hvdroquinol, or 
hydroxyluraine liydroohloride ana caustic soda. 
The newdovoloper eikonogen is suitable. Ferrous 
oxalate, as usually employed, is not to be recom¬ 
mended, because strong lines become developed 
much more strongly than weak lines. The ex* 
I'osure varies slightly with the sensitive nature of 
tlio plates, the width of the slit, the conducting 
power of the electrodes, the emissive power of 
tho rays td be observed, and lastly with the ex¬ 
cellence of the developer. Having once ascer¬ 
tained by comparative exposures hdw to obtain 
tho best effect, there is very seldom any necessity 
for iiUeriiig the exposure. 

The following facts have boon established 
regarding ultra-violet spark spectra: 1. When 
carbon or m''tallic electrodes, which emit short 
linea, aro moistened or partially immersed in 
water, the sliort liacs are lengthened. 2. The 
iin)>urities in a metal, or the minute constituents 
of an alloy, generally nppeaiwas spectra com¬ 
posed of short lines. When both electrodes are 
of tho sumo material, the impurities in minute 
proportion appear at tlic negative polo oyily^ but 
wlmn the proportion of tho impurity or alloy is 
increased, the long lines are seen as short lines 
at both poles; a further increase in proportion 
brings them out as long lines. 8. Of tho non- 
mctallio elements, boron, carbon, and silicon 
cxliibit lino spectra. The lino spectra of ihe 
elements are scon in spectra of borates and sili¬ 
cates, and in borocio and hydrofluosilicio acids. 
4. Tho spectra of carbon and silicon may nearly 
always be detected in photographs taken from 
elrctrodes of metallio iron. 5. Insoluble com¬ 
pounds which are not volatile, such as ferrous 
sulphide, ferric oxide, and ferrous phosphlite, do 
not yield spark spectra. Insoluble, though 
somewhat volatile, compounds, such as thallium 
chloride, yield a feeble spectrum of metallic 
lines. G. With tho exception of boron and sili¬ 
con, the non metallic constituents of a salt do 
not affect the spark spectra of solutions. 7. The . 
spectrum of a metallio chloride, nitrate, or sul¬ 
phate yields spectral lines identical in number 
and position with the principal lines of the 
metal itself. Some of the short linos become 
long linos, but whether the spectra are product 
by metallic electrodes or solutions their 
character is identical. 8. Tho effect of dilating 
solutions of metallio salts is first to weaken ana 
attenuate the metallic lines, then, wiHi a more 
extensive dilution, to shorten them, the length of 
the longest and strongest lines generally decreas¬ 
ing until they finally disappear. There are two 
linos in tho spectrum of copper which disappear 
by attenuation only, and a eimilar pair of Unes 
in the spectrum of silver behaves in like manner. 
Both pairs of lines ha -e been observed as short 
lines in alloys containing very small quantitiM 
of these metals. 9. Accidental differences in the 
passage of the spark, or in the time of exposure 
of the photographic plate, when the normal 
period varies from half-a-mtnute to five minutes, 
do not cause sensible variations in tpeotra ob¬ 
tained* from the same substaoces, under any 
ordinary oireumstaDees. 10. Spectra of metallio 
electrodes and of solutions are liable to con¬ 
tain the lin^ of oalciumf with wavedengtho 
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il967'8 and 8933, also occasionally those with 
wave-lengths 3736*5 and 3705*3. These calcium 
lines are due to dust when, the electrodes are 
dry, and to impurity in the acids when solu¬ 
tions are prepared therewith and examined. 
11. Five modified spectra have been observed in 
photographs taken from graphite electrodes, 
which apparently belong to no other element 
but carbon. The first and second were pro¬ 
duced under identical circumstances, and wore 
taken from dry points in air. The first contains 
20 lines, the second only 12^ The* third was 
taken from wet electrodes in air, and consists of 
20 lines, s(Mne of which are lengthened. Tlio 
fourth was taken from dry electrodes in oxygen, 
and consists of 17 lines, some being much 
lengthened. The fifth was taken from dry 
electrodes in carbon dioxide, and consists of 
18 lines, all much lengthened and strengthened 
(T. pt. i. 1884). 

TJie examination of metal’s andaXloys. When 
a metal is to be examined it may bo filed, or 
hammered into elfctrodes of a convenient shape, 
and held between screw clips or between tlio 
points of cheap drawing pens. According to 
oiroumstinces, both electrodes need not be of 
the same metal, but one may be of gold, pla¬ 
tinum, or a tin-cadmium or lead-cadmium alloy 
containing in either case 20 p.c. of cadmium. 
Such an alloy gives convenient reference lines. 
If it be required to bring out the lines of the 
constituent of an alloy present in the metal in 
minute proportion, or present as an imparity in 
the metal, it is best to partially immerse the 
lower electrode in water contained in a small 
glass J tube, as if a solution were being photo¬ 
graphed. Under these circumstances the short 
lines become much lengthened and consequently 
more prominent. The best form for electrodes 
is fiat with curved edges, or oven somewhat 
rounded discs, such as blow-pipe globules 
fiattened. 

The identification of lines in photographed 
spectra. X^en the spectrum of an alloy, me- 
lalUo precipitate, or solution has been photo¬ 
graphed, it is seldom easy to determine what 
sabstances are present or absent, partly on ac¬ 
count of the complexity of the spectra and 
pax^y from the absence of colour. It is 
necessary in such cases to have recourse to one 
or both of the following methods of identification, 
(a) Method of identifying the elements by Utics 
photographed from a known spechnen. A series 
of photographs taken from mctallic.electrodes 
and from solutions should always be kept for 
reference. A substance may then be readily 
identified even when the wave-lengths of its 
lines are unknown, bv superposing one photo¬ 
graph on the other, film to film, since there are 
but very few oases of actual coincidences of 
lines of similar character belonging to different 
elements. If this examination does not account 
for all the lines, it is necessary to proceed ac- 
oording to the next method. (6) Method of 
identifying lines when comparison-spectra are 
not avaj^ble. By chemical processes of separa¬ 
tion it is easy to ascertain what metals may be 
loo)^ for. The wave-lengths of the unreoog- 
' xused lines may then be ascertained by measure¬ 
ments and reference to an interpolation curve. 
The measurements need not be made with a 


miorpmefer unless great acouraoy h required 
It suffices generally to measure the spectra by 
means of an ivory scale with bevelled edges, the 
divisions on the scale being hundredths of an 
inch. With a strong magnifier we may read by 
judgment to tenths of a division or thousandths 
of an inch. The best form of magnifier is made 
like the compound eyepiece, of a microscope 
with cross hairs or fibres of cocoon silk in the 
field. Th& lens is placed very close to the sur¬ 
face of the scale and photograph, so that false 
leadings caused by parallax are avoided. When 
all the lines in a photograph which have been 
recognised, or vice versd, have been pricked off, 
the scale is very carefully adjusted so that it 
gives correct readings with lines of known wave¬ 
lengths at different parts of the spectrum, such 
for instance, with Nos. 9,10,11,12,17, and 25 
of cadmium. In order to adjust the scale ac¬ 
curately, it is advisable to rule a line along the 
who^e of the spectrum, which may be done when 
photographing by placing a wire at right angles 
to the slit, anyone-third or one-fourth the length 
of the spark, above the lower electrode. The 
edge of the scale is applied to this line, and held 
in position by spring clips or screws. The scale 
numbers of the unrecognised lines are then 
read off, and by reference to the interpolation 
curve their osoillation-frequcncids or their wave¬ 
lengths are obtained. From maps, or descrip¬ 
tions of spectra, accompanying a list of wave¬ 
lengths, the corresponding lines are selected 
and identified. 

Descriptions of the syectra of the elements. 
Emission spectra. The spectra of non-metallic 
elements, particularly those which are gaseous, 
have been found to vary in character with the 
conditions under which they have been obtained. 
Thus N, 0, C, Br, I, S, Se, Te, and P yield band 
spectra or, line spectra, according to variations in 
temperature or pressure. The chlorides of B and 
Si likewise give line spectra due toB and Si; under 
certain conditions they emit spectra of their own. 
The fiuted spectrum of carbon has given rise to 
great discussion. Swan, and later Angstrfim, 
attributed the bands to a hydrocarbon, so also did 
Morren, and Liveing a. Dewar, but they finally 
arrived at the conclusion first enunciated by Att- 
field, that the bands were caused by the element 
carbon. Yon der Willingen, Plitcker and Hittorf, 
Marshall Watts, Wfillner, Lockyer, and Fievez, 
have all adduced evidence of this. It appears, 
however, that a banded spectrum of cyanogen can 
be obtained which is distinct from that of carbon. 
Certain bands in the ultra-violet spark spectrum, 
which have been considered by Liveing and Dewar 
to be caused by cyanogen, have been observed by 
Hartley, and he is led to the conclusion that they 
are in reality carbon bands intensified by the 
presence of an atmosphere of nitrogen, but not 
cyanogen bands, for the reason that they cannot 
be obtained from various cyanogen compounds,, 
such as soluble cyanides. They are always, 
present when graphite electrodes are used in air, 
they are intensified when the eleotrodm arer 
moistened, and they become particularly strong 
when concentrated solutions of ohlorid^ such 
as zinc chloride or calcium chloride, surround 
the electrodes; moreover, the strength of the bands 
increases with the stren^ of the solutions. 

A review of the facts diows that largo nok- 
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ooIm give fcftnled speotn, ts is eTident from tuites Tsries, sod no Mtisfooiory reason for Ibis 
fhe speetra of eomponnds, and Tarions other can be assigned. Foar spectra of graphite have 
ooDSideratioDS lead to the conclusion that the been mapped from phot(^ra{|hs described ns 
elements which give each are capable of exist* follows: 1. Dry electrodes in air. 3. Wet elec* 
enee in different molecular conditions, the most trodesinair. S. Drj electrodes in oxygen. 4. 
complex molecules emitting bands of rays, the electrodes in carbon dioxide. The strength and 
simpler molecules emitting line spectra. length of the lines vary under certain oiroam* 

Hydrogen. When sparksare passed through stances; in 1 tlie lines are all short, in 2 somo 
hydrogen, four very well known lines a})}>car. lines are lengthened, in 3 somo lines are much 
Huggins has observed the same in some stars, ! lengthened, and in 4 all the lines are lengthened, 
together with a remarkable series of lines in the and strengthened. 

ultra-violet, and it has been surmised that the | Tlio spark sf^ctra of tin, gormanium, and 
whole series, visible and invisible, belong to the : lead contain numerous lines winch are not 
one element. Cornu has recently proved this to ! cliaracterised by any evident special grouping, 
be the case. Fifteen lines in the visible and ^ Tim ultra-violet spectrum of germanium has yet 
ultra-violeUconalituto the only true line spec- ! to be photographed. 

tfum of hydrogen. i The group of rare earths, Oe, La, Di, 

The alkali metals, Li, Na, K, Rb, Cs. i Sm,Yt,So, Er,Tr. These elements give no flame 
These metals are distinguished by the fact that I spectra, and hut weak spectra with feeble sparks, 
most of their salts are decomposed in the flame, Co, Di, Yt.. Sm, Sc, Tr yield very complicated 
and the metal set free, or the metallic oxide spectra to powerfal sparks, the spectrum of 
formed from it, is sufiicient to colour the flame in- | ceiium in the ultra-violet being remarkable for 
tensely. The spectra are very simple, end all Iho : the immense crowd of lines. JfUrium end scan- 
principal lines are in the visible region. Their i dium chlorides give spectra co|pposed of bands 
ultra-violet spark spectra are insignifleant. which are very cliaractoristlo in the visible re* 
The alkaline earth metals, Ga, Sr, Ba. \ gion. Didymium.samarium,erbium,andthallium 
The spectra of these elements are obtainable by | will bo dealt with under the head of Absorption 
flames. When the chlorides are fused and : s^ycctra. Lantlmnum gives a large number of 
heated in a flame supplied with hydrochloric acid, ! lines in the visible region, but very few in the 
lines due to the metallic chlorides are visible, ultra-violet. 

Without hydrochloric acid, the s}>cctrum is at t The nitrogen elements, N, P, As,Sb,Bi, 
first a simple line spectrum, but subsequently j V. Nitrogen gives a largo numberof lines under 
bands, shown by Mitschcrlich to bo due to the ’ the action of condensed sparks. The ultra-violet 
oxides, take their place. Feeble sparks give lino ' portion of tlie spectrum has been photographed, 
spectra with solutions of salts. In the ultra- ' Nothing of the same kind is known of phos- 
violet, a series of well-marked groups of doublets phorus. Phosphorus in a current of hydrogen 
and triplets is seen. i gives a beautiful banded flame spectrum, espe- « 

The magnesium group. Be, Mg, Zn, Cd. ! ciully when the flame is cooled. This reaction 
The element beryllium stands at the head of is exceedingly sensitive. The spectra of arsenic, 
two families, that of the alkaline eaitlis and the antimony, and bismuth in the ultra-violet are 
magnesium family. It occupies a position simi- ' very well marked, and they each contain a largo 
lar to that of lithium with regard to the alkali | number of linos, some of which are nebulous, 
metals and the copper and silver family. Us | others are mere dots, and there is a oharac* 
spectrum is similar in many respects to tliat of j teristic background of continuous rays. Yana- 
lithium, being very simple and composed of iso- j dium yields spark spectra, with a largo number 
Isted lines. There ate two in the blue and five | of lines. 

in the ultra-violet not visible in the flume, but | The chromium elements, Te, Cr, Mn. 
obtainable by the action of condensed sparks. | The line spectrum of tellurium obtained from the 
Magnesium and the compounds of the other > element is very complex, and by far the greater 
metals of this group do not easily yield flame ' number of lines are in tbo ultra-violet; the 
spectra, but give characteristic groups of lines character of the spectrum resembles those of 
when solutions ore submitted to feeble or con- j arsenic, antimony, and bismuth. The ohromiam 
densed sparks. In the ultra-violet these consist ; and manganese apectra are very complex wad 
of well-marked groups of isolated lines, pairs, I similar te those of the iron group, 
triplets, and groups of four and of five lines. I The iron, nickel, and cobalt group. 

The aluminium elements, B, Al, Ga, , These metals present very complicated spectra 
In, Tl. Boron, which stands at the head of this ! when condensed sparks are employed in the 
group, gives a flamo-spcctrum only of its oxide,! visible, and more particularly the ultra-violet, 
but the boron compounds, such as borates, emit > regions. The grouping of the lines in tile dif- 
three lines in the ultra-violet due to this ele- j ferent spectra is similar, 
ment. Aluminium gives no flame spectrum,but j The palladium, gold, end platinum 
gsdlium, indium, and thallium emit rays in the j group. These elements present complicated 
violet and green. Sparks taken from solutions ! spectra, though less so than the foregoing. The 
of indium and thallium yield characteristic \ strong lines of gold are few in number. These 
spectra in the ultra.violet consisting of many ' metals do not excel in emissive power* FeebU 
isolated lines and pairs of lines. sparks with them give feeble specie. Iridium 

The tin elements, C, Sn,Qe,Fb. Carbon | gives a spectrum only with condensed sparks, 
presentsa very simple spectrum when condensed | which in the ultra-violet consists of a great 
sparks are used; most of the lines are in the | crowd of lines. 

lutra-violet. It is a remarkable fact that under The spectra of many elements, such as tung- 
ihe same ounditions tbo numbeu of lines some-1 sten and ocanium^ have yet to be ex a mine d 
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thoroaghl}r. It bmj here be remsrlied that ele- 
ments oraally associated hy their nataral oocur> 
rence, or by classification according to their 
chemical properties, exhibit spectra with charac¬ 
ters in common. 

A very important paper by Mitscherlich 
{A. 121, 4o9) first drew attention to the fact 
that a Dumber of compounds emit distinct 
spectra, for the most part band spectra. A list 
of such compounds here follows, most of the 
spectra of which were originally described by 
Mitscherlich. Diacon also {Tji^scs dt Physique 
ti de Chemie, Montpelier, 1864), using a fiame the 
interior of which was fed with chlorine, obtained 
distinct spectra of chlorides, such as those of the 
alkaline earths, gold, lead, iron, cobalt, and nickel; 
the alkalis gave no syectra excepting where they 
became converted into oxides or metal, as in the 
mantle of the fiame. 

Compounds emitting distinotspeotra 
(Mitscherlich). ‘ Venetian^llind * ffr degraded 
hand spectra. Flame. BaO; BiCl„BiBrs,Bi,T,; 
BjO,; 0uC4,CuBr.^, Cu,I„ CuO; AuCl,; Fe,0,; 
MgO ; MnO,; BbCl^ PbO; Mgpi,. 

Plain band spectra. BaP.., BaCI« BaBr-: 
Bil,; CaP„ CaO; CuP,; SrO. 

lAne spectra, or lines with hands. BaCl,, 
BaBr„ Bal^; CaCIj, CaBr^, Cal,; SrF„ SrCl„ 
SrBr„ Sii,. 

Other observers have discovered and de¬ 
scribed specific spectra emitted by the following 
compounds:—AI^O,; feeble sparks (Wiillner and 
others). NH,; flame (Dibbits). CO ; spark 
(Pliicker and others). CN; flame (Fox Talbot, 
Draper, Dibbits, and others). Er,Oa and ErPO,; 
flame (Bunsen a. Bahrf. MgO and hydride of 
Mg; flame and spark (Liveing a. Dewar). PHa; 
flame cooled (Ohristofle a. Beilstein). SiCl„ 
SiBf,, 81 X 4 ; spark (Pliicker, also Salet). H^O; 
flame (Livoing a. Dewar; Huggins). 

Harmonic relations between the lines of a 
spectrum. The self-luminous nature of a mole¬ 
cule is connected with the vibrations of those 
parts of the molecule which are called atoms. 
The number of vibrations is indicated by the in¬ 
verse wave-lengths of the linos in the spectra. 
The spectrum of iron contains more than 1,200 
distinct lines, and it foUowsf therefore, that the 
molecule or its atoms must simultaneously ex¬ 
cite as many diflcfent vibrations. We are 
acquainted with similar relations in acoustics. 
For instance, it has been observed by Hipkins 
that the simpiest vibration of a pianoforte 
string will cause it to emit its own proper note, 
and as many as twenty-four overtones or har¬ 
monics. Johnstone Stonoy first discovered such 
harmonics in spectra. The visible spectrum 
of hydrogen contains the three lines Ha wave¬ 
length 6663*9, H3 -4862*1, H 8 - 4102*4,these are 
the 20th, 27th and 32nd overtones of a vibration, 
of which the wave-length«0 013127714 mm. 
But the fourth line Hyar 4341, and the lines in 
the ultra-violet do not fall in with this system. 
Soret has calculated the harmonics of the three 
groups of triplets in the magnesium spectrum 
to be the 20th, 27th, and 31st harmonics of the 
fundamental vibration. Similar groups occur 
in the cadmium spectrum, w'hicb are the 20 th, 
23rd, 27th, and 81st of a fundamental ribration. 
Schuster has observed several harmonics in the 
ipectrom of strontium; also in the spectra of 1 


bismuth, calcium, thallium, and gold. According 
to Masoart, sodium has five series of doublets 
which are the 132nd, 188th, 143rd, 168lh, and 
163rd harmonics. One of the most remarkable 
spectra is the absorption caused by chromyl 
chloride. Johnstone Stoney and Emerson ^y- 
nolds have shown that under groat dispersion 
and lime-light illumination it gives a series of 
harmonics which are similar to those of a violin 
string, and of which the order lies between 628 
and 733. Livcing and Dewar have observed that 
many ultra-violet spectra contain lines which 
are harmonically related, not so simply related 
^ perhaps as the harmonics of a uniform stretched 
string, but like the overtones of a string which is 
not of uniform thickness, or is loaded at different 
points, similarly related in origin though not 
exact hwmonics. Lithium, potassium, calcium, 
magnesium, and zinc are such elements. The 
alkali metals have each one series in the visible 
spectrum, and another in the ultra-violet. It 
may happen in other cases that two or more such 
series overlap, and it may be very difficult to 
distinguish and separate them. There is a re¬ 
markable faot to be noted with regard to ultra¬ 
violet spectra, namely, that similar groups of 
lines, evidently harmonically related, are alter¬ 
nately sharp and nebulous in character. 

Huggins discovered that the four hydrogen 
lines in the solar spectrum are part of a much 
longer series of lines which occur in the spectra 
of white stars. Cornu discovered the whole series 
in the spectrum of pure hydrogen, and Balmer 
showed that the whole series of lines can be 
expressed by the following formula: 





in which k is a constant 


for the whole series, and by substituting the 
whole numbers 3,4, 6 , 6 , for m, we obtain 
values for N which are the oscillation-fre¬ 
quencies of the successive lines. 

Relations between the spectra of different 
elements. Lecoeq de Boisbaudran has observed 
such a relationship between the lines in the dif¬ 
ferent spectra of the alkali metals and their 
atomic weights, that be has been able to calcu¬ 
late the atomic weight of gallium from its spec¬ 
trum. It may be stated that the atoms of greater 
mass vibrate more slowly, and therefore emit 
rays of proportionally greater wave-lengths. 
Ciamician made an extended series of observa¬ 
tions on the spectra of elements usually classed 
together on account of their chemical properties, 
and he described several of these spectra as 
being homologous, that is to say, similarly con¬ 
stituted. A. Griinwald observed mathematical 
relations between the spectrum of water vapour 
and the line spectra of H and 0, which led him to 
predict the existence of many lines in the spectrum 
of water vapour which had not been photo¬ 
graphed. By prolonged exposures, Liveing and 
Dewar obtained photographs of a number of 
lines approximating very closely to those oalcu- 
lated by Griinwald. 

Hartley, in 1883, observed the law of homo¬ 
logy in the visible and ultra-violet spectra of the 
magnesium, ziao,and cadmium group. Elements 
with properties in common exhibit spectra wi^ 
similar groupings of lines, but the disperaion of 
the lines and the refrangibility of the steong linss 
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in eub group ▼at^ irlth Iho tioinio weight! of 
the element!. In each speotrnm the diSerenoee 
between the osoUlation-ireqnenoies of the indi¬ 
vidual lines of each triplet is a constant quantity. 
The lawalso applies to the seriesof doublets. The 
diSerences between the oscillation-frequencies of 
individual rays in the scries of triplets increases 
vrith the atomic weights of the elements to which 


who it appears recognised it independently is 
1886. 3. B. Ames, in 1890, proved the perfect 
homology, line for line, of the arc spectra of sine 
and cadmium. Kayser and Bunge have shown 
that the series of triplets refers to in the 
magnesium, sine, and cadmium spectra are in 
reality three scries of harmonic vibrations, a 
principal series and two subordinate series over¬ 




the triplets belong. A survey of these facts led 
to the conclusion that as the molecules of these 
elements contain but one atom, the atoms have a 
complex constitution, and that those elements the 
spectra of which are homologous are composed 
of the same kind of matter in different states 
of condensation, the molecules having similar 
modes, but different rates, of vibration. The law 
c( homologT baa been stndied by J. B. Bydbcig, 


lying each other. The magnesium series they 
place along witu those belonging to the calcium, 
strontium, and barium family, but according to 
the periodic law, the magnesium spectrum might 
be expected also to stand at the head of the spectra 
of the family which includes zinc and oadmiura- 
The series of lines in the alkali and alkaline earth 
metals do not fall in with Balmer's law for the 
hydrogen lines. Homology has been observed 
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in Iba apeotra of the Mowing groups: litbioio, detennined the compositfoo of some homogeoeooi 
•odimn, potassium, rabidium, oasinm, also in alloys of gold and silrer, also of lead and oad- 
alamininm, indiam, thallium. Bunge announces mium, by comparison of their spectra with check 
^at doublets and triplets existing in the spec* pieces of known composition. Sir 3. Q. AHejme 
trum of an element can be arranged in series estimated phosphorus in iron and steel, and Bail- 
which show an appearance of great regularity, man attempted the estimation of lithium by the 
and are seemingly analogous to the overtones of a spectroscope. Liveing and Dewar made observa- 
vibrating body (see figs. 1, 2, and 8 ). In fig. 1 tions on a spectroscopic method of estimating 
the spectrum of sodium is shown with a scale of sodium by measuring the width of the sodium 
unequal parts, X corresponding to wave-lengths, lines. Hartley determined the different spectra 
1 emitted by solutions of different strengths, and 

and a scale of equal parts t corresponding to found these constant when the ultra-violet lines 

I* ^ were photographed. Accordingly, by comparison, 

oscillation-frequencies. The lines forming the the metals may be determined in solutions made 
entire spectrum are arranged in three series, from determinate weightsDf material, diluted to 
Each line in the maps indicates a closely-placed a definite volume. Quantitative determinations 
pair of lines. Series? is the principal series, of the basic constituents of limestones, of copper 
series 1 ) is the subordinate scries of diffuse in pyrites cinder, and of lead, silver, and copper 
lines, Bofies S the subordinate series of sharp in zinc blende, have been made with quantities 
lines. The throe series are regular^the intervals of onatier so small that no other method could 
between the lines decreascras the wave-lengths have dealt with them. It will be seen later on, 
of the lines diminish from right to left.^ In that absorption spectra are serviceable in quanti 
fig. 2 we have similar maps, but the scales run tative analysis. 

the reverse way, from left to right. The principal Spectra of the infra-red regwn and spec- 
and subordinate series of lines are shown in the tra of solids in vacuo. There are three 
spectra of Mg, Ca, Zn, Cd, and Ilg. Correspond- methods of spectroscopy which have not yet 
ing lines in two different series of the same been much employed. 1. The method of E. 
spectrum are numbered alike. The homology Beoqucrol for observing' the infra-red rays, 
of the spectra is evidenced, and also variations | This is acoompIisHbd by the use of an eyepiece 
following increase of atomic mass in elements i covered with Balmain’s phosphorescent paint, 
of the Same group. In fig. 3 the homology of | When it is excited by exposure to a brilliant 
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the spectra of copper and silver is well shown. 
The difference of two consecutive oscillation- 
treqoeneies deoreeses as these values increase, 
and there seems to be a finite limit to tlie 
cwcillation frequencies of a scries. If n repre- 
Mnt whole numbers, the oscillation-frequencies 
of a series may, with great accuracy, repre¬ 
sented by the formula A-Bn-*-0»”^ where A, 
B, C, are positive constants. B has nearly the 
same value for all the series of the different 
spectrfC- A is the limit towards which the osoil- 
iation-frequenoy tends when n increases. For 
elements that are chemically related the series 
are distinctly homologous, both in appearance 
of Uie lines and the values of A, B, C, and with 
increasing atomic weight they shift towards 
the less refrangible end of the spectrum. Tho 
spectra sliow relationships between the elements 
similar to those between their chemical proper¬ 
ties. 

Quantitative analysis by tJie spectroscope. 
In 1862 W.A. Miller first attempted to apply the 
speotroscopo to the quantitative estimation of 
the constituents of an alloy. Jansen, in 1870, 
P|rop 08 ed two methods of quantitative analysis. 
Ch^pion, Pellet, and Grenier successfully ap¬ 
plied a spectro-photometrical method iotheesti- 
juation of alkalis. Lockyer and Boberts-Austen 


light, it glows, but as soon as any radiation of 
very low refrangibility falls upon it the phos¬ 
phorescence is destroyed. 2. Abney observes 
the same rays by moans of specially-prepared 
photographic plates, sensitive to exceedingly 
slow vibrations. Even the radiations from a 
kettle of boiling water can impress themselves 
permanently on bis preparation of silver 
bromide. V. Schumann and also Waterhouse 
have used photographic plates pmpared with 
cyanine, erytbrosine, and other dyes for the 
same purpose with some success. 3. Crookes 
bas made much use of the phosphorescent 
spectrum obtained by the action of an eleotno 
discharge in high vacua, and bas made a most 
interesting series of observations on the rare 
earths by this means. Among other results he 
has proved the wide distribution of yttria, its 
occurrence in strontianite, coral, oyster shells, 
and limestones. He considers that there are 
several kinds of yttria with differeni phos¬ 
phorescent spectra, but os they all give the same 
spectrum when excited by the spark in the usual 
manner, they must be considered as being de¬ 
rived fiom the same elementary yttrinm. 

Absorption spectra. In deaUng with absorp- . 
tion spectra, we may observe the • effect on a 
oontiaaoua speotrom of (a) gasest (d) Ugoidiii (a) 
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aoIldg. WliaBrt^«si«r*iraoBp&rent medium— to the ribntion of the molaonle, wliOe selaotiTi 
either gaseoas, liquid, or 8oIid->they do not Idftre absolution appears to be eansed bjr the vibra- 
it in a condition identical with that in which lions of atoms within the moleonle. When a 
they entered it« They may be either partially snbstanoe In solotion absorbs all the rars of a 
absorbed or altered in re/ranyilnlity. No known certain region of the spectrum which f^ u^n 
sabstance is capable of transmitting radiations it, it is because the molecules are Tibrattng 
of all known wave-lengths; those media which do synchronously with these rap, and the number 
not absorb appreciably any of the coloured rays, of molecules present is sufficient to dunp all the 
or any of the rays in the ultra-violet which are vibrations. When the rays traverse a sinaller 
capable of being photographed, absorb a portion | quantity of substance—as, for instance, when a 
of the infra-red spectrum. It may bo remarked ' solution is^lutcd—the number of molecules pre«, 
that substances like air and water which in thin | sent is not sufficidht to damp all the vibratlonSi 
layers do not appear to absorb the rays in the ; aud some rays pass through. If, Ifbwever, oer- 
visible spectrum, in thicker layers are seen to > tain atoms within the molecule are vibrating 
absorb the rays of a limited region. The A and synchronously with certain rays, we shall have 
B groups of lines in the solar spectrum have | a selective absorption'of these rays after the 
been shown to be duo to oxygen in the atrno- j general absorption has been so weakened by dilu- 
sphero, while nine lines lying between the two t tion as to allow them to pass. It has been 
D lines in the solar spectrum were observed, and ! shown by Hartley that the vibrations of the 
proved by Josiah P. Cooko, in 18C6, to be caused ; atoms depAid upon the rate of vibration of the 

by water vapour in the atmosphere amounting j mpleculo, or in otoor words, the rate of vibra* 

to not more than 1*5 g. in 100 litres of air. With t tion of the molecule determines the rate of 

0*18 g. only one line was visible, and with 0*55 g. I vibration of its parts. Four*absorption bands 

two lines. The successful application by Piazzi I in the three hydrocarbons benzene, naphthalene, 
Smyth of the spectroscope to weather forecasts ‘ and anthracene are evidence of this. The mean 
is based upon such facts. . rate of vibration of the rays absorbed by naph« 

Many cases of absorption are known in the* thaleneandanthraceneislessthanthatof therays 
infra-red and in the uHra-viplet, when no visible absorbed by benzene, and the vibrations of tne 
rays sre absorbed. Colours may be either visible carbon atoms within the molecule ara not inde* 


or invisible; since we must regard every substance 
which absorbs rays as coloured. The eye cannot 
always distinguish colour, because most 
sensitive eye cannot observe the rays which are 
absorbed by its own aqueous humour, and are 
thus prevented from affecting the optic nerve. 
Hence the infra-red rays have no effect upon the 
retina, and most of iho ultra-violet cannot affect 
it. The colour of a substance is determined by 
the combined effect of the rays whmh are not 
absorbed. Cobalt glass, which absorbs the 
yellow and green rays, transmits the red, blue, 
and violet, but as it transmits comparatively 
little of the red its colour appears blue. The 
purit;ir of the light by which the substance is 
examined is of importance. Chromium solutions 
which are green by daylight are red by gaslight, 
because the yellow and red rayc are predominant 
in gaslight, and as the red rays and the green 
are transmitted by pure white light, the dominant 
colour is red by light of less purity. There is but 
Utile importance to be attached to the general 
absorption of rays, but well-deffned absorption 
bands afford evidence both of the composition 
and the constitution of substances. 

The theory of absorption spectra. Ti is a ! 
well-knot^n f^t in acoustics that a vibrating i 
musioal instroment, a tuning-fork, or a stretched 
string, will oommnnicate its vibrations to any I 
similar instrument near to it which is capable 
of similar vibrations, and a sufficient number of 
strings or tuning-forks can entirely absorb the 
vibrations of a similar string or fork. In like 
manner when a molecule of a subsiauce is 
capable of vibrating synchronously with a radia* 
tion, the rays received on the substance are ab¬ 
sorbed by reason of the molecules being pat in 
motios by the waves which strike them. The 
absorption is complete If the direction‘of vibra¬ 
tion (d the rajs and^ the moleoule is the same, 
hot the pheee ie opporite. A general absorption 
thenUra-Ttolit at anyrato) to tidM 


pendent of, but are a consequence of, the diole- 
cular vibrations; they must, in fact, be regarded 
as overtones or harmonics of the fundamental 
or molecular vibrations. When the rate of the 
fundamental vibration is reduced by an increase 
in the mass of the molecule, the rate of vibra¬ 
tion of the carbon atoms is reduced in a similar 
ratio. Greater amplitude of vibration means a * 
louder note, or in the case of luminous radia¬ 
tions a brighter light. Consequentlv the con¬ 
verse of this may be considered to hold good, 
that a greater intensity of absorption is caused 
by a greater amplitude of vibration in the mole¬ 
cules of the absorbing medium, the number of 
atoms or molecules remaining constant. 

An examination of the three hydrocarbons 
benzene, naphthalene, and anthracene shows 
that the mean rate of vibration of the rays ab¬ 
sorbed by benzene is greatest, naphthalene comes 
next, and anthracene is least; but the absorptive 
power is in the reverse order, that of anthraoene 
being greatest. Hence we conclude toat the 
amplitude of vibration is greater as the rate of 
vibration is slower (0. J. 1881). ^e approxi¬ 
mate rates of vibrationsof the three hydrocarbons 
are given as follows 

Hobq wave-Ienfirth Molooul&rvitoa- IColsoabr 

of rft;s absorbtxl. iloxa per sooooA weight 

Benzene 2526 1,248 billions 78 

Naphthalene 2687 1,177 „ 128 

Anthraoene 8439 910 „ 178 

The various absorption spectra may be referred 
to in no better order than tiiat of the refrangi- 
bility of the rays absorbed. 

Infra-red absorption spectra, Abney and 
Festing have photographed rays extending down 
to X 12000 ; the visible region ends about X7600. 
They studied the absorption spectra of water, 
hydrMhlorio acid, chloroform, carbon tetra¬ 
chloride, cyanogen, and a number of hydro¬ 
carbons and thdr derivatives. The oompoonds 
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eotttai 2 iing hjdrogen show the same group of 
iioes, whieh, however, do not appear in carbon 
eompounds oontainiog no hydrogen; they do 
Dot all appear in some hydrogen compounds. 
The inference is that they belong to hydrogen. 
When oxygen is present as a port of hydroxyl it 
obliterates the rays between two of those linos 
which are due to hydrogen. When it forms part 
of the .carbon nucleus of a compound, as it does 
in aldehyde, the spectrum is inclined to be linear, 
or the bonds are bounded by well-def.ned lines. 
There appear to be characterVstic bands which 
indicate the carbon nucleus of a series of sub* 
stances. Certain radicles have a distiuctivo ab¬ 
sorption lying near X7000 and others about 
X 9000; thus in the three compounds Cylls, 
CyHj.HjN, C,H<(C*H5).H..,N wo have the following 
coincident bands probably due to the benzene 
nucleus; the lino X 8070 is the principal one ; 
X 8070, X 8670 to 8720, x 87^0 to 8Ht.O, a fourth 
baud about X 9000, a fifth about X 10400-100i,>0. 
In benzene and ethyl-aniline there occurs a 
band also at x lOlffO to 110>^0. If tlie linox 8070 
is associated with a band, it is almost certain to 
be caused by the benzene nucleus. Ethyl com¬ 
pounds are indicated by absorption at x 7410, 
X 8950 to 9030, 9040 to 9070, 9130 to 9180,9270 
to 9300*5, 9320 to 9420. The solar spectrum 
shows an absorption at X 8GG0, and, with tbo ex¬ 
ception of the line at 7410, the absorptions noted 
above have been observed to bo coincident with 
bands or lines in the solar spectrum. 

Visible and ultra-violet absorptimi spectra. 
The absorption spectra of the coloured region 
were long since carefully studied by Gladstone. 
These spectra pass gradually into the extreme 
violet and ultra-violet. In dealing with the sub¬ 
ject it will bo convenient first to consider the 
absorption caused by gases and vapours,•ele¬ 
mentary or compound, then tlie absorption by 
inorganic salts, and lastly the spectra of organic 
substances. 


Elements which exhibit absorption spectra. 


Oases and rapoiirg. 

Br, Cl, 1, 0, ozone, K, 
Na. 


Mutuls, the suits of which 
show banded spt'ctra. 

Cr, Er, Sm, U, dyspro¬ 
sium, holmiuin.neo- 
dyjuinrn, praseody¬ 
mium, thulium. 


Ooinpounds which exhibit absorption spectra. 


Gases and ropoura 

ICl, EBr, NO^ H,p 
vapour, oxidev of Cl. 


Salts the a«;l(]s of which 
'show handed spectra. 

Chromates I Ultra- 
Nitrates / violet. 
Nitrites (some); per- 
I manganates. 


Organic suostanccs which exhibit absorption 
spectra. All benzenoid hydrocarbons and ter¬ 
tiary bases derived from the saifie. All haloid, 
hydroxyl, carboxyl, and amide, derivatives of 
benzenoid hydrocarbons. Cyanurio and uric 
acids, with colouring mattem derived there¬ 
from. Albumens and allied substances. Organic 
colouring nsatters of unknown constitution, such 
as chlorophyll and hemoglobin. Many alkaloids 
and thair derivatives, e,g .: Aconitine, pseud- 
aconitioc, japaconitine, morphine, narcotine, 
codeine, papaverine, oxynarootine, apomorpbine 
bgrdnMhlozl^, tetrocetylmorphino, dia^tyl- 


’ codeine, qninine, qulniqe sulphate, oincbonuad 
' sulphate, gufnidine sulphate, oinchonidine soi* 
phate, veratrine, pipeline, bruoine, strychnine. 

The relation of absorpHlon spectra to the 
chemical consiitiition of carbon compounds, 
1. Substances with a nucleus consisting of an 
open chain of carbon atoms transmit continuous 
spectra and arc highly diactinic. Examples: 
the alcohols, acids, ethereal salts, haloid ethers, 
and the carbohydrates. 2. In homologous 
series the greater the number of carbon atoms 
the shorter tbo transmitted spectrum. 3. In sub¬ 
stances with the same carbon nucleus that con¬ 
taining the most oxygen transmits the shortest 
spectrum, as, for instance, in acids the spec¬ 
trum is shorter than in alcohols, and in dibasic 
I shorter than in monobasic acids. 4. Substances 
! with u closed chain nucleus when not more than 
i two atoms of carbon are doubly linked transmit 
I continuous spectra, but their absorptive power 
is much greater than that of open chain com- 
j pounds; c./;r.camphor,benzene hexachh'-ride, and 
I the terpencs, also hexahydropyridine. 5. The 
; more closely the carbons in a closed chain are 
j linked, the greater is the absorptive power of tbo 
I molecule; e.g. the terpenes withstand dilution 
more strongly than benzene hexacliloride, and 
caTiiphor. 0. The carbon nuclei of benzenoid 
hydrocarbons possess strong absorptive power, 
and after great dilution exhibit absorption 
bands; e.g. four bands are seen in the spectrum 
transmitted by benzene when 1 part is diluted 
with 2,400 parts of alcohol, three bands in naph¬ 
thalene with a dilution of 1 in 100,000 parts, one 
band in phenanthrene with 1 in 500,000 parts, 
and one band in anthracene with 1 in 5,000,000 
parts of alcohol. 7. The introduction of radicles 
in place of hydrogen and of side-chains into 
the benzoQ9id nuclei diminishes the number of 
absorption bands, but increases their width and 
intensity. 8. The simple union of carbon to ni¬ 
trogen does not cause selective absorption; e.g. in 
hydrocyanic acid and cyanides. 9. When a ben¬ 
zenoid nucleus contains an atom of nitrogen In 
place of an atom of carbon, the molecule exliibits 
absorption bands, and its absorptive power is 
generally not impaired, but is sometimes in¬ 
creased, e.g. picoline, pyridine, quinoline, and 
their derivatives. 10. Isomerides exhibit dif¬ 
ferent spectra, e.g. the terpencs and isomeric 
benzene derivatives. 11. When the condensa¬ 
tion of the carbon atoms in the quinoline 
nucleus is modified by the combination there¬ 
with of four atoms of hydrogen, the intensity of 
the absorption bands is reduced but is not de¬ 
stroyed. 12. Nitrogen combined with oxygen— 
as in nitroxyl, nitrites, and nitrates- exhibits 
absorption bands. 13. When several carbon 
atoms are united by oxygen and nitrogen atoms, 
the resulting compounds exhibit intense absorp¬ 
tion bands, e.g. cyanurio acid, uric acid, and de¬ 
rivatives, including murexide. 14. Molecules of 
compounds—that is to say, molecules composed 
of dissimilar atoms—vibrate as wholes or units, 
and the fundamental vibrations give rise to 
secondary vibrations which stand in no visible 
relation to the chemical constituents of the 
molecule, whether these be atoms or groups of 
atoms. Hence it appears that a molecule is a 
distinct and individuu particle which is not fnllj 
represented by oar nsoal chemical fonauln. 




ophoal MEraoBS. 


m 


tbiM theM onlv symbolisa certain cbemioal re< 
actions and fail to ezpresd any relation between 
physical and chemical properties. As certain 
molecular groopings are characterised by the 
absorption of rays of particular wave lengths 
(absorption bands), it is evidently possible to 
□raw conclusions as to the constitution of sub* 
stances from their absorption spectra. Many of 
the foregoing statements nmy be usefully and 
clearly summarised by means of formuln?. These 
render evident how the optical properties of a 
compound are determined by the skeleton of , 
carbon atoms. ^ 


I compounds which exhibit selective absorption of 
the uitra*Tiojet rays arocoloured* The subtlety of 
the colour, however, is such that the eye cannot 
perceive it without the aid of photography or a 
fluorescent screen. 

That which in the ordinary acceptation of 
the term is a coloured substance is merely one 
in which the absorption of rays extends into a 
region limited by tlio red and violet ends of the 
spectrum, or between wave-lengths 7000 and 
4000. Acccyrdiiig to this view, the colour of a 
substance may be Invisible to tho unaided eye. 
As bauds of selective absorption appear to be ^e 


Typical carbon nucleiy transmitting continuous spectra. 
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On the cause of colour in organic compounds. 
According to 0. Witt, tho tinctorial character of 
aromatic compounds is conditional upon the 
simultaneous presence of a colour-producing 
group and a salt-forming group in the molecule. 
A group of atoms of the former kind he terms a 
chromogen, and of the latter a chromophor. He 
says: ‘ For instance, NO, is the chromophor of 
nitraniline and nitrophenol, but nitrobenzene is 
the chromogen of these bodies. The different 
nitrodlphenylamines are all acids anddye-stulTs, 
and their tinctorial power increases with the 
number of nitroxyls.* In this connexion it is of 
interest to study the relation of the hydrocarbons 
to the more complex compounds which are 
colouring matters derived from them. 

If a source of light emits all luminous and 
invisible vibrations capable of being transmitted 
through 8 feet of air, a perfectly colourless sub- 
Htauce will transmit these rays without impairing 
their intensity. A coloured substance is one 
which absorbs rays at either end of the spectrum, 
or selects rays of a definite wave-length from the 
mid^ of the spectrum. Every fluorescent sub¬ 
stance ii ^etemre coloured, m benzene, ben- 
Attudd i^drooarboiia,.phe&oli, and other d^ved 


elTcct of vibrations taking place within tho mole¬ 
cules of a substance, and these are dejmndent 
upon tho rate of vibration of the molecules 
themselves, they are called in general' molecular 
vibrations.’ If, then, it be desired to convert a 
substance such as benzene, the colour of which 
is invisible, into a compound with a visible 
colour, it is necessary to slacken its rate of 
vibration so that tho molecule will absorb rays 
with oscillation-frequencies (inverse wave¬ 
lengths) occurring within the limits of visibility. 
That which ns called a chromogen is an in¬ 
visibly coloured substance, and that termed a 
chromophor is an atom or group of atoms capable 
of so affecting the molecule as to reduce its rate 
of vibration, so that it absorbs rays within the 
limits of visibility. Under certain conditions of 
combination, nitrogen and oxygen are chromo* 
phors, hence aLo nilroxyl and hydroxyl; that is 
to say, they are themselves coloured either 
visibly or invisibly. When two benzene mole¬ 
cules are doubly linked by two nitrogen atoms, 
as in azobenzene, their mode of vibration is pro* 
loundly modified, and a brilliant, colour as low 
down in the scale as the yellow rays is the result* 
A similar modification takes place when two 
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ttonii o( cajffln Tsplaee two of hydrogen, m fai 
qaiaona, which ia of » golden-yellow oolonr. 
The eSeotof Unking two or more benzene nnolai 
by osrbon atoms has been already dealt with ; the 
colonrs ere not rendered visible, bat the mole- 
onler vibrations ere greatly reduced in rapidity, 
end the amplitude of the vibrations is muoh in- 
Oreosed. That is to say, the absorption bands 
ore transferred to less refrangible rays, and with¬ 
stand a much larger amount of dilution. These 
modifications are both observed in the curve of 
benzene oe modified in triphenylmkhane. The 
vibrations of this radicle are reduced in rapidity 
in rosaniline hydrochloride, Hofmann’s violet, 
iodine green, and other such derivatives in which 
the carbon nucleus remains intact. 

There is a family likeness in the carves of 
ozo-benzene, azo-naphthalene, chrysoldine, and 
other derivatives of these substances, which is 
quite in accordance with these olciervations. In 
short, in a general way,'the change of colour 
effected by any given series of reactions mfiiy be 
predicted fromo,ninspectionoftbecurveof mole¬ 
cular vibrations of any benzenoid hydrocarbon. 

W. N. H. 
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OPTICAL METHODS.—flection 8: BOTA. 
TIOK OF THE PLANE OF POLABI8ATIOH 
OF LIGHT.—When a ray of plane polarised 
light is passed through a plate of quartz cut at 
right angles to its optical axis, it is found that 
the plane of polarisation of the emergent ray is 
not coincident with that of the incident ray; the 
angle through which the plane has been rotated 
is called the angle of rotation. If the rotation 
takes place in the same direction as that in 
which the hands of a watch move when the face 
of the watch is looked at, the quartz is said to 
show dextrorotatory power ; if the rotation ia in 
the opposite direction, the quartz is said to show 
ksvorotatory power. The symbol + is used to 
express dextrorotation, and the i^mbol — to ex¬ 
press levorotation. Substances which rotate the 
plane of polarisation of a ray of light passed 
throngh them are said to be optically aetU^, 

The polarimeter ia an instrument wherein a 
ray of light can be polarised, the position of the 
plane determined, ray passed through a de¬ 
terminate quantity of an optically aotiTe aub- 
atanoe, and th^ position of the plane of the 
emergent ray determined. 

The ang}e of rotation depends upon (1) th« 
nature of the active aubatance, (2) ^e thimeai 
of iiui li^er (rf the aobataaee tarongh wiiicb the 
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n^t pMUM, (S) ilw wavs-Iengtlt ot the light 
OM, end in most oases 14) the temperature. 

The composition of the substance examined 
must then be known ; the length of the column 
of liquid used if the substance be liquid, or 
the thickness of the layer if the substance be a 
solid, must be measured; the temperature must 
be noted—obser>-ations ought to be made at a 
common temperature; and monochromatic light 
should be employed. 

Suppose we are dealing with a liquid carbon 
compound. Let 2 - length ot column ot liquid in 
decimetres, d - sp.gr. of liquid (referred to water), 
and a =: angle of rotation of the plane ot polari¬ 
sation of light of stated wave-length; then 



The value of [a] is usually called the specific 
ntaiory power of the substance. It is customary 
to indicate the light employed by placing a letter 
to express the wave-length below the bracket; 
thus [a)„ means spec. rot. power for light of 
wave-length n. The spec. rot. power of a liquid 
as thus defined is the angle through which the 
plane of polarisation of n ray of light of stated 
wave-length is rotated by passing through a 
column one deeimetre long ot the liquid contain¬ 
ing one g. of the substance in 1 c.c. 

If a solid compound is to be examined, it 
must be dissolved in an optically inactive sol¬ 
vent. In this case 2 = length of column ot 
solution in decimetres, d = sp. gr. of solution, 
p = g. of optically active substance in 100 g. of 
solution; then, assuming that the solvent is 
without influence on the rotatory power ot the 

dissolved substance, [a] = 0“®®' 

tion as to the effect ot an inactive solvent on 
the rotatory power of an active substance in 
solution will be examined later (p. 257). 

Connections between optied activity and 
oonstitntion. Landolt {Handbook of the Polari- 
scope, English trans.) has divided substances 
which rotate the plane ot polarisation ot a ray 
of light into three classdk; (1) those which are 
active only when in the form of crystals; (2) those 
which are active only when liquid or in solution; 
(8) those which are active both as crystals and 
also in solution or in the liquid state. The only 
substance at present known to belong to the 
third class is strychnine sulphate. The liquid 
crystals examined by Lehmann (H. P. C. 4,4t>2; 
6, 427) probably belong to the first class. 

The optical activity of carbon compounds. 
All compoundswbich exhibit optical activity un- 
connecied with crystalline form—in other words, 
all compounds which are optically active when 
liquid or in solution—are compounds of carbon. 
Le Bel (132. [2] 22, 337) was the first (1874) to 
trace a definite connection between the optical 
activity and the constitution of carbon com¬ 
pounds. was followed -by van’t Hoff {Bl. 
[2] 23,226 [1875]). The anfaject has been much 
advanced by van't Ho9 in his pamphlet. La 
Chimie dam I'Espace, and more especially by a 
sm^ book pnblished in 1887, Dix Annies Am 
VH isdoirt Sum TUorie (translated into English 
Ibidi, and. pnblished in 1881,. entitled 
OktmMrp in Space). 

The fayqpot^^ o( Ii« B«l kod mn’t Hofl 
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oonneote optical activity with the presence ot one 
or more asymmetrie atoms of carbon in the 
molecule of the active compound. An asym- 
metric atom ot carbon is one which is in direct 
combination with four different atoms or radicles, 
these atoms or radicles being arranged so that 
any three are similarly situated with regard to 
the fourth. The conception of the asymmetrio 
atom carries with it the conception of the ar¬ 
rangement in space of the parts of the moleonle. 
The asymmetrio atom of carbon is supposed by 
van’t Hoff \a be (placed in the centra of a 
regular tetrahedron, and a different radicle ie 
supposed to be held by the carbon atom at esoh 
summit of the tetrahedron. Two forma of this 
arrangement may exist, and these forms are 
geometrieally different. Neither is superposable 
on the other. They bear to one another the re¬ 
lation of an object to its image, or of the right 
hand to th^ left, as shown in the figure. 




This arrangement eorresponds to the enantio- 
morphoiis (non-supcrposable) form ot crystals. 
Ammonium malate, for instance, crystallises in 
two non-supcrposable forms, whioh differ in 
exactly the same way as the molecules of two 
geometrical isnmerides, each containing sa 
asymmetric carbon atom and both having the 
composition CIt,ll...B,R„ are supposed to uffer. 
If one of the isomerides CB,It.^B, rotates the 
plane of polarisation to the right, the other 
rotates to the left. If this hypothesis is to be 
accepted, every compound of carbon which is 
optically active must contain at least one asym- 
metric carbon atom. So far as investigation has 
gone, this deduction from the hypothesis has 
been confirmed (v. van’t Hoff, Z>Ke Annies Ac., 
31; Landolt, Handbook, 25 et seq.). Further, it 
has been found that compounds which do not 
themselves contain asymmetrio carbon atoms are 
inactive, although they are derived from optically 
active compounds. 

There is no doubt that compounds exist 
which contain asymmetric carbon atoms but do 
not affect the plane of polarisation of a ray of 
light. At first sight this fact might be supped 
to be irreconcileable with thediypothsais; but 
the recognition of the existence of inactive com. 
pounds containing asymmetric carbon atomi 
has led to a most ingenious and interesting ds* 
velopment ot the l^ypotbesie. 

Borne inactive compounds containing asmi- 
metric carbon atoms can be separated each into 
two optically active isomerides, one ot whleh ie 
dextrorotatory and the other is iBvorotatory. 
Some Inactive compounds whioh contain 
metric carbon atoms cannot be separated into 
active isomerides. Baoemio acid, which can be 
resolved into dextrorotatory and Iwvoiotatory 
tartaric add, is an example ot the first ot these 
dassee, calM mactint ritokabk empoundsi 
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meBotartario add, which cannot U resolved Into 
active isomerides, is on example of the second 
clara, called inactwB •non-resolvabU com¬ 
pounds. 

Inactive resolvable compounds are said, in 
the language of vah’t Hoff’s hypothesis, to be in¬ 
active by external compensation ; inactive non* 
resolvable compounds are said to be inactive by 
internal compensation. 

To understand these expressions ^consider 
the formal® (R,RaR,)O.C(R,B 5 U 3 ) and 
(B^Il,)C.C(R,ItgR.J; an italicised‘0 represents 
an asymmetrical atom of carbon. Each formula 
contains two asymmetric carbon atoms, and both 
carboff atoms in either formula are united to the 
same radicles; in the first formula each C is 
united to the radicles B„ B^ B 3 , and C(B,B JR 3 ); in 
the second formula each G is united to the radicles 
B,, Bg, B,, and CiBiB^Bg). The structure repre¬ 
sented by one of these formula is the rcllocted 
image of that represented by t}>c other: hence if 
one of these geometrically isomeric compouivls is 
dextrorotatory, ^le other will be lievorotatory, and 
both will rotate the plane of polarisation to tlio 
same degree. But if a compound were formed by 
the combination of equal numbers of molecules of 
these two geometrical isomerides, that compound 
would be inactive, for the tendency to right- 
handed rotation of one part of the compound 
molecule would bo exactly neutralised by the 
equal tendency to left-handed rotation of the 
other part. Moreover, if tlie inactive compound 
were split into two compounds, one consisting of 
molecules of the form represented by the first of 
the above formal®, and the other of molecules of 
the form represented by the second formula, then 
each of these compounds would be optically ac¬ 
tive, and the compounds would be active in 
opposite directions. The hypothetical inactive 

oomponnd 

to be inactive by external compensation. 

Bacemio acid, which is optically inactive,can 
be resoWed into dextrorotatory and l®vorotatOTy 
tartaric acids. Both tartaric acids have the for¬ 
mula 0 ,H,( 0 H) 2 (C 0 ,H )2 ; the hypothesis we are 
considering represents one of these acids as 
{H.OH.HOOC)C.C(COOH.On.II); and the other 
acid as (H.COOH.OH)C.C(OH.COOH.H); and 
the hypothesis represents racemic acid as made 
up of an equal number of molecules of the two 
active acids, and therefore as a substance which 
is inactive^by exteimal compensation. 

But suppose the molecule of a compound 
contained two asyrometrlo carbon atoms, both 
united to the same radicles but having one half 
of the molecule the reflected image of tlio other, 
then the tendency to right-handed rotation be¬ 
longing to one part of this molecule would be 
neutralised by the tendency to left-handed rota¬ 
tion belonging to the other part of the molecule; 
the molecule as a whole would bo incapable of 
rotating the plane of polarised light, and the 
compound would be inactive by internal com¬ 
pensation. The general formula of such an in- 
active compound is (BjBgR,)C.O(B,B.B,). 

A compound of this type cannot be resolved 
into active isomerides, because a resolution into 
]^t 8 is only possible by splitting the molecule, 
removing one 0 ! the radioles, and so destroying 
the asymmetry of qzm, or both, of the atoms of 
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carbon. Mesotartario acid, which is non-resolv* 
able, probably belongs to this class of com¬ 
pounds ; it may have the formula 

(H.COOH.OH)aC(COOH.OH.H). 

. The hypothesis therefore provides for the exis • 
tonoe of two classes of optically inactive com¬ 
pounds, both containing asymmetrio carbon 
atoms; the members of one class are resolvable 
into active isomerides, the members of the other 
class cannot be so resolved. 

Those compounds which contain in their 
molecules more than one asymmetric carbon 
atom, each of which atoms is united to the same 
radicles, whether these radicles are arranged in 
space in exactly the same way, relatively to each 
carbon atom, or not, are colled by van’t Hoff 
symmetrical compounds ; and the term uneym- 
metrical compounds is used to designate those 
which contain more than one asymmetrio carbon 
atom each of which is united to different radi¬ 
cles. The typical formul® for symmetrical com¬ 
pounds containing two asymmetric carbon atoms 
are 

(R,B2B3)0.C(B3R2R,), (R,R3R2)C.C{B3B2B,), * 0 . 

The typical formula for an unsymmetrical 
compound containing two asymmetric carbon 
atoms is {B,RaR 3 )C.C(R^B 5 R,). 

Unsymmetrical compounds may be either 
active or inactive; if inactive, they must be in¬ 
active by external compensation, and therefore 
they must be resolvable into pairs of active 
isomerides. S^mctrical compounds may be 
active or inactive; if inactive, they may be in¬ 
active by external, or by internal, compensation, 
and therefore they may be either resolvable or 
not resolvable. 

An unsymmetrical compound containing n 
asymmetrio carbon atoms may exist in 2 ’* iso¬ 
meric forms, which will always be grouped in 
pairs, ohe being dextrorotatoiy and the other 
l®vorotatory. A symmetrical compound con¬ 
taining n asymmetrio carbon atoms may exhibit 
12” active isomeric forms, grouped in pairs of 
opposite rotatory power, and may also exist in 

* 2 ^ non-resolvable inattive modifications (v^n’t 
Hoff; IHx Annies Ac., 64-6). 

There are three general methods for sepa¬ 
rating inactive resolvable bodies into their dex¬ 
trorotatory and Iffivorotatory isomerides. 

In the first method advantage is taken of the 
differences between the actions of certain minute 
organisms on the two active isomerides. The 
second method proceeds by treating the inactive 
compound with an active body with which one 
of the isomeric constituents of the inactive com¬ 
pound combines more readily than the other. 
The third method consists in separq^ting the 
inactive body into two active isomerides by crys¬ 
tallisation at a definite temperature (van’t Hoff, 
Ic. 63-69). 

Bacemio acid, which is an inactive compound, 
can. be resolved into equal quantities of right- 
and left-handed tartaric acid by each of the 
three methods. When peniciUium is allowed to 
act on a dildte solution of ammonium racemate, 
Iffivorototory ammonium tartrate is found in the 
solution after a time, the dextrorotatory tartrate 
having been destroyed by the action of the or¬ 
ganism. When a quantity of active cinchonine 
sufi^cient to nentr^e half of % determinate 
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{outltjr of asimlf a«M*ii added to a solution centre of figure of the tetrahedron. When the 
ol the lacemio acid, crystals of Isvorotatoiy cin- moieouls is asymmetric, the centre ol gravity 
ehonine tf^ate are obtained, and dextrorota- will not be situated on any one of the six planes 
tory Urtario acid remains in solution. When a of symmetry of the tetrahedron. So long as the 
solution of racemic acid is neutralised by soda, substitution of one radicle by another does not 
and another equal quantity is neutralised by move the centre of gravity of the molecule to the 
ammonia, and the solutions are mixed, and other side of one of the pianos of symmetry of 
evaporated at a temperature slightly below 28°, the tetrahedron, Guyo supposes that the rotatory 
crystals of two forms are obtained j one set of power is increased or diminished, but is not 
crystals is dextrorotatory, and tiio other is hevo- change^in sign, by such substitution t but that 
rotatory, sodium-ammonium tartrate. Vau’t a change of sign of the rotatory power aooom- 
Hoff (U. 69) has shown that sodium-ammonium panics a substitution wliich results in moving 
rocomate is changed to a mixture of the active the centre of gravify of the molecule from one 
isomeric tartrates by heating the dry salt with side to the other side of one of the planes of 
water, in the ratio NaNn,.H,0,0j.H,,0:3H,0 (the symmetry of thetelrahedron. Guye gives about 
salt crystallises with UjO), to a little under 27°, fifty cases to which ho has applied his hypothesis 
and that the reverse change is effected by lieat- successfully. The derivatives of tartaric acid 
ing the mixed tartrates to a little above 27°. afford the most comjihdo example. 

The changes may bo represented thus— I Replacement of the acidic hydrogen of tar- 

2(NaNH..H.C.0..4H.0);t2(NaKH,.n,C,0 JI,0) + CH,0. 

• 

Tho racemate crystallises with H 3 O, and the tari<^acid by alcoholic radicles is accompanied 
tartrates with 4H,.0. Slight variations of tern* by increase of rotatory power, and tho greater 
perature above or below 27® determine tlm dircc* tlio molecular weight of tho replacing alkyl the 
tion in which the change shall occur. greater is the increase of rotatory power; tbus^ 

Tho change of inactive sodium-ammonium Methyl tartrate [aj0=+2‘14 

racemate to a mixture of the active tartrates, Ethyl „ 7‘C() 

and vice versd, is very similar to some changes Propyl „ 12*44 

which occur among inorganic compounds; Isobutyl „ iy-87 

for instance, when a mixture of ^fgS0^.7Ha0 Replacement of the hydroxylic hydrogen of 
and Na.^SO^.lOIX .^0 is heated to a little above the acid by benzoyl moves tbo centre of gravity 
21 ®, it is changed to tho double sulphate to tho other side of the plane of symmotiy which 
MgNaj(SOj.,.4II.p, and water, and this double is situated between tho COOH and Oil groups • 
sulphate is resolved into the two single sulphates this replacement is accompanied by a cimnge of 
at a little under 21 ®; these changes may be sign of tho rotatory power. But if tho Hof the 
represented thus;— COO’I group is now replaced by ono alkyl group) 

MgSO).7rLO + Na,SO,.10H,O^MgNa,(SO)),.4H,O + 13H,0. 


Van’t Hoff calls the temperature which 
such a chcmico-physical change as this occurs 
the traHsi^ion-jwnl of the system (v. P. C. 
1, J 65. 227). 

Exlensicn of the hypothesis of van't Hoff 
and he Bel. Tho hypothesis of van’t Hoff and 
Le Bel connects the power of rotating the plane 
of polarisation of a ray of light primarily with 
the con 6 guration of the parts of molecules, but 
it points to the formation of molecular aggregates, 
without change of molecular structure, as a cause 
of the disappearance of optical activity. Although 
optical activity is primarily dependent on the 
arrangement of the parts of certain molecules, 
and although we cannot assign a definite part of 
the total rotatory power of a molecule to ejich 
atom, or to each group of atoms which togetlier 
form the molecule, nevertheless a consideration 
of the constitution of optically active compounds 
shows that the amount of the activity of any 
compound is dependent on the greater or less 
differences between the four radicles which are 
In direct union with the asymmetric carbon 
atom or atoms in the molecule of that compound. 
The greater the differences between the radicles 
the greater will be the asymmetry of the molo' 
oule, and, therefore, the greater wUl be the rota¬ 
tory power. An attempt has been made by 
P. A. Guye (0. B. 110,714} to connect the degree 
of asymme^ of the molecule of an optically 
active compound with the mass of each radicle, 
md the dmnoe of iti centre of gravity from the 


tho centre of gravity is moved back towards the 
plane of symmetry already mentioned, and the 
rotatory power is diminished. Thus— 


luriario aciu l.ajj>ai — 117‘7 
Methyl salt of „ 88*8 

Ethyl „ „ CO-0 

laobutyl „ „ 42 0 

If acetyl is used in place of benzoyl the rota¬ 
tory power changes its sign, but tho value of the 
Iffivorotation of diacctyl tartaric acid is less than 
that of dibonzoyl tartaric acid; tho replacement 
of acidic hydrogen in the diacetyl acid by aJkyl 
radicles decreases the rotatory power, and, as the 
alkyl radicles of largo molecular weight exert a 
greater effect than the acetyl group, and an effect 
in the opposite direction, tho rotatory power 
again changes its sign. Thus — 

Diacetyl tartaric acid [a]D=-28*l 
Methyl salt of „ 14*8 

Kthjl „ „ +1-0 


Propyl .. .. 6-5 

Isobutyl „ „ 10-3 

Cram Brown (Pr. i'. 17, 181) has tried to 
connect the greaiet or less rotatory powers ot 
different active compounds with differences 
between the constitutions of the substituting 
radicles. Cram Brown admits the Influence of 
tbo masses of the radicles, but he tries to Bhow 
that their constitnUon must also bo taken into 
acconnt. If two methyl groups are introduced 
mto dextrorotatory tartaric acid, the salt thus 
obtained is still dextrorotatory { in ^ cbsngo 
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tfo 00.0H Mdldei haTe been ohanged into two 
ladtidea OO.O.OH,. li now thla dimetbyl tar- 
tiata it treated with acetyl chloride, a strongly 
ICTOrotatory dimethyl dlocetyl-tartrate is ob¬ 
tained; in this change the OO.O.OH, groups 
remain, and two OH groups hare been changed 
to two groups O.CO.CH,. In the first change, 
the intMuction ot the group OO.O.OH tor H 
altered the rotatory power but did not change its 
sign, in tbs second change the introdimtion ot 
the group O.OO.CH, changed the sigif of the 
rotatory power; therefore, Crum Brown argues, 
the 'effect ot the radicle 0.00.IlH, on the rotatory 
power is greater than the effect of the isomeric 
radicle OO.O.OH,. As the masses ot these two 
radicles are the same, it is evident that the con¬ 
stitution of the substituting radicle affects the 
rotatory power ot the compound. 

Thespeoificrotatorypowersofoompoundsoften 
change more or less with smalt changes in certain 
physical conditions. Some active ladies become 
inactive by heating, and at another temperature 
the change is sometimes reversed. The values of 
the rotatory powers of active bodies dissolved in 
inactive solvents are dependent on the nature 
and the quantity of the solvent used (v. post, 
p. 2fi7); the rotatory power of a solution some¬ 
times changes on keeping until a constant value 
is attained (». Landolt’s Handbook of the Polari- 
seope, 62). This readiness to change shown by 
the rotatory powers of carhon compounds finds 
some explanation in van't Hoff’s hypothesis, and 
especially in the development of it made by 
WislicenuB, According to Wislicenus {KUn. 
SSchsischen Oes. der Wisa. 14,1) the arrange¬ 
ment of the four radicles attached to an asym¬ 
metric carbon atom is conditioned chiefly by the 
affinities of these radicles for one another in the 
sense that those radicles which have the greatest 
mutual affinity will tend to get as near as possible 
to one another; but besides those configurations 
which are conditioned by the affinities of the 
radicles, and which will be comparatively stable, 
other configurations will probably exist con¬ 
ditioned by toe temperature and by the collisions 
of other molecules—tor instance, the molecules 
ot toe solvent—and these arrangements will be 
relatively unstable. These unstable forms may 
be optic^y active, as they are only geometrically 
different from toe stable forms, but their rotatory 
powers will probably differ from those of the 
stable forms. This way of looking at toe ques¬ 
tion ot optical activity enables us to connect toe 
fact that active compounds easily undergo 
changes in the values ot their rotatory powers 
with toe conception which the hypothesis of 
van’t Hoff and Le Bel furnishes of the cause ot 
optical activity. 

Molecular rotatory power. The notion ot 
molecular rotation, as the product of the specific 
rotation into the molecular weight of a substance, 
wasiutroduoedby'Wilhelmy(P.81,627). Kreoke 
(J. pr. [2] 6, 12) proposed to define molecular 

rotatory power as A. where m~ 

100 ltd 

molecular weight of compound, and a, {, and d 
have toe same meaning as before (p. 2S3]; m 
Is divided by 100 to obviate toe use of bacon- 
Tsniantlv large numbers. 

Eteoks endeavoured to generalise toe teht* | 


tions between the values ot [mi tor eeriida emu- 
pooadi and bodies derived fronip or closely con* 
nected with, these oompoonds. Some years 
before Erecke’s attempt, Mulder {Z. 1868.68) 
put forward a statement to ‘the ef ect that opti¬ 
cally active compounds.contain certain active 
radicles, which may be transferred to other active 
atomio aggregations, and the rotatory powers of 
the new bodies bear a simple relation to those of 
the original radicles. Erccke, on the basis of 
further experimental results, modified and ex¬ 
tended Mulder’s statement. Erecke announced 
two generalisations: 

(i.) ' When an optically active body forms a 
compound with an inactive body, or when it is 
altered by the action of chemical reagents, either 
the molecular rotatory power of the body is un¬ 
changed, or the molecular rotatory power of the 
new substance is a simple multiple of that of the 
parent substance.* 

• (ii.) * The molecular rotatory powers of iso- 
merides are multiples of one and the same value.’ 

Most of Krccke's values were obtained from 
measurements df substances in solution, and, as 
we shall see in another paragraph, the results of 
such measurements are trustworthy only in a 
few cases. Landolt (.B. 6,1073) made a careful 
examination of the rotatory powers of tartrates 
in solution; he came to the conclusion that the 
I value of [m] for tartrates containing a single 
atom of a monovalent metal is double the value 
I of [m] for free tartaric acid, and that [w] for tar¬ 
trates containing two atoms of a monovalent 
metal is three times [m] for the free acid. In 
this case, Erecke’s first statement was confirmed. 

In 1885, Oudemans (u. P. B, 9, 635) arrived 
at the conclusion that the compounds of active 
bases with inactive acids, and also the com¬ 
pounds ot active acids with inactive bases, follow 
the eimnlo law that * the molecular rotatory 
power of a salt, in fairly dilute solution, is inde¬ 
pendent of the nature of the inactive p^ of 
salt.* This result has been confirmed by the 
measurements of camphoratos and tartrates 
made by Landolt, of salts of cholic acid by 
Hoppo-Seyler, of malates by Schneider {A. 207, 
286), and of camphorates by Hartmann (B. 31, 

ml 

This result indioatos that the rotatory powers 
of salts In solution are not affected, to anything 
like the extent that the rotatory powers of liquid 
compounds are affected, by the nature of the 
radicles which compose them. The rotatory 
power of a salt in solution approaches to being 
an additive property, whereas the rotatory power 
of a liquid compound is a constitutive property 
(cf. Ostwald, Lehrbuchy 1,499 [2nded.]). 

Optical activities of bodies in tolnUcn. The 
specific rotatory power of an active substance in 
an iziactive solvent has been defined (p. 263) as 

[a] » where 2"length of column of solo- 

l.p.d. 

tion in decimetres, d « spec. grav. of the solution, 
and ^-g. of active substance in 100 g. of 
the solution. This formula is expressed inmore 

general terms as [a]« ■ !* .. • . ? , where n » g. of 
! f.p.ci. 

solution containing g g. ot toe anhstanca; 
in this case, I 0 . 0 . oi-toe solution weighs dg> 

and oonialns ^6 h°ttva substanoa. 
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This fonnula assumes that the rotatorypower on the aoIublUty to wator of the salt used; the 
of the dissolved active substance is not affected greater the atomic weight of the metal, the 
by the inactive solvent. In 1888 Biot {A.Ch. greater was the concentration whereat the change 
[3] 36, 257; cf. 59, 206) found that the rotatory began, and the greater was the difference from 
power of tartaric acid in aqueous solution in* the normal state of the salt. Schneider {A. 207, 
creased with increasing dilution; that solutions, 257) found that the rotation of an aqueous solu- 
of equal concentration, of the same active sub* tioh of malic acid was right-handed in conoen- 
stance in different inactive solvents had differ- trated solutions, left-handed in dilute solutions, 
ent rotatory powers; and that the same inactive and at 34 p.e. was equal to zero. Those observa* 
solvent raised the rotatory powers of some active tions, and others of a similar character, seem to 
substances, and decreased the rotatory powers of i me to show tliat observations of the rotatory 
others. Kcsults similar to tliosc of Biot wore ; powers of sShitiunaof solid compounds cannot. 


obtained by Oudemans (.'1. lOO, 05; 182, .33), 
Hoorweg {Maanhlad iwr Naiimvd, 3,12[1873j), 
and Hesse (.4. 17t», 89, 189). 

LandoU(.4. 180,241; il. 21,191; Handbook 
of the Volariscopc, 80- 94) made many observa¬ 
tions on tlic clToct of inactive solvents on tho 
rotatory powers of active substances; ho camo 
to the conclusion that tho specific rotalofy 
powers of such solutions are expressed by equa¬ 
tions of the following forms: [aJ.-A + B^, or 

[a]'=A + B 2 + C 2 ^ or [a]-A+, where A, 11, 

C + 2 

and C are constants, and q is weight of active 
substance in 100 pts. of the solution. Which 
formula must be employed is discovered from 
the results of several observations made with 


; be a])plie(1, at least not in all cases, to draw con- 
! elusions concerning the connections between the 
I rotatory powers and tho chemical eonslilutions 
' of tho compounds thomselvcs. There is uii- 
I doubtedly an action of some kind between the 
, molecules of tlie active dissolved substance and 
i the molecules of the inactive solvent. Molecular 
I agin'egates of ^le solid substance may be broken 
' down by the solvent, er tho solvent may form a 
serioa of unstable compounds with the dissolved 
I substance, or the solvent may bring about changes 
in tho conligiiration of the atoms which form the 
' molecule of tho dissolved bo<ly, or the dissolved 
compound may be clectrolylically dissociated into 
ions by tho solvent. Some of these actions may 
occur in certain, cases, and others in other oases. 
Tho action of much water on active salts dis- 


Bolutionb of dilTcrcnt concentrations in different .-.olvcd therein seems to consist in tho electro- 


solvents. In some cases tho observed values of 
[o{ for liquid compounds agree with tlio values 
calculateil from series of observations of o for 
solutions of the same compounds. Thus Landolt 
got the following results:— 


lytic dissociation of the salts into their ions. 

Magnetic rotatory power. Following ob- 
serv.ations made in 1871 by A. do la Hive (J. Ch, 
[41 1.5, 57), Ikcquerel in 1877 {A. Ch. [4] 22. 6) 
made a number of measurements of the roto- 


Actirc uukstance 

ob.'lTVC'J 

£«] 

(i) 

KtOU 

• 

J, ca]cu]:iti8l ubwrvatlons on m>luUon.-i fa 

(2) 1 (3) 1 (- 1 ) 1 (8) Max.diff. 

Mroll 3f,0 C.IU AcOU 

Dextro- ethyl tartrate 

8;il 

8-27 

8-42 

8-09 — 

— --22 

Dextro- turpentine 

141.5 

14-87 

— 

— — 

— +-72 

Lsvo- turponlhie 

3701 

3(;-«7 

— 

— 30-97 

30-89 --12 

Lhjvo- nicotine 

161-55 

li:9-83 


lCl-29 — 

— --72 


It is not possible to determine witli certainty , tory powers of liquid substances, and of salts In 
whether tho true values of [o] for solid com- j solution. Tho subject was taken up by Perkin 
pounds can be determined from observations on jin 1882, since which time a series of memoirs 
solutions of such compounds. In some cases tho i by this investigator has appeared (0, J. 46, 421; 
values obtained seem to approach constancy } 49, 777 ; 61, 808 ; 53, 561; 56, 680; 69, 981; 61, 
when the stdutions become very dilute; but ae- j 800). The methods employed in the measure- 
cording to Pribram (J5. B. 1887. 505; B. 20, j ments are based on tho discovery which Faraday 
1840), who used a very delicate method of i made in 1846 (T. 1816.1), that most transparent 
measuring, [a] does not certainly attain final ' bodies acquire tho power of rotating the plane of 
constant values in aqiieous solutions of tartaric | polarisationofarayof light when they arebrought 
acid, r.icotin, and cane sugar, oven with very within the action of a magnet, or of an electrio 
great dilution. H. von Sonnenthal {Z. P. C. 9, current which is made to pass round the body 
650)d(4.<^rmined[a]fordilijteaqueoas8olution8of so that its plane is at right angles to thedireo- 
normal and acid tartrates of K, Na, Li, and tion of the ray of light. Faraday showed that 

he found that [a] decreased as dilution increased, the amount of rotation is proportional to the 
but that when the solutions became very dilute strength of the current, or the intensaty of the 
(c. *4 to ’2 p.c. salt in solution) [a] began to in- magnetic action, and to the length of the layer 
crease as dilution still further increased. Tho through which the light passes, and that it is 
conclusion come to by von Sonnenthal was, that dependent on the temperature and on the nature 
a change in the state of the dissolved tartrates of the substance examined. Perkin has worked 
occurr^ when more water was added to the very with liquid compounds and with solutions. The 
dilate solutions; this change was supposed to fluid to be examined was placed in a glass tube 
be of the nature of dissociation. The dilation about 103 mm. long, and 9 mm. diameter, the 
whereat the change occurred was found to depend ends of which were closed by circles of glass 
on the nature of the metal of the tartrate, and cemented on; the ends of the tube were let into 
Voi.. lY y 
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the poU-pieces of a large electro-magnet. Sodi^ 
light was employed by Perkin. (For a descrip¬ 
tion of the apparatus, and tbe various precautions 
and corrections, v. Perkin, C. J. 45, 421-446.) 
Perkin calculates his results so that the ob¬ 
served rotations of liquid compounds are referred 
to lengths of the liquids related to one another 
to the same proportion as the molecular weights 
of tbe gaseous compounds obtained by vapour¬ 
ising the liquids; the results when thus cal¬ 
culated represent the magnetic rotatory powers 
of quantities of the variousr.compo'hnds propor¬ 
tional to the weights of the gaseous molecules of 
these compounds. 

The molecular rotation of water is taken as 
unity. If r is the rotation of unit-length of liquid, 
and / is the rotation of the same length of 

r 

water under the same conditions, then y is the 
specific rotation of the liquid; anti* 

M 

sp. rot. X is the molecular relation, whore 


is not constant; the change from ft aonnal 
paraffin, CH,.nCH 2 .CHj, to the next higher iso¬ 
paraffin, CH(CH 3 ),.nCH 2 .CHa. raises Mol. B. by 
1*023 + *105; in the change from a normal acid 
to the next higher iso- acid of the same series, 
GHj has a different value; and so on. When 01 
is substituted for H in a hydrocarbon the mol. 
rotatory power inoreases, but each Cl atom has 
a different value from the others. So with the 
replacement of H in a hydrocarbon by OH; each 
OH group has its own value, the effect on Mol. 
B. of the second OH being less than that of the 
first. So again with the group NO,; the second 
NO, docs not increase Mol. It. so much as tbe 
first. 

The molecular rotatory powers of various 
homologous series of carbon compounds may be 
o.Yprcsscd by the general formula 
(Mol. lt.)ac + nl‘02:i, where n = number of 
atoms of C in the molecule of any stated com- 
potmd in the series, and c is a constant tor each 
series. Perkin gives the following table (C. J. 
45, 574):- 


Mol. II. of menihcrs of homologous series. 


Paraffins ...» 

, , 


•508 + nl-023 

„ iso- . . • 


• »> 

■621 


Alcohols .... 



•699 


„ ifio- and soc. • 

• • 

• 11 

•844 


Oxides ...» 

• • 

• 11 

•C42 


„ iso- . . • 

• • 

• It 

•932 


Aldehydes.... 


. o„n,„o 

•261 


„ iso- and ketones 


• 11 

•375 


Acids .... 



•303 


„ iso- .... 


• 

■509 


Formic ethereal sails (El, and higher) . ,, 

•405 


Acetic „ , 



•370 


II 11 1 


ISO- ,, 

•485 


Methyl salts 



•273 


Ethyl „ and higher salts 



•337 


»i 11 

iso- • 

• 11 

•440 


Succinio methyl salts 

. « 

• C„TIoii...O, 

•003 


„ ethyl „ 

• • 

• M 

•IOC 


11 11 11 iso- 

• • 

• 11 

•4‘’2 


Chlorides ...» 

• • 

. C„IL„„C1 

1-988 


„ iso- and sec. • 

* • 

• 11 

2'0(>8 


Bromides ...» 

• • 

. C„H,„„Br 

3-816 


„ iso- and sec. • 

• • 

• It 

3024 


Iodides ...» 

• • 


8-011 


„ iso- and sec. . • 

• « 


8099 


Ethyl salts, unsaturated • 

• • 

• c„u,,.A 

1-461 

If 


M moleoular weight of substance, M'« molecular 
weight of water, and relative density of 
substance. The calculation may be expressed by 
r M 

one equation, thus: (Mol. 

About 200 compounds have been examined 
by Perkin, the observation of r being repeated five 
to ten times for each compound, and the specific 
gravity of each being determined with great 
care. 

Magyictic molecular rotatory powers of liguid 
carbon compounds. In strictly homologous 
normal series of carbon compounds, each in¬ 
crement of OH, produces a constant increase 
In moleoular rotatory power, amounting to 
1*023. But when the addition of OH, is ac-; 
oompanied by a change in the distribution of j 
the atomic iutemetions the change of Mol. B-' 


These results indicate that the moleoular 
rotatory power of a liquid carbon compound is 
not the sum of certain constant values belonging 
I to each atom or atomic group, but that it 
j depends, to some extent, on the arrangement of 
I the atoms which form the niolecnle. This result 
I is confirmed by the outcome of attempts to 
assign values to the atomic rotatory powers of 
oxygen and carbon. The following data are 
given as examples of such attempts. 

The atomic rotatory power of hydrogen may 
be deduced thus; 

1. Mol. B. CnH.^rx»Mol. B. nCHj-l-E,; but 
Mol. B. nOH,a<nl*023. 

Tbe value thus deduced for At. B. of 
• 254 . 

3. Mol. B. OmHmm minus MoL B. 

At. B. of H. 
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That, IToL a OA - 8*m 

Mol. K. C A-8-32 3■‘Mol. B. OA. 

At,aofH= *254 2 

Now, At.B. of OaMol. B. CH^ mintu At. B. of 
Hx2=» 1-023-*508 = -615. 

By applying similar methods to the data for 
compounds of 0 , the following results are 
obtained: 

At. R. of 0 in alcoliolio OH ^ -194 
„ „ carboxylic Oil =-137 

» .. » CO-•201 

The At. R. of Cl varies according to the scries 
of compounds coiisidorcd, and also as one or 
two atoms of II are replaced by one or two atoms 
of Cl, according as ti»e 11 replaced is in one part 
of the molecule or in another i)art, and so on. 
Two values are obtained for At. R. of N, accord* 
ing as the atom of N is directly connect* )! with 
8 or 5 other atoms or groups. Tin* general con¬ 
clusion is that changes in Hic magnetic molecular 
rotatory powers of liquid carbon compounds aro 
intimately connected with changes in molecular 
structure, so that any cause wliich alters this 
structure also alfer.s the rotatory power. 

In C. J. 61, 800, Perkin gives an elaboralo 
study of the constitution of ethyl acetoaectato 
and allied compounds, which elucidates very 
clearly the conn*Tlions between the constitution 
and the magnetic rotatory powers of carbon 
compounds. 

Afol. 11. of compounds in presence! of v'otcr. 
Perkin has used d»‘termination 3 of Mol. R. of 
certain compoutnls before and after aildition of 
water, to throw liglit on tlie (luestion whctlier 
hydrates aro formed by tlie action of water on 
these compounds (C.J. 49,777; 51,808; 55,680). 
In all measureraenls of Mol. R. the molecular 
rotatory power of water is taken as unity; if 
thendore a compound is formed by the )*Mition 
of water to another compound, tho Mol. R. of 
the new compound might be expected to be 
nearly equal to tliat of the original compound, 
plus one unit for each molecule of water added; 
if the observed Mol. R. isdistinctlylcssthan that 
calculated in this way, tho difference may be 
explained by supposing that the formation of 
the new compound has been accomp.anied by a 
rearrangement of the atoms of the reacting mole¬ 
cules. 

The following are examples of the application 
of this method. In each case the compound and 


formic, ftcetio, and propionlo adds is tho ratio 
of equal moleoules of water and acid, either a 
hydrate or a mixture is formed in each case; but 
that when II..SO 4 and H,0 react in about the 
ratio H.,{S 04 :H .0 (or a little more H,0 than 
this), a rearrangement of atoms occurs with 
formation of a now compound of S, 0, and H 
(perhaps 80(011)^): and that reactions of this 
nature, involving rearrangements of atoms, also 
occur between HNO, and H;,0, and CG1,.0H0 
and li.O. 

The following daia aro interpreted by Perkin 
to moan that a soiution of Nil, in water, or in 
alcohol. * simply consists of tho solvent and 
ammonia’: 

Mol. R. NIIj + 2 lTT ,0 = ;i-9I 
„ 211 i; 0-21 

.. NU, 1-81 

Mol. U. Nil, f 218C..7I,0«7 88 a 
„ 2-l8C'lI^O - 6-06 

• 1*826 

Mol. B. of acids aiul salts in a(fueous soht- 
tions. Perkin (C. J. 55, 680; 59, 981) gives 
Mol. R. for IlCl as 2*1S7. This is arrived at by 
Jiuding values for At. R. of H and 01 from ob¬ 
servations of Mol. R. of various chlorides of 
alcoliolio radicles. Ry similar methods of cal- 
ciiUlion valnc.s for Mol. R. of lIBr and HI were 
obtained. The throe results aro; 

MoI.R. nCl«2187 
„ HRr = 4-010 

„ HI «8*211 


The value for IICI was confirmed by measu¬ 
ring Mol. R. of 1101 dissolved in isoamyl oxide; 
the n sult was Mol. R. 1101 = 2*24. 

Values were then obtained for the three aoids 
in aqueous solutions. The numbers increased as 
dilution increased; in any case they wero much 
larger than tho values obtained by tho method 
staled above. The following table gives the 
minimum and maximum values for each acid: 


Mul.H.lna(iU«.‘0U3 

liullltioitlL 


Mitximuiu. 


HCl 4-41!) 

(15C3 i).c. HCl) 
HBr h-519 

(ISlTp.c.HBr) 
HI 18451 

(31-77 p.o. HI) 


Minimum. 

4-045 

(41-7 P.C.HC1) 
7-009 

(0.7-99 p.e. HBr) 
17-709 

(07-02 p.c. HI) 


Compoantl and wutcT 

lIoL R ub.scrvtttl 

HC0.H.H.0 

2-fiCC 

CH,C0,II.H.,0 

3-551 

c.n,co..u.H.o 

.4-1)12 

H.S0,.H,0 

3-198 

H.SO,.211,0 

4-113 

H.S0,.3H,;0 

6-034 

HNO,.2-«7HjO 

8-656 

CCl..CHO.HjO 

7-037 


water were mixed in tho ratio sho-wn by the 
(ormala given, and the Mol. li. of the product 
wai determined; the Mol. B. of the product was 
then calculated by adding one unit for each 
molecule H,0 to the observed Mol. B. of the 
origiiukl compound withont water. 

Perkin think, that when -water is added tfl 


Mol. 11. calculated for 

Dlff. 

n.CO,,H-l-1 = 2-071 

- -006 

CU,CO,H +1 = 3-525 

+ -029 

0,H,C0,I1 +1 = 4-432 

+ -06 

UjSO,+1=3-315 

- 127 

H,,SO, + 2.5-188 

-1-076 

H,SO, + 3 = 6-188 

-1-124 

UNO,+ 2-67 = 3-85 

- 194 

CC1,.CH0 + 1 = 7-691 

- -664 


It is evident that the magnetic mol. rotatory 
powers of HCl, HBr, and HI in aqueous solu¬ 
tions are much greater than the values calcu¬ 
lated from those obtained for the same three 
acids from observations mads with compounds 
of them with 0 and H j in tho case of HOI, the 
value of Mol. B- in aqueous solution is much 
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neater than the valae for the same compound 
m solution in isoamyl oxide. There must be an 
action of some kind between water and these 
three compounds. 

It has been shown already that addition of 
water to results in a value for the Mol. R. 
of the acid different from that observed for the 
pure acid itself; but in this case addition of 
water reduces the Mol. R. of the acid. A similar 
reducing effect was noticed as accompanying the 
addition of water to HNO,. 

Perkin was unable to explain those results. 
Ostwald, however, has shown that they are in 
keeping with the electrolytic dissociation hypo¬ 
thesis (C. «r. 60,198). According to this hypo¬ 
thesis strong acids are dissociated in aqueous 
solutions into their ions. Aqueous solutions of 

+ 

HCl, HBr, and HI, contain the ions 11 and Cl, 

+ — * + — ^ 

H and Br, and II and If each with its electric ; 
charge. The observed rotatory powers of *tUcso | 
solutions, miiifis the value for tlie water con¬ 
tained in them, therefore represent the rotatory ! 
powers of these ions, and not of the compounds 
themselves; and the rotatory powers of these 
ions are considerably greater than those of the 
non-dissociated compounds. An aqueous solu¬ 
tion of KjSOf, or HNOj, must also contain dis¬ 
sociated, electrically charged, ions—according to | 
the hypothesis; but Perkin's observations ^ 
(ante, p. 2691 show that the rotatory powers of 
the ions of tucse acids are slightly smaller than 
those of the acids themselves. 

Now, the hypothesis of electrolytic dissocia¬ 
tion asserts that the metalHo salts of acids 
are dissociated into electrically charged ions in 
dilute aqueous solutions; hence determinations 
of Mol. R. for aqueous solutions of metallic salts 
of HCl, HBr, HI, H.SO„ and HNO, ought to 
give results different from the values obtained 
for these salts themselves. But the values ob¬ 
tained for aqueous solutions of salts of HCl, Hlli, 
and HI ought, on the whole, to bo greater than 
the calculated values, whereas the values ob¬ 
tained for salts of H^SO, and HNO, ought, 
generally, to be slightly smaller than the calcu¬ 
lated values. This deduction is partly confirmed 
by Perkin’s results. 

The values of Mol.R. for NH,C1 is calculated 
by Perkin as follows (C. J. 66,740). The value 
for HCl is found from determinations of Mol. R. of 
alcoholic chlorides, which enable values to be 
found for H and Cl .in combination; the value 
for NH, is taken as 1*818, which is the moan of 
the values found from observations on NH, in 
water and alcohol (ante, p. 269); the sum of the 
values for HCl and NH„ with the subtraction 
of *5, gives the calculated Mol. R. of NH,C1. The 
number *6 is taken from the sum of the values 
for HCl and NH, because observation has shown 
that this is about the difference between the 
values for N*“ and N\ and in NH, the N atom 
is trivalent, while in NH,G1 it is supposed to 
be pentavalent. The values for the other salts of 
NU, are calculated in a similar way. Perkin’s 
results for Mol. R. of NH J, NH^Br, and NH^I 
show that practically the same values are ob¬ 
tained for solutions containing from c. 60 to c. 60 
p.o. of the salts. The results with the six salts 
were follows; 


— 

Calcul^ed 

Observed, in 
aqueous solu¬ 
tions 

Differences 

NH.Cl 

4-305 

6-096 

■11-791 

KH,Br 

001)0 

7-997 

■)■ 1-901 

Nil,I 

8149 

9-896 

4 1-747 

NH,NO, 

2-298 

2-320 

4- -022 

NH.HSO, 

8-433 

3-455 

4- -022 

(NH.),,SO. 

4-651 

4-980 

4- -439 


With regard toNH,NOs and the two sulphates, it 
is to bo observed that the calculated values are 
found by adding the values for the acid and the 
base (NH,), then deducting *6 for the change of 
N“* to N'', and then deducting *2 for the change 
from the free acid and base to the combination 
of these compounds; now, *5 is merely an ap¬ 
proximate value for the change from N*“ to N^, 
abd '2 is also merely a rough approximation 
for the value of the process of combination of 
acid and base. As the diilercnccs between the 
observed and calculated values for NH^Cl, 
NlI,I3r, and NH,I are large, small errors in the 
method of calculating Mol. R. for these com¬ 
pounds do not materially affect the differences in 
question; but as the differences arc small in the 
cases of the nitrate and sulphates, small errors in 
the method of calculating Mol. R.for these com¬ 
pounds do materially affect those differences. 
Moreover, the observations of Mol. R. of the 
nitrate and the sulphates of ammonium in 
aqueous solutions were made with a single solu¬ 
tion in each case (59*7 p.c. Nil,NO,, C6'6 p.c. 
NH,IISO„and 40 p.c. (NII,),SOj; hence it is 
not certain that the numbers set down as the 
values of Mol. li. of these compounds in aqueous 
solutions are the true values. 

Perl'in has also (0. J, 59, 981) made mea¬ 
surements of the magnetic mol. rotatory powers 
of the ammonium salts of foimic, acetic, and 
propionic acids in aqueous solutions, and com¬ 
pared the results with the values calculated. 
He gives the results as follows: 


— 

Observed, 

hi ai}ii(!oiis 
solutiiiii 

Calcu¬ 

lated 

1 Olf- 
fcrcnces 

1 

Ammonium formate 

8-303 

3-489 

-•126 

„ acetate 

4-247 

4-313 

-■090 

„ propionate 

5-259 

6-280 

-•021 


The interpretation which the electrolytic dis¬ 
sociation hypothesis gives of those results is that, 
08 in their aqueous solutions the salts examined 
are dissociated into their ions, and as the observed 
results are smaller than the calculated values, 
therefore the magnetic mol. rotations of the ions 
of HCO,H, OH,CO.^, and C,H,CO,H are slightly 
less than the rotations of the acids themselves 
(v. Ostwald, Z, P. 0. 9, 613; cf, Ostwald, C. /. 
69, 201). 

But it seems to mo that the numbers given 
by Perkin as the calculated values of Mol. B. for 
the three salts cannot be accepted as correct. 
For these values were found by adding the values 
of Mol. B. for the free acids to the value for free 
NH,; no deduction was made for the change of 
rotation accompanying the oombination of the 
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ftcid ao4 ihe basOi ftnd do deduction was made 
for the change of N*” to N^. Either those 
values cannot bo accepted as the true values, or 
the values calculated for the salts of NH^ with 
the halogen acids, and with HNO, and II;S04, 
are not correct (an/e, p. 200). If the values of 
Mol. It. for the salts of formic acid Ac. are cal¬ 
culated by the same method as was nsed in the 
cases of the other salts of nminoniuin, then the 
results of lliis investigation are as follows: 



dh-iTVCil 


Rif- 

1 


In ted 

flTfllOCS 

Ammonium formate ! 


2-7.S0 

+ *574 

„ acetate ! 

4-217 

3*(;43 


„ propionate 


4-580 

+ -67'.l 


If these results are accepted, tlien the differ- 
ei^ces arf! much greater than those given by 
l*erkin, and they are in the opposite direction. 

Measurements of the Mol. It. of formic, acetic, 
and propionic acid in aipnous solution would 
enable the question to be settled as to the ctTect 
of water on these ac:ids; at pirscnt it seems tliat 
the magnetic rotations of the ions of thc.se acids 
would be found to be greater than the rotations 
of the acids tln-mselves. 

This conclusion is confirmed by combining 
the results obtained by Perkin (C. J. 511, 08G) for 
Mo!. It. of sodium salts of formic and other acids 
with the value calrulated by him for sodium 
((?../. rroc. LSOO. 141). In the following tabic 
I have calculated the values for the salts as Per. 
kin calculat' d the values for NII^Cl, Nil,NO, 
Ac., by deducting *2 from the sum of Mol. 11. of 
acid and At. It. of Na, and then further deduct¬ 
ing *254 for the loss of II: 



Observed 
in nque- 
OUH M>lu* 
tioii 

• 1 

Cnlcn- 

lated 

RifTer- 

cnctiH 

Sodium formate . 

2-347 

1-775 

+•572 

„ acetate . 

3-281 

2-6211 

+ -652 

H propionate 

4*:i08 

3-5156 

+ •74-2 

„ butyrate. 


4-576 

+ -756 


Id a more recent communientiun {C. J. 58, .>7 / 
Perkin gives the Mol. R.s of aqueous solutions of 
H.^SO„ HNOj, NaJiO,, and LiNO, of varying 
degrees of concentration. His results show that 
the Mol. R.s of these solutions do not vary witli 
dilution in the same way as the electrical con¬ 
ductivities vary. The most dilute solution of 
HjSO, examined by P. contained c. 9’2 p.e. 
ILSO4, and tlie most dilute solution of HNO, 
contained c. 22*5 p.c. HNOg. Now it has been 
shown repeatedly, by Ostwald and others, that 
measurements of the conductivities of fairly cone, 
solutions of acids and salts cannot lead to just 
conclusions regarding the amount of electrolytic 
dissociation of the compounds in solution; hence 
it is not to be expected that the amount of dis¬ 
sociation of R^Oiand HNO,should be calculable 
from tiie Mol. B.s of these compounds as deduced 
from observations on solutions so concentrated 
as those used by Perkin. What the observations 
of P. show is that the magnetic rotations of 
certain omnpoimds divorge from the caka- 
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lated results in all ||i>es wherein eleotrolytio 
dissociation occurs. The laws which express 
tiie electric dissociation of compounds are to be 
deduced from the study of very diluk solutions, 
and as no measurements of magnotio rotations 
havo yet been made for such solutions, it is not 
justifiable to draw detailed quantitative conclu¬ 
sions concerning the electrolytic dissociations of 
compounds from the measurements of the mag¬ 
netic rotations of those compounds which P. 
has made. M. M. P. M. 

YIII. OSWOTKl PRESSURE. METHODS 
RASED ON; v. Miu-kculab wrnmx.s, vol. iii. 
p. 418; and Ei.KCTiacAn ui iiions, this vol. 
p. 185. 

IX. PHOTOGRAPHIC METHODS; 1*. 
Piiotoorai’hic cukuistry, this vol. p. 154. 

X. SPECliaC HEATS OF SOLIDS, 

MliTHODS BASED ON ; t*. Atomic and MoIiB- 
cri.vu wiciojTTS, vol. i. p. .842. • 

XI. thermal METHODS. Determina¬ 
tions of the quantities of heat which are pro* 
<luecd,orwlii('}i diisappeur, in chemical reactions 
liclp to elucidate the nature of lliesk) reactions. 
There are tv\ 0 sides to every chemical operation; 
Diere is a change in the form or distribution of 
matter, and a chiingo in the form or distribution 
of energy. Light is Ihrowii on tiio second of 
those changes liy thermo-cli(‘mical investigations, 
and the connoelions bclwi'cn the two jiarta of the 
complete occurrence, and tho mutual dtqicndence 
of both, are thus made clearer. Thcrrao-chemical 
methods rest on the principle of the conservation 
of energy. When a chemical reaction occurs, heat 
may be produced, eleclrieity generated, mechani¬ 
cal work done by expansion, and sound or radiant 
lieat may leave the system; the sum of these 
forms of energy, added to the energy remaining 
in the system at the cIoko of tho reaction, must 
€(|ual the energy originally present in tho system 
at the moment when the change began. As a 
largo part of the energy set free during any 
chemical reaction usually takes the form of heat, 
it follows tliat measurements of tho heat pro¬ 
duced during llie reaction must give information 
regarding the ditTereiices between the initial and 
final eni rgies of the system. The primary aim 
of thermo-chemical measurements is to deter¬ 
mine such cncrgy-difTerenccs; the secondary 
aim is to connect these difTerences with the dif¬ 
ferences of composition, constitution, and pro¬ 
perties which the reacting sy.stems undergo. 

The loss or gain of energy which accom¬ 
panies the pa.ssagc of a system from one defined 
stiite to another is indej>cndont of any inter¬ 
mediate states through wlticli the system may 
pass. This geiierallsalion was proved experi¬ 
mentally for s<;\era) cases, so far as beat energy 
was concerned, by Hess in 1840 (P. 50,885); 
the generalisation may be deduced from the 
principles of energy. On this statement rest 
tile methods for determining the thermal values 
of ohemical changes when tliese values cannot 
be observed directly. 

Notation used in tkermO’ChemUtry. Thom 
sen’s notation is followed in this Dictionabt ; the 
formulsB of the reacting substances are taken to 
represent grams of these substances^thus HCl 
means 36*5 g. of hydrogen chloride; the fonnolw 
are inclosed in a square bracket, and the figures 
representing the number of atoms of each ele« 
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ineEt are placed above th^ symbols; the react¬ 
ing substances are separated by a comma. The 
unit of heat is that quantity which raises the 
temperature of 1 g. of water at c. 18*^ through 1®. 
Ostwald, in his Lehfbuch der Allgenieinen 
ChemUt employs a unit almost exactly 100 
times greater than this, viz. the quantity of heat 
given out by 1 g. of water in cooling from 100® 
toO®. The symbol Aq means that a large quan¬ 
tity of water is present. Thus [I.l,Cl] - 22,000 
means that 22,000 gram-units of heat arc pro¬ 
duced when 1 g. H combines mi\p 35*5 g. Cl; 
[H,Cl,Aq]«30,600 means that 30,060 gram- 
units of heat are produced when 1 g. of H com¬ 
bines with 86*6 g. of Cl in presence of a largo 
quantity of water in which the HCl dissolves; 
[HCl,Aq]s= 17,320 means that 17,320 gram- 
units of heat are produced when 36*5 g. of HCl 
dissolve in a large quantity of water; and 
[HClAq,KOHAq] s= 13,700 means that the neu¬ 
tralisation of 36 0 g. HCl, dissoA'cd in much 
Water, by 66 g. KOH, dissolved in much w^ter, 
the products of ^neutralisation being allowed to 
remain in solution, is accompanied by the pro¬ 
duction of 13,760 gram-units of heat. The 
symbol H.p is used as in ordinary notation to 
represent 18g. of water; thus iAs-0',3II"0] 
■*6,800 means that 6,800 gram-units of heat are 
produced during tho formation of 281 g. H^AsO^ 
by the combination of 230 g. Aa.d)^ with 64 g. 
water; and [As-O’.SIip.Ati] - 800 means that 
800 gram-units of heat disappear during the 
solution of 284 g. II^AsO^ in a large quantity of 
water. Thomsen’s notation does not indicate ' 
tho products of the reaction, the thermal value 
of which is set down; nor does it show tho 
physical states of the reacting substances, or of 
the products of the reaction, except in the one 
case when the substances are dissolved in much 
water. Ostwald {Lchrbuch) uses the ordinary ' 
notation, and adds figures to express the qunn- | 
titles of heat which arc produced or disappear in i 
tlie reactions; he employs ordinary type for! 
liquids, thick type for solids, and italics for ; 
gases. Thus, //^ + 2J/Cf-1-14,000 means' 

that 44,000 gram-units of heat arc produced 
when 2 g. gaseous hydrogen combine with 
2 X 36*6 g. gaseous chlorine to form 2 x 36*5 g. 
gaseous hydrogen chloride; 2H;^S + 2L 
K4//J-f-2S—84,000 means that 31,000 gram- 
units of heat disappear when 2 x 34 g. gaseous 
hydrogen sulphide react with 2 x 264 g. solid 
iodine to form 4 x 128 g. gaseous hydrogen iodide 
and 2 X 82g. solid sulphur; and 2H.,SAq4 2IjAq 
*s 4HlAq + 2S + 34,000 moans that 34,000 gram- 
units of heat are produced when 2 x 84 g. hydro¬ 
gen sulphide dissolved in much water react with 
2 X 254 g. iodine dissolved in much water, to form 
a dilute aqueous solution of 4 x 128 g. hydrogen 
iodide, and 2 x 32 g. solid sulphur. Ostwald 
sometimes indicates the temperature by figures 
In brackets placed after the fonnulro of the sub¬ 
stances : thus, +1440 means that 

1440 gram-units of heat are produced when 18 g. 
liquid water at 0® become 18 g. solid water at the 
•ame temperature. 

Mcasuretnents of thermal values of chemical 
thanges. Thequantitiesof heat produced during 
e hem i oal processes are measured by causing the 
processes to take place in vessels arranged so 


that the whole of the beat is used In raising the 
temperature of known masses of water, or of 
water and a solution the speciOo heat of whioh 
is known. When the process consists in a reaction 
between substances in aqueous solutions, the 
calorimeter employed usually consists of a vessel 
of platinum holding 600 to lUOO c c. placed inside 
another vessel of silver, or thin sheet iron, with 
water between the two vessels. The reacting 
liquids are brought to the same temperature, and 
are then mixed in the platinum vessel, and the 
rise of temperature of the contents of this vessel 
is noted, any change in the temperature of the 
outside water being also measured. When the 
thermal value of a process of combustion Is to 
be determined, the combustion is caused to pro¬ 
ceed in a vessel, usually made oi platinum, sur¬ 
rounded by a determinate quantity of water; if 
the products of combustion are gases, an appa- 
ratusis attached wherein tbesegases are absorbed, 
and thus tho quantity of substance burnt is- 
determined.^ 

To calculate the thermal value of a reaction, 
it is necessary to know tho initial temperatures of 
the reacting bodies, the final temperatures of the 
products of reaction, the masses of tho reacting 
substances, the specific heat of water, tlie specific 
heat of the liquid formed by the reaction if the 
reaction be one wherein a solution is produced, 
and tho water-equivalent of tho calorimeter. 
Tlie water-equivalent of tho calorimeter must be 
determined ; it is equal to the number of unit- 
weights of water which would bo raised to the 
same temperature as that to which tho calori¬ 
meter and its accessories—thermometer, stirrer, 
Ac.—are raised by the heat produced in the pro¬ 
cess. When dilute solutions of acidsand alkalis, 
or similar compounds, react, tho specific beat of 
the dilute salt-solutions produced may be taken 
as eiiuah to tho specific heat of the water they 
contain, without appreciable errors. 

Let Q bo the quantity of heat produced in a 
reaction between two solutions; let t be the 
initial temperature of one solution, t' the initial 
temperature of the other solution, and T the 
final temperature of the solution produced; 
further, let a be the calorimetric equivalent of 
one solution, i.e. mass x spec, heat, b the calori¬ 
metric cqiyvalont of the other solution, and c the 
water-equivalent of the calorimeter; then 
Q = (T-f)a + (T-f')(6 + c). 

In the cases of dilute aqueous solutions, a and 
b represent the masses of water in the solutions 
mixed. If a change occurs in the state of aggre¬ 
gation of some of the constituents of the reacting 
system, e.g. if liquid water is formed from gaseous 
hydrogen and oxygen, the quantity of heat whioh 
is produced or disappears in this change must be 
taken into account in the calculation of the 
thermal value of tho reaction. If contraction oi 
expansion occurs, without change of state, the 
thermal value of such contraction or expansion 
must be determined and allowed for.* 

Heats of combustion, and of formaiion, of com* 
pounds. The heat of combustion of an element 
or compound is the thermal value of the reaction 
whioh takes place when that element or com- 

* For references to desoiij^ons of oalorlmetrioal appa* 

ratus e. & S68. 

* For metbodsof calculatliigQatoneteinperatareirlMi 
It la known at anotber tempaMiu% a n. 1, «>-7& 
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polin^ is e<»npletely oxidised to those masses of 
ibeprodnctfOr products, of oxidation whioh arere* 
presented by the formuls of theseproducts. Thus 
[H^O]« 68,360; [C0,0]=67,960. In this Die- 
TioNXBT the quantities represented by formulie 
are taken in grams. 

The heat of formation of a compound is the 
thermal value of the reaction whereby the for¬ 
mula-weight of the compound is produced from 
the formula-weights of its constituents. Tlius, 
the heat of formation of ILSO^ varies according 
to the constituents from which it is produced; 
we have the following statements: fSO“,irO] 

« 21,320 ; [SO',0,11-O] - 63.480 ; [SO*.0',H-] 
-121,840 ; [B,0%n^O]» 124,560 ; [S,0‘,U-] 

-192,920. I 

It is often practicable to measure heats of 
oombustioo directly; but in very many cases it 

(1) [KOHAq,HCUq]- -[K,O.H,Aq] 

(2) [KOHAq.HBrAq]^ -[K.O.TI^Aq] 

is necessary to determine heats of formation by 
indirect methods. These indirect methods rest 
on the principle, deduced from the laws of energy, ‘ 
that the total change of energy, and therefore 
the total thermal change, which accompaules the i 
passage of any system from a dolinito initial ; 
composition to a dolinito final composition is in* ' 
dependent of tlic intormodiato states. Suppose ] 
that a system clianges from a certain arrangement) 
or configuration A to another configuration 11, and i 
that X units of heat are prodncoil in this change, j 
Suppose also that the same initial system tlicn ' 
passes from the slate A to a new state a, from ! 
that to b, from tltat to c,and, lastly, from that to 
B, and that tlicie arc x' units of heat produced 
in the first of those intermediate changes, x" 
units produced in tlic zeeond.and x"'units in the 
third ; then x - (x' + x" + a:'") gives the thermal 
value of tlic change from the state c tq^tho stale 
B. If then the thermal value of a chemical pro¬ 
cess, whether the formation of a compound, or 
other process, cannot be determined by direct 
measurement, it may bo determined if the process 
can bo made a portion of a scries of changes, tho 
total thermal value of which is measurable, and 
the thermal values of all the poitiona of which 
are measurable with the exception of the value 
of that portion which is sought. 

For instance, formic acid, Clip.;, cannot be 
directly produced from C, H, and 0, and, there- 
lore, the heat of formation of this acid cannot 
be determined by direct measurement; but G 
and H can be burnt to CO^ and H.jO, and GHX);, 
can also be burnt to CO.^ and H^O; hence wo 
can acquire the data needed for calculating tho 
value of [C,II^O•’]. The data are these: [0,0] 
« 96.960 ; [H*,0] * 68,360 ; sum -166,320 ; 
[CH'0',0] = 65,900. Now, suppose that the first 
stage of the combustion of G and consists in 
the formation of GILO,, and that this is then 
burnt to CO^and we should have the state¬ 
ment : [C,0*] t [H-'.O] = + [CII O'.O] 

-165,320. But [,CH'0^0]-65,900; and also I 
[0,0*1 + [H'.O] - fCH-O'.O] « [G,H%0']. Hence I 
[C,H*,0'1 -165,320 - 65,900 - 99,420. | 

Another example will show the application 
of the principle to a more complicated case. It | 
is required to find the heat of formation of gt^ous 
bydx^en bromide from gaaeoue H and Br, 

^ Talos of tbs letolion H f Br » HBt. 
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To be^ with: let [H,Br,Aq] <• e, and lei lB,Br] 
directmeasuremontgives [HBr,Aq]»19,900. 

Z.®“ 19,900«a/-heat of formation of HBr. 
Hence it is necessary to determine ®. 

Now, the thermal values of tho neutralisation 
of EClAq and IIBrAq respectively by KOHAq 
are found to be the same, i.e. [KOHAq,HCIAq] 

= [KOlIAq.HBrAq]. If these reactions are 
analysed, the first is seen to consist in (1) the 
splitting of IlGlA(i into H and Cl in presence 
of water; (2) the separation of KOHAq into K, 

0, and H in presence of water; (3) the com¬ 
bination of K anif Cl, in presence of water, to 
form KCIAq; (4) tho combination of II, H, and 
0 , ut presence of water, to form water; and the 
second is similar to this, only putting Br in 
place of 01. These reactioiis may bo stated in 
thermo-chemical notation thus: 

- frT.Cl,Aq] + [K.CI.Aq] + [H,U,O.Aq]; 

-[H,Br,Aq] + (K,Br.Aq]-t- [ll,U,0,Aq]. 

Thg fast and fourth terms on the right aide are 
tho same, and the total thermal values are tho 
same. Are the values of the Ibcond and third 
terms the same? To answer tliis question wo 
pass Cl into KIlrAq, forming KCIAq and BrAq, 
and measure the thermal dislurbanco; we then 
analyse the reaction, and gee what information 
it has afforded. These are the results: 

[KBrA(j,ClJ 11,500, 

i.€, ► [K.Br.Aq]-J-iK,Cl,A(jl f [Hr,Aq]« 11,600. 

Now, [Hr.Aq] - 600, by direct measurement, 
.*.-[K,Br,AqJ + [K,Cl,Aq] 11,000, •/.«. to form 
KCl, in solution, from K and Cl produces 11,000 
units of heat ntore tlian to form KBr, in solu* , 
tion, from K and Br. 

Now, turninj^ back to etjuationa (1) and (2) 
above, and remembding tbat tbe tlicrmnl values • 
of llu'se are the snine, it is evident that, since 
11,000 more heat units are produced in forming 
KCIAq than in forming KBrAq, each from its 
elements, 11,000 more heat-units must disap¬ 
pear in splitting up IlCI, in presence of w-ater. 
into H and Cl, in proBcnco of water, than in 
similarly separating HHr into H and Br in pro- 
’ sence of water; and therefore, since the heat 
energy required to decompose a stated mass of a 
! compound is equal to the heat energy that is 
produced when tho same mass of that compound 
is formed, 11,000 more he.it-imits will be pro¬ 
duced in tho formation of IIClAq from H, Cl, 
and Aq than in the formation of IIBrAq from 
H, Br, and A(|; or, stated in thermo chomical 
notation: [/(.Cl,Aq] —11,000 ==[H,Hr,Aq]. Now 
[lI,C),Aqi = 39,300 by direct measurement, 
.•.[H,Br,A(iJ-39.300 - 11,000-28,300. 

At the beginning of this ealciilalton we had 
[H,Br,Aq]-19,900 «[H,Br]. Wo can now sub¬ 
stitute the value of [II,Br,Aq], and write 
[H.Br] = 28,300 -19,900 - 8,400. That is to say, 

: 8,400 gram-units of liest arc produced when 81 
g. gaseous hydrogen bromide are formed from 1 
g. gaseous hydrogen and 80 g. gaseous bromine. 

Exothermic and endothermic reactiofU, 
Chemical changes which are accompanied by pro¬ 
duction of heat are sometimes classed together 
as exothermic reactions, and are distinguished 
from changes accompanied by disappearance of 
beat, which changes are called endothermic re¬ 
actions. The terms endothcnnic and exotbermio 
are sometimes useful. It should not be forgottea 
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that most chemical reactions consist of portions 
which are exothermic and portions which are 
endothermic. Substances which are formed with 
the disappearance of beat are generally more 
readUy decomposed by the application of out* 
side forces than substances which are formed 
with the production of heat. 

Interpretation of thermo-chemical measure¬ 
ments. ThermO'Ohcmical measurements aim at 
determining the quantities of heat which are 
produced or disappear during dofinito and defined 
chemical changes. But cver;i^cbemisal change is 
inextricably bound up with more or less exten¬ 
sive physical changes; hence some portion of the 
thermal value of a chemical occurrence is always 
due to a process which is not, strictly speak¬ 
ing, chemical. A purely chemical change is a 
change in the distributions, configurations, and 
motions of atoms. But in only some cases are 
we able to form clear conceptions as to the con¬ 
figurations and motions of atoiilb; therefore, 
even if it were possible always to disontangl^tho 
purely chemical from the accompanying physical 
parts of a chan^, we should still very frequently 
be unable to connect the thermal values of 
purely chemical processes, in a clear and definite 
way, with measurable changes in the distribu¬ 
tions, configurations, and motions of atoms. 

The heats of formation of HCl, HBr, and HI 
are said to be 22,0U0, 8,4d0, and —6,050 gram- 
units respectively. But these thermal values 
are not strictly comparable, because the first ro- 
presents the neat produced in forming gaseous 
HOI from gaseous TI and Cl; the second repre¬ 
sents the heat produced in forming gaseous HBr 
from gaseous H and liquid Br, and the third re¬ 
presents the heat which disappears when gaseous 
HI is formed from gaseous H and solid I. In 
other words, more heat is used in the second 
change than in the first, and still more in the 
third than in the second, in accomplishing sub¬ 
sidiary physical changes. Steam is decomposed 
by chlorine, with formation of hydrogen chloride 
and oxygen. All the reacting substances are 
gases. This change, which is stated in formubo 
as 2H,0 + 2C4--4HCl + 0j, when analysed 
thermo-ohemically, is found to consist of four 
parts, thus: [2H^,2CPJ 

- - 2fH,H,0] - 2[C1,C1] + [0,0J + 4[H,C1]. 

We measure the thermal value of this complete 
change, but we cannot at present separate the 
portions of the change and assign to each its 
proper thermal equivalent; hence we cannot 
give a complete explanation of the thermo- 
chemical measurement wo have made. 

Notwithstanding these difficulties, attempts 
have been made to generalise from thermo- 
cbemioal measurements to statements of uni- 
Tersal applioability. The moat widely known of 
such attempts is that which finds expression in 
Berthelot’s ‘ law of maximum work.* * This so- 
called law asserts that ‘ Every chemical change 
accomplished without the addition of energy 
from wiihout tends to the formation of that body, 
or system of bodies, the production of which is 
accom^nied by the development of the maximum 
quantity of heat.' In another place Berthelot 
states the law more rigidly, thus: * Every che- 
mical change which can be accomplished withotU 

* Mkenifue Chimiqm, i. 


the aid of a preUminary action, or the addition 
of energy from without the system, necessarily 
occurs if it is accompanied by disengagement of 
heat.' 

The same generalisation was stated by 
Thomsen (v. Th. 1,12-16) some years before it 
was enunciated by Berthelot. Thomsen’s state¬ 
ment took this form: * Every simple or complex 
reaction ofapurcly chemical kind is accompanied 
by production of heat.' None of these state¬ 
ments is strictly applicable to actually occurring 
chemical changes, because we never have to deal 
with reactions of a purely clicmical kind, but 
with reactions that are partly chemical and 
partly physical—that is, with reactions which 
consist in part in changes in the arrangement 
and motions of atoms, and partly in changes in 
the arrangement and motions of molecules. A 
consideration of the way in which the so-callcd 
law is applied, especially by Berthelot and his 
school, shows that it is taken to mean that 
measurements of the thermal values of various 
possible chemical changes enable ua to predict 
which of these will occur. Thus, suppose we 
start with a system A 4- B 4 G, and suppose that 
from this may be formed AB-l-C, AC + B, or 
ABC; suppose also that x thermal units are 
produced in the first of these changes, x' thermal 
units in the second, and x" thermal units in the 
third; finally, suppose that x" > a?' > a;; then the 
law of maximum work is taken as asserting that 
tho reaction A4B + C = ABO will occur, and 
will occur to tho complete, or almost complete, 
exclusion of the two other possible reactions. 

It is easy to show that many reactions are 
known to occur which would be impossible were 
this ‘ law ’ a true generalisation. But it is better 
to treat the law as a deduction from the prin¬ 
ciples of energy, and to show that it is not a 
warrantable deduction. 

The statements made by Thomsen and Ber- 
tholot are true only when an arbitrary separa¬ 
tion is made of chemical changes into two parts, 
and one of these parts is alone called chemical. 
Every chemical change, however simple, consists 
of at least two parts, the first of which is the 
necessary antecedent of the second; the * law of 
maximum work’ ignores this duality, or, it 
might be more accurate to say, the law assumes 
that tho second part of a chemical process may 
occur without the first. A process of chemical 
change may be compared to the flight of a stone 
from, and its return to, the surface of tho earth. 
Daring the first part of this process there is a 
continual transference of kinetic energy from 
the moving stone to the surrounding medium 
and during tho second part there is a continual 
transference from the medium to the stone, until 
the stone comes to rest, when its energy becomes 
a part of the total energy of the system earth 
plus stone. If tho final resting-place of the stone 
is nearer the centre of the earth than the spot 
from which it was projected in its upward flight, 
then the stone oontaius less energy, relatively to 
surrounding systems, at the close of the trans¬ 
action than at tho beginning. On the other 
hand, if the starting-point is nearer the earth's 
centre than tho final point of rest, then the 
transaction baa resulted in a gain of energy to 
the stone. In both oases the second part of the 
transaction, that which oconrs between the tom- 
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Iflg point and the coming to rest of the stone, is 
attended with loss of energy to the stone; but 
this second part does not represent the complete 
transaction. The Maw of maximum work,' if 
applicable at all, is applicable only to the second 
part. And, moreover, this law ignores the fact 
that the stone, or chemical system, does not 
leave its initial resting-place of its own accord; 
the law assumes that no work need be done, no 
energy need be expended, in the passage of tljo 
stone, or chemical system, from its original posi¬ 
tion to that whereat the energy-relations between 
it and surrounding systems come within the 
cognisance of the law. 

The * law of maximum work ’ us^'cvts a certain 
condition of equilibrium for a chemical sysl<‘m, 
for the law states that equilibrium results \Yhen 
that change has occurred which U attended with 
the maximum production of heat. But the true 
condition of equilibrium of a material systyni 
undergoing a reversible eliange is laid down in 
the statement that equilibrium results when the 
entvoi)}} of the system lias attained the maximum 
value under the conditions which prevail. 

Let Q = quantity of heat added to a body at 

constant temperature T, then gain of entropy 

to the body; let Q, = quantity of heat lost by a 

body at constant temperature T,, then = loss 

- 1 , 

of entropy to the body. All chemical and physi¬ 
cal changes which occur spontaneously increase 
the entropy of the system. This statement holds 
good for non-revcrsible changes; and as no 
actually occurring change is completely rever* 
Bible, the statement holds for all changes. 

Suppose that one of two bodies is hotter than 
the other and loses lioat to the colder bOily ; tlic 
hotter body at temperature T, Iosc% heat (J, 

therefore its entropy is diminished by ^ ; the 
colder body at temperature T.^ gams heat Q, 
therefore its entropy is increased by ^ ; but as 

T, >Ta, it follows that ^ other words, 

the entropy of the system is Increased by the 
passage of heat from the hotter to llio colder 
body. 

Now, a system is in equilibrium when its 
entropy has attained the maximum value possil)le 
under the conditions. But, inasmuch as entropy 
is measured by a quantity of heat divided by a 
temperature, it is only at the absolute zero of 
temperature that = {S = entropy, Q -- 
quantity of beat); hence it is only at the abso¬ 
lute zero that thermal changes directly measure 
changes of entropy. When a chemical change 
is accompanied by the production of much heat, 
&nd the change occurs at a low temperature, the 
thermal change will roughly measure the change 
of entropy; therefore, if such a change be pos¬ 
sible, it will occur. But if the quantity of heat 
produced in a chemical process is small, the 
change of entropy may be conditioned, to a large 
extent, by changes other than the thermal 
change. Indeed, in some cases, heat may dis¬ 
appear from the system, and yet the total change 
of entropy be positive; in such oases, 
change will occur with the disappear¬ 


ance of heat, because the decrease in the entropy 
of the system caused by the loss of heat will bo 
more than balanced by the increase in the 
entropy causf'd by the changes of state which 
the system undergoes. 

Tbe general conception of chemical change 
which is given by applying the law of entropy is 
that of a system attaining equilibrium as the 
result of proecsse.-} taking jilaco in opposite 
directions. According to van’t IIdII {Di/namujue 
Chiminufi^Hui), the dirivtions of chemical pro¬ 
cesses whicTi resuk in ciiuiiibrium vary with 
variation.s of tenqwMatnro in such a way that the 
lower th(3 Icmperalun; the man! is equilibrium 
established willitlio prodmliun of heat, but the 
changes can lake place wholly in one direction 
only at the ahsolutc zero. The Maw of maximum 
work ’ would then hold good for the limiting 
case that the change should occur at 
As the tonq^^raturos iit wliieh most chemical 
duingea occur are not very high, many chemi¬ 
cal ^)rocosscs are acconip.iniod by production of 
heat. • 

TlieMjiw of maximum work’ is not, then, 
a law of nature. But it is true that most 
chemical processes W'hicli occur without tho 
exja tulitnro of inucli em rgy from without, and 
which take phu’e at mod«Tato temperatures, aro 
accompanied by the (llscnjjageuieiit of heat. If 
it is known lliai a»:eiiain cliomical change, would 
bo alti-nded by the disappe.iranco of mindi heat, 
we may conclude, tlint this change will be diflicult 
to accomplish ; that it will be brought about only 
by the expenditure of a considerable quantity of 
energy, and that tho most successful way of 
a<rumplishing the change will bo to make it 
one part of a series of changes tlio sum of wliich 
is attended with the disengagement oi heat. 

Applications of tb^trino-cbcmical methods. 
Tl)c applications of thenno-ehetnical methods are 
many and varied. A few of tho more important 
will bo briefly dealt with here. 

Neutralisation of acUU and bases. In 1842 
Hess stated the principle of i\uither)no-neutraliiy 
of salts in solutions (P. 52,70). He said that wlmn 
aqueous solutions of two normal saltH aro mixed 
tlu5 thermal distiirhance is m7; in other words, 
that tlie thermal value of tho reactions consist¬ 
ing in the exc hangc of the acids and bases is 
equal to zero. Hess supposed tliat tbe heats of 
neutralisation of acids were ind(’pond(mt of the 
nature of the bases used. Andrews (/’. 54, 208; 
50, 428) thought that tlie heats of neutralisation 
were dependent only on tho bases, and wore 
indep.endent of the nature of the acid employed. 
l''iivro a. Silbcrmann (A. Oh. [3] 34, 357 ; 30, I; 
37, 40G) put the law of therino-ncutrality in its 
proper form by showing that the differences be¬ 
tween tho heals of neutralisation of any two 
buses by any acid have a constant value, and the 
difTcrcnccs between th<« heats of neutralisation 
of two acids by any base are constant. Let the 
composition of various salts bo represented by 
the scheme: 


A + B 

A'+B 

A'' + B 

A" 

+ B 

A + B' 

A' + B' 

A" + B' 

A" 

+ B' 

A4B" 

A' + B" 

A" + B" 

A" 

+ B" 

A+B"' 

A' + B'" 

A''+B"' 

A" 

+ B'" 


And let /(A + B), /(A’ f B), Ac., represent tbe 
qaantities of heat produced by the union of tbe 
add A with the base B, the acid A! with the basw 
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B, Sto, Then the law of thenno-neutrality asserts 
that 

/(A+B) +/(A' + B') -/(A + B') -/(A' + B) - 0 
or /A + B)-/(A+B')«/(A'+B)-/ASBM 
and /(A+B) -/(A + B) -/(A+B') -/(A'+B') 

Exceptions have been found to this law, but 
these exceptions have all proved to be connected 
with some abnormality in the behaviour of the 
salts formed, llio law may bo stated by saying 
that, in the normal fonnation of a salt, in soiu* 
tion, by the reaction between an acid and a base, 
thoacidcontributesadeilnItQkportioil'of the total 
heat of neutralisation, independently of the 
nature of the base, and the base contributes a 
definite portion of the total boat of neutralisa¬ 
tion, independently of the nature of the acid. 
If the statement is correct, then the heat of 
neutralisation of an acid, in solution, must bo 
independent of the nature of the base, and the 
heat of neutralisation of a base, in solution, must 
be independent of the nature of the acid, unless 
there be some divergence from the normal «H>n- 
dition of alfairs^ By the hrat of ncutmlimtion 
of an acid is meant the (juauliiy of heat produced 
when an equivalent weight of the acid reacts 
wiUi an equivalent wi'ight of a base, both being 
in dilute aqueous solution. If A' represents a 
formula-weight of a nionobasic acid, k" a 
formula-weight of a dibasic, and A'" a formula- 
weight of a tribasic, aoid; and if B represents a 
formula-weight of n mono-aoul base; then the 
hcate of neutralisation of thc^se three acids are 
the thermal valu<'S of the reactions, 

[A'Aq.ilAq] ; [‘A"A(j,BAq] ; and 
[^A"Aq,B.\ql. Sometimes it is more con¬ 
venient to take tlio thermal values of the 
reactions [A"Aq,2UAq] and [A'"Aq,J3BAq] to 
represent the heats of neutralisation of the 
dibasio and tribasic acids respectively. 

The following table, taken chiefly from 
Thomsen’s results, shows Hint the heats of 
neutralisation of the strong acids arc prac¬ 
tically iudepondent of the base, provided the 
base used is strong; the numbers all refer to 
reactions between dilute solutions of the acids 
and bases 


Acid 

NH. 

[ NMc, 

NH.OH 

HCl 

12,200 

8,700 

9,200 

HNO, 

12,300 




When weak acids neutralise strong bases,^ 
the thermal values differ from those obtained 
for strong acids; and when weak acids neutralise 
weak bases tlie reactions have different valvies 
from any of the preceding cases. The following 
numbers illustrate this: 




KaOn 

iiuojr. 

. Kil, 


Acid 

Btronj; 

V'ilSOit 

\v<iuk biuo 


I CO..Aq 

10,100 

10,900 

8,400 


iiii 

7,700 

7,su0 

0,200 


The electrolytic dissociation hypothesis gives 
an explanation of the facts concerning the 
thermo-chemical reactions between acids and 
bases. According to this hypothesis, a dilute 
aqueous solution of a salt contains the ions of 
the salt each with its electric charge; the salt 
is dissociated into its ions; when two dilute 
salt solutions are mixed, the ions remain as they 
wore, there is no change, and therefore heat is 
neither prodiiccd nor consumed. The law of 
thormo-neutraVity holds. The hypothesis looks 
on a dilute a(iacous solution o! a strong acid, or 
a strong base, as containing the ions of the acid 
or the ions of the base; when tlio solutions of the 
strong acid and strong base are mixed, a salt is 
not formed in the solution, because in dilute 
solutions salts are wholly dissociated, but water 
is formed by the union of the ion H of the acid 
with the ion OH of the base. Thus, the com¬ 
position of dilute solutions of HCl and NaOH, 
j before and after mixing, are represented by the 
I hypothesis as follows; 

Kai-On + H + Cl and NtfCi^HOH. 



If concentrated solutions are employed, the 
heats of neutralisation, even of the strong aoids, 
show considerable differences with different 
bases. If the salt which is formed by neutral¬ 
ising an acid by a base is allowed to precipitate, 
then the apparent heat of neutralisation as thus 
determined is not the true heat of neutralisation 
(v. 2Vt. 1,440). The following numbers represent 
the heats of neutralisation of two strong acids 
by weak bases; these numbers differ from one 
another, and also from the values given in the 
preceding tables in which strong acids and strong 
bases only were inoladed; 


Or, generally, if M represent the positive ion of 
a strong base, and A the negative ion of a strong 
acid; we have the composition of the dilute 
aqueous solutions, before and after mixing, ro* 
presented by the two schemes: 

+ - + - + - 
M40H-1-H+A and M-i-A- hHOH 

before mixing after mixing 

Hence, as the only process wherein heat can 
be produced consists in all cases in the union 
of H with OH, the quantl^ of heat prodnoed Ja 
always the same. 
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Th9 hypothesis asserts that HOH is pro* 
duced because water is a Don*dissociable, or 
nearly a non-dissociable, compound; pure water 
is, approximately, a non-electrolyte. 

But when a weak acid is mixed, in dilute 
aqueous solution, witli a strong base, or when 
dilute solutions of a weak acid and a weak base I 
arc mixed, the processes are more complex; for, I 
according to the hypothesis, only a portion of 1 
the weak acid is dissociated into ions, and only ' 
a portion of the base is dissociated if the base 
is weak. In such cases the state of inaUers, | 
before and after mixing, would be represe!it»;d ; 
thus (supposing both acid and base to bo 
weak)— 

HA-^H + A•fM Q^ + M-^OH 

before mixiug 

and UA.fM0II + Mi-A 4 U 0 n . 

--S- ' 

after mixing 

But the process docs not necessarily slop hero; 
there is a striving towards tlio formation of tlio 
comparatively non-clci'trolylic compound llOfI, 
therefore more of the acid and more of the base 
become dissociated, so tinit we have, as a llnal 
condition, less or more of the aciil ilA, and less 
or more of the I»asc .MOJI, remaining in t)jo 
solution. Tlie dissociation of the acid and the ; 
base, when these are mixed, is accompanied by 
a thermal change; and as Uic degree to which 
this dissociation proceeds depends on the natvive 
of the acid and the base, the values of the heuts 
of neutralisation of weak acids and weak bases 


of the heats of dissociation of acids and bases, in 
aqueous solutions, must help us to understtmd 
the relative affinities of acids and bases, to 
classify acids and bases in accordance with their 
adinities, and to connect the alUnUies of these 
substances with their constitution (c/. Eusctbical 
UKTiions, especially pp. 208 and 209). 

Monobasic afui polybasic acids. When an 
equivalent of a monobasio acid is added to an 
equivalent of a base, both in dilute solntions, a 
ceitain quantity of heat is produced, and there 
is no fuiilitr thcwnal disturbance on adding 
more of the acid to tho neutral solution; but 
heat is either produced or disappears when a 
polybasic acid is added to a solution of the same 
acid wliich has been neutralised by an equiva¬ 
lent quantity of a base. This behaviour enables 
a tliermo-chcmical distinction to bo drawn be¬ 
tween monobasio and poly])asic acids (c/. Aoiua, 
Basicity of, y)l. i. p. .'il). 

Dislvihnhim of an acid between two bases. 
Thomsen found the following data : 

[H'S0'Aq,2Na01IAq] =^1.3S0; 

[2HNO»A.i,2NaOIIA(i] - 27,2:10; 

[Na-SO‘Aq,2IlNOa.\q]« - 8 ,.m 
Now, supposing that the reaction of equivalent 
. quaiititioB of NuySO, and IINO^, in dilute solu- 
I lion, produced NaNOj and H^SO„ and these 
compounds only, tlii.s reaction would be attended 
by tile <lisaj)pcarttnco of :{l,.SHO-27,2:10-4,160 
thermal units; but as only *d,500 thermal units 
I disappear in the reaction, it vs ovvdcnt that some 
1 change has occurred wherein heat has heon pro- 
j duced, or that the whole of the Na^SO, has not 
1 been clmiij'ed to KuNO;, by tljo reaction of tho 


differ one from another (c/.Electric-vl METUODS, eqnivaicnt quantity of IINO^. If we suppose 
p. 189 in tlvis voh). I tbao tlio discrepancy in the quantity of lieat 

If this treatment of tho heats of ncutralisa- * consumed is duo to the partial dccompoHition * 

tion of acids and bases is accepted, it is evi- | of the Na-SO^ by tho UNO;,; in other words, if 
dent that the thermal values of th(f neutral- wc suppose that wliciv equivalent quantities of 


isations of acids by a base do not necessarily ! Na^SO^ and UNO., react in solution, some of tho 
measure the aflinities of these acids for that ! base remains unitctl with tho II.SO^ and some 


base. If the acids were all equally dissociated 
in solution, they would all be equally strong— 
or their affinities would bo equal—and their 
heats of neutralisation would be equal. Tlic 
statement Q « about 18,60() + A -t- B expresses 
the heat of neutralisation of any acid by any base 
in dilute aqueous solution. A represents the heat 
of dissociation of the acid, and B is the heat of 
dissociation of tho base, into their ions; A and 
B may be positive or negative at any specilicd 
temperature. Under the conditions of the ex¬ 
periment only a portion of the acid, or of the 
base, may be dissociated; therefore (he observed 
* heat of neutralisation cannot measure the affi¬ 
nity of the acid for the base. But at the same 
time, it is evident that there is a connection be¬ 
tween the heats of neutralisation and the affini¬ 
ties of acids and bases. On the one hand, 
measarements of the thermal values of the re- 
• actions between acids and bases enable conclu¬ 
sions to be drawn as to the distribution of two 
acids between one base, or two bases between 
one add, and such measurements therefore lead 
to determinations of the affinities of acids and 
bases (v. infra ); on the other hand, although 
the affinity of an acid for a base probably con¬ 
sists in a striving towards eleotriom equilibrium 
among the ions, jet, as electrical and thermal 
phenmaena are clnady oonnected, measurementi 


goes into combination with the HN()„ and that 
no other reaction occurs, it is easy to calculate 
tho distribution of the baso between the two 
acids. For It is evident that, on this supposition, 

^j-^='iS45 of the quantity of Na^HO, present 

has been decomposed. Thomson found that 
ILSO, reads with Na.^HO, to form NailSO,, with 
disappearance of heat. He also found that this 
reaction is expressed thcrmo-cbomicolly by the 
statement [wH'SO‘Aq,Na'*SO‘Aq] 

=>31,380--^^ 3,.300. These data give a means 

for calculating tho distribution of the base be¬ 
tween tho two acids. The complete reaction be¬ 
tween equivalent quantities of and 

UNO, will consist of three parts: (l)th 6 decom¬ 
position of a equivalents of Na.^B 04 , attended 
with tho disappeam^ce of a. 31,3^ thcrmsl 
units: ( 2 ) the formation of a equivalents of 
KaNOj, attended with the production of a. 27,280 
units of heat; (3) the reaction of a equivalents 
of H 38 O 4 with 1 -a equivalents of NogSO,, 
attended with the disappearance of 
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The complete ihermo-chcnilcal ehonge may bo 
ftatfid thus : 

iNa«SO‘Aq,2HNOUqJ = -3.500 
a 

1-a 

-<1(27,230 - 31,380) - (1 - a) -3,300. 


Thomsen found timt if a is taken as tlic 
number —3550 is obtained, which is almost iden¬ 
tical witli the observed Vaaluo. Hence Thomsen 
concluded that ^ ol tlio base, ^aOH, went to the 
nitric acid, and to tl>e Bulphnric acid; or, that 
the aOinily of nilric acid for soda (Thomsen used 
the term avidifj/) is twice as groat as the aJlinity 
of sulphuric acid for the same base. 

The relative afllnities of various acids for 
dlAcrcnt bases liave been measured by Thomsen 
by this method (v. Akkinity, vol. i. pp. 71-75). 

AUotropjf aiul isomerism. The gcneiully 
accepted views regarding the allotropy of 
uients and the isomerism of compounds would 
lead US to oxpebt that the forinaliou of one 
allotropic form of an element from another 
form, or the formation of one isomcride from 
another, should bo accompanied by cluingi.‘s of 
energy, and. therefore, i»rol»ably by the produc¬ 
tion or disappearance of heat. TJiis c.xpcctation 
ia confirmed by thermo-chemieal mejiaurement.s. 
The following table.s present some typical data;— 
Cornbustiojt of allotropic forms of sulphiiVt 
pUosphm-us, iind ctirhon. 

[S,0'] to form gaseous S()._. 

71,220 for H crystallised from CS.^ 
71,720 „ rliombic »S 

72,300 native opaque S 

[F.OT tc form soVnl WjO, 

300,000 for ordinary 1* 

362,800 „ red P 

[0,0'^ to fornj gaseous CO^ 

06,000 for amorphous C 
03,200 „ diamond 

Cotnhustion of isomeric carbon co7npound8. 
[C«II«,0'»! t.) form 6CO.,+ 311,0 

787,000 for benzene 

883.200 „ dipropargyl 

[C-H^O.O"] to form 2CO, -i 3H,0 

330,400 for elhylic aleoliol 

344.200 M niuthylic ether 

[Cni''0,0"]to form 300.4 3U,0 

442,600 for allyl alcohol 

424,000 „ acetone 

420,000 ,1 propaldehyde 

These values, and many moremight be given, 
show that the quantity of heat produced in the 
change from the combination of a certain 
number of atoms to certain other combina* 
tious o! these atoms is dependent, in part, on 
the arrangement of the atoms in the initial com* 
bination. Isomeric molecules diilcr in the ar¬ 
rangements of their parts; and they also differ 
ill the quantities of energy which are associated 
with the different atomic arrangements. 

The attempts which have been made, chiefly 
by Thomson (n. Th, vol. iv.), to connect in a 
definite way the thermal values of the combus- 
tioo ftod formation of carbon compounds with 
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the constitutions of these compounds have not 
led, as yet, to any very satisfactory results (v, 
also Armstrong’s criticism of some of Thomsen’s 
conclusions; P. M. Pob. 1887.78). 

Dissociation. —This very important branch 
of the subject is fully discussed in the article 
Dissociation in vol. ii. pp. 385-410. 
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XII. VAPOUK-PIHiysURES OF SOLO- 
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WEiaHTS, vol. iii. p. 420; Klectkical metuods, 
tins vol, p. 185; and Solutio.ns, this vol. 

Xill. VISCOSITY OF LIQUIDS. A per 
feet fluid, if such existed, would offer no resist¬ 
ance to a change of shape, and if its parts were 
set in motion relatively to each other by the 
action of any forces, the work done would be 
exactly equal to the kinetic energy produced. 
Moreover, this energy of motion would continue 
unchanged in amount if the fluid were then left 
to itself, and would not die away by being con¬ 
verted into heat as is the case with every known 
fluid. The property which causes this subsidence 
of relative motion is called viscosity. In con- 
sequeiico of the existence of viscosity a continual 
expenditure of energy is required to maintain 
tho parts of a fluid in a state of steady motion 
relatively to each other, jiut as the existence of 
friction makes it necessary to apply a constant 
force to a body to keep it moving uniformly over 
another. From this resemblance io the tW 0 





VIBOOSITY 

OMes the viscosit; of a substance is often called 
its internal friction. 

Imagine a layer of a liquid one om. thick, 
contained between two dat plates, one of which 
is at rest and the other is moving parallel to the 
first. The liquid in contact with the plate which 
is at rest is at rest also, and the successive layers 
have velocities which increase uniformly ns we 
go towards the moving plate, so that the liijuid 
is being sheared, and this requires a continual 
supply of work; winch is proportional to the 
area and velocity of the moving plate. If this 
velocity is one cm. per second, the coefficient of 
viscosity is defined us the tangential force which 
must be applied per s<i. cm. to the moving plate 
to maintain the motion, or if tlic relative velocity 
of the two surfaces is r, and their ilistanco apart 
is I, the tangential force T per unit area rcaiuired 

y 

to maintain the motion is given by T = whero 
rj is the coefficient of viscosity. 

From tins definition it can bo proved that if 
a circular plate or other solid of revolution bo 
set vibrating about its axis of figure in a liquid, 
the amplitudes of successive vibrations will bear 
a constant ratio to each other, and the experi¬ 
mental verification of this is the best proof we 
have of the proj)ortiouality of the viscous forces 
to the relative velocity of the parts of the fluid. 

The coefficient of viscosity is regarded by 
Maxwell {P. Jl/. [4] 35, 13:1) as being tlio product 
of two factors, a coellidcnt of cinslb-ity and a 
time of relaxation. If betwoim the piirallel 
plates spoken of above wo have an elastic solid 
without viscosity, instead of a liquid, the result 
of moving one of the plates parallel to the other 
will be to distort the soKil, and give rise to a 
force or stress tending to restore it to its original 
shape, and this force will bo proporti»nal to the 
amount of distortion and to the cocllleitnit of 
rigidity of the body. Now, if the body is a 
viscous substance like pitch, the stress will .so<;n 
die away, even though the surfaces be held in 
the now position, tiie molecules rearranging 
themselves so that this position becomes one of 
equilibrium. The time required for this to take 
place is what Maxwell culled the time of relaxa¬ 
tion. For solids it may be very large, extending 
to several hours or oven days, but for ordimivy 
liquids it is a small fraction of a second, while 
lor a gas, such as air, Maxwell eslimated it at 
the fifty thousand millionlb of a secoixl. The 
rate at which this internal stress is disuppear- 
ing at any moment is proportional to tlie strain 
at that moment. If the upper surface is moved 
uniformly, relatively to the lower one, the strain 
will never disappear entirely, for, altliough the . 
rearrangement of the molecules is continually 
going on audthe substance is tending towards 
its equilibrium state, the strain is being con- ‘ 
tlnually set up again by the relative motion of 
the two surfaces we are considering, and the 
body will soon get into a steady state in which | 
the rate whereat the strain is being produced is ; 
etqual to the rate whereat it is dying away. The ’ 
stress produced by this constant strain is the ' 
tangential force required to maintain the motion, I 
And Maxwell proved that this stress is proper* j 
tional to the coefficient of rigidity of the substance ! 
And to the time ol relaxation. 
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j For the determination ol ooefficients o! 
I viscosity, Coulomb and others allowed some 
solid of revolution, such as a circular plate or a 
I sphere immersed in the fluid, to vibrato about 
! its axis of figure, and observed the ratios of the 
: amplitudes of consecutive vibrations, from which 
^ the coefficient can be calculated. 0. E. Moyer 
I {W, 43,1)modified the method by hanging aflat 

■ cylindrical box by a hililar suspi'iision, filling it 
! with li(iuid, and observing Iho rate at which the 
! vibrations died away. Tliis method has been 
I used by bhilzcl (^r. 43, 15), and is capable ol 
; coiisidoiablc accuracy. Fur al)8oluto lueasure- 
: menls it has Kome lulvaiUages in the fact that 

tho lengths to bo measured are not very small; 
but in most cases only relative values are re* 
quired, and for oblainiug these the transpiration 
method dcKcribod below is preferable, as it is 
more readily applied, iv<piires a smaller quantity 
of material, aiul lends itself belter to accurate 
adjustment tenip('ralure. 

# In tlte common form of the experiment tho 
liqtiid is caused to How llirougU a cai>illary tube 
in eonswuu'm-e of a constant fliffitrence of pres* 
j sun!, I*, between tlie end.s, and the time, t, is ob* 

■ .served wliieh is required for a volume, t>, to flow 
through the tube; (hen tho coefficient of vis* 

cosily, 71, is given by the equation = 

wii<*re r is the radius and I is tho length of the 
tube. Hence tl)o coellieicnts for two liquids will 
1)0 in the niti .0 of the limes required for tho out* 
How of the same volume with tlie same dilTcrenee 
of pressure, if the liquid Hows through tho 
tube in oousequence of its own weight, F will bo 
proportional to its specific gravity, and tho co¬ 
efficients of viscosity will bo proportional to the 
product of specific gravity and time of How. 
j The formula given above assumes that the 
! work done by the pressure is entirely converted 
1 into heat inside the lube, or, in other words, that 
tho liquid Hows out without any appreciable 
kinetic, energy. If the tube is very long and 
narrow tbis may bo taken to bo the case, but 
generally a small correction has to be applied 
fill- tlie energy of tlie issuing fluid. The form of 
this coiTcctioii is doubtful. Hiigonbach (jP. 1011, 
385) has given a formula wliiclihas boon largely 
used, but Wilbcrforcft (l\ Af. IHIH. 407) has 
pointed out an error in liis assumptions which 
makes tho correction probably too small. 

Tile coellieient of vi.soosity falls off very 
rapidly with ri.se of teinporaturo, tho average 
rate of fall for water between 0^ and 10® being 
nearly 3 p.c. per degree, which shows tho ncccs* 
sity for very accurate adjustment of the tempera* 
turo during an exiicrimerit. 

Using Maxwell’s conception of the nature of 
viscosity, and making certain assumptions as to 
the way in which the rigidity and the time of 
relaxation vary with the temperature, Graetz {W. 

24, 25} deduced the formula A where 

#—C| 

t, is some lo^^ temperature at which infinite, 
and to is the critical temperature. The formula 
expresses the facts very well over a moderate 
range, but, as we might as reasonably assume 
the connection between v and t as between the 
time of relaxation and I, it can only be regarded 
I as empirical* 
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Bxtenfiv« observations of the visoosity-co* 
efficients of organic liquids have been made by 
Oraham (T. 1861), Rellstab (Inauff. Diss. Bonn^ 
1868), Guerout {C. B. 81,1025; 83,1291), Pri- 
bram a, Handl (Sitss. W. 1878 and 1879), and 
Oartenmeister {Z. P, C. 6, 524); but few laws 
have been observed beyond qualitative relations 
applicable to small classes of compounds. In 
general the viscosity increases with the molecular i 
weight, but formic acid is an exception, as it is | 
more viscous than acetic acid. Isomeric esters ! 
have nearly the same viscosities, tlfat with the l 
bighoralcoholradiclehavingthegreater. Normal I 
compounds are generally more viscous than the 
corresponding iso- compounds, but the propyl 
halogen compounds, and a few others, form ex¬ 
ceptions. At high temperatures these differences 
are less marked than at lower ones, rise of tem¬ 
perature tending to efface the distinction between 
normal and iso- compounds. Pribram a. Handl 
endeavoured to find tlio conditions of tempera¬ 
ture under which the results arc coinparablopby 
determining th6,_coenjcieDts of viseo.sily of a 
number of liquids at various temperatures up to 
60®. Taking the series PrCl, Ktllr, PrBr, Ell, 
and PrI, they plotted the curve connecting vis¬ 
cosity with molecular weight, and found that 
while at the lower temperatures it was distinctly 
curved it got gradually Halter with rise of tem¬ 
perature, till at 50'^ it was almost a straight lino, 
showing that at this temperature the incroaso of 
viscosity is proportional to tho increase of mole- 
oulor weight, wbellior tliis be due to the intro¬ 
duction of CH^ or of a lialogen. 

Though sulphuric acid in much more viscous ! 
than water, the first effect of adding water to it j 
is, as Graham showed, to increase its viscosity, , 
and this continues till 18 jj.o. of water has boon 1 
added, when a maximum is roacbed, and further 
addition of water causes a rapid diminution of 
viscosity. Tho mixture with maximum vis- ] 
oosity oorre3])ond8 to the proportions given by j 
the formula and there is a maximum | 

in the electrical resistance near tlio same point. 
Similar relations are shown by nitric and {icctic 
acids. For mixtures o! alcohol and water Gra¬ 
ham showed that tho particular proiwrlion of 
the constituents which gives the greatest con¬ 
traction has maximum visco.sity, and Traubo {B. 
19, 871) showed furtlier that aqueous solutions 
of most alcohols and acids of the fatty series 
have maxima whicli occur at different concen¬ 
trations according to tempemture. 

Arrhenius {Z. P. C. 1, 285) has investigated 
the relation between tho concentration of a solu¬ 
tion and its viscosity; he finds that for indif¬ 
ferent substances the exponential formula 
tl*A^**B* expresses the results, where is tho 
viacosiiy,«the proportion by volume of the dis- 
solved substance, and 1-xthat of the solvent,so 
that A is the viscosity of the pure solvent, and 
B is a constant for the dissolved substance which 
is independent of the concentration up to about 
10 p.c. As tho solvent is usually water, and its 
viscosity is taken as the unit in comparative 
measurements, the formula can be written in the 
form In every cose investigated by 

Arrhenius B proved to be greater than unity, 
showing that the viscosity of water is increased 
by the addition of a small quantity of an indif¬ 


ferent substance. The same is generally true of 
salts, but not quite invariably so. A viscous fiuid 
like glycerin has less effect than ether has; there 
seems, in fact, to be no relation between the 
value of B hnd the viscosity of the dissolved 
substance alone. 

The latest and most comprehensive deter¬ 
minations of the viscosities of salt solutions are 
by Reyher {Z. P. C. 2, 744), Wagner {Z. P. C. 
5, 31), and Lauonstein {Z, P. C. 9, 417). The 

formula of Arrhenius in the form A^ where 
X is now the number of gram-molccules in a litre 
of solution, or A is the viscosity of a normal 
' solution, is found to hold moderately well, but 
! for many salts of acids of the aromatic scries it 
' shows divergences if the strengths of the sola- 
: tions are greater than half normal. 

‘ Wagner worked with sulphates, nitrates, and 
■ chlpviilesof metals, and found that the viscosities 
' ofsolutiomsof equivalentquantiticHof the various 
. salts are additive quantities, the part which the 
b.ase or tho acid contributes being approximately 
! constant. A further relation is shown by tabu- 
; lating tho viscosities of normal solutions of the 
j chlorides arranged according to tho periodic law, 

! when the coelUcicnts arc found to diminish iu 
• any group as the molecular weight increases. 

1 From this arrangement it would seem that copper 
' anil manganese should be put in the eighth group, 
for llicir cocllicients arc almost exactly equal to 
those of nickel and cobalt. 

' Iloyhor determined the viscosities of a number 
I of acids and their sodium salts, and found they 
could be divided into two classes. The strong 
mineral acids have viscositios about 3 p.o. less 
than those of the sodium salts, while the weaker 
mineral acids and organic acids have coefficients 
fron\ 20 to 30 p.c. less. 

] lauenVitoin has found the viscosity-coefficients 
of solutions of the sodium salts of many organic 
acids. In thcfattyserics he found thatsubstitu- 
lion of CH;i for H increases the viscosity, while 
the replanomont ol H by COOH or OH diminishes 
it. The change from succinic to maloio acid 
I diminishes the viscosity, but if wo remove two 
' more atoms of hydrogen, giving acetylene di- 
carboxylic acid, wo get a large increase. 

In the aromatic scries the results are less 
regular. Introduction of a carboxyl group into 
the ring still diminishes the viscosity, and this 
' diminution is greater in the para- position than 
in tho meta*, and greater in the meta- than in 
theortho-; thus the viscosity diminishes regularly 
! in the series shown by the formulae at the top 
of p. 271. 

According to the usual theory, the electricity 
I which constitutes the current in an electrolyte 
is carried by charged ions, and it might be ex- 
I pected that the conductivity would be greater 
tho more easily these ions were able to move 
along under the influence of the electromotive 
force—that is to say, the less the frictional re¬ 
sistance they had to overcome. On this account 
Wiedemann thought there would prove to be a 
connection between the viscosities and conduc¬ 
tivities of solutions. Some experiments which bo 
made seemed to point to the oonductivity being 
inversely proportional to the viscosity, but though 
this was found at a later time to hold ozily in a 
few special cases, it ha> been sho^ that there il 
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OA-OOON., 0.H,<C00N»1=2. 


With other replacing groups wo have the following seriei, 
each being arranged in order of diminishing viscosity: — 


1:2 0.H,<‘^°N0^ 1=2 C.n.COONa, 1:4 

CACOONa. 1:3 1:2 

l:2CJI.<l^^^jl^*, 1:4 O.H,-COONa, 1:3 

* • 


undoubtedly a close connection between the two 
properties. 

This connection is shown very clearly by the 
work of Grotrian (P. 157, 130, 237; 100, 238), 
who determined the proportional rate of change 
with temperature of the viscosity and conduc¬ 
tivity olf salt solutionsforvarious concentrations — 
that is, he calculated from his observations the 

values of and )* where / is the coefli- 
f dt K dt 

cient of viscosity and k is the electrical conduc¬ 
tivity, and found that though not ogual they 
always vary in the same way with the concen¬ 
tration. If curves be drawn with the values of 
those coeiUcients at a fixed temperature for 
ordinates, and the concentrations for abscissie, 
W. N. Shaw (Camh, Phil. Proc. 7, 21) has shown 
that the two curves run almost exactly parallel, 
any peculiarities in the shape of ouo being re¬ 
peated in the other. 

That the conductivity is not dependent on 
the viscosity alone is shown by the fact tlial if 
we add to an electrolyte such (luantltios of dif¬ 
ferent non-conductors, as alcohol, sugar, gly¬ 
cerin, &o., as increase the viscosity by the same 
amount, the conductivity will generally be affected 
differently by the different substances. Arrhenius 
{Z. P. 0. 9, 495) has investigated this efTect at 
some length. He dads that the conductivity can 


be 


expressed by the equation: 



where Zp is the conductivity of the electrolyte 
alone, and Z that which it has when x p.c. of the 
water is replaced by a non-conductor. Tims o 
may be taken as defining the change in the con¬ 
ductivity. The change in the visco.sity of the 
electrol;^e on the addition of 1 p.c. of non-con¬ 
ductor is the some as the change would be with 
water alone, and is henco equal to A -1, where 
A U the constant of the formula 

On tabulating the values of 1000a and 
1000 (A-1) for a number of different salt solu¬ 
tions and non-conductors, it appears that the 
equatirn, 1000 a«c + 1000 c'(A-l) holds as a 
first approximation, and the electrolytes fall into 
four dasses, for the members of any one of 
which the constants e and c ' are the same. 
These classes are: 


(1) Solutions of strong acids and bases; 

(2) Solutions of salts of the type KOI; 

(3.K,SO.; 

(4) „ „ „ BaCly 

Airhenios considers the relation not to be exact, 
bat thinks it should include a term depending on 
the degree of dissooiation, which can be neglected 
onlr in the cases of the more completel; dis¬ 
torted Mitt. }. W. G. 


XIV. VOLUME-Cn^NGHS, MKTHODS 
BASKD ON, «. VoujMES, spEcino; this vol. 

PHYSOBIN C,jH,.0,. Extracted by 

ether from the dried liclien Parmt'.lia physodea 
(or Ccratophylla] and cryslulliscd from alcohol 
(Herding, N. Br. Ardi. HI, 1). Mnfs of riinute 
prisms, insol. water. Eorins a yellow solution 
inKOlIAq. , 

PHYSOSTIOMINE n. EsEnisE. 

fPEYTO-AlBUMOSES ». I'noTEiDS. 

FHYIOLACCIC ACID. Occurs as K salt in 
the Poke Berry, the fruit of BhytoJacca decandra 
(TeiTeil, 0. li. 31. Bafi; cf. Claesson, Ph, [3] 10, 
:M). Extracted by dilute alcohol. Yellowish- 
brown resin. 

PHYTOSTEEIN v . vol. ii. p. 149. 

PHYXO-VITELIIN V. rilOTElDB. 

PIAZTHIOLE 0,11,<^>S. [44°]. (206°). 

Formed by heating o-phonyleno-diamine with 
a.iucous SOj at lUO^’ (Jlinsbcrg, if. 22, 2899). 
Colourless ervKtaLs, al. sol. liot water. Feeble 
base, lloduccd by tin and HCl to o-pUcuylone- 
diaminc. 

JZf/crcacc.'-MnTiiYr.-?iAZTHiOLR. 

PICENEC^H,,. [345'"cor.J. (520°). V.I>. 
9-8 (obs.). Occurs in the highest boiling por¬ 
tions of brown-coal tar (Burg, if. 13, IBH^, and 
in the residues of Californian petroleum (Graebe 
a. Walter, if. 14, 175). Appears also to be 
formed by tlie action of ethylene bromide and 
AlCl., on naphthalene (Lespeau, IJl. [3] 6,238). 
Wliite plate.s with blue fluorescence, insol. alco¬ 
hol and ether, r.ol. boiling solvent naphtha 
(150°-170°). On oxidation with CrO, it yields 
picoqtiinone CyallijOj, which cry.stallisos from 
liOAc as a dark oiangc-red powder, Bublimes in 
red needles, and forms a green .solution in pure 

* Di-broroo-picene [20C°j. Needles, 

(from xylene), insol. alcohol. 

Picene hydrides O.Jfj, (over 360°) and 
C [175°j (over 300 ) uro got by heating 
picene with HIAq and red P at 250° (Lieber- 
mann a. Spiegel, if. 22, 781). is liquid. 

PICHURIK OIL contains the glyceryl ether 
of laurio acid (Sthamcr, i4. 53, 390). 

PICOLINE V. MeiHYL-PTiimiKE. 

PICOLINIC ACID u. Fyuidins cabboxtuo 

ACID. 

DipieoUnio aeid v» PTniniNE dicabboxtlxo 

ACID. 

DIPICOL7L V. Bi-WETirrL-DiPTRiDTrL. 

PICBACONITINE v . Aconite alkaloids. 

PICBAXIO ACID V. Di-nxtbo-auido-pubnol. 

PICBAMIDE t>. TBi-Krrao-ANiLi.VB. 

PICEABMIH [204°]. A bitter 

Bubatanoe which, togeuer with [209°- 
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212 ®], may be extracted by dilute alcohol from 
Picrcena exceUa (Massuto, Ar. Ph. [UJ 28, 147; 
0. tT. 68, 791). nCIAq converts it into picras- 
roic acid C„H4„0«(C0,;11)2, while fuming HIAq 
displaces three metliyls. 

PICBIC ACID V. TRi-Nixno-pnKNOL. 

PICBO'ACOHITINE v. Aconitis alkaloids. 

PICBOCBOCIN [75’]. Obtained by 

extracting saffron with ether (Kayser, B. 17, 
2233). Colourless prisms. V. sol. water and 
alcohol, si.sol. ether, ililtertaste. By heating 
with l>aryta-water or with dilute aciis it is split 
up into crocoso and tlio ctirereal-oil of salTron 

PICROEEYTHEINv. EiiYTnniTE. 

PICROLICHENIN C,JI,,.0,. [100^] (A.). 
S.G. I‘l7h. Extracted by alcolml from the 
lichen VarinlarUi amara (Alms, .4. I, 01; Vogel, 
J. 1857, 615). Trimolric octahedra, si. sol. hot 
water, v. sol. alcohol and etlier. Tastes very 
bitter. Its alkaline solutions turn'’rod in air. 

PICEOEOCCELLIN C,;II,„N,0,. 

Occurs in a variety of the lichen lioccclla fuci- 
formis (Stenhouso a. Gloves, A. 185, M). Prisms, 
insol. wahjr, m. sol. boiling alcohol, si. sol, 
other. Yields benzoic acid when oxidised by 
cliromio acid mixture. Converted by boiling 
with HOAo and UCl into xan thoroccollin 
C;.,H|gN.(X., which crystallises from aleohol in 
yellow needles [ISIP]. Boiling dilute (1/ p.c.) 
NaOHAq converts picroroccellin into C.ilLiN^i'la 
crystallising from alcohol in prisms [I51‘’]. 

FICROSCLEROTIE. 0<!cnrs in ergot of ryo 
(l)ragendorll, a C. 1878, 125. 1-tl; Blumbcrg, 
Ph. [.3] 9, 23, (50, 147). l)issolved in acids and 
is rc-ppd. by ammonia. It is an active poison 
with bitter taste. V, Euootinink. 

PICEOIOXIN C,..ll„0,;, (?. a. 0.; S.); 
Ci:,H„iO, (B. a. K.). Occurs in Coceulus indiens, 
the seeds of JJcnispcnniim cocctdiis (Boullay, 
A. Ch. [1] 30, 201) ; Casaseca, A. Gk. [2] 30, 
307; Oppermann, Mag. Pkunfi. 35,233; rollo- 
tier a. Coiierbc, A. Ch. [2] 51, 181; Liebig, A. 
10,203; Uegnault, A. Ch. [2] 08,1(50; Barth, 
J. pr. [1] 91, 165; raterno a. Oglialoro, G. (5, 
621; 7, 103). Tt is accompanied by anamirtin 
and picrotin (Barth a. Kretschy, M. 1, DO, 
2,796). 

Preparation. ~1. The grains arc exliausted 
with boiling aleohol, the extract evaporated, and 
the residue boiled with water. The ac[ucous 
solution is ppd. by lead acetate and the filtrate, 
freed from load by H.^S, evaporated. The resi* 
duo is crystallised from biuizeno and water sue* 
cessively (B. a. K.).—2. Tlie powdered seeds 
arc boiled with water, tlio filtrate treated with 
lead acetate and H.H successively, and evapo¬ 
rated to oi^stallisation. The product is rc- 
cr](8talliscd from water and alcohol successively 
(Sclimidt, A. 222, 313). 

iVoperfics.—Colourless needles, v. si. sol. 
cold water, si. sol. ether and chloroform, v. sol. 
alcohol. Very poisonous and very bitter. Sol. 
alkalis. Reduces Fehling's solution and am- 
moniacal AgNO,. 

Reactions. —1. When boiled with benzene 
for some time it is split up into picrotin and 
picrotoxinin (Schmidt). Probably the pioro- 
toxin employed was a mixture of these two 
bodie8.~2. IlCl passed into an ethereal sola- 
lion forms piorotoxide.-3. Gold AcCl also forms 


piorotoxide, but on boiling it yields a orystaltiiM 
acetyl derivative [186®].—4. NaOAc and AOjO 
form [227°]. 

Picrotoxinin CnH„jOa aq. [201®]. S.’14at 
16°; S. (benzene) *34 at 21®. Obtained from picro- 
toxin by treatment with benzene, GHCl,, HCi, or 
AcCl. It constitutes about 30 p.o. of crude 
picrotoxin (Barth a. Kretschy). Colourless 
needles or plates. Very bitter and very poison¬ 
ous. V. sol. hot water. Colours ILSO^ orange- 
red. Mixed with dry KNOj (3 pts.), moistened 
with H.SO 4 , saturated with cone. NaOHAq 
it gives a red colour (Langley, Am. 8. [2] 34, 
109 ). After heating with milk of magnesia, the 
cold filtrate is coloured red by FeCl,, tlie colour 
being destroyed by IlCl. Bromine forms 
I C,.II,jBrO« [250’-255°]. BzCl gives a crystal- 
j lino compound (not the benzoyl derivative) 

! [238°]. 

I Piorotoxide (C,,n,60,j)jr. [above 310®]. 

1 FoVmcd by the action of AcCl on picrotoxin, 
j and by passing HCI into its ethereal solution 
j (P. a. 0.). Crystalline, insol. ordinary solvents. 

I According to )Schmidt, picrotoxido obtained by 
j means of AcCl crystallises In noodles [225°], si. 

; sol. cold water and alcohol. 

! Picrotin C,,H,„0,.. [o.247°]. S.-ICatH®; 
j S. (benzene) -(>23 at 22° (Schmidt). Constitutes 
; (lO p.o. of crude picrotoxin (B. a. K.). Crystal¬ 
lises with 2^ aq, 3‘aq, and 4jaq. It is very 
hitler, but not poisonous. Itnducea hot Feh- 
I ling’s solution and aminoniacal AgNOj. Hj.SO, 
forms a yellow solution. BzCl forms a benzoyl 
[ derivative [245°] (S.). 

j Anamirtin C,„H^,0,o. Constitutes 2 p.c. of 
; crude picrotoxin (Barth a. Kretschy, M. 1,131). 

! Short needles (from water), v. si. sol. bonzone. 

! Neither bitter nor poisonous. Turns brown at 
j 2(50’ and black at 280° without melting. 

I CoccQ.Un Occurs in small quantity 

I in Cocculus indiens (LOwonhardt, A. 222, 353). 
Slender noodles, si. sol. hot water, nearly insol. 
alcohol and etlicr. Docs not give Langley’s 
reaction. Is perhaps identical with anamirtin. 

PICEYL. The radicle tri-nitro-phenyl. 

PICEYL CHLORIDE v. Culoro-tui-nitbo- 

nRNZKNE. 

PIGMENTS, ANIMAL. 

I Bile pigments. Bile contains bilirubin, bili- 
fuscin, biliprasin, and probably also biliverdin, 
which is a product of oxidation of bilirubin. 

I Nitric acid changes the colour of the bile pig- 
j ments through green, blue, and red to yellow 
1 (Omclin). These colours may bo observed by 
' adding nitric acid to a dilute solution of the bile 
pigments in aqueous alkali, or by gently pouring 
' H.,SO, into a solution of tho pigments mixed 
Iwi'tli NaNOa (Fleischl, Fr. 15, 602). The 
1 changes in the absorption spectra produced by 
I nitric acid have been studied by Jaff 6 {Z. [2] 6 , 

' CGC). An alcoholic solution of bromine also 
produces a play of colours with bile pigments 
(Capranica, G. 11,430). The absorption spectra 
of the bile pigments have been studied by Heyn- 
Bias a. Campbell (Pf. 4, 497) and McMunn {Pr. 

: 35, 388). Bilirubin, luemoglobin, and chloro¬ 
phyll all absorb tho violet end of the speotrum, 
giving an abrupt edge: biliverdin transmits more 
green; biliprasin, bilifusein, and bilihumin absorb 
up to between D and E. The colouring matten 
of bile are probably got by reduction of h»matiae, 
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tlldf formed by the action of bile aoidsonhsmo- 
globin (HcMunn, iV. 81, 206). Aocording to 
Latschenberger (M. 9, 62), bsmoglobm yields 
■imnltaueously melanin and bile pigments. All 
the coloaring matters oi bile, including hicma- 
tins, nrobiUn(in bile), and bilirubin, arc osidised 
to choletelin, which body apparently passes into 
blood serum, and is then excreted by the kidneys. 
The absorption bands o! bile are duo to cholo- 
telin and urobilin. 

Eilirnbiu 0,JIjaN,0, (Stiidcler, A. 132, 323; 
Maly, A. 181, I'OO), or C„,H„N,0, by Haoult’s 
method (Neneki a. Eotsoliy, M. 10, 608). S. 
(chloroform)'17 (Thudiohum, A. [2J 4,551). Ox 
gall stones are often largely coiniiosed of tlio 
lime compound of bilirubin (Maly, A. 175, 70). 

Preparation. —Brown human gall stones are 
powdered and extracted with ether; the residiie 
is boiled with water, and treated with dilute IICI. 
The mass is washed, dried, and extracted with 
chloroform; the chloroform is distilled off, and 
the residue treated with absolute alcohol. It is 
then treated with ether and alcohol repeatedly, 
again dissolved in chloroform, and precipitated 
by absolute alcohol (Burdou-S.andorson). 

Properties. —Orange powder, iiisol. water, 
nearly insol. ether, v. si. sol. alcohol, sol. benzene 
and chloroform. The colour of the skin in 
jaundice is probably duo to bilirubin. Bilirubin 
dissolves in alkalis, forming an orange solution, 
which gradually absorbs oxygen from the air, 
and then gives a green pp. of Idliverdin on add¬ 
ing an aciil. An alkaline solution of bilirubin 
mixed with on equal bulk of alcohol gives, on 
adding HNO, containing nitrous acid, a green 
colour changing through blue to red. Sodium- 
amalgam forms hydrobilirnbin. Bromine-vapour 
yields various brominated jwoducts (Thudichum, 
0. J. 28, 389 ; 30, 27). Br in chloroform gives 
C,jH„Br.N,0„ a dark bluish-green fowder, 
farming a dark-blue solution in alcohol or ether 
(Maly, A. 181, 106). Chlorine passed into a 
solution of bilirubin in CIICI, forms several 
chlorinated bodies (Thudichum). A solution of 
p-diazobenzeno sulphonie acid added to a solu¬ 
tion of bilirubin in chloroform mixed with alco¬ 
hol gives a red colour changing to blue on adding 
cone. HClAq, and turned red again on adding 
an alkali (difference from other bile-pigments) 
(Ehrlich, hV. 23, 275).—CaC„H„N,0.. Occurs 
in gall stones. Obtained also by ppg. an am- 
moniacal solution by CaCl.j, as brown flakes 
drying to a lustrous dark-green mass, which 
yields a dark-blue powder. 

Hydrobilirubin C,jII.,N,0,. Obtained by 
roduoing bilirubin in alkaline solution with 
sodium-amalgam (Maly, A. 163,77), According 
to McMunn it is not, as had been stated, identical 
with the urobilin which is found in normal urine, 
in idle urine of febrile patients (Jaffd, Virchoio's 
ArcMv, 47; Disqu5, II. 2,271), and in excrement 
(Yaulair a. Masins, Ccntralbl./.d.Med. Wiasensch. 
1871, No. 24). A similar substance is formed by 
reducing hatmoglobin, haimatine, or hiemato- 
norphyrin in alcoholic solution with tin and UCl 
(Hoppe-Seyler, B. 7, 1065; Lo Nobel, C. C. 
1887, 688; MoMunn, Proc. Physial. Soe. 1888, 
1), and by the action of H.BO, on a solution of 
albumen in HOAo (Michalloff, J. B. 16, 269). 
Baddisb-bTown powder with green lustre, si. sol. 
water, v, sol- sdcohol, m. sol. ether. Its alkaline 
Ton. IV. 


solutions are brown. Its solution in chlorotonn 
is yellowish-reA The alooholio solution shows 
an absorption-band near F. Does not give 
Omelin's reaction with HNO,. May bo reduced 
by sodium-amalgam or by tin and HCl to a 
colourless product, which in acid solutions is re¬ 
oxidised by air to hydrobilirubin. 

Choletelin 0,jH|,N,0,. Occurs In normal 
urine, and is obtained liy passing nitrous vapours 
into a solution of bilirubin in alcohol (Hoyn- 
sius a. Campjicll; McMunn, J. Th. 1881, 213). 
Brown amorphous •powder, sol. alkalis and 
alkaline carbonates, alcohol, ether, and chloro¬ 
form. Ammoniacal AgNO, piits. reddish-brown 
CuII|,Ag-N.;0„. Boos not give Omelin's rcacldon. 
Its absorption spectrum contains a broad band 
from b to F. 

Biliverdin Cr;IT„N|0,,. Formed by oxidation 
of a solution of bilirubin by air or by PbO,. 
Dark-green povplcr, insol. water and chloroform, 
si. sol. ether, v. sol. alcohol, CS^, and benzene. 
Its sSlutiuns are green. Its alcoholic solution 
gives dark-green pps. with baryta-water, am- 
inoniacal CaCI„ and AgNO,. Ag-D added to its 
alcoholic solution ppts. bilipurpin, sol. NlI,Aq 
and reppd. by HCl ns a purple powder. Pro¬ 
longed treatment with Ag...O converts bilipurpin 
into yellow bilillavin. HNO, added to an alco¬ 
holic solution of biliverdin gives a bluish-violet, 
red, and, finally, yellow colour (Thudichum). 

Bilifuscin C„H|„N,0,. Prepared by washing 
gall stones with ether, hot water, and chloroform, 
adding dilute HClAq, and extracting with hot 
chtoroform. The extract is evaporated and the 
bilifuscin dissolved in alcohol, which lei^feB 
biliruhin undissolvod (Brucko, J. pr. 77, 72; 
Stiidcler, A. 1.32, 325). Almost black mass, 
which yields a dark-brown powder. Forms a 
brown solution in alcohol and alkalis, nearly 
insol. water, ether, and chloroform. Gives 
Omelin’s colour-reaction. Ppd. by ammoniacal 
; CaCI,. Bimony (SUs. IF. (3) 73,181) obtained 
from’the bile of a corpse a bilifuscin which did 
not give Gmelin’s reaction, and which formed 
an olive-brown solution in alcohol, HOAo, and 
alkalis- . 

BUiprasin C, JI ,.,N-,0,- Extracted by alcohol 
from the residue of gall stones from which bili¬ 
rubin and bilifuscin have been removed by 
chloroform (.Stiidcler). Nearly black mass.yleld- 
ing a greenish-black powder, insol. water, other, 
and chloroform, v. e. sol. alcohol, forming a green 
sol ution which, unlike one of biliverdin, is turned 
brown by ammonia. Gives Gmclin’s roaetkn. 

Bilihumin. Left after extracting biliprasid 
with alcohol (S.). Black powder, m. sol. warm 
NaOHAq. Exhibits Gimdin’s reaction. 

BUicyanin. A product of partial oxidation 
of bilirubin and other bile pigments (Maly, Silt, 
IF. [2] 69, 597). Prepared by adding an rioo- 
holio solution of Br to a solution of bilirubin in 
chloroform. Occurs in gall stones. Its alcoholic 
solution is blue, but turned dingy green by al- 
kalis, the blue colour being restored by acids- 
Bile also contains a blue substance strongly te- 
sombling indigo, forming a yellowish solution in 
alkalis (Ritter, Bl. [2] 13, 212; Andouard, Bl. 
[2] 81,139). 

Dbikabx Piomekts. Urine usually contains 
urobilin (t>. supra). After urine, containing uro¬ 
bilin, has been mixed with its own bulk of 

T 
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HC^q uid heated (o boiling, and then allowed 
to cow, the orobilin may be extracted by ether 
and recognised by its absorption band (Orimbert, 
J. Ph. [5] 18, 481). According to MoMunn 
{Proc. Physiol. Soc. 1888,5), there are two kinds 
of urobilin, one in normal urine and the other in 
atholoffical urine, and neither is identical with 
ydrobilirubin. Normal urobilin is identical with 
a pigment got from acid hsomatin by successive 
treatment with H^O.^ and sodium-amalgam. By 
the action of oxidising agents injigo-blue and 
indirubin can be obtained hoiu urine (v. Indigo). 
Figments can also be obtained by boiling urine 
with HClAq. 

UTomelanin. Prepared by evaporating urine 
to one-sixth of its bulk at GO*^, adding 10 p.o. 
HCl, and, alter two days, removing \iric acid by 
filtration. The filtrate is then boiled for 1B hours, 
and the ppd. pigment washed with water, alco¬ 
hol, and ether, dissolved in NaOlIAq, and roppil. 
by HjSO^ {XJdrauski, JL 11, 537; 12,‘33; cf. 
Plosx, H. 8, 80). Brownish-black plates, insol. 
cold water, eth^r, and chloroform, si. sol. alcohol 
and HGlAq, v. sol. isoamyl alcohol and alkalis. 
Not decomposed at 115°. Potash-fusion yields 
NH„, formic, acetic, butyric, and protocatechuio 
acids and pyrocatechin. Urino contains *03 p.c. 
of this substance, which appears to be a liumous 
body formod by decomposition of the reducing 
substance of normal urine. 

Urofascobffimatitt C„U 5 iN, 0 ,a(?) andnroru- 
brohsmatin Ga,H,HN,FeO„(?) were obtained by 
JBaumstark (JD. 7,1170) from the urino of a patient 
suffering from Lepra. Urofuscohtematin is a 
blabk pitchy substance, insol. water, alcohol, 
ethor, chloroform, acids, and NaGlAq, sol. alkolis, 
alkaline carbonates, and alkaline phosphates, 
forming brown solutions. Urorubrohsomatin is 
a light bine-black mass, which dilTers from uro- 
fuscobaunatin in not being ppd. when llGl is 
added to its solution in NaOHAq. 

Blaok pigment in Melamiria, v. vol. ill. 
p.im 

Uroroieln. An unstable substance which 
can sometimes bo oxtrnoted from acidified patho¬ 
logical urine by isoamyl alcohol, to which it im¬ 
parts a rose colour. The solution shows an 
absorption band in the green (Nencki a. Sicber, 
tT.pr. [2] 26, 333). A similar substance (uro- 
rubin) was extracted by ctlier from urine that 
had been boiled 15 minutes with 7 p.c. HGl, 
exposed to air (Plosz, if. 8, 85). It was left 
on evaporation as a dark oherry-red mass. 
Apparently the same pigment, or rather its 
leuco- compound, occurs in urine of dogs after 
administration of skatole (Mester, H. 12,130). 
The pigment itself is then got by adding HGl to 
an alcoholic, ethereal, or aqueous extract of the 
evaporated urine. 

Othbb piguents. 

Blood pl^ents v. UcHOGLOBOf. 

Mnsclo pigments v. Mdsclb. 

Bye pigment t\ Mklanin. A purple pigment 
occurs in the retina of animals. It is insol. 
ordinary solvents, but dissolves in bile, and in 
an aqueous solution of the bile acids. It loses 
its colour in daylight, but recovers it in the dark 
(BoU, Th, 1877, 313; Kiihne, J. Th. 1877. 
318; 1878, 279; Ayres, Th. 1879,259). 

Yellow pigment of animals p, LpxKig, 


Tetroserythrfa. A red pigment eitraeted hf 
chloroform from the red spot in the eye of the 
blackcock and red grouse (Wurm, J. 1872,842; 
1875, 685; Merejkowski, J. Th, 1881, 871). 
gives a blue colour changing to black. 

Fyooyanin. Occurs in blue pus (Fordos, J, 
1860, 596; Lucke, J. 1863, 658; Gessard, J, Th, 
1882, 55). It is formed, together with other 
pi^entSthyBacilluspyocyanicus in poptonised 
gelatin (Bafos, C. R. Soc. Biol. [9] 1, 438). Blue 
trimetrio prisms or needles (from GHGl,) which 
become green on keeping, v. sol. chloroform, 
alcohol, and water. Turned red by acids, but 
becomes blue again on adding alkalis. It shows 
two absorption bands, one being in the oltra- 
violctr 

Pigmen is of Purpura lapillus. The pigments 
are furnished by a yellowish-white fascia which 
! extends along the rectum (Lctcllier, C. R. 109, 

! 82). This contains two green substances, apple- 
j green monoclinic crystals turned dark blue by 
I light, and dull-green trimetric crystals turned 
i violet or crimson by light. Tlio green substances 
j are sol. ether and chloroform, but become in- 
j solublo on exposure to light. The change to 
I purple (punicin) is accompanied by absorption 
of oxygen (Schunck, B. 12,1369). 

Pigments of sea-asemoues. Actinia meseni- 
bryantkemum contains a pigment allied to 
hiemo-chromogen and haimato-porphyrin, and to 
htematine. It also contains biliverdin. Actinia 
ccreus, Bunodcs hallii, and Sagariia bcllis con¬ 
tain a green pigment resembling chloro-fucin, but 
not identical with any animal or plant chloro¬ 
phyll (McMuna, Pr. 38, 85). 

PIGMENTS, VEGETABLE, v. Gulobopuyll, 
Alkanet, Bktii-a-iiariia coLODU,BmN, Brazilein, 
ChICA, GoLEIN, GmiCUMIN, Bkaoon’s blood, ll^- 
UATOXVLIN, LlTllOSl'EHJlUM EllYTURORHlZON, LiX- 
MU8,1-tTEic ACID, Palmkllin, and Santalin. 

AutUocyanin. The blue pigment of flowers 
is sol. water and alcohol, insol. ether. It is free 
from N, and is turned rod by acids and green by 
alkalis (Freiny a. Cloez, J. Ph. [3J 25,249; Filhol, 
C. n. 39, 194; 50, 345, 1182; SchOnn, Fr, 9, 
328). 

Antbozanthin. Yellow flowers contain an- 
thoxanthin, which is insol. water, and anthoxan- 
the'm, which is sol. water. Both are sol. alcohol 
and ether. The petals of gallica contain 
a pigment sol. alcohol, insol. other, which forms 
amorphous Pb,jG;,,H,pO„(?) (H. Senior, Pk. (8] 7, 
650). The colouring matter of the berries of 
Phytolaccad€candrah&9 been examined by Hilger 
and Bischoff, L. V. 23, 466; S. G. 1879, 876). 

PILIGANINE. A very poisonous alkaloid 
occurring in piligan, a Brazilian lyoopod (Adrian, 
C. R. 102, 1322). Soft mass, with alkaline re¬ 
action, fuming with HGl. Sol. water, alcohol, 
and chloroform, si. sol. ether. Emeto-cathartio 
in action. Its hydrochloride forms minute deli¬ 
quescent crystals. 

PILOCAKPENE C„H„. (178°). S.G.i«-862. 
V.B. 4*0. [a]D»sl‘21. Obtained by steam dis¬ 
tillation from jaborandi leaves (Hardy, Bl. [2] 
24,498). Fragrant oil. Dextrorotatory. Yields 
0.^,,2H01 [49‘6°1. 

PILOCABPZNB 0„H„N,0, U 

(Blfth). [a], - lQl-6 is « 7'24 p. 0 . Mlotioa. 
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Oeenn la the loftvei and bark of jaborandi 
iPiloccvrwu) (Oerrard, PK [3] 3, 865, 965; 
Hardy. Bl. [2] 24. 497; Kingzett. C. J. 30, 307; 
Harnack a. Meyer, A. 204, 67). Prepared syn¬ 
thetically from o-oxy-a-pyridyl-propionio acid 
CHs.C( 0 H)(C 5 H,N).C 03 H by treatment with 
phosphorus tribromide and heating the resulting 
CH,.CBr(C,H.N)CO.^ with NMe, at 150°. In 
this way pilocarpidine 0 ,JI,jN.P 2 is formed, and 
this is converted into pilocarpine by heating 
with Mel and MeOH, and oxidising the product 
with aqueous KMnO, (Hardy a. Calmcls, 0, R. 
105. 68; Bl. [2] 48, 233). 

Preparation, —Jaborandi leaves are digested 
with 1 p.c. HClAq, the extract treated with 
Pb(OAo) 2 , filtered, and the filtrate ppd. by phos- 
phomolybdic acid. The pp. is decomposed by 
baryta-water at 100° (Pohl, Dl. [2] 34, 340). 

Properties.—Crystalline; begins to sublime 
at 163°; at 160°-170° the sublimate consists ef 
yellow drops (Blyth). Dextrorotatory. Pilo¬ 
carpine may be estimated by means of the 
nurochloride (Christensen, Ph. [3] 12, 400). 
Poisonous, being diaphoretic. Forms resinous 
compounds with potash, NaOII, and baryta; 
these compounds are v. sol. water, v. si. sol. 
alcohol, and are decomposed by acid.s, even by 
CO^. They may be considered to bo salts of 
pilocarpic acid CijHihN^Oj. 

Reactions.-1. Fuming HNO, (300 pts.) con- j 
verts it into pilocavpidino nitrate (Chaataing, ; 
0. R. 94,9C8). -2. Boiling with water for twelve ; 
hours splits it up into trimethylaminc and oxy- 
pyridyl*])X'opionic acid (Hardy a. Calinels, C. R. 
102,1562).—3. Boiling UClAq forms MoOH and 
pilocarpidine.—4. KMnO, forms NMca, oxy- 
pyridyl-malonio acid, and finally pyridine (3)- 
carboxylic acid.—5. Bromine added to a chloro¬ 
form solution forms 

in minute prisms, converted by moist Ag^O into 
di-bromo-pilocarpine CuHnBrjN^O. (Ghastning, 
C. R. 97,1435). Chlorino forms OijHiaNaO/llj, 
which is amorphous, and slowly forms crystal¬ 
line C),H,,,N202Cl2.--6. Yields NMo, when dis¬ 
tilled with potash (Flarnack a. Meyer; cf. Chus- 
taing, C. H.94,223).—7. The barium compound 
on distillation yields jabonine C„II,,N 2 , an oil 
with foetid odour, yielding the amorphous salts 
B'AuCl,, B'HAuCl,, B' .rtCl^, and B'^HTtCl,. 

Salts.—B'HCl: needles, v. sol. alcoliol.— 
B'HNO,: trimetric lamellaB.—B'JJgPtCIa: golden 
tablets (from hot water).—BTtCl,: crystals. - 
B'HAuGl^: minute needles.—B'AuCi, [H8°j; 
slender needles.—B'2AuClj: small needles.— 
B'HAa,Cly: minute needles.—B'AgNOj: minute 
radiating needles. — B' 2 AgN 03 : needles. — 
B'CrN 2 H-(SCN),: red silky needles, sol. alcohol 
(Christensen, J. pr, [2] 46, 368),—B'jCuOJi^: 
green powder, ppd. by adding CuGl, to a solution 
of pilocarpine in baryta-water.—B'AgOH: curdy 
pp.—B'MCjPtCls: crystals.—B^tl. [c. 30°].— 
B'EtBr. [c.60°3. Very hygroscopic (Chastaing, 
C. B, 101, 507). 

Pilocarpidine OjoHhN.O, t,a. 
KMe 2 .CMo(OjH,N).C 05 lI. Occurs in jaborandi 
leaves (HamacK, A, 238, 230). Formed by the 
action of HClAq or fuming HNO, on pilocarpine, 
by heating dry pilocarpine for twenty-four hours 
at 120°, by boiling pilocarpine or Its baryta com¬ 
pound with water for forty eight hours, and by 
t^ baryta oompound for thirty zninates 


at 150°. Prepared lyn&etloally hr beating 
CH,.CBr(C 5 H,N). 00 ,H with trimethylamine at 
150° (11. a. 0.). Very deliquescent, m. sol. water, 
V. sol. alcohol. Acts pbysiologioallv like pilo*. 
carpine, but not so strongly. Its alkaline salts 
are gummy, sol. water, insol. alcohol, and de¬ 
composed by COj.—B'HCl: radiating needles, v. 
soluble in water.—B'HAnCl, aq. Rectangular 
prisms. — B'AuCI,. [145°]. Yellow plates. — 
B'JT.PtCl, aq : small red prisms.—B'Mel.— 
B'MeAuCl^ [i53°]. Prismatic needles. Changes 
when fused into MeCl and B'AuClj. 

PIMARIC ACID C,„1I^,0,. [211°]. [a]o«72-6 
in a 3*8 p.c. (saturntwi) aicohoUc solution at 15°. 
Occurs in galipot, the hardened resin of Pinus 
marifhim (Laurent, A. Ch. [2] 72, 384; [3] 22, 
459; Sievert, Z. f. d. g. Naturvnss, 14, 311; 
Maly, A, 129, 04 ; 132, 253; Strecker a. Duver- 
noy. A. 148, 143 ; 1.50, 131; Cailliot, Bl, [2] 21, 
3h 7 ; Bruylants, B, 11, 447; Ilallcr, B. 18, 
2165: Vesterborg, B. 18, 3331; 19, 2167; 20, 
3248). 

Pr/’puru/ion.—Finely-dividcd^alipotisstirred 
with half its weight of dilute (70 p.c.) alcohol, 

' left for some days, and squeezed in a cloth. 

' Tlie press-cake is treated several tinies in this 
way, finally with SO p.c. alcohol. The residue 
is dissolved in somowliat inoro than the calcu¬ 
lated quantity of hot dilute (3 p.c.) NaOHAq, 
The mixture of Na salts that separates after 
some days is rccrystalliscd from water, decom¬ 
posed by HOi, and the free acids crystallised 
from alcohol or IIOAo. (j3)*Pimario acid re¬ 
mains in the mother-liquor. 

Prop.rf/r.s*.—lloctangtilar plates, insol. water, 
V. b 1. sol. alcoliol, ether, and HOAo, m. sol. hot 
ligroin, in. sol. liot NaOIIAq, si. sol. NH,Aq. 
On shiiking the ethereal solution with a drop of 
ammonia the Nil, salt separatos in slender 
needles. Not reduced by sodium-amalgam. May 
be distilled in vacuo. Dextrorotatory. HIAq 
(S.0.1*96) forms 0^11,, (320°-330° uncor.). By 
distillation ot the (crude) Ca salt Bruylants ob¬ 
tained ethyleno, propylene, amylene, acetone, 
methyl elliyl ketone, di-cthyl ketone, toluene, 
xylene, ethyl-toluene, terebene, and diterebene. 

Salts.—All the salts are insol. ether. KA' 
(dried at 100°). >Soapy mass of pliant needles.— 
NaA' 6aq. Slender need les (from 80 p.c. alcohol), 
fil. sol. cold water. — Ga.V,aq: needles.— 
BaA', Oaej: jdiant needles. — CuA',. — PbA'^ 
—AgA': amorphous pp., becoming crystalline. 

Elhers.-Mc\\ |Gy°J.-EtA. [52°]. 

Chloride C 2 „H^,OCl. [66°]. Gotbyadding 
rC!^ to a solution of the acid in CSy. Small 
prisms, v. o. sol. ether and CSy 

(/3)-Pimario acid C2oH:„0.^ [140°-160°3. 8. 
9'26 in 98 p.c. alcohol at 15°. —272° in a 

3*17 p.c. alcoholic solution. Obtained as above 
(Vesterberg, B. 20, .3248). Trimetrio prism's; 
a:6:c**8l0:l: *614, insc’. water, v. sol. NH^q. 
LfiBvorotatory.-—NaA': m. sol. ether.—PbA'*; 
needles, insol. alcohol and ether. Haller (B. 18, 
2163) obtained r.u inactive pimaric acid [o. 149°], 
wbicn was perhaps a mixture of the dexiro- and 
Issvo- varieties. 

PIUELIC ACID 

CO^CHPr.CH^GOjH. ^IsopropyUsuocime acid. 
Mol. w. 160. [114^. Electrical conductivity i 
Walden, B. 24, 2037. Formed by fusing oam- 
: phorio acid with potash (Hlaeiwitz a. Grabowski^ 
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A. 146, 806; Koehler, A. 169, 168). Formed 
•leo by heating either of the following isopent¬ 
ane tnoarboxylioacids: {CO,H),OPr.C£LcOaHor 
CO.H.Cfll'r.CHfCO^H), (Waltz, J3. IS, 6097A. 
314, 60; Hjelt,i?.16, 2622; Sohleioher, A. 267, 
128). Obtained also by the action of KOHAq 
on isopropyl-aeetyl-suooinie ether (Roser, A. 220, 
976). According to Arppe (J. 1864, 377) it is 
not formed, as stated by Laurent (A. Ch. [2] 66, 
163), by oxidation of oleic acid. Nodules (from 
water) or triclinic crystals; a:6:c=s-497;l:-eOD; 
a-Sl" 60'; 3 =.100“ 2'; 7=!85“ 6' (Wreden, A. 
168,828; Von Zopharovitoh, Site. W. [1] 73 , 7 ). 
V. sol, water, alcohol, and ether. Yields butyric 
acid when fused with potash. 

Hygroaoopic leaflets.— 
NojA (dried at 180°).—CaA"aq: sandy crystal¬ 
line powder. S. -47 at 9“; -25 at 100° (Bauer a. 
Schuler, J. 1878, 734 ; B. 10, 2031; M. 4,345); 
•30 at 13° (Roser).—SrA": necrly insol. hot 
water, y. e. sol. cold water.—Ag,A": pp. 

Bthyl ether Et,A". (236°-240°). ' 

Chloride C,H„0,C1,. (210°). 

Anhydride 0,H,.0,. (215° 250°). Got by 
distilling the acid. Itcconvorted into the acid 
by alkalis. 

Imide C,H„NO,. [60°|. Got by heating 
the ammonium salt. Tables (from water) or 
small needles (from alcohol-ligroln). Insol. 
ligrofn, V. sol. alcohol and ether. 

n-Plmelio acid CH,(CH,.CH.,.CO,H),. [103°]. 
(272° at 100 mm.) (Krailt a. Noerdlinger, B. 22, 
818). S. 4-2 at 20°. H.O.p. 828,900. H.!?. 
243,100 (Stohmann, J.pr. [’ij 45, 480). 

Formation.—!. By heating suberone with 
UNO, (Dale a. Sohorlemmer, 0. d. 35, 086; A. 
199, 147).—2. By heating furonio acid with 
HIAq and P at 200° (Baeyor, B. 10,1358).— 

8. By heating pentane w-totra-carboxyliC acid 
(Perkin, jun., 0. J. 51, 212; 69, 825; B. 18, 
3249).—4. By oxidation of myristio acid with 
HNOjfNoerdlinger, B. 19,1898).—5. By reducing 
TO(OiCH,.CH,H), (cf. FoiiFOUTL-AonYLio acid) 
(Marckwald, B. 21,1398). 

Prqperftcs.—Rectangular trimetrio plates 
(from water), v. sol. alcohol, ether, and hot 
benzene. May be sublimed. NaOEt forms 
0|»H»,Na,0„ a white powder, insol. ether, sol. 
water. Not converted into anhydride by AcCl 
or by POl, (Volhard, A. 267,82). 

Salts.—BaA"aq. - CaA". Deposited as 
gTMular powder when a cold saturated solution 
li neated.— AgcA"; white pp. 

Ethyl ether Et,A.". S.O. i 1-0080; 

•9988; ft-9920. M.M. 11-424. Oil with mne- 
trating odour (Perkin, C. J. 69, 826). 

meUc aeid 0,H„0,. [103° cor.]. Got by 
Mting chelidonio acid with HIAq at 205° 
(HaiUnger a. Lieben, if. 6, 358). Monoolinio 
uoles, V. sol. hot benzene. Perhaps identic^ 
With n'punelio acid. 

(3)-Kmello acid 0,H„(00,fl),. [106°]. Oc- 
ours among the products of oxidation of castor 
®“ “d e^-nut oil with nitric acid (Gantter 
a. B. 17,3212). Large tables (from water). 

forms supersaturated solutions. — 
BaA"aq: plates.-PbA".-CuA"~Ag^«j pp. 

■ •0,H,.(CO,H)r [1M°]. 

Formed fnm amylene bromide by snocessiTe 


T. sol. water ao6 aloohoL Be^ to form an 
anhydride at 186°.—fflEJ^A".-Bal"llaq: 
sandy powden-CaA". S. -2 at 22°; -14 at-100°. 

— SrA"4aq.-NiA"2jaq.-ZnA".—PbA". S. -01 
at 100°.—CuA"aq. S. -04 at 16°; -07 at 100°. 
Bluish-green plates.- OdA"2aq; needles. S. •13 
at 16°; -13 at 100°.—Ag,A". 

An amorphous pimelic acid was got by 
Bauer, as well as the preceding acid, from 
amylene bromide. Its Ca salt was more soluble 
(S. 4-7). 

Pimeli 0 80 idC,H„O,. [87°]. Got by oxidising 
menthol with KMnO, in acid solution (Arth, 
A. Ch. [6] 7, 465 ; 0. B. 107,107). Needles, T. 
sol. water. Can bo extracted by ether from its 
aqueous solution.—Ag,\". 

Isomeridee — v. Di-uBTHTn-aLOTAuro acid, 
METUYL-ETHYL-SOOCINrO ACID, Tm-MBTHYD-SUC- 
ciNio ACID, and Peopyi-sucoikio acid. 

- PIMENTO. The volatile oil obtained from 
the pods and seeds of ilyrlus Pimmta contains 
eugenol and a terpeno (255°) S.G. « -98 
(Bonastro, J. Ph. 11,187; Oeser, A. 131, 277). 

FINACOLIC alcohol V. Sec - hbxyl 

AUIOHOL. 

FINACOLIN ®. Mbtbyl tert-Bcm kbtobb, 

Beuzpinecolin v. vol. i. p. 488. 
PlNAC0NEC.H„O,i.e.CMe.ioH).CMe.,(OH). 
Hexylene glycol. [38°]. (170° cor.). S.G. 4 
0672; IS -9609. M.M. 7-245 (Perkih, C. J. 4^ 
506). IH.C. 897,697 (Louguinine, A. Ch. [6] 26, 
143). Formed by the action of Na or sodium- 
amalgam on aqueous acetone (Fittig, A. 110,25 • 
114, 54; Stadeler, A. Ill, 277; Friedel, A. 124, 
324; Bl. [2] 19, 289; Linnemann, A. Suppl. 8, 
374). Formed also from CMo^Br.CMe^Br by 
successive treatment with AgOAc and baryta 
(Pawloff, A. 196, 122). Small needles (from 
CS,), ^ sol. cold alcohol and ether, si. sol. cold 
CS.. Si. sol. cold water, bat y. sol. hot water, 
separating on cooling as a hydrate 
CjH|,0,6aq [46-6°], crystallising in four-sided 
tables, decomposed by distillation into water and 
pinacone. 

Beactwne. —1, Chromic (tcid mixture recon¬ 
verts it into acetone.—2. Gaseous HI yields Prl 
and some hexane (Linnemann, Site. W. [2] 63 
255). HIAq at 100° forms O.H„I (Boachardat, 

B. 1871,699).—8. Boiling dilute H,SO,converts It 
into pinacolin. Heating with HOAc has the same 
effect.—4. POCl, forms di-ohloro-hexane [160°] 
(Friedel a. Silva, B. 6, 36).—6. Does not form 
an acetal when heated with aldehyde (Lochert, 

A. Ch. [6] 16, 60).—6. When passed through a 
red-hot tube it yields acetone and isopropyl 
alcohol (ThOmer a. Zincke, B. 18, 646). 

PINACONES. Compounds of foe form 
HO.CRR'.CRR'.OH, where R and R' are alkyls. 
They are obtained by reduction of ketones. On 
treatment with dehydrating agents they yield 
(3)-pin8Co]ins 0RR',,CO.R or isomeric (a)-pina- 

oolins nr CRR'.O.CRR' 

conns or oaB'.o.CRR" “ “ 

formnliB the(3)-pinacolin wiU bean alde¬ 
hyde ; while if at the same time B'- H, we find 
that glycol is the simplest pinacone, aldehyde the 
simplest (0)-pinaoolin, and ethylene oxide the 
simplest (a)-pinacolin (Zincke, A. 916, 296). 
ftime (A)-pinsooUns ate decomposed by heat¬ 
ing with soda-lime or aleiAiolie potash, thus; 
PhOXrGOPh *BjOm FI 1 OX.H + HOBi TZim^ 
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«, ttiAnitfr B. II, 65; Zagomanny, /. JR. 13, 
439); bnt phenyl (a)-naphth7l (i8}-pinaooU& 
reaoie vith slooholio potai^, thus: • 

PUO(a A),OOPb+H,0aPhC(0Ji,),OH+ Ph.CO.H 
(Elbs,/.pr. [2J3o, 606). 

PIlV£>APFIiE OIL. Artificial pine-apple oil 
may be made by dissolving butyric ether in alco¬ 
hol (Hofmann, A. 81, 87). 

FINENE V. Terpekes. 

FIKEY TALLOW. A fat obtained by boiling 
the fruits of Valeria indica (of Malabar). Melts 
at 30° to 38°. Its fatty acids consist of palmitic 
acid (76 p.c.) and oleic acid (26 p.o.) (OabSic, 
<?. 8,107). 

FINIPICEIS OAO„. Occurs in the 
needles and bark of the Scotch fir (Pimis syl- 
vestris) and in the green parts of Thuja occi- 
dentale (Kawalier, Site, W. 11, 360; 13, 615). 
Bright-yellow amorphous powder, beginning to 
soften at 66°, and quite liquid at 100°. Hygro¬ 
scopic. Tastes bitter. V. sol. water, sol. alco¬ 
hol, insol. ether. Boiling dilute H^SO, yields 
glucose (2 mols.) and ericinol 0,oH,,0 (1 mol.), 
V, Tol. ii. p. 468. 

FINITANNIC ACID C„H„0,? Occurs in 
the needles of the Scotch fir and in the green 
parts of the Arbor vita {Thuja occidentalc) (Ka¬ 
walier, Silz. W, 11, 367; 2U, 19). Itoddish-yol- 
low powder, v. sol. water, alcohol, and ether. 
FeCl, colours its aqueous solution brown. Gives 
yellow pps. with lead acetate and subacotate. 
Not ppd. by gelatin. 

FINITE C,H„Oa. Methyl ether of dextro~ 
rotatory Inositc. [180^]. 66° 51'. Sup¬ 

posed to be extracted by water from the hardened 
sap of Pinue lamhcrtiana of California (Berthe* 
lot, A. Ch. [3] 46, 76; Johnson, Am. S. [2] 22, 
6; Combes, C. R. 110, 46; Maquenne, A. Ch. 
[6] 22,264). Crystalline crusts, v. e. sol. water, 
almost insol. alcohol. Tastes sweet. *Bcxtro- 
rotatory. Non-fermcntable. Does not reduce 
Fehling’s solution. IlIAq splits it up into Mel 
and dextrorotatory inosite [248°]. Finite is 
identical with matezite and sennite. 

PINOL 0,oH„0 i.e. C„H,OMePr. (184°). 
S.G. ^ *953; /aj,=1*469. Formed, together witli 
pinene nitroso-chloride when oil of turpentine is 
treated with HOAo, nitrous other, and HClAq 
(Wallach, A. 263, 251; 269, 322; 2G8, 222; B. 
24,1662). Purified by conversion into the di¬ 
bromide OjoH^Br^O [94°], which is dissolved in 
dry benzene and treated with sodium-wire. 
Liquid,^meUing like cineol. 

Reactions.— 1. Oxidised by EMnO^ to CO,, 
otalioacid, and terebicacid [176°J.—2. Br forms 
0,^,3r,0 and 0,<,H„Br,0 [160°]. — 3. HBr 
forms an addition product converted by water 
into the hydrate C,uN,,OH,0 [131°] which is not 
attacked by Ao,0, but is reconverted into pinol 
by warming with dilute H,S 04 , and yields ter- 
penylio acid [67°] on oxidation by KMnO^. 

Dibromide 0,*H,^r,0. [94°]. (144° at 
11mm.). Trimetriccrystals; a:6:c«'670:1:1*666. 
Insol. water, volatile with steam. Converted by 
alcohoHo potash into ' pinol glycoUio ether ’ 
a^J0Et),0[63°3(c,116°atUmm.). AgOAo 
forms 0,»H„(OAo),0 [98°] (127° at 13 mm ), 
whieh on sa^nification by hoi dilute H^SOi 
jMds'pinol-glyool' 0.«H,a(OH),0 [126°]^cryf- 
taliuing In matted.needlei, v. e. soL chloroform. 
IMUiyvlUi water and Fb(OH), also oonvols 


the dibromidt Into the glyeoL Silver propionate 
yields 0 ,^,,(O.COEt )2 [106°]. Formio acid at 
100° reduces the dibromide to oymene. 

Nitroao’chloride 0,oH|,ONOOI. p08°]. 
Formed by the action of amyl nitrite ana HOI 
on pinol in HOAo (Wallaob, A. 268, 261). Con* 
vertod by alcoholio N^ into the nitrolamine 
Gi^Hi^ONONH, (130° at 14 mm.), a viscid mass 
which yields a crystalline hydrochloride* B'HCl. 
Aniline, piperidine, and beuzylamine form the 
three analogous bodies C,ftH„O.NO.NHPh [176^, 
CjjHiaO.NO^OjHio-[154°], and'the compound 
C,aH,„O.NO.NHC,H, [136°], each of which fonns 
a crystalline hydrochloride. (/3)-Naphthylamine 
forms, in like manner, pinol-nitrol*uaphtiiyl- 
amino C,oH„O.NO.NHC,oU, [196°]. 

PINYLAMINE (208°). S.G. M 

*943. Formed by reducing with zinc-dust and 
HOAc nitroso-pinene C,oH,,NO [132°], which is 
got from 0,oH,NOCi and alcoholio NaOU (Wal¬ 
lach a. Lorenz, A. 268,197; B. 24, 1650). Oil, 
tnrifing yellow in air, and giving of! NH,. Ab¬ 
sorbs COj from air, forming a^solid carbonate 
Benzoic aldehyde forms C,jH.jN:CHPh [ 68 ^ 
furfuraldehyde gives C,oII, 4 N; 6 H.C 4 H ,0 [ 8 l°j 
whilst salicylio aldehyde forms the compound 
C„n,4N:CH.CJl4.0H [109°].—B'HCl. [930°]. 
Needles (from water). Yields oymene on distilla¬ 
tion.—B'^HjPtCl,. Yellow plates or needles.— 
B'HNO,. Crystals, al. sol. cold water.—B', 1 ^ 804 . 
—B'lICyS. fl36°J. Prisms (from water).— 
B'jH^CA* 1248°]. Scales. 

Acetyl derivative OjoHj^NHAo. [109°] 

Benzoyl derivative. [126°]. Needles. 

PINYL-USEA NH,.CO.NnO,„H, 4 . [160°]. 
Formed from pinylainine hydrochloride and 
potassium cyanato (Wallaob, A. 208, 204). 
Needles, v. sol. alcohol. 

PIPEGOLINE u. Methyl-pthtdinb bexx- 
: uyoRiDs. 

PIPERAZINE V, Pyrazinb hexahydride. 

FIPERHYDRONIC ACID v. Methylene den- 
vative of Di oxy-pnENyT.-VALBRic aoio. 

PIPERIC ACID C„n„04 i.e. 
CH,<q>C,H,.CH;CII.CH:CH.CO,H. Mol. w. 

218. [217°]. S. (alcohol)'37 in the cold; 2 at 
78°. Formed, together with piperidine, by boil¬ 
ing piperine with alcoholic potash (Voi* Balm; . 
Btrcckor, A. 106, 317; 118, 280; O. C. Foster, 
C. J. 15,17; Fittig a. Miolk, A. 152, 26; 172, 
131). Yellowish needles (bom alcohol). Alter 
fusion it melts at 213°. Nearly insoL water, 
m. sol. hot alcohol and ether. 

Reaclions. —1. Reduced by sodium-amalgam 
to two hydropiperic acids, whicli are tht methyl¬ 
ene derivatives of di-oxy-phenyl-angelio acids 
CH,0,:0.H,.0H,.CH;CH.CH,C0J1 [78°] and 
CH.A;C.H,.CH,.CHrCH:OH.COJH(131»](Regel. 
JB. 20, 414).—2. Dilute alkaline potassium per¬ 
manganate at 4° oxidises piperic acid to piperonal 
CU,0::C,H,.CH0 and raoemio acid (Doebner, B. 
23, 2375).—3. Potaahrfuaim- yielda protocate- 
chttio, oxalic, and acetio acids.—4. Bromint in 
CC, forms a tetrabromide whieh deoompoaea at 
160°-106°. 

Salts. — NH,A'. Satiny scales. — KA'.— 
BaA'r B. '02 in the cold.—AgA’: powder. 

Ethyl afhsrEtA'. [78°]. PUtaa. 

- fis/erenca.— BaoKO-ripaaio mo. 
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FIFXBIDXiHI!. AnameforPimiDnraTBTEA- 

BTOBtDB. 

]>ipip«ride!(Be OjoHigN, i,e, 

Ci4NH.CH.CH.NH.CH/ lormea oy 

ilowly adding t'-cliloro-piperidine to a boiling 
10 p.c. solution of potash in alcohol (Lollmann 
a. Schwaderor, H. 22,1000,1018), Monoclinic 
crystals, si. sol. water, v. sol. alcohol and ctlier. 
JBctwecn 200° and 230*^ it begins to dissociate 
into (2 mola. of) pyridine tctraliydride; hence it 
has no constant boiling-point. Slig^htly volatile 
with steam. AC;tO forms an acetyl derivative 
(220®). S.G. 15 ^ l-05:tl. Tin and conc. IlClAq 
reduce it to piperidine. Phenyl thiocarbimide 
gives 0,oH„NyCS.NHPli CS, forms 

crystalliaing in needles, and nielt- 
)ng at 150® with ovoliilion of gas. 

Salt.—B'T4Cl,2jui. [150^]. Plates, lique¬ 
fies c. 80® when quickly heated. %* 

Isodlpiperide'ine C,uir,„N,^. Formed by beat¬ 
ing diazobenzeno piperidide at 250® (I Icuslcr, A . 
260, 289). ThiSicish liquid, miscible with water, 
but can be extracted therefrom by ether, lie* 
duces Folding’s solution and amnion iacal AgNO,. 
Its salts are hygroscopic. 

PIPfiKIDIC ACID C,H„NO, [184®], which is 
got by oxidising piperidine »'-carboxylic ether 
with fuming IlNOj and heating thb product with | 
HClAq at 140®, is y-amido-butyric acid (Schot- 
ten,B. 16, 648; Gabriel, B. 28,1770). 
PIPEBIDINE CJI„N i.e. 


Pyridine hexdkydridi'. 
Mol. w. &5. ■(100®). S.G. ‘8064; -8501. 

M.M. 6-810 (Perkin, C. J. .55, 700). S.V. 108-70. 
S.H. -533 (Colson, Bl. [8] 3, 8). H.F.v. 24,ODD. 
H.F.p. 20,990 (Thomsen, Th. 4, 145). Appea.s 
to occur in the husks of pepper (Johnstone, C.N. 
58, 235; An. 14,41). 

Formation.—1. By distilling piperino with 
potashdimo or soda-lime, or by boiling it with 
alcoholic potash (Werthcini, .4.127, 75; Ander¬ 
son, A. 76, 82; 81, 845; Cahours, A. Ch. [.3] 
88, 76; Von Babo a. Keller, J. pr. 12, 58). — 
2. By reduction of pyridine in alcoholic solution 
by sodium-amalgam; the yield being 75 p.c. of 
the theoretical (Ladenhnrg a. Both, A. 247, 51). 
8. By beating pcntamethylcne-diainine hydro¬ 
chloride (Ladonburg, B. 18, 8100).—4. By heat¬ 
ing hygrio acid O^HnNOa with IPSO, for a few 
minutes at 300® (Liebermano a. Kuhling, B. 24, 
413). 

Properties.—Jjxqxud, with ammoniaoal and 
peppery smell, miscible with water. Alkaline 
in resoUon. Qaustio taste. Ppts. salts of zinc 
and copper, but does not rcdissolvo the p])d. hy¬ 
drates. Not attacked by fuming IICiAq at 800® 
or by boiling HNO, (S.G. 1*5). Piperidine acts 
as an anesthetic {D. 14, 718). Oxidised by H^O^ 
to glutario acid and its irnide and 8-amido-valerio 
aldehyde (Wolflenstein, B. 25, 2777). 

Reactions.—h*Bromine and water at 200® 
yield di-bromo-oxy-pyridine and some CHBr, 
(Hofmann, B. 12, 984), Piperidine hydro¬ 
chloride, heated with dry Br at 180, yields di- 
bromo-pyridiue (Sohotten, B. 16,42'n. Bromine 
and NaOHAq give orystalline CjHfBfjNO (Hof¬ 
mann, 16, 560). Bromine and lime-water 
/teld hromo-piperidine C*H„BrN [284®] (Lell- 


' xnann, S. 22,1327). >-2. OhttirittA^ acts with 
plosive violence on dry piperidine. In presence 
of*water or chloroform it yields K-ohloro-piper- 
idihe, which may also be got by using bleaching- 
powder. It is an unstable, heavy oil (52® at 25 
ifim.), with pungent odour, and deposits piper¬ 
idine hydrochloride when kept for some time 
(Bally, B. 21, lV72).-8. Conc. H,SO, at 800® 
forms pyridine (Kmnigs, B. 12, 2.341). Nitro¬ 
benzene at 200 ® also oxidises it to pyridine (L.). 
4. Chloroform, on boiling for some days, yields 
CH(C 4 H,nN )5 aq (98® at 15 ram.) (Busz a. Kekul5, 

B. 20, 8240).—.5. ClljCCIa forms, on boiling, 
cthcnyl tripiporldino OH;,.C(CJJ,flN)a, a liquid 
(202®) yielding B'"II,C1, and B'"^H,PtCl, (B. a. 
K.).— 6 . Boiling oxalic ether (1 mol.) yields 
piperidyl-oxiimio ether C.II,„N.CO.CO.J3t (289®) 
(Wallach, A. 214, 278; 237, 247). The corre¬ 
sponding acid [129®] splits up on fusion into CO, 
aijd the formyl derivative of piperidine. PCI, 
yields CO^ and C(,H„N.COCl (288®), which acts 
upon piperidine forming (C.H|oN).;CO [43°] (293®). 
NJI.,Aq converts the etherinto pipcridyl-oxamido 

C. ,H,uN.C0.C0.NI4 [127®], crystallising in mono¬ 
clinic prisms, converted by P.O, into 
C.lI,gN.CO.CN, a heavy oil (204°). When piper¬ 
idine (2 mols.) is distilled with oxalic ether 
(1 mol.) there is formed oxalyl-piperidine 
CJT,„N.CO.CO.C.n,gN [89®] (above 350®).- 
7. By heating with philuiUc acid (2 mols.) as 
long as phthalic anhydride sublimes there is 
formed ‘pijiorilenc-amine-phthalem' 0 ,„H 2 ,N, 0 , 

or an oil which yields crys¬ 

talline 0„H„Br,N,0., (Piutti, 0. 13, 636; A. 
227, 197).~8. Phthalic anhydride unites in the 
cold with piperidine, forming a mixture of' piper- 
ilenc-plithalamic acid ’ CjHigN.CO.CsHj.CO.^ 
and its piperidine salt (P.). On shaking with 
ctlier aifd water the acid goes into ethereal solu¬ 
tion, and the salt into aqueous solution. Piper- 
ileiic-phthalamic acid is a heavy oil, v. sol. 
alcohol. It yields AgA', C,II,,NnA' [ 0 . 150®], 
and C, JI.gBr,N.Ga, crystallising in long needles. 
9. Alloxan and aqueous sulplmrous acid give 
(C,H 2 NjO^)CJl,,Nli.SOs, crystallising in plates 
(I’ollizzari, A. 248, 150).—10. On heating with 
isatin and alcohol on the water-bath there is 
formed the compound C,Hj,NO(C,H,gN), or 

crystallising in flat colour- 

less prisma, m. sot* hot alcohol, turned red by 
HCl, and yielding a blue dye (indigo?) when 
treated with Ac^O, or when rapidly heated to 
125®-100®. Bromo-isatin forma, in like manner, 
C„H,BrNO(OaH,gN) 2 , crystallising in needles, 
wliile di-bromo-isatin reacts with production of 
C„H,Br,(NH.,).CO.CO.NC,H„ [162®] (Schotten, 
B. 24, 1307, 2005).—11. A solution of diazo- 
benzene chloride and sodium acetate forms 
rh.NiN.NOjHjp, which yields phenol and piper¬ 
idine when treated with dilute H 2 SO 4 , and 
phcnyl-bydrazine and piperidine when reduced 
by SnGL and HCl (Nulting a. Binder, B. 20, 
3016). dtber diazo- compounds act in like man¬ 
ner. Diazobenzene piperidide is decomposed 
on heating to 250®, yielding benzene, N, and 
isopiperidein (Heusler, A. 260,239).—18. Potas¬ 
sium cyanate converts piperidine sulphate into 
NH,.db.NO,H,«, orystalJUsinff from aloc^hl ia 
needles (Oahoun). MdJ^l and sifiyi effonatst 
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jWlMnncpillidlaginaM. Phtwyleyanattiormt 
NHFb.CO.NO^i^ oijrstalliaiiig from alcohol in 
prisms [173®]. 0,H,NH.C001 gives rise Jo 

0,H,NH.00.N0jH|, [103°], crystallising from 
dilate alcohol m needles (Eiihn a. Hiescnfeld, 
B. 34, 3818).—13. Methyl thio-carbimide forme 
NHMe.CS.NO.H„ [120°] (Ilechl, B.23,237; 2a, 
816)i nhileethyl-,propyl; miphenyl- thiocarb- 
imides form corresponding thio-ureos [4C°], [7.7°], 
and [99°] respectively. Phenyl-, o-, and p-lolyl- 
thiocarbimidestoim 0,H|„N.CS.Nlll’li [98°] (t>.); 
[104°] (Skinner a. lliihcmaim, C. J. 53, 5.58) and 
OjH|^.CS.NHC,II, [98°] and [132’] respectively. 
Potassium sulphocyanide reacts with piperidine 
sulphate, forinBig OjHijN.CS.NU^ [02°] Geb- 
hardt, B. 17, 3039). AUyl-thioearbimide forms 
oily OjlIijN.OS.NHCjIIj, which is converted by 

cone. HCLiq at 100° into a 

liquid (277°) yielding Ii'C„n3NjO, [112°/and 
B’MoI [67®] (Avenarius, B. 24, 202).—14. Bettz- 
oyUthiocarbimule added to a solufiori of piperid¬ 
ine in dry benzene forma Cj,n,„N.CkS.NlH3z [126®], 
crystallising in needles, sol. alcoliol and ether 
(Dixon, C. «r. 65, 624). Bcnzt/l-thiocaibiinide 
gives CJI,oN.CS.NUCH.,Pb [88®j (Dixon, 0. J. 
69, 5C8).—16. Tri-viethyUtntUiocyanurate at 
200® forms C,,II,.,,N.S [107°], which gives 
B'sHjinCl, (Hofmann, B. 18, 2779),-16. Quin- 
one forms red needles [178®], which are probably 
(Lachovitch, ill. 0, 606).— 
17. Benzoic aldehyde in presence of KXOj forma 
CIIPh(NC,Hn,).^ [80®] crystallising from alcoliol 
in Hat needles (Elirenborg, J. i^r. [2] 36, 130; 
Ijachovitch, M. 9, 096).—18. Tri-oxy-methylcne 
forms CliXNC,H,„).j (230®), which unites with 
CSj giving [68®J. — 19. Pinmc 

nUroso-chloriile in alcoliolic or aqueous solution 
yields crystalline C,oII|«KONC,.,H,o [119®] which 
forms B'HCl. The corresponding tei’vine and 
dipentineno derivatives melt at 164® (Wallacli, 
A. 241, 320; 24.6, 253).—20, AmyJene nitroso- 
nitrate in boiling alcoholic solution forms 
CM©j(NC5H,„).CMe:NOIl, which crystallises from 
ether in prisms [90®], and is converted by boiling 
dilute H^SOi into CMc2(NC.,II,o).CO.GH„ an oil 
(220 ®), Md = 1*1134, volatile with steam, yielding 
a very hygroscopic hydrochloride (Wallach, ^4. 
248,172).—21. Jbiuorcscein chloride at 220® forms 

B"HaPtClfland B"HX4 which is purple in dilute 
solution and yellow in cono. HClAq (Lcllmumi 
a. Buftner, B. 23, 1387).—22. Bromo-idien- 
anfArene at 2C0® forma crystalline CnHgNCjH,, 
[113®] which yields B'alLPtClflOaq (L. a. B.).— 

23. Branto^anlhracene at 200® reacts forming 
CnHjNCjH,, crystallising from ether in yellow 
prisms and giving B'sH^PtCls 2aq (L. a. B.).— 

24. Chloro-acetic acid iorma CjH,aN.CIIs.CO;,H, 
which forms hcmihedral prisms (containing aqj 
and yields CuA',4a(i, HA'HCI, HA'HBil,, 
(,HA'),3QAaCl4, and HA'BaCl, (Kraut, A. 167, 
06). — 26. a-Chloro-pr(^>imic ether produces 
CjH„N.OHMe.CO^ crystallising from water and 
alcohol in prisms and yield&g HA'HAuCli 
(Brdhl, B. 9, 84).—26. Benzene sulphochloride 
and NaOHAq form C,Hj.SO,.NO,H„ [93®] (Hins. 
berg, i. 265, 182; Schotten a. SchlOmonn, B. 
84, 8689). This body is oxidised' by KMnOt 
to ^OA.SO^ttCH^CE^OH,.OHrOO^. - 


27. Picryt chloride forms 
[106®] (S. a. S.).—^28. Glycerin dichiorhydrin 
forms liquid 0,oH„N,0 (280®-2d0®) which yields 
B"n,PtCl, (Lade^urg, B. 14, 1879).-29. CS, 
forms (OjH„N),OS, or 0,H,„N.CS.3NO»H» crys- 
talliaing in slender monocliiilo needles [174®], 
converted by an alcoholic solution of iodine to 
(C^II,„N.CS);,Si[130®].—30. DicyandiamidexemKc 
on * pipcryl-bigiianido ’ with formation of 
i.c. C,II„N.C(N1I).NH.C(NH).NH, [163®?] orya- 
iallising in silky needles, and yielding the salts 
B'H.C1, [217^], B'H SO, [173®],B'jH.,S04 [219®], 
B'HJUCl. [262®], BTlAuCl,, and the copper 
compound Cu(C,H,,N;,).4H.S64 crystallising in 
rose-red needles (Bamberger, B. 24, 605, 904). 
I’iporyl-biguanido is converted by CIICl, and 
caustic potash into ‘ piperyl-formoguanamine* 

CA.N-C<n=ch'>N 

the salts B'HCl [201°], Il'jII,.SO,aq [222°], 
B'2C„H,N,0, [«8°], l)',H,PtCI, (219°].ll'HAuCl, 
[90°4 and [158°), and B',AgNO, [229°-2B8°] 
(Hjelt, B. 26, 529). Piperyl-higuanide sulphate 
heated with NaOAo at 200® yieWs pipuryl-aceto* 

guanamine [179°] 

(Hjelt, B. 25, 533). The acetyl derivative of 
piperyl-biguanidcC,lI,„N.C(NAc).NH.C(NH).NH, 
[193®] is got by heating the copper salt with 
HOAo. 

Salts.—B'FICI. [2.37®]. M.M. 10 034 ma 
53 p.c. solution (Perkin, 0. J. 55, 716). Needles, 
V. sol. water and alcohol.—B'HAuCl, [206®j. Not 
decomposed bv boiling water (De Coninck, BL [2] 
45,131).*-B',K,PtCI„. [196®]fLadeiiburg,B.18. 
3100); [200®] (WalIach a. Lehmann, A . 237,241). 
Bed needles. Not decomposed by boiling water 
(T)e Coninck, Bl. [2] 45,131). Crystallises also 
with KtOH in orange needles [191®]. - B'^PtClj.— 
B'dinDCl,t: amorphous pp. got by adding piper* 
idine to a solution of ZnClj (Lachovitoli, M, 9, 
517).—B'HBr. Plates (Lollmann, B. 20,680).— 
B'HI. Long needles.—(B'HI)3 2Bil3. Scarlet 
plates (from alcohol) (Kraut, A. 210, 910).— 
BTCi. [143®]. White needles, — B'lClHCl 
[90®]. Yellow crystals (from water) (Pictet a. 
Krafft, Bl [3] 7,72).-B'HNOa. Small needles.— 
B'aU^C.304: needles.- B'3ll4FoCy„ 3aq. Yellow 
triclinio crystals.—Piperato B'0,3Hm04. Silky 
laininro [100®] (Ihibo a. Keller).—B'gll^SOi. 

Nitrosainine OJIjjN.NO. (218®). S.G, 

I’OGC. Formed from piperidine and nitrous 
acid (Wortheim, A, 127, 75; Sohotten, B. 16, 
125; Knorr, A. 221, 298). Pale-yellow liquid, 
si. sol. water, v. sol. cono. lIClAq, but roppd. on 
dilution. Zinc and UClAq reduce it to piperidine 
and NH,. Heated in a current of HCl at 100® * 
it gives piperidine and NOCl. Sodium-amalgam 
forms OjUjoN.NHj and piperidine.— 
syrupy.—"B"IIC1: crystalline mass. 

Hydrazine CJJ,flN.NH.^, * Piperyl-kydroi- 
ine.’ (146®) at 728 mr. S.G. »!• *928. Got by 
reducing the nitrosamine with zino-dust and 
HOAc (Knorr, B.15, 859 ; i;221,299). Liquid, 
with ainmoniir/al odour, mFscible with water, 
alcohol, and ether. Volatile with steam. Oxidised 
by llgO in the cold to the tetrazone GiaHgtNj 
[45®], which yields B'^^PtCl,. Beduces oold 
ammoniacal AgNO, and hot Fehling’s solution. 
Nitrous acid convertsit into piperidine. CS, gives 
rise to (OjH|«N.NH)cCS C181> The oompoiud 
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0 |]^|N.KE. 0 S.N 0 ^H,,[ 66 °Jma 7 ako be obtained. 
Bad in ether forms CjH„N.NHBz [196®J. 
Benzoic aldehyde forma CsH,eN.N:CHPh [63®J. 
Salt-'B'HCl. [162°]. Tables (from alco¬ 
hol). Boaots with potassium cyanate forming 
04 H„N.NH.C 0 .KHj [136®] and with potassium 
Bulphocyanide forming 0 .,H,oN.NH.GS.KH 2 
[167®].—Motbylo-iodideB'MeI.[2]6®}.Begin9 
to decompose at 150®. 

Formyl derivative OaH^N.CHO, (222®)., 
S.G. */1*0193. Formed by the distillation of 
0,H„N.C0.C0iI (v. Reaction 6 )*(Wallach a. 
Lehmann, A. 228, 251; 237, 252). Got also by 
beating piperidine with formamido (Lachovitch, 
M. 9t 699). Liquid, miscible with water, alcohol, 
and ether. PCI, yields a base C|,H.„Nj.- B’HCl: 
deliquescent needles. — B'JIaPtCl,. [172®]. 
Plates.—B'HgClj. [140°]. Needles. 

Acetyl derivative CjliioNAe. (227°). 
S.G. fi 1*011 (Wallach a. Kamensky, A. 214,238; 
c/. Schotten, B. 15, 426). Liquid^ miscible with 
water. When heated with llzCl it gives AcCl 
and benzoyl-pipcridinc (Pictet, B. 23, 3014). 
On heating with bromine it gives pyridine, 
bromo-pyridine, and di-bromo-pyridinc (Hof. 
mann, B. 1C, 587). When Cl is passed into 
cooled acctyl-piporidine and the product is 
warmed with water, tliero is formed 
ri22®](Baliy,B.21,1772). 

Benzoyl derivative Cj,n,oNBz. [48®]. 
(above 860°). Formed from piperidine, BzCl, 
and NaOHAq (Cahours; Schotten, B. 17, 2544; 
21, 2238). Triclinic prisms (from alcohol). Oxi¬ 
dised by KMn 04 to bonzoyl-S-amido.valeric acid 
[94®]. Benzoic aldehyde forms the compound 

™<c|cHrhi:Si!>®“'' 

BTOl [166 ] and' BTINO, [98®], both being 
orystalline (llugheimor, B. 24, 2186). 

BromO’henzoyl derivative 
O^ijN.CO CaH^Br. The o- compound is an oil, 
while the p. compound crystallises from alcohol 
in rectangular monoolinio tables [95®] (Schotten, 
B. 21,2248). 

m'NitrO’benaoyl derivative 
0*H„N.CO.C.H,NO,. [84®J. (184® at 64 mm.). 
S. (fUcohol) 83 in the cold, 50 at 78®. Dark- 
yellow monoclinio crystals. Crystallises from 
water with about 5aq, and then melts at 84®. 
Yields, on reduction, the amido-beuzoyl de¬ 
rivative [126®]. 

Oxy-bensoyl derivative v. Pipoidide 
of OXY-BENZOIO ACID. 

Cutninyl derivative C,jIL,NO. Tables. 

Cinnainyl derivative C„H,CO.NO..,H,o. 
[122®]. Formed from the anhydride and piper¬ 
idine (Herstein, B. 22,2265). Stellate needles. 

Alkyl-piperidines. On heating the alkylo- 
iodides of pyridine, a pair of alkyl-pyridincs is 
produced, that of lower boiling-point being 
(a)-alkyl-pyridinoi and the other ( 7 ').alkyl.pyr- 
idine. On reduction these give the correspond¬ 
ing alkyl • piperidines. The same isopropyl- 
pyridines are obtained both from pyri^ne 
isopropylo-iodide, and pyridine n-propylo-iodide, 
an intramolecular change taking place in the 
propyl group in the latter case. Gonyrine is 
(«)-propyl-pyridine, coniine is (o)-propyl-piper- 
idme • (tadonburg, B. 18, 1587). By adding 
potash to piperidine alkylo-iodides, r-alkyl- 
piperidines can be obtained. 


Methyl; Ethyl; Propyl; Phenyt; and ^yU 
Piperidines v. J&rHTL, Ethyl, Propvl, Phskyi^ 
and Toltl Pyridinb hhxahvdmdks. 

PUPERimm y-CABBOXYIIC ACID 

ether MeAf. 

(201°). Formed from piperidine, ClCO«Mo, and 
KOHAq (Schotten, B. 15, 425; 16, 647). Heavy 
oil. Converted by HNO,, containing uroa, into 
CiHj(NOJN.CO.AIe [103®], whence Br forms a 
compound [130°]. 

Ethyl ether EtA'. PiperyUurethane. 
(211®). Formed from piperidine and ClCOjEt. 
Oil. Br in HOAc forms 0,II,B^.COjEt [140®], 
wlille UNO, free from NO,, forms ‘nitrodohydro- 
piperyl urethane ’ CJI-(NO.,)N.CO..Et [62®], 
whence Br in HOAc forma CJl„BrNjOj [167®]. 

Chloride C..H,„N.COCl. (238°). Formed 
from CjHjnN.CO.CO.H and PCI, (v. PiPEaiDiNE, 
Rcaciion C). Liquid, slowly decomposed by cold 
water into piperidine, CO., and TICl. 

/Imt/c C,H„N.GO.NH.^. [106®]. Got from 
piperidine sulplmto and potas.siura cyanate. 
Needles. Yields B'HNO,. [67®] (Franchimont 
a. Klobbie, R. T. C. 8, 302). 

Anilide. [172®]. Formed from piperidine 
and phenyl cyanate, or from tlic cjdorido and 
aniline (Gebhardt, B. 17, 3010; Wallach, A. 
228, 250; 237, 250). 

Piperidide (C.H„N).,CO. [43‘=]. 

Isomeride v. Ilcxahydride of Fvbioinb 
cauboxtlio acid. 

BI-PIPERIBYL V. PiPYRiDYL dodccahy- 
dtide. 

PIPERIDYL-CYAKirRAMIDE v. Cyanur- 
amide in article Cyanic acids. 

PIPERIDYL-MELAMINE v. Cyanic acids. 

PIPERILENE V. vol. iii. p. 807. 

PIPERINE C„H,oNO, i.e. 
C,H,pN.CO.CH;CII.CU:CU.Cjr,:0.,CH2. Piperyl^ 
piyeiidine. Mol. w. 285. [128®]. Occurs in 
black pepper {Piper nigrum), long popper (P. 
longum), and in the black pepper of Western 
Africa {Cuheba Chisii) (Oersted, S. 29, 80; 
Pelletier, A. Gh. [2) 16,344 ; 51,199; Merck, 
N. J. T. 20,1, 34 ; Wackenrodcr, Br. Arch. 37, 
347; Duflos, S. 61, 22; Warrentrapp a. Will, A. 
39, 283; Wertlioim, A. 70,58; Gorhardt, Compt. 
Chim. 1849, 375; A. Ch. [3] 7, 253; Anderson, 
A. 75, 82; 84, 345; Cahours, A. Ch. [3] 88,76; 
Stenhouse, A. 95,106; Von Babo a. Keller,/.or. 
72, 63; Strocker, A. 105, 317). 

Formation. —By heating piperidine with the 
chloride of piperic acid (Biigheijner, B. 15,1390). 

Preparation.—Qroond pepper (1 pt.) is boiled 
with slaked lime (2 pts.) and water, the filtrate 
evaporated to dryness at 100®, and the piperino 
extracted with ether and recrystallised from alco¬ 
hol (Cazeneuvo a. Caillot, Bl. [2] 27, 290). 

Properfie^.—Monoclinfcprisms, v. ri. sol. hot 
water, m. sol. alcohol and ether. Inactive to 
light. Insol. dilute acids and alkalis. Decom¬ 
posed by alcoholic potash into piperic acid and 
piperidine. Cone. H_.S 04 forms a blood-red solu¬ 
tion. UNO, gives ’ a greenish-yeliow colour 
changing to red. Phospbomolyb^o acid gives a 
flocculent pp. 

Salts.—The hydrochloride is crystalline, 
but decomposed by water.—B\H^tCl«: roseate 
monoolinio crystals. Not decompose by hot 
water (De Ooninok, Bl 45| 181).— 
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irIcliJuo crystals. [145®]. Steol-blno 

needles (Jorgensen, J,pr. [2] 8, 328). 

FIPEBOKETONIC ACIl) v. Di-oxY'Bsnztl 

BTE7L KSTONE CABBOSTLIO AOID. 

FIF£ROKAL v. MHhylene derivative of 

pBOTOOATECnUIO ALDEUYDK. 

FIPERONYL-ACEYLtC ACID v. Methylene 
ether of Caffeio icid. 

FIPERONYL ALCOHOL v. Methylene deri¬ 
vative of DI-OXY-BBNZYL ALCOIIon. 

PIF£RONYLIG ACID v. Methylene deriva- 

tive of PROTOOATBCHOIO ACID. 

FIPEHOPROPIONIC ACID v. Di-oiy-phenii;.. 

PHOFIONIC ACirt 

FIPER-PROPYL-ALKINE v. Oxy-puopyl. 

PtPEUIDINB. 

FIPEBYL. This name is given to radicle 
CaA:CgH,.CH:CH.CH:CfI.CO. IHperyl has 
also been used to denote C,H,o, the divalent 
radicle which is united to NK in piperidine; 
many of the derivatives of this divalent ‘piperyP 
are described under Pipemdine. 

PIPERYLEKE v. Pentinbne. 

PIPERYLEHE TETRABEOMIDE v. Tetiu- 

BROMO-PENTANE. 

PIPITZAHOlC ACID Perczonc. 

[104®] (A. a. L.); [107°] (Mylius, 73.18, 480). 
May bo extracted by alcoliol from Pipitzahuao 
root or Tiadix Perezue (Do la Sagra, 0. R. 42, 
873. 1072; Woldt, A. 95, 188; An.schiitz a. 
Leather, 0. J. 49, 715; H. 18, 709. 715). Flat 
golden plates (from alcohol), nearly insol, 
water, v. sol. alcohol and ether. May bo sub* 
limed. Volatile'with steam. Aqueous alkalis 
form a violet solution. Aqueous methylamino 
forms methyl * umido • pipitzahoio acid 
C,jHm(NIIMe )03 [111°J, crystallising in blue 
needles, while aniline forms C,jII,„(NHPh)0, 
[I39°j, o-toluidino gives C,,U,„(fUiaH..)0, 
[1J0°J, ;j-tolui(line yields p-tolyi-amiao-pipitza- 
lioic acid [134“]. Bromine forms 0,jH.;uBr..0a 
[109°]. 

Salt 8.—PbOjiHigO,.—CuAy—^AgA':purplo 

pp. 

Ethyl ether EtA'. [141°]. 

Acetyl derivative C,,,ll|»AcOg. [116°]. 
Trimctric plates; a:5:c = ■G29;l: '845. 

Oxiw? C,-,lL,NOa. Ajnidopipitzaho'ic acid. 
[164°]. Flat violet-brown needles. Formed from 
the tffeid and alcoholic hydroxylamino (Mylius, j 
B. 18,936). The same body is got by boiling ' 
phenyl-amido-pipitzahoio acid (v. 5Uj;m) with 
NH,Aq (A. a.L.). 

OzypipiUahoio acid C,.,H,^(0H)^02. [129^] l 
(A. a. L.); [134°] (M.). Formed by warming ! 
phenyl>amido*pipitzahoic acid (v. supra) with j 
alcoholic H..SO«. Orange plates, nearly insol. • 
water. Its alkaline solutions are violet. Bromine ; 
forms an unstable ^Ihromide [140°-146°j. On j 
warming with H^SO^ it is converted into pere* - 
Einono 0,>H,^0, [144°], which crystallises in 
yellow needles or prisms, and yields C,jH„NaOj, 
crystaUising in easily soluble yellow tables. 

MRYIEHE O.H, U. (60°). 

Fonned by distilling with solid NaOH the 
methylO'io^de of the base obtained by the action 
of Aff,0 on io^de formed from di*metbyl- 
pyriome hexabvdride and iodine (Ladenborg, 
k. 247,60). OIL Does not ppt ammoninoal 


FISOIDZR On [192®]. The poisonoai 
principle of Jamaica dogwood {Piscidia 
Erythrina)t from which it oan be extracted by 
lime-water (Hart, Am. 5, 39). Six*8ided prisms 
(from alcohol), insol. water, si. sol. cold alcohol, 
sol. benzene, CUCi|, and cone. HClAq. Sedative 
and narcotic. 

PITTA KAL V. EuriTTOKio AOin. 

PITDRINE is Nicotine. 

PLASMINE t'. riioTEiDs. 

FLATIIfAMMINES v. PLATiNUAi-AUUONZoJf 

COMPOUNDS, p. 292. 

PLATiNATES. PtO^II, acts as an aoidio 
hydroxide towards strong bases, forming com¬ 
pounds of the typo xPlC.-yMO. Those platin- 
ates aro generally obtained by reacting on 
PtClfAq with caustic or carbonated alkalis, and 
sometimes by fusing PtGl, with bases and then 
washing with water. 

Barium # platinates. The compound 
2riO.;.3BaO was obtained, in hexagonal crysials, 
by Jtousseaa (C. R. 109, 144) by heating PtCl^ 
with BaO for some time, then adding BaCl, 
equal to the quantity of BaO used, and heating 
to 0.1100° (iii.p. of Cu) in a Pt dish for some 
hours, and washing with water. The crystals 
aro insol. acetio acid, but sol. HClAq. The salt 
decomposes at an orange-rod linjit, in presence 
of BaClj, with scparatimi of Pt, TopsOe (B. 3, 
462) obtained PtBaOy.dUjO by decomposing 
ILBtClttAq by excess of BaOJI, in sunlight; to 
the )>p. thus obtained Johanusen {A. 165, 204) 
gave the composition 

3PtBa03.BaCl2.Pl0CLUIL0. 

Calcium platinates. According to Ilersohel 
[A. 3, 317), CaOAq added to PtCl^Aq in sunlight 
produces a white pp. of 

PtCa0,.0a0.Pt0Cl.,.7H20. 

Sodium platinates. When a mixture of 
Na,COaA(i and n..PtCl„Aq stands for some days 
in a warm place, a pp. of 3Pt02.Na..0.6Hp sepa- 
rates (Uobereiner a. Weiss, A, 14,21). Rousseau 
(C. R. 100,144) obtained crystals of Na platinate 
by heating a mixtiiro of equal weights of NaOH 
and NaCi with some Pt black, in a Pt crucible, 
to c. 1100 for two or three hours. 

For descriptions of tho hromoplatinatett 
chloroplalinatcs, iodoplatinates, Acs., v. Platiki* 
DKOMIDEH, PLA'iTNI-CUIjOltlDBS, PlATZMX-IODXDBS, 
Ac. 

THIOPLATINATES. PtS, combines with 
some more basic sulphides to form salts which 
may be called thioplatinates ; some salts are 
also known containing Pt and Bn combined with 
alkali metal and S. these may be called thio- 
stannoplatinatcs. The alkali thioplatinates are 
obtained by fusing togctlicr spongy Pt, 8, and 
alkali carbonate, and washing with water,wherein 
the thioplatinates are insoluble. Other tM(v 
platinates- of Cd, Cu, Fe, Fb, Mn, Hg, Ag, Tl, 
8 r,and Zn~are obtai'^ed by double deoomposi* 
tiou from the alkali salts. Tho tbioplatlnatee 
belong to the forms and fi^Pt,8«; the 

corresponding thic^latinic acids ]^t|8, and 
H4Pt,Ss are obtained by decomposing ^Ptiflf 
and NafPtsS^ respectively by dilute HClAq. 

Fotanium thlopUtiiiate 
E,Pt484>>>>E,S.3PtS.PtS3 {PotctsswmpUtUn-tMch 
platinate). Blue-grey, metal*like oxystalfi; S.^* 
0*44 at 15®. Olows like tinder wbmr heated in 
•ir, forming Es804 and Ft; ledooed in H iiitb 
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•tl^tion o£ and formation of K. Obtained 
M fating an intimate miitare of 1-2 parts Pt 
blaok with 12 parts of a mixture of equal parts 
trf S and KjCO, in a porcelain crucible, keeping 
the molten mass over the blowpipe for a few 
minutes and extracting with water when cold. 

Sodium thioplatinftte 

2NnjS.2PtS.PtSj (Disodiunt platin- 
ihioplatimte). Copper-red, rhombic needles; 
decomposed in air. Obtained similarly-to the 
K oompound mentioned above. 

Por details regarding thioplatinates, and also 
thiostannoplatinatesfo. Scimeider. P. 13(1,105: 

C^^l 119. 

881 (of. E. von Meyer, J.pr. [2] 15,1). 

M. M. P. M. 

rUTlHITES, derivatives of-, v. Platino- 
BKOMIDKS, PliiTmo-OHLOniDES, PuTINO-NITKITES 
& 0 . 

PLATINI, and FLATINO- fiOMPOONDS. 
Such compounds asplatiiii-bromides, called also 
broTm^laiinates, &niplatino-nitrites will belle- 
scribed here. « 

IPIATINI- COMPOUNDS. These compounds 
are derived from platinic compounds, especially 
from PtClj, PtDr,, and PtI,; they generally 
react as salts of acids containing totcavalent 
atoms of Pt in their acidic radicles. 

Platinl-bromhydrio acid HjPtBr„.9ITjO 
(Brottu^latinio acid). Formed by heating spongy 
Pt with Br, and IIlirAq (b.p. PiCP), in a sealed 
tube, to 180° (Meyer a. Ziiblin, B. 13,404; Hal- 
berstadt, B. 17, 2952). Also by dissolving Pt 
black m HNOjA.; mixed with HBrAq, heating 
with repeated additions of HBrAq, evapora¬ 
ting over CnO, and washing the crystals, on an 
asbestos filter, with CS- (H., l.c.). Largo, clear, 
carmine-red, monoclinic crystals; v. sol. water, 
alcohol, ether, acetic acid, and CHCl,. Melts at 
100° with partial decomposition (Topsoo, Ar. Sc. 
86, 58 ; 46, 223). 

PMni-bromides M'PtBr, {Bromoplatm- 
ates). Thomsen (Tft. 3,430) gives [Pt,Br<,2KBrAql 
-57450 and [Pt.O‘,CltBrAqJ-= 80,350, where 
B-H, Na, K, Am, iCa, iBa, jSr, pig. These 
salts are generally formed by evaporating 
HJtBr,A(], or a solution of Pt in Br and 
HBrA(], with metaUio bromides. They are rod 
crystalline solids, isomorphous with the corre¬ 
sponding Cl salts. As solutions of those salts 
give a pp. of AgjPtBr,, and not AgBr, with a 
hmited quantity of cold AgNO,Aq, and on 
deotrolysis of their eolations the Pt goes with 
the Br to the positive electrode, they a*re better 
regarded as ordinary salts tlian as double salts 
9MBr4tBr|. 

AHMONIOU Pm,TIOT-BBOMtDS Am PtRy KQg 
ootahedra; S.G. 4*2; si. sol. cold water. S. at 
20° -*59 (Halboretadt, B. 17, 2952). Formed 
by evaporaUng HjPtBr,Aq-f NH,Br. 

PoTASstuu PMTiNi-BBoaiDB KjPtBr,. Bed 
ootahedra; S.G. 4*64 (Tops3e, Ar. Sc. 35,5a: 

45, 228). a 2*07 at 20°, 10 at 100° (H., U.). 
Obtained by ppg. HjPtBr.Aq by KBr, or by eva¬ 
porating HjPtOljAq with KBr. Thomsen ITh. 

8 , 480) gives 

tPt,Br‘,3KBr]-69,260; [K°PtBr*,Ag]--12,250. 

Doable compounds with lytCl. an 
i«sonl*d by Pitkin (C. N. 41,118). 

BoniUK PLATOn-BBOMina Na,PtBr,.6H,0. 
Daik-ndj tticUoio prisms j B.Q, 8*328; very sok 


wi^r and alcohol. Obtained by cvaponHnff 
PtCl,Aq with HBr till the Cl & turned out 
adding NaBrAq, evaporating to dryness, dis- 
*** ® little water, and crystallising 
pomsen, J. pr. [2J 16, 294). Thomsen (Th. 

[P‘3r*,2NaBr,6H'01 = 65,830; 
[Na PtB_r‘,6H-0] = 18,640 ; [Na-PtBr».6EPO,Aq] 
= -8,550. Platini-bromides of Ba with lOaq, 
Ca With 12aq, Co with 12aq, Cu with 8aq, Pb, 
Mg with 12aq, Ma with 12aq, Ni with 6aq, Sr 
with lOaq, and Zn with 12aq, are described by 
lopsoo (Ar. Sc. 36. 68; 45, 223); von Bona- 
^0*"® (^; 19, 343) describes a Mn salt with 6aq. 

Flatiui-bromonitrites (NUro-brouwplatin- 
ates. PlalinUiilrobromides). Salts derived from 
tho platini-bromides by replacing Br by NO-. 
By gently heating Kjjrt(NO.^)q (t). Platino-nitrites, 
P'.j . ) with Br, poiassium plaiini-dibromo- 
mtnte, K;jPtI3r^(NOj^, is obtained as a yellow ’ 
pov^er, si. sol. cold, more sol. hot, water (V^zes, 
6 . B. 112, 616). Wlion an aqueous solution of 
thissaltisconcontvalcfUt a gentle heat, it yields 
crystals of potassium platini-tribromonitrites 
K,PtBr,(NO,), {V.. C. li. 115, 41). Potassium 
plaftm-fctrabromonifnle, K^PtBr,(NO.,)2, is ob- 
Uined by the regulated action of Br on 
KyPtlNOJ^; it forms red prisms, sol. water with 
partial decomposition (V., C. R. 116, 44). 

Piatiui-chlorhydric acid H^rtci.eri.O 
(Ghloroplatmic acid). A solution of this com- 
pound is the starting-point for the preparation 
of very many Pt compounds. Formed by dis¬ 
solving Pt in afiua regia, repeatedly evaporating 
with cono. HClAq till every truce of UNO, is 
expeljed, and allowing to crystallise (Weber, P, 
131, 441 ;_JorgensGn,/.^)r. [2J 16. 34.5 ; Topsae. 
Ar. Sc. 36, 68). Ked-brown, very deliquescent 
9*d31. Easily sol. alcohol, forming 
H^t01,(OEt), (Schiit/.enberger, A. Ch. [4] 21, 
352). Hdaled to 230 >, gives PtCl, («. Pbati-vum 
DioiiMBruE, Preparation, p. 289). Heated in Cl 
to above 350° gives PtCI, (». Platinum teira- 
cnLOBim.;, Formation, p. 289). By adding much 
i HjPtClj.OHjO in a little water, Pigeon 

1 ^^9, 1218) obtained the hydrate with 

I 4lljO; and by heating in vacuo at 100°, over 
fused KOH, he obtaiuod HPtCl,.2II,0. Thomsen 
(Th. 3, 430) gives [2HCI.\q,Pt,Cl“] = 84,620: 
[OHClAq.Pt.O-'] = 64,060. Pigeon (0. B. 110,774 
give.s [H'PtCl“.0IPq,Aq] = 44*10. kptCI,Aq re¬ 
acts as a dibasic acid; the platini-chtorUtes are 
nnmerous and important; the Am and K salts 
are only si. sol. water and insol. alcohol, and are 
much used as forms for estimating K and am¬ 
monia. Very many organic bases replace H and 
form salts analogous with the metallic platini- 
chlorides. 

Platini.chloridesM-4>tCl, (Chloroplatinates). 
Thomsen (Th. 3, 430) gives [Pt.Cl',2BClAq) 

= 84,620; and [Pt,O*,0BC!Aq] = 64,060; where 
B-H, Am, K, Na, ‘Ba. ^Ca, ISr, iMg. Pigeon - 
(0. S. 110, 77) gives rPtCl‘,2HciAq]-24,800. 
These salts are generally obtained by evaporating 
HjPtCl^q with metallio chlorides. Most ox 
them are yellow-red, orystallino solids; usually 
e. sol. water and alcohol. They are better 
regarded as ordinary salts than as doable chlor. 

Ides (ef. PLATiKi.BBOMiBas, supra). The platini- 
oUondas were investigated by von Bonsdorff 
if; i *“*' ^ J?] *1. “8,197, 

247, 345); ^ by TopsSe (Ar, SA 86,68); loi 
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hr Nason (B. 9,1056, 1142). CryataJIograplii- 
oiUy considered, these salts fall into four 
croups :-(l) M^tOl,, where M - Am, Os, K, Eb, 
T1 (and Ft may be replaced by Pd, Ir, or Sn); 
tegular, isomorphous with Am,(or K,)PtBr„ 
Am, (or K.,)PtI„ fluosilioates, . fluostannates, 
and fluoziroonatcs of similar composition. 
(2) MPtCl,.6aq, where M = Cd, Co, Cu, Pe, 
Mg, Mn, Ni, Zn (and PI may be replaced by 
Pd or Sn) i hexagonal. (3) MPt01,.12aq, 
where M =Mg or Mn; hexagonal; isomor- 
phoua with corresponding platini-bromides. 
(4) M(PtClJ.,.21aq, where M = Ce., or La,; hexa- 


I pounds are formed with PtOJ, and ehloride of 
i Sb, As, orBi ,, 

Platini-chloronitritaa (Platmi-nUrochhr^ 

I ides. NitrochloropUiUnates). Salts dwivw 
I from the platini ohlorides by replacing Cl by 
NO- A few of these salts are described 
i by Vdzes (C. ft.. 115, *44); the principal 
I are dicHoronitnie K.,PtCl,(NO,),, tricklorO' 
nitrile K..l'tCl,(NO,)„ and penlathloronUnU 
K2PtCl,(N0,).II,0 (p. also Blomstrand, J.pr, [2] 

Platinl-iodhydrio acid H,PtI,.9n,0 (Jocfo- 
platinic acid). Brown deliquescent oryriala; 


AMMOnXUU PLATlNI-CHLOmOE Am^PtCla (Ain- 

mcmivM chloroplatinate. Platiiimlammoniac). 
Ppd. on adding NH,01 toH,PtOI,Aq, PtCl.Aq, or 
a solution of Pt in cone. HClAq with a little 
HNO,. Yellow, regular, octahedral crystals. 
B.O. 3-0C5 (Topsoo, i.c.). S. -005 at 20”, 1-2C- at 
100° (Michaelis, G.-O. 1, 1187). Scarcely sol. 
alcohol or other. Decomposed at red heat, 
leaving Pt black. For reactions with Nil, v. 
PHTINOM-iMMOSIUM COUl’OUNBS, p. 202. 

PoTASSIUU PLATINI • CIILOKILB K-PtCl^ 

(Potassium chloroplatinatc). Ppd. by adding 
KCl, or other K salt, to cono. H^riCl^Aq, or to a 
solution containing Pt which has been evaporated 
with excess of HClAq. IteddiBh-ycllow regular 
octuhodra. S.G. 3*58l) (136dekcr). S. *74 at 0 , 
l*ia at 20®, 2*17 at 50®, 3*79 at 80®, 5*13 at 100 
(Michaelis, I.c.). Almost insol. alcohol, or alco* 
hoi and ether. Sliglitly sol. dilute acids ; sol. 
KOIiAq. Reduced to Pt and KCl by heating to 
redness; more quickly by heating with reducing 
agents such as oxalic acid or sulphurous acid, 
or by beating in a stream of hydrogen. ^ Ve/.cs j 
IC. R. 110, 757) describes a nitroso- denvativc, i 
K,Pt(NO)CL. Pigeon (0. R. 110, 77 ;,112, 791) 
gives [Pt,Cl‘,2KClAql = 83,330; lPtCl’,2KC1.4q] 

= 25,330; [PtCl‘,2KCl] = 29,700. Thomsen (1 h. 
8, 430) gives [Pt,Cl‘,2KCl] = 89,500. 

Potassium platini-bromochloride 
K,PtBr,Cl,; by ppg. H,PtCl,Aq by KBr (Pitkin, 
C.N. 41,118). , 

The following plalini-chlorides have also , 
been isolated: AlCl,.PtCl,.15aq (Wclkow, B. 7, 
804; Salm-Horstmar. P. 99, 038); Ba. with 4aq 
(TopsOe; Bornsdorff, Precht, I'r. 1879. 509); 
Be, with 8aq (Welkow, B. 6, 1288; Thomsen. B. 
3 827); Cd, with 6aq (TopsSe); Cs (Crookes, 
C. N. 9, 37; Bunsen, P. 119, 371); Ca, with Uaq 
(TopsOe; Precht); Ce, various salts (Clove, Ma. 
rignac, Hoi zmann, J. pr. 81,80); CrCl,.P^I,.10aq 
(Nilson, B. 9,1056,1142); Co, with 6aq (Topsiie); 
Co, with 6aq (T.); Di, various salts (Frerichs a. 
Smith. A. 191,331); 2InC1..5PtCl,.3Caq (Crookes. 
Jf. 1864. 256); Fe, various salts (T.; Bonsdoru ; 
Nilson); La, various salts (Cleve, Marignao, 
Jolin, B. 11.910); Pb, with 3 orlaq (Binibaum, 
• /. 1867. 319; Topsiie); Li, with 6aq (Sohoibler, 
J. pr. 67, 486; JSrgensen a. Topsoe, Qm.-K. 3, 
1174); Mg, with 6aq (T.); Mn, with Caq (T.); 
Hi, with 6aq (T.); Kb (Crookes; Bunsen); Ag 
(Biinbaum); Na, with 6aq (Marignao, Tops6.e, 

' Fr^l: for thermal data v. Thomsen, am 
PieeoD. M ; Sr, with 8aq (Bonsdorfl); T1 
BU): kwittWaq W'i 8n.withl2aq 
(NQaon). Compound* of with chlottdm of 


probably monocllnic; by dissolving PU,m HIAq, 
and evaporating. Kasily decomposed, even in 


solution, rapidly at 100°, witli separation of 
PtI, (Topsoo, Ar. Sc. 38, 297; Cleiuenti, J. 
1855. 420; Lassaigno, A. Cli. [2J 61,113). 

Platini-iodides Mi-^Ptl, {lodoplatinates). 
Eeddishbrowfl, mctal-liko salts; generally 
forjned by evaporating II.2PtCl.Aq with excess of 
metallic iodides, or by adding iodides to PtI,Aq. 
Tlic following liavo boon de.sS’ibed (i>. Topsiie, 
dementi, Lnssaigne, /.c.|: Am ; Ca, with 12aq ; 
Co; Fc; Mg, with9.w|; Mn; Ni, withOaq; K; 
No, with (iaq; Zii, with 9aq. 

Platiniiodonitrites {Blatini-nitro-iodidcs. 
Nitro-ioiioplalinate.i). M'jPtl.-tiNOJ,. A few 
of these salts are described by Vizes (C.ii. 113, 
C9l>). A iiitroso-ifliitlni-iodide, K 2 Pt{NO)l 4 , is 
also described. 

Platini-molybdatea. By boiling PttOii,) 
with an acidified solution of Na molybdate, Oibba 
Lim. S. [3| 14, 61) obtained a complex com¬ 
pound which may provisionally bo classed as a 
piatini-molybdate, 4Na2O.10Mo02.Pt0.2.29Il20. 

Platini-nitrobromides ; •«. PuTtNi-Biioao- 
siTurrES, p. 282. 

Platini-nitrochlorides; v. PiATim-oiiLono- 
urrniTES, supra. 

Platinl-nitro-lodides; ti. Platini -lono- 
NiiBiTES, supra. 

Platini-tUngstates. Complex compounds ol 
Pto.,, WO„ and strong bases (u. Uibbs, Am. 8. [3] 
14, 61; KosenlieUn, B. 24, 2397). 

PLATING- COMPOUNDS. These com¬ 

pounds are derived from platinous compounds, 
especially from PtCL, PtBr.^, and 
generally react as salts of acids of the form 
ll2PtX„ where X is a monovalent negative 
radicle, generally Cl, Br, or I. 

Platino-bromhydrio acid HjPtBr, (Bromo- 
platinous acid). This compound is probably 
contained in a solution of PtBr, in HBrAq. 

Platino-bromides Mi.2PtBr, {BromoplaH. 
nites). Only one of these salts, ILPtBr,, hw 
been isolated. Potassium platino-bromsde i» 
obtained by adding a very little water to a mix¬ 
ture of the corresponding Cl salt and NaBr, lA 
the ratio K,PtCl,: 4NaBr, boiling, sucking up 
the clear liquid from ppd. NaCl, and allowiqg to 
cool, when the salt orystallises in dark-brown 
octahedra, or brown-ted needles, which are very 
sol. water (Thomsen, J. pr. [2] 16,294). Tho-n- 
son {Th. i, 430) gives [2KBr,Pt3r^ - 83,810. 

Platixe-hromonitritsi «. Platino-xiiuix^ 

*PUtiae-ehlorhydrlo astd HjPtCl, pMoro- 
platinotM oouf). Xbiiaeid has not been iiolated; 
W it almost eevtainlj exists in a solntioo pi 
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Pi01| in HOlAq, in the liquid obtained by decom- 
DMing BaPtClf by the equivalent quantity of 
(Nil8on» J. pr. [2] 16,260), and in the 
tolation formed when cono. H^tOl,Aq is added 
to hot oono.E,PtGl4Aq (Thomsen, J. pr. [2] 16, 
294). When these liquids are evaporated invacuOt 
a residue is obtained agreeing in composition 
with the formula HPtCl,.2H50 (» HCa.PtCl,.2H,0 
m H^t01,(OH).HyO); at 100° this loses H^O and 
HCl and leaves FtCl, (Nilson, l.c.), 

Platino-ohlorides M'^tCh {Ghhry'platinitcs)., 
These salts are obtained by evaporating metallic 
chlorides with PtCl^Aq, or in many cases by re¬ 
ducing platini-ohlorides. Most of the platino- 
ohlorides are very soluble in water, and crystal¬ 
lise only from very cono. solutions, generally 
forming dark-red crystals. Many of them are 
described by Nilson {J. pr. [2] 15,260). Thomsen 
(TA. 8,480) gives [Pt,Cl*,2MClAq] = 41,830; and 
[Pt,0,4MClAq]« 81,650; where M*«H, K, Na, 
Am, ^Ba, ^Oa, 4Sr, or ^Mg. 4 

AuuoNXUtf ruiTiNo-cniiOHiDB Am^tGIi 
{Ammonium c^toroplatinite). Obtained, in 
four-sided prisms, by adding AmCI to PtCl, in 
HClAq, and evaporating; also by reducing hot 
Am^tCl^Aq by SO,, or hot H^PtCl^Aq by SO,, 
and then adding AmCl (Poyronc, A. 55, 205; 
Thomsen, B. 2, 668; Grimm, A. 99, 95). 
tPt,CP,2AmCl]-43,650 (Th. 3, 430). 

Potassium platino-oiilouidk KPtCl, {Po- 
tassium chloroplatinite). Lai'ge, ruby-red, four- 
sided prisms; S.G. 3*2909 at 21*^; easily sol. 
irater, insol. alcohol (Nilson). An aqueous solu¬ 
tion is not ppd. by soda or potash when cold; 
on boUing, aU the Pt is thrown down as Pt(OH)3 
(Thomsen, J. pr. [2] 15, 296). [Pt,Cl^2KCl] 
•■45,170 (Th. 3, 430). Obtained by adding RCl 
to PtCl, in HGlAq, and evaporating (Magnus, P. 
14, 241); also by reducing K^PtCl^Aq by H B 
(BOttger, pr, 91, 251), or better by Cu^Gl, 
(Thomsen, J. pr. [2] 15, 294). K^PtCl, is made 
into a paste with water, warmed, aud moist 
GujOl, is added, little by little, Until a small 
excess is present; the liquid, which is nearly 
block, is filtered, the red crystals which separate 
on cooling ara washed with alcohol and re-crys¬ 
tallised. 

T}ie foXUnoing platino-chloridcs have been 
isolated and described: Ba, with 3aq; Be, with 
6 aq; Oa, with Saq; Cs (Bottger, J. pr. 91, 251); 
Ck>, with Caq; Cu, with 6aq (Thomsen, 2.c. ; 
Millon a. Oommailie, 0. B. 57, 822}; Fe^'^iwith 
6m; Pb; Li, with 6aq; Mg, with 6aq; Mn, 
with 6aq; Ni, with 6aq; Bb; Ag; Na, with 4aq; 
Sr, with 6aq; T1; Zn, with 6aq (Htlnefeld, S. 

197). Compounds of PtOl, with the chlorides 
of the following metals are also desoribed by 
Nilson (2.O.); Al, Ce, Or, Di, Er, La, Th, and Y. 

Platiao-ehloronitrites; v . Puiino-mitbiteb, 

infra, 

^latino-ehlorophosphates (Phospho’plaHnO' 
ehloridesU Several salts, and a few acids, con¬ 
taining Ft, 01, and P have been isolated by 
Sohataenberger {Bl. [2] 17, 482; 18, 101, 148). 
The classification of ^ese compounds is very in¬ 
complete. The following scheme is accept^ as 
provisional (c/. Seubert, Ladenburg^s Sand- 
vAirierhuch der Chemie, 9,814): 

PlaHno-ehlorophomharie acid Cl|Pt:P(OH),; 
1/ dissolving OI«HP01s in water and erjem* 


lising; (QlgPiFO^gPb^Saq, and variotts stIerA 
isolated. 

Platino-chhrodiphosphoric add 
P(OH), 

CLPt:j ; by the action of moist air on 
P(OH), 

Gl^t:PCl,.PCl,; ethyl ester also isolated. 
Platino-chloropyrophospJioric add 
KOH), 

ClPt: 0 ; by warming a solution of 

l^OH). 

CljPt:PCl3.PCI,. 

Platino-chloro anhydropyropliosphorie acid 
ClPt: 0 ; by heating the foregoing acid to 

■ ^on) 
ieo“. 


Ktkyl diplatino-chloro-phosphnte 
c[J.|>P(OEt).i by dissolving 

nlcohol; corresponding acid not isolated (Cochin, 
C. It. 86,1402). 

Flatino-oyanides and derivatives; v. vol. ii. 
p. 344. 

Platino-iodhydrio acid H,PtI, (lodopUtin- 
oua acid}. This acid probably exists in a solu¬ 
tion ol Ptl, in HIAq. 

Platino-iodonltritss; v. Platiko-nitmtes. 

Platlno-nitrites, and derivatives. Platinons 
nitrite [Pt(NO,).J has not boon isolated; but 
eevoral compounds are known in which the group 
Pt(NO.J, forms part of the acidic radicle. These 
platino-nitrites belong to tho form M,Pt(NO.j),; 
they are not to bo regarded as doable salts, but 
as derival-ivos of the acid H,Pt(NO,),; the or- 
dinary reagents for Pt do not show tho presence 
of this metal in solutions of these salts, nor do 
those solutions give the reactions of nitrites; 
their solutions doubtless contain the ions M and 
Pt(N03),. Most of the platino-nitrites are ob¬ 
tained from the potassium salt K,Pt(NOJ„ which 
is farmed by the reaction of equivalent weights 
of KjPtCl, and KNOj. 

PiiiTiNo-NiTKODS ACID E^PtfNO,), has not 
boon obtained pure, but it doubtless exists 
in the solution obtained by decomposing 
BaPt(NOj), by H,SO,Aq; on evaporation, this 
solution gives red crystals (Lang, J. pr. 83,416), 
but the process causes partial decomposition to 
triplatino-octonitrous add H,Pt,0(NO,),.2H,0 
(Nilson, B. 10, 034). 

PoTASsiDH FiATrao-smirni K,Pt(NOJ, 
{Potassium nitroplatinite). Small, lustrons, 
colourless, monoclinio prisms; by mixing solu¬ 
tions ol equivalent weights ol KjPtOliUndKNO^ 
and evaporating (Topsoe, J. 1879.807). S. 3-8 
at 16°; more sol. hot water. Combines with ' 
Br and Cl to form potassium platinidibramo- 
[dichhro-] nitrites, I^tBr,[01J(NOJ,. Moat of 
the other platino-nitrites are obtained from 
this salt, by adding AgNO,A^, separating 
Ag3Pt(NOJ„ and decomposing this by metolUo 
chlorides; or making BaPt(NOJ„ by the action 
of BaCl^Aq on the silver salt, tm deoampoaing 
this by sulphates (Nilson, B. i, 1722; 10,030; 
11,879; V. also Blomstrand, /. or. GQ t, 186). . 

Xht other platino-nitiitM Koioh naya Msk 
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bolkttd ue: Al, Am, Od, Oe, Or, Oo, Di, Sr, Ft, 
Ilk, Fb, Id, Mg, Mn, Hg, Ki, Ag, Na, Tl, Y, and 
Zn. 

PuTrao-BBOHOKiTBiTBa M'JPt(NO^,-*Brx. 
A iev oi these salts hare been obtained by 
Vdzes (0. B, 113, 696; 116, 41). Potassium 
platmo-bromonitnU K.,I’tBr(NO.|), and di- 
bromo-uitriU K^tBr,(N02)j are described. 

PLiTISO-OHtOBONmiTES 

V6zes (2.i;.) has described the potassium mono- 
chloro-salt E.,1HC1(N0,)„ and the dichloro-salt 
K,PtCl,(NOj)j. 

Platino-iodo-mitbites M,Pt(NOJ,.,Ii (Nil- 
son, JS. 10,930 J 11, 879: Groth, Z. K. 4, 469; 
Vdzes, C. R. 116,44). Potassiumplatino-di-iodo- 
nitrite K.,PtI,(NO,),.211,0 is obtained, in small, 
black crystals, by the action of an alcoholic 
solution of I on K,Pt(NOJ,. The other salts 
isolated are those of Al, Am, Ba, Be, Cd, Cs, Ca, 
Ce, Co, Cu, Di, Fe, La, Pb, Li, Mg, Mn, Ni, ph, 
Ag, Na, Sr, Tl, Y, and Zn. 

Platino-nitrobiomides; v, PuTino-nnouo- 
rtiraiTES, supra. 

Platino-nitrochlorides; v. PLATiHO-canoao- 
srtaiTBS, supra. 

Platino.nitro-lodides j o. Pmtino-ioiio- 
NiTBiTEs, supra. 

Flatino-oxalie acid and platino-ozalates 
H,Pt(0,0,)., and M‘,Pt(C,0,), (Soderbaum, Bl. [2] 
45, 188). The sodium salt Ha,Pt{C,0,),.411,0 
is obtained, in copper-coloured crystals, by 
beating Naj0.3Pt0,.6H,0, with IJ parts 
crystallised oxalic acid, cooling the bluo- 
ooloured liquid, treating the brown needles 
which separate with hot water, and crys¬ 
tallising; sometimes the salt separates with 
6H,0 as golden-coloured crystals. The other 
salts are obtained by double decomposition from 
the Na salt; they seem to exist in two forms 
corresponding witli the two sodium salts. Pla. 
tino-oxalic acid H,Pt(C,0,)r2H,0 is obtained 
as red, lustrous, metal-like crystals by decom¬ 
posing the silver salt with the equivalent weight 
of HClAq, filtering, and concentrating the blue 
solution in vacuo. Saits of the following metals 
ate described by Sbderbaum (i.c.); Am, Ba, Ca, 
Mg, Mn, Ni, K, Ag, Na, Sr, and Zn. 

Platino-phcsphochlorides v. Plstiho-chlobo- 
niOSPHATEB, p. 284. 

Platisc-seleno-stennates. Schneider {J. pr. 
[2] 44,607) has described two salts, K,Pt,SnHe, 
and Ns,Pt,SnSo„ which may be called platino- 
seleno-stannates. They ate formed by heating 
together Pt black, SnSc„ K,CO, or Na,CO„ and 
Be. 

Platino-stannates. This name may be given 
to some compounds derived from the acids 
H,Pt,Sn,0, and H,Pt,Sn,0„ described by 
Schneider (P. 136, 105) and Schutzenberger 
(C. B. 98, 986); cf. also L4vy a. Bourgeois (O.B. 

• 04, 1365). 

Platino-sulphocyanhydrio acid, and salts v. 
Tol. ii. p. 867. 

Platino-sulphcnates, and derivatives (Liebig, 
A. 23, 23; Litton a. Schnedermann, A. 42,316; 
Bimbaum, A. 139, 164; 162, 137; 169, 116; 
Ddbereiner, J.pr. 15, 316; Lang, J. pr. 83, 416). 
(Plalino-sulphites. Sulpho-plaiiniUs.) When 
k,PtCI, is heated tsiib EHSOpkq, or SO, is 
into E,SO|Aq holding; PtiOH), in sua- 
ganMon, liquid is neattahsed by E^, and 


evaporated, yellov, mlorosoopio erystals are ob¬ 
tained of E^(ES0|},.3H,0. From this potas¬ 
sium plahno-sulphmate other similar salts are 
obtained. These salts are better regarded as 
derived bornplatino-sulphonicacid H,Ft(HSO,), 
than as double compounds of PtSO, and 
K,SO.[K,Pt(KSO,).=PtSO,.8K,SOJ; thev are 
analogous to the platino chlorides M,PtCl, and 
the platino-nitrites M 3 Pt(NOJ,. The ammo¬ 
nium. sodium, and silver salts have been 
isolated. Sodium-platiiw-oxy-sulplumio acid 
Nal’t(HS0J),0 and ammoniunt-platirn-oxy- 
sulphmic acid Aro 2 Pt(HSO ,),0 have also been 
isolated. 

Plaiino - cimoBosuLruosATES (Platiuo- 
ehlorosulphites. Sulpha 


- chloroplatiniUs), 
potassium «u( 


KjPt.CVKSO, is obtained by warming K,PtCI, 
with SOjAq, evaporating, and adding KOI. 
Ammonium platino - chlorosulphmio acid 
I Am.2Pt.Cl,.HSO, crystallises from a solution of 
AntjPtCl,, or Am.jI’tCl„ in warm cone. SOjAq; 
the potassium and sodium saHj of this aciu are 
known. A complex acid, AmH.Pl.C1.80,JlS0„ 
and tlie salts AmK.Pt.CI.80,.KS0i and 
Am2.Pt.Cl.SO,.SO,Am have been isolated. 

I Platino-thiosulphstes. A few salts have been 
obtained which may be regarded as compounds 
of hypothetical platinous thiosulphate and 
sodium thiosulphate PtS.j0,.a:Na.,S,0,.)/H,0, 
where * is 3, 4, 6, and 7. They may also be 
looked on as derivatives of the hypothetical 
acid HjPt(S20,H)„ where H is toplaoed by No 
(Schottlander, A. 140,200; Jochum, 0.0.1886. 
642). M. M. P. M. 

PLATINBM. Pt. At. w. 194'3. Mol. w. 
unknown. Molts at o. 1776^ (Violle, 0. B. 69, 
702); older determinations generally gave m.p. 
0.2000“ (tor references v. Carnelley’s Melting and 
Boiling Point Tables, p. 10), although Beo<iuerol 
(C. B. 67, 855) gave 1400“-1480‘’. S.G. 21-48 
to 21-5 at 17-6°, after melting in H (Deville a. 
Debray, 0. B. 81,839: for other values 0. Clarke's 
Spec’ijie Qravity Tables. 2nd edit. p. 16). 8.H. 
•03213 (Uegnault); -0314 (Dulong a. Petit); 

‘ •0317-v-d00012{ at 1° (Violle, P. Af. [6] 4, 818). 
i C.E. (linear at 40°) -00000899 (Pizeau, 0. B. 68, 
j 1125, for Pt that had been melted); from 0° to 
I 100°,-00000861 (Calvert a-Johnson, B. A. 1668. 
for hammered Pt). T.O. (Ag = 1000) 379 (C. a. 
J., l.c.) ; 0. 84 (Wiedemann a. Franz, J, 1866.911. 
Heat of fusion o. 6276 (for 194 g.) (Violle, l.e.i. 
E.O. (Ag=100) 8-042 at 12°-18° (Beoquetel, 
A. Ch. [3] 17,242); 10-53 at 20-7° (Matthiessen, 

I P. 103, 428). For electrical resistance of Pt wire 
v.Arndt8en(P.104,l). Crystallises in the regular 
system (o. infra. Properties). For chief lines in 
I emission-spectrum v. B. A. 1884. 436. 
l Occurrence. — Alloyed with Ir, Pd, Bh, An, 

I Cu, and Fe in the sands of many rivers, often 
! associated with titaniferous iron and chroma> 
iron, and in the older rocks in difierent parts of 
the world. The quantity of Pt in ' platinoia 
ores,’ varies from c. 60 to c. 90 p.o. A Canadian 
Ni ore was found by Clarke a. Catlett to eontain 
from 008 to -02 p.o. Pt (Ant. 8. 87,672). In 
1741 Watson received some particles of a metaU 
like substance from the gold-bearing sand of the 
river Pinto in New Granada; the shining silvery 
particles were called in the district where they 
ocaamdplaHna del PieUo (plafina sdiminutiw 
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of Bpanldi pfatoMiHTer). Watson extraotod a 
MW metal from the substance sent him» and 
oalled it platinum {T* 1750. 565). For a short 
account of the history of the Pt metals, v. Koblb 
lUDTALs, It. 620. 

Formation.—1. By decomposition of FtOI^ or 
(NHJ^tCI, by heat.—2. By heating an alloy of 
rt ana Pb in a current of air, whereby the Pb is 
oxidised and the Pt romains.—8. By reducing 
many Pi salts by Zn, Fe, NaOHAq and 
FeSOjAq, Na^GO^Aq and sugar, alcohol added to 
an alkaline solution, Ac. ' 

Preparation.—1. TlioPt ore is obtained as a 
fine powder by fusing with 2 or 3 times its 
weight of Zn, powdering the brittle alloy so 
formed, and removing the Zn by dilute HJ^OiAq 
Ipescotils, 0. A. 27, 281; Hess, J. pr. 40,498). 
The residue is heated to redness, then warmed 
with HClAq (to remove portions of the baser 
metals), and then treated with c^ld aqtia regia 
whloh dissolves Au. The rcsiduc'is heated, in 
retorts, with aqua regia; the solution contnrlns 
most of the Pt, along with Bh, Pd, and a little 
Ir; in the resiune are found osm*in<llum (u. 
vol. iii. p. 47), Bu, and a little Pt. The acid is 
distilled off, carrying with it most of tlie Os as 
ObO(; the concentrated solution is neutralised 
by Na,^CO„ and the Pd is ppd. as JMOy., by 
HgCy,; NU^Cl is added to the filtrate, and 
fNH,)5,PtCi, is thus ppd. mixed with some 
fNHJJrCIj. The Ir salt may be removed by 
aigesting with slightly warm KONAq until the 
undissolvcd portion is light yellow; the salt 
IrCl,.3NH,Gl is thus formed and dissolved, while 
(NHJjl’tClj remains (Wohler a. Muckl6, A. 104, 
808). Or the NH^.Pt and Nn4.Ir chlorides may 
be dissolved in hot water, and the Ir salt reduced 
to IrCl,.8NH4Cl, which dissolves, by SO^ (c/. 
JjUDiuu, vol. iii. p. 40). The residual ammonium 
platlnichloride is then lieated until all Nil, and 
Cl are volatilised.—2. Finely-divided Pt ore is 
dissolved in aqua regia diluted with 2 pts. water, 
under increased pre'ssure (which aids the solu* 
tion); the solution is evaporated, and the residue 
ia heated to 125'^, wlioroby the chlorides of Pd 
and Ir are reduced to the lower ohlorides; treat¬ 
ment with HClAq dissolves PtCl,, which is ppd. 
as (NHJjPtClj by addition of NH,C1 (Herrons, v, 
Hofmaun's CJtetn. Indmtrie auf ocr Wiener 
WeltausstcUung, 2,999; v. also Dullo, /. pr.78, 
3C9).—8. Commercial Pt is nudted with G times 
its weight of Pb, the granulated alloy is treated 
with dilute HNOsAq (1:8 by volume), which 
dissolves most of the Pb, Cu, Pd, and Bh; the 
blaok residue is dissolved in diluted aqua regia — 
Ir remains undissolved—the solution is eva¬ 
porated with HySO^Aq, whereby Pb is removed 
as PbS04, the nitrate and washings are mixed 
with excess of NH4CI and some NaCl, heated tc 
80^, and allowed to stand for some days; the 
pp. is washed repeatedly with saturated 
NH4ClAq, and then with very dilute HClAq; it 
ia then dried, heated to dull redness in a Pt 
Teasel with KHSO4 and a little NH4HSO4, and 
washed with boiling water—Bh goes into solution 
aaBh-K disulphate.and finely-divided Pt remains 
^atibey, Pr. 28, 468). For other methods 9, 
Seville a. Dcbray, A. Ch. [3] 56, 835; 61,5.— 
4» Pure Pt is obtained by evaporating a solution 
of the ora in aqua regia with HClAq till HNO| 
i| nearly temovad, adding KaOHAq wi strongly 


alhBlina, boiling for a long thus (the i^kalinitf 
gradually disappears, owing to foroqation w 
NaClOAq), adding alcohol, and then making the 
turbid liquid acid by HClAq, filtering from olive- 
green IrCl,, and ppg. by cone. NH4ClAq (W. von 
Schneider, A. Suppl. 6, 261). The Ft obtained 
by strongly heating the ppd. (NIl4)2PtCl, should. 
be dissolved in diluted aqua reqia, and re-ppd. 
by addition of NH,C1; on heating this pp. pure 
Pt remains (Seubci’t, A. 207, 8). For another 
method of obtaining pure Pt, v. Myllus a. FOrs* 
ter, li. 25,005. 

The finely-divided Pt obtained by the above 
methods may be fused into a lump by the use of 
the 0-H flame. The meta^ is placed in a cavity 
made in a block of lime (made by strongly heat¬ 
ing marble), which is covered by another block, 
through the top of which a hole is pierced to 
admit the flame (v. Doville a. Debray, A. Ch. [3] 
50, 885; cf. Pjati.vom in DicnoNAnY or Applibo 
C lIliMISTUY). 

Platinum 5Zac7c,which ia extremely finely- 
divided Pt, is obtained by reducing solutions 0! 
some Pt salts by certain organic reducing com¬ 
pounds, or by Zn or AJg, <Sro. PtCl,Aq may be 
reduced by Mg (Bottgor, J. pr. [*2J 2, 137), zinc- 
dust or Fo in powder (Brunner, A. 109, 253), 
FcS04Aq and NaOHAq (Hempel, A. 107, 97), 
sugar and Na^CO^q, or by alcohol. Pt black 
is ahso formed by fusing Pt with twice its weight 
of Zn, powdering the alloy, dissolving out Zn by 
H.,S04 Ai 1, and washing with very dilute HNO,,Aq 
(Dobcrcincr, A. 17, 07). Loow {B. 23, 289) 
recommends to dissolve 50g. PtCl4 in 50-00 0.0. 
water, to add c. 70o.c. formic aldehyde solution 
of 40 to 45 p.c., to cool, and then to add gradually 
60 g. NaOH in 50 c.c. water, to set aside for 
12 hours, and then to filter and wash until the 
washings pass through black, when the washing 
should be stopped for some hours, and continued 
when the washings again pass through colourless 
(0 is absorbed and temperature rises); the residue 
is washed until quite free from NaCl. and dried 
over H2SO4. Liebig {P. 17, 101) dissolved PtCl, 
in warm cone. KOllAq, added alcohol to the hot 
liquid till CO, came off freely, decanted, washed 
tliG ppd. Pt, succe.ssively, with alcohol, HClAq, 
KOHAq, and finally, several times, with boiling 
water. 

Crystals of platinum are obtained by 
heating Pt to redness, in a glass or porcelain 
lube, in a stream of dry Cl, for twenty-four 
hours (Hodgkinson a. Lowndes, 0. N. 58,168, 
223; Seelhoim, B. 12, 2006; Joly, N. 43, 541; 
cf. Troost a. Hautcfeuille, C. B. 84, 94). Joly 
{N. 43, 541) obtained cubical crystals of Pt, 
about ‘1 mm. in length, by sprinkling some finely' 
powdered topaz on a ribbon of Ft, and heating to 
bright redness'by an electric current for c. two 
hours. Moissan {C. R. 109, 807) obtained crys¬ 
talline Pt by heating dry PtFf, in a Pt tube, to 
bright redness. Pt that has been molted shows a 
crystalline structure when touched with aqua 
regia (ef. Eoettlg, J. pr. 71,190; Nogu^s, C. B* 
47, 882; Kalisoher, B. 15, 706; Mallet, Am. 8. 
[2] 20, 340; Phipson, 0. N. 5,144). 

Treatment of platinum residues.—Pi reri* 
dues accumulated in the laboratory generolly 
contain Pt as (NH 4 )^tCl«; the liquid portion 
usually contains alcohoL The solid part it 
wanuM, in a water-bath, with K|00|A^ KQHA^ 




HiATINUlL 




m KftOHAq, and the aloohoUe liqoid is added 
little bj Uttie, or ECO^Na is added (DuYillier, 
C* E. 6 ^ 444)« till the salt is reduced to Pt. 
The black residue is washed, dried, boiled with 
HClAq, and again washed and dried (Kndsol, E. 
6.1169). 

Pr<ypertie9*—Compact platinum is a 
white metal with a greyish tinge; it is easily 
polished, thereby acquiring a very high lustre. 
Much softer than Ag, ratlier softer than Gu; 
thin plates or wire can be cut easily with scissors. 
Without taste or smell. Very malleable and 
ductile; a wire 9 mm. diameter breaks with a 
weight of 124 kilos; tenacity is, therefore, o. 
same as Fe. Pure Pt can be drawn into very 
thin wire; by fusing into Ag wire, drawing 
out, and dissolving away the Ag, a wire of Pt 
‘0009 mm. diameter is said to have been ob* 
tained (Gailfe, 0. B. 1877. C25). Most easily 
fused of Pt metals except Pd; very thin wire 
melts in the outer blow-pipe flame; larger 
masses require the 0-H flame. Becomes soft 
and workable much below its m.p. Melts in an 
ordinary fire, owing to combination with C or 
Si (Heraous, D. P. J. 167, 132; Devillc, A. Ch, 

[3] 46,182; Boussingault,0'. B, 82,591; Schulzcn* 
berger a. Colson, C. B. 94, 1710). Crystallises 
in the regular system, chiefly in octahedral and 
dodecahe<lral forms (u. Seelhcim, B. 12, *2060). 
Said to volatilise to some considerable extent 
when kept molten (Doville a. Debray, 0. B. 44, 

. 1101). By heating in certain gases, especially 
in Cl, volatile compounds arc formed and again 
decomposed. Molten Pt absorbs 0, and * spits' 
when cooled rapidly. 

Pt occludes H. According to Graham (P. ilf. 

[4] 36, 63), Pt foil absorbs live to six times its 
own volume of H at a dull-rod heat; Bcrtholul 
(C. B. 94,1383) says that Pt absorbs from 80 
to 120 times its volume of H, proliitbly with 
formation of definite compounds. Berliner ( \V. 
85, 791; cf. Neumann, M. 13, 40) found tliat 
ordinary Pt foil absorbed 127 volumes of H; 
foil that had been quite freed from gases and 
cleaned absorbed 200 vols. of H and HO vols. of 
0 or CO. The whole of the occluded gas is re¬ 
moved, with difllculty, by strongly heating in 
vaeuo'f under ordinary conditions about 80 vols. 
of H are retained. 0 is also occluded by Pt 
foil, and the condensed 0 brings about oxidu' 
tions, e.g. electrolytic gas ( 11 ,+ 0 ) explodes 
when exposed to Pt foil at c. 180'^ (Berliner, 
lx.), Pt is pervious to H at a bright-red heat; 
Graham (P. M. [4] 32, 401, 503) found that 
489*2 C.O. H passed, pci minute, through Pt foil 
I’t mm. thick and having a surface of 1 square 
metro. Oases other than H scarcely diffused 
through at all. 

Pt is not acted on by pure HClAq, HNO,Aq, 
or HjSO^Aq, nor is it attacked by 0 ; various 
mixtures of aoids dissolve it. Pt is acted on by 1 
Cl and by substances which evolve Cl; alsor at 
high temperatures, by molten alkalis, nitrates, 
ECN, a mixture of alkali carbonates with S, 
by P and Si, and by most of the metals. 

Platinum black is a porous, heavy, very 
finelyn^vided black powder, which becomes 
met^'like, grey, and lustrous when rubbed; 
S.G. 16*8 to 17*6. blaok absorbs large quan¬ 
tities of oeriain gases, especially 0 ; according 
to DObweinei (i. 17» 67), from 173 to 268 Tolf. 


0 are o^nded by 1 vol. Pt blaok. The 0 con¬ 
densed in Pt black is able to bring about many 
processes of rapid oxidation: H, 00, C 2 H(, 
CH«0 gas, Et,0 vapour, are rapidly oxi¬ 
dised, generally with ignition (t>. von Mulder, 
B. T. G, 2, 44; Sohdnbein, J. pr, 08, 76; P. 
105,268; von Mulder a. van der >l 6 uleiit B, T. C, 
1,167); alcohol is oxidised to acetic acid, formio 
and oxalic acids to CO, and HjO, AsjO, to As^O, 
(von Mulder, B, T. C. 2, 44). Pt black charged 
with U acts as a reducer; water is formed when 
the liydrogehised Pt black ia brought intoO (Wilm, 
B, 14, 878; Berthclot, G. B. 94,1377); aqueous 
solutions of KClO„ KNO„ K.FeCy^.alsoO.H.NOj, 
&c., are reduced (Gladstone a. Tribe, (J. N. 87, 
245); ozone is reduced to 0 (von M. a. van dor 
j M., l.c.). One cause of these actions is probably 
' the heat produced during the condensation of 
; the gases in the porous Pt (e/. Bortlielot, A- Ch. 
[5] .30, 519); it ia not probable that an oxide 
of Pt is fonu^ and then reduced (v. V. Mover, 
j J.pr. [2| 14, 124 ; cf. Toinnmsi, It. 11, 811).' 

Tlie at. w. of Pt has been determined (1) by 
■ strongly heating PtCb. (Borzelins, P. 8 , 179 
! (1813J); (2) by determining Pt in K,rtCI„ and 
' by finding the ratio of rt:KCl in the same salt 
' (B., P. 13, 469 [1826J; Andrews, Chan. QateiUt 
1H52. 379); (3) by analyses of K^PtCl, and 
(NU,).,PtCl« (Bcubort, A. 207, 29 [1800]; Hal- 
borstadt, B. 17, 296*2 [1884]; cf. Dittmar a. 
McArthur, A’. Tr. 33, 561 [1888], and criticism 
tl)creon by Seubert, B. 21, 2179); (4) by deter¬ 
mining S.H. of solid Pt (Vioilc, P. .M. [ 6 ] 4. 
318). As no V.l). of a Pt compound has yel 
been determined, the at. w. cannot bo found by 
the direct application of the law of Avogadro* * 
The older determinations gave 196 to 197 ; Seu¬ 
bert proved that the true value is o. 194*6, which 
is between the values for Ir (192'5) and Au 
(IOC' 8 ). No compound of Pt has been gasified 
: from which the valency of tlie atom of Pt in 
‘ gaseous molecules can be determined. Pt is 
: closely allied to Xr, and less closely to Os, in its 
; chemical properties. It is distinctly metallio 
: physically, and, on the whole, chemically also. 

! PK)., is both basic and acidic; Pt forms nume- 
! rous acids by combining with H and negative 
' radicles such as Cl^, (NOd,Cb., (CN)„ ( 8 CN)„ &o. 
For a fuller account of the chemical relations of 
I Pt V. Noulb METALS, vol. iU. p. 628, and cf, InoM 
! QllOUP OF ELRMKNT8, VOl. iii. p. 67. 

Pt is used fur making crucibles d;o. for labora¬ 
tory use, and vessels for evaporating oooo. oil of 
vitriol, <&o. Apparatus is sometimes platinised 
by placing in Imt PtCl^Aq containing KOH and 
some organic reducing compound. 

Reactions aitd Combinations. — 1. Is nol 
acted on by oxygen ; concerning absorption of 0 
by Pt V. Properties. —2. Heated to redness with 
sulphur, in presence of borax, PtS is formed 
(Deville a. Debray, C. R. 89, 687).—8. Said to 
form a compound by heating Pt black with sefs- 
niort.—d. With chlorine, bromine, and Xoefine Pt 
reacts at temperatures above o. 800° (Larger a. 
Meyer, Pyrocixmische Untersuchung^ [Braun¬ 
schweig, 1885] 44, 57). Cl and Br attack Pt in 
presence of water.-~ 6 . Scarcely acted on by 
fluorine below 100° {Moissan, A. Ch. 1892.126)« 

6. Hydrogen is occluded by Pt; a oonsiderablt 
quantity of heat Is produced, and perhaps com¬ 
pounds are formed (o. PnaTmun stdbids, p, 
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ilfiO).—7. Heated vdth artenk, a oomponnd 
Ptdjkie aaid to be formed (v. Gm.-K. 8 , 1192- 
1198).— 8 . Phosphonu combines w)ien heated 
with finely-divided Pt (Schratter, J. 1849.248). 
9. A boride is formed by beating Ft black with 
amorphous boron (Oescotils, A. Ch. [3] 67, 88 ; 
Deville a. Wahler, J. 1866. 279).-10. Heated 
to whiteness with silicon, Pt forms several com¬ 
pounds; also combines with Si when heated 
with silica and carbon (». Poatinou bilicides, 
p. 291).—11. Softens when heated with carbon 
(i). PiiiTiHUM CAitmnE, p. 289). -12. Alloys with 
many of the more easily fusible metals (v. 
PliATINUM ALinvs, tii/rra).—13. Pt is not acted 
on by pure hydrochloric, nitric, or sulphurio 
acid (Sohourer-Kostiier, C. It. 86 , 1082; 91, 
69). It dissolves in warm aqua regia, form¬ 
ing PtCl, (t). Dulio, J. pr. 78, .369). Alloying 
modifies the solubility in acids; alloys of Pt 
with small quantities of Ir or 1 th are scarcely 
sol. in aqua regia, while an alloy ivitli much Ag 
dissolves in cone. HNO^Aq; Pt [ipd. by-Etnc 
dissolves in cone. HNO,Aq (n. Winkler, Fr. 13, 
869; van Hiemsdyk, II. 16, 387; Wilm, Jl. 13, 
1198).-14. Cone. 8uli)huric acUl conUiining a 
UUU nitrous acid dissolves small quantities of 
Pt (Soheurer-Kcstrier, 0. 80, 1082; 01,50). 

Nitric acid, coniaining bromine or bromhydric 
acid, and also hydrochloric acid, into which 
chlorine is passed, dissolve Pf, forming PtUr* 
and PtCli rcsjiectivcly (W agner, IK J. 1870.140; 
Seubert, A. 207, lO^.— 15. Pt is acted on, at red 
heat, by molten alnalis, harjila, nitrates, potas- 
sium cyanide, and by a mixture of allcali car¬ 
bonate and siilphur.—K}. PtCI, or Ptbr, and 
* Pt^are formed when Pt wire is heated in iodine 
mono- or iri- chloride, or in chlorine mixed with 
iodine or iodine bromide ; with phosphorus 
pentackloride Pt phosphide is formed; wiih 
carbon tetrachloride 0, C.,C1„, ami Cl are pro¬ 
duced; hydrogen chloride ioviml^iCip, hydrogen 
fiuori^ produces a soluble Pt salt; and with 
mercurotis chloride Hg and PtCl.^ are obtained 
(Hodgkinaon a. Lowndes, C. N. 58, 223). 

Platinum, acids of. The hydroxide Pt(OH), 
reacts with strong bases as an acid. Several 
acids have been isolated containing Pt in 
combination with more or less complex 
negative radicles; these are Il.PtCl,, 

R^tBr,, H..Pt(NO..)„ n,Pt,0(NOj),; 

R^tCy,. H,PtCy,Ci.., II,Pt(SCN),; ILPt^S,,; 
Pt(NH,)VCl.SO^; PtCL,.P(OH),. These’acids 
are described as platino- and platini- chlorkydric 
acid, (fee. (pp. 283 and 282); platino-nitrous acid, 
Ao. (p. 284); platino-cyanhydric acid, Ao. (vol. ii. 
pp. 844-6); thioplatinic add (p. 281); plates- 
ammine-chloro'sulphonic acid (p. 293); platino' 
chloro-phosphoric acid (p. 284). 

Platinum, alloys of. Pt alloys with many 
metals by lasing it with them; with Sb, As, Pb, 
Bo, and Zn heat and light are produced. Alloys 
which seem to be definite compounds have been 
obtained wiih arsenic (PtAs^., Gohlen, Om.-K. 
8, 1192); antimony (PtSb.^, Christoile); cad¬ 
mium (JPtGdj, Deville a. Debray, A. Gh. [3] 66 , 
866 ); lead (PtPb, Dauer, B. 3, 836; 4, 449; D. 
a. D., 0. Bs 90. 1196); tin {Pt,Sn„ PtSn„ and 
Pt^Sn^ D. a. D., A. Ch- [3J 66, 886; Debray, 
C- B. 104,1470) ; and Hno (Pt^Zn,, D. a. D., l.c.). 
Alloys have also been formed with bismuth 
(Oehleni Qm--K. 3| 1192) ; copper (D. a. P., A- Ch, 


1869. 611 ; Hdlonis, B, 6,42) ; goU (Dodd. B, 6, 
1278}; iridium (D. a. D., A. CK [ 8 ] • 66 , 885; 
Pclouze, 0. B. 49, 896; Matthey, Pr. 28, 463; 
D. a. D., C. B. 81, 839; Morin, C. B. 78, 1602); 
iron (D. a. D., C. R. 89,587; Daubrde, C- R. 
626): nickel (Hdlonis, B. 6 , 42); potassium 
(V. Meyer, B. 13, 892); silver (D. a. D., A. Ch, 
1859. 611; H.. l.c.) ; sodium (V. M.. l.c.). 

Amalgams of platinum. According to 
Crafts {Bl. [2] 49, 850), Hg lias no action on Pt 
at the ordinary temperature, but Pt dissolves to 
a very small extent in boiling Ug, air being ex* 
eluded. When acid is present llg alloys with Pt 
(Casamajor, Am. 6 , 540; Skey, C. N. 22, 282; 
Ivrouchkoll, J’.dd Ph. fS] 3,139). The amalgams 
are most easily formed by adding sodium-amal* 
garn to PtCl,Aq; with 1.3*5 p.c. Pt the amalgam 
is a thick liquid; with 25*8 p.c. Pt it is solid; 
an amalgam with c. 30 p.c. Pt has also been ob¬ 
tained (Joule, C. J. [ 2 ] 1 , 378). 

Platinum, antimonide of. An alloy of Ft 
and Sb, approximating to the composition PtSb^ 
is obtained by molting the elements together in 
the ratio Pt: 2Sb; also by passing SbHj into 
ILPtClgAq, ami removing p))tl. Sb and PtCl^ hy 
W’ashing with K.jSAq and KCNAq mixed (Chris* 
totlc, Itecherchcs sur Ics Combin. dc VAnlimoine, 
Gottingen, 1803). 

Platinum, arsenides of. An alloy PtASo is 
said to be formed by heating Pt black with As 
(Gehlon, Om.-K. 3, 1192). By pa.ssing AsH, 
into PtCI^Aq, and heating tlio pp. in dry CO.^, ■ 
PttAsj is said to be formed (Tivoli, 0. 1885. 
487). 

rlatinam.arsenic hydroxide. According to 
Tivoli {0. 1885. 487) a compound PtAsOH is 
produced by passing Asll„ containing H but no 
other impurity, into PtCljAq (corresponding 
with 2 g. Pt in 60 c.o. water), and drying the 
black flocGuIont pp. at 120"-130“. The compound 
is decomposed by washing with alcohol or 
water; hot cone. H..SO, at onco separates Pt; 
heating hi dry CO^ produces As^Oj, PtjASj, and 
H.p. Gibbs {Am. 8 , 289) described some com¬ 
pounds of Pt and As.Oj. 

Platinum, boride of. Pt and B combine 
w'hen melted together (Descotils, A. Ch. [3] 67, 
88 ). It is best to heat Pt black and amorphous B 
under bor.ax (Wdhler a. Debray, A. 101, 113). 
Wlicn excess of B is used, a crystalline compound 
containing 91*8 p.c. Pt.. S.G. 17*3, is formed 
(Martins, A. 109, 79). 

Platinum, bromides of. Pt and Br com¬ 
bine when heated together to above 800^ 
(Danger a. Meyer, Pyrochcmische Untersuchun- 
gen [Braunschweig, 1885], pp. 44, ^7). Two 
bromides are known, PtBrj and PtBr«; the V.D. 
of neither has been determined. 

Platinum pibeomidb PtBr^ {Platinous 
bromide.) Formed by heating HBrAq, b.p. 
126^, with Br and spongy Pt to 180*’ in a sealed 
tube—Hi’tBf„.a‘ELO is thus formed—evapora¬ 
ting to dryness, beating to o. 200 ^, and washing 
the residue with boiling water (Topsod, J. 1868. 
273). Pullinger (0. J. 69, 602) heats spongy Pt 
with Br and HBrAq in a flask with a refiux- 
condenser, evaporates to dryness, and heats the 
residue to o. 280^ PiBr, is a brown powder; 
decomposes slowly at c. SOO** in on air-current 
(P., l.c^ inaol. water, sol. HBrAq and EBrAq. 
With SBt forms E^tBr^ (u. PuTa(o-BBoiapi% 
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p. 382). Oombinei with GO at o.-180° to form 
Pt 6 r 2 .C 0 ,*a bright red. crystalline solid; melts at 
177 7®; not very hygroscopic; sol. alcohol; do- 
pomposed by water (PulUnger, 2.c.). This com¬ 
pound is called by P. earbonyhbromoplatinite. 

PiiSTiKUM TETRABnoMiDB PtBr^ {Ptatinic 
bromide). Formed by heating spongy Pt with 
Br and HBrAq in a sealed tube to 180^—or 
by boiling Br, Pt, and HBrAq in flask with 
leflux-condenser (PulUnger, C. J. 59, G02)— 
filtering, evaporating, heating residue at 180® 
till HBr ceases to come olT; treating with boiling 
water, filtering from traces of PtBr^, evaporating, 
and drying at 180® {H. Meyer a. Ziiblin, B. 13, 
404; Halberstadt, B. 17, ‘29»)3). A dark-brown, 
non-hygroscopio powder; sol. aqueous alcohol, 
more sol. absolute alcohol or ether, v. si. sol. 
water (S. at ‘20®«*41) {H. l.c.); somewhat sol. 
glycerin. Pt black separates when solution in 
alcohol, ether, or glycerin is heated. With HBr 
forms HjPtBra (v. pLATiNi-DKOMnvnnic acii>, 
p. 282). With many metallic bromides forms 
salts (i>. PiAiiNi-nnoMiDEs, p. 282). 

When spojigy Pt is heated with HBrAq and 
excess of IlNOs, small, dark-brown, very hygro¬ 
scopic crystals of 2 >latimon nitwayl bromide, 
PtBr^.'iNOBr, are obtained (Topsoe, J. 18G8. 
273). 

Platinum, carbide of. Pt becomes brittle 
and more friable, when heated to redness with 
charcoal. By heating the compound wliich PtC^ 
fonns with acetone, Zeiso (j. pr. 20, 209) ob¬ 
tained a black solid, to which he gave the com¬ 
position PtC^. 

Platinum, chlorides of. Two chlorides of 
Pt are known, PtCl^ and PtCl^. When Pt black 
is heated in dry Cl at 240 -250®, PtCl;, is formed, 
according to Scluitzenberger (C. li. 70, 1134, 
1287). Pigeon {C. H. 108, 1009) says that at 
3G0° PtCl, and PtCl^ are formed, but tlfb action 
is incomplete. Troost a. Uautefcuille (C. li. 84, 
94) found that PtCl, was formed when Pt was 
heated in Cl to 1400®, and the tube was suddenly 
cooled. 

Platinum diciilokidb PtCl, {Platinous 
chloride. PUitinochloride). V.D. not deter¬ 
mined. 

Formation,—1. By heating H.^PtCl,too. 230® 
(Berzelius, Qm.^K. 3,1081).-2. By healing Pt 
black in Cl at 240®-250® till no more Cl is talmn 
op (Sobutzenborger, C. B. 70, 1134, 1287). - 
8 . By decompo.sing Na.Pt(NaSOi)^ by HClAq 
(Liebig, A.23, 23; fur formation of Na;Pt(NaSO ,)4 
V. Platino8UU»iionate8,p.286). —4. A solution of 
PtOl, is obtained by passing SO^into PtCl^Aq tiU 
Uie liquid becomes red. 

—1. HjPtClgAq is evaporated to 
dryness, and the residue is heated in a bath of 
molten tin, t.e. at c. 230®, with constant stirring 
as long as Cl is given off (Berzelius, Qm.-K. 3, 
1081). Or the heating is stopped before much 
of the ^lid is decomposed, the residue is dis¬ 
solved in water, the dark-brown opaque liquid is 
evaporated, and the PtClj wbiob separates is 
dried at o. 150® (cf. Magnus, P. 14, 239). - 
2. HtPtGl«.6H,0 is heated in vacuo, in presence 
of molten £OH, at 100® for 2 or 3 davs; the 
temperature is then raised to 360®, and main¬ 
tained thereat so long as Cl is given off (Pigeon, 
0. B, 113,1218). Shenstone a. Beck (C J. 61, 
445)_88y that PtOl,, prepared as direct^ above, 
Yoin IY, 
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always contains small qnantities of some basic 
compound; and that when the salt is stroUgly 
heated small quantities of HOI and 0 are ob¬ 
tained, as well as 01. Shenstone (0. J*. Proc, 
1892 93. 38) finds that PtOl, almost freo from 
basic compounds can be prepared by heating PtOI| 
in a stream of dry HGl; s sample prepared in 
this way gave only *15 p.o. of HCl and 0 when 
decomposed by heat. 

Properties and Beaclions. — A brown powder; 
S.O. 6*87 ai 11® (Budeker). H.P. [Pt,Cl*]- 
22,600 (Bcrtnelot, C. H. 87,615). Insol, water, 
sol. HClAq in absence of nir. Decomposed by 
heating to redness, giving ofl all Cl, and leaving 
Pt. According to Shenstone a. Beck (v, Pre- 
paration), the Cl thus obtained contains a little 
HCl and 0, and H.p is also given off. Not acted 
on by HNOjAq or dilute IIjHO,Aq; decomposed 
by KOHAq, giving Pt(OIl).^; by heating with 
cone. H^SO,, jnd then with water, Kane ob¬ 
tained a black powder to which ho gave the 
com*position PtCL^.3PtO (B. J. 24, 238). 

Cimbinations. —PlGl^ combsnes with many 
metallic chlorides; the compounds are described 
as platino-chlorides (p. 284). With HGl an acid 
H^PtCl, is formed (v. Platino-chlokhxdrio aoio, 

I p. 283). With CO the compounds PtOl^tOO, 

! PtC1^2CO, and 21’tCl^,.3CO are formed. These 
coinpounds are produced by passing alternate 
currents of Cl and CO over spongy Pt at 250® 
(Schutzenborger, A. Ch. [4J 21, 3501. PulUnger 
{G. J. 59, 598) found that a fourtn compound 
lis also formed-PtCl.,.2COC1., (or Pt01,.2OO). 

I Carbonyl clUoroplafinile (PtClyCO) combines 
with HCl, and with various hydrochlorides of 
; organic bases (v. Mylius a. Forster, B. 24, 2424). 

! PtCi;j combines with PClj to form PtOl,.P01, 
j and PtCi/iL’OI,; and from these is derived a 
number of complex bodies. By treating 
I PLCI...PC1, with H^O an acid PtClj.P(OH)a is ob- 
j tallied, from which various salt-like compounds 
are derived; similarly PtCl 2 . 2 PCl:,yields an acid 
PtCL.PilOK)^, and this gives many salt-like 
derivatives ( 8 chutzenberger, A. Ch. [4] 16, 100; 
21, 350; Baudrimont, C. B. 63, 637 : cf, 
rLATtNO-aHi/)UopHoKpnATKS, p. 284). By heating 
PtCl,.PCI, with PtCl, Colchin (0. B, 86.1402) 
obtained 2PtCLPCla. For ammoniacal deriva¬ 
tives of the platinO'phoBphoruB chlorides v. 
Colchin {l.e.) and Quesneville (Af.^. [3] 6 , 659), 
also Schiitzonberger {Bl. [2] 14, 97; 17, 482 ; 
18,101,148). 

PlATINDM TETBACHLOIUDB PICI 4 {PUUiniC 
chloride. Platinichloride). V.D. not determined* 

Formation.— By heating Pt iu Cl to o. 
1700® (Danger a. Meyer, Ic, 44, 57); if a thla 
wire of Pt is heated by an electric current nearly 
to melting, in a stream of Cl, PtCl^ is formed 
(Hodgkinson a. Lowndes, 0. N. 58,158, 228}.- 
2. By allowing H,PtCI,.6H,0 to remain over 
KOH, when it loses 411,0, and then heating in 
Cl to c. 350® (Pigeon, 0. R. 110, 77).— 8 . By 
heating Ft and Se, mixed with AaCl,, in Cl jo. 
Preparation). — 4. PtCl,.5H,0 is obtunsd by 
adding AgNO;,Aq to H^PtCl,Aq in the ratio of 
; H,PtCl,:2AgNO„ heating, filtering from AgCfl, 
and evaporating finally over H^SO^ (Norton,/, pr, 
[2] 2, 469; 6 , 365; Engel, Bl, [2] 60, 100; 
Quesneville, Af. 8, [ 8 ] 6 , 669). 

I ‘ Preparation. —1. Spongy Pt ii mixed with 
rather less titao its own wMght of Se, the mU* 
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tan is plaoad in a tube of hard glass filled to 
ons*third with AsCl,, and heated in a stream of 
01 till the mass liquefies and boils, when the 
101)6 is sealed and heated for some hours at 
260°; on cooling, the colourless crystals are 
separated from the palu-ycllow crystals and the 
yellow liquid, and are heated invacw at 110°, 
whereby PtGl^ and SeCl 4 remain; this residue 
is then heated at 300° in a stream of Cl, when 
BeCl 4 sublimes and PtCl, rejnains (Pigeon, C.Ii. 
108, 1009).--2, Dry H^^PtC), is .placed in* a 
porcelain boatwhicb is licated, in a tube of hard 
glass, to 106° for about 15 hours in a stream of 
dry HCl (PuUingor, C. J. 61, 422). 

Properties and Reactions. — II.F. [Pt,CP] 
-69,800; [Pt,Cl‘,Aq]« 79,400 (Pigeon, C. R. 
110, 77; 112, 791). A brown solid, said by 
Pigeon to be deliquescent; described by Pul- 
linger as very soluble in water, but not doli- 
quesoent. The hydrate (v. Fo*-nation, No. 4) 
forms large,red, monocliulc crystals; accorjling 
to Norton this compound has 611^0, according 
to Engel 4H;|0 ;*ali II.O except one molecule is 
removed at 100 °, but the last inoicculo is not 
removable without decomposition. Decomposed 
by heating to dull redness (Pigeon, C. li. 110, 
77); in presence of Cl, may bo healed to c.3G0°; 
in dry HCl slight decomposition occurs at o. 200 ° 
(PuUingor, l.c,). HClAq produces U-PtCI^Aq; 
NH 4 CI ppts. (Nn 4 ),.PtCl 4 . AgNOaAq ppts. 
Ag^PtCl, from cold PtCl,Aq, but on heating 
AgOl is formed and l*tCl 4 goes into solution 
(Jdrgensen, J. pr. [ 2 ] 10, 345). Pigeon (C. H. 
112,791) gives [AgUHCl'*,Aq]^ 12,100, to form 
PtCl 4 Aq and 2AgCl; PtCl 4 Aq is decomposed by 
light, for some measurements v. Itousscroau 
(0. if. 103,248). 

Gomhinations. — l.'^iiYiwatcriv.Fomnatim, \ 
No. 4, and Properties). ~ 2. With hydrogen I 
chloride to form HPtClu.OH.O; the compound ! 
HPtClft.2n,^0 was obtained by Pigeon by heating 
HyPtC1^6li,0 in vacuo at 100° (u. Platini- 
OHLOBSTDEio ACID, p. 282). Pigeon iC. R. 110, 
77) gives [PtCP,2UClAq]«24,800. — 3. With 
many metallic chloride to form plaUnU 
chlorides (j. v., p. 282).—4. A compound with 
phosphorous chloride PtCl 4 .PCl, is formed by 
treating PtCL 4 .PClj with Cl (Schiitzenbergor, Bl. 
[23 14, 97; 17, 482; 18, 101, 148; c/. Daudri- 
mont, 0. B. 63, 637).—6. A compound with 
nitrosyl chloride, PlCl,.2NOCl.irO, is one of 
the products of the action of fuming HNO, on 
^^PtCl^Aq (Weber, P. 131,441).—6. Combines 
with alcohol, and with ethyl sulphide, to form 
Pt 0 l 4 . 2 C,H „0 and PtCl,.2(Et)aS respectively 
(^hiitzenberger, 0. R. 70, 1134; Blomstrand, 
J.pr. [ 2 ] 17,189).—'7. Compounds with various 
organic hoses and metallic chlorides, EtNHa, 
&c., are described by Jdrgonsen (J. pr. [2] 33, 
409). 

rlati&nin, chloro-iodidee of; n. pLATiNnu 
xopoouLOBiDua, infra. 

Platinom, cyanides of; and derivatives: 
V, Tol. ii. p. 843. 

Platinum, fluoride of. Only one fluoride of 
Pt hu been isolated, PtP 4 . Prepared by heating 
Ft wire in F, in a Pt or fluorspar tube, to c. 600°; 
if HP ia mixed with the F combination occura 
at the ordinary temperature (Molssan, C* R. 
109,807). Small bu£f*coloaied crystals, or fused 
maeses of a deep red colour. Dissolves in a little 


water, forming fawn-ooloored eolutioiii which 
almost at once decomposes, with rise of tempera¬ 
ture and production of Pt 0 ^.a;H 40 and HFAq. 
Heated to bright redness in Pt tube, PtP 4 is 
decomposed to F, and Pt which Bcparatel 
in crystals. A compound with PF„ viz. 
PtF 4 . 2 PF 8 , is formed by passing PF, over spongy 
Pt heated to dull redness (M., Bl. [3] 6 , 454). 
The decomposing action of ILO on PtF 4 explains 
the failure of former attempts to prepare a 
fluoride of Pt in the wet w'ay. 

Platinum-iridium, or idatin-iridium. An 
alloy of Pt and Ir which remains, mixed with 
osm-iridium, when many samples of Pt ore are 
lioatcd with agua regia {cf. Ijulium, vol. iii. p. 
46). 

Platinum, hydride of. Pt black absorbs 
consideiablo quantities of H. According to 
Bcrthclot {A. Ch. [5] 30, 519), the relative 
weights of and II are approximately 15:land 
10 : 1 ; a considcralilo quantity of heat is pro¬ 
duced. No certain evidence of tlio formation of 
hydrides has been obtained; but Thoma’s re¬ 
sult [Z. P. C.3, 69), that the excess of H, above 
a definite quantity, absorbed by Pt when Pt is 
the negative electrode during the electrolysis of 
dilute sulphuric acid, is not easily given up, in¬ 
dicates the probable existence of a compound or 
compounds {cf. Paxlauium, vol. ii. p. 720). 

Platinum, hydroxides of; v. Platinum, 
OXIDKS AND nYDROXIDES OK, p. 291. 

Platinum, iodides of. Pt and I combine 
directly to form Ptl,; the lower iodide Ptl, has 
also been obtained, but not pure. 

Platinum di.iodidk Ptl^ {Blatimus iodide. 
Platinododide). This compound is described as 
a black, heavy powder, insol. water, alcohol, and 
acids; giving Pt and I at 300°-350°; decom¬ 
posed by NaOHAq to PtO^Hj. It is produced by 
boiling PtCI .4 with fairly cone. KIAq (Lassaigne, 
A. Ch. [2] 51,113); but it has not been obtained 
pure (dementi, J. 1858. 420; TopaoS, At. 8c. 
38, 297). The compound PIL.CO, carbonyl iodo- 
plalinite, is described by Mylius a. FOrstor (B, 
24,2424). ^ 

! Plawnom TETnA-ioDiDB Ptl, {Platinic iodide, 
Platini’iodidc). V.D. not determined. Prepared 
by heating PtO, with HIAq (dementi, J. 1855. 
420); also by the action of cold HIAq on 
H^PteVGHjO (Topoe, Ar. Sc. 38, 297), and 
evaporating. Pullingcr {C. J. 59,602) obtained 
Ptl, by dissolving spongy Ptin a hot solution of 
I in HIAq, evaporating to dryness, heating to 
180°, and washing with water. A brown-black 
amorphous powder, insol. water; sol. HIAq and 
metallic iodide solutions (TopsoS, Ic.); not 
wholly decomposed by heating with Na^COj to 
the m.p. of the carbonate (Pullinger, l.c.). Com¬ 
bines with HI to form HjPtIs.9H,0 (t>. Platini- 
lonpDRio ACID, p. 2vS3), and witn metallic 
iodides to form salts (v. Platini-xodidbs, p. 283). 

Platinum, iodochlorides of. A compound 
PtljCl, is said to be formed, in large red plates, 
by dissolving Pt and 1 in aqua regia and evapo¬ 
rating at 100° (Kammerer, A. 148,829). Another 
compound PtI,Ci was obtained by Mather, as a 
black powder, by evaporating H^tCl, with a 
small excess of PHAq, 'and heating the residue 
to 160° (2lm.B.27, 267). 

Flatmum-olcro^l oromlde and FlaUmia- 
aitrosyl eUoride, v. Flitznuw nTSABsoiczDB, 



101 . 


platinum SULPHiDESi 


p , IIS9; and Putikw tsiiucblobids, CombwiO ’ 
Hons, No. 5, p. 290. 

Platiaiun, oxides and hydroxides of. Three 
oxides have been isolated; PtO, Pt^O^, and PtO,.; 
hydrates of all are known. PtO forms a few 
salts; it also dissolves in molten KOH and 
NaOH. PtO^ forms corresponding sails, and 
also combines with alkaline oxides tp form 
plaiiiuitcs (g. V. p. 281). 

Platinum monoxide PtO (Platinous oxide). 
Obtained as a violet powder, by strongly be.ating 
the pp. formed by CaOAq acting on ll.^PtCl^Aq 
in sunlight, and washing witli water and then 
with HNO^Aq (Doberoiner, P. 28,181). Also by 
carefully heating PtOjlI.^. lleduced to Pt at 
red heat, also by action* of reducers such as 
UGOJdAq. Dissolves in molten KOII and 
NaOU, but the compounds thus formed have not 
been examined. A compound which is perhups 
PtO.CO is described by Myliua a. Pdrster {B. 


24, 2440). 

Platinous hydroxide PtOK., was obtained 
by Thomsen {J. pr. [2] 16, 2U4) by adding 
NaOHAq to li 2 ptCl 4 Aq (1:12) in the ratio 
2 NaOH:K 2 PtCl 4 , and heating to boiling. A black 
powder, sol. UCIA<|, llJlrAq, and SO^Aq, forming 
corresponding salts. Freshly ppd. PtO^Hj dis¬ 
solves in excess of NaOJlAq. 

ThI-PLATINDM TKTIIOXIDB PtjO^ {PlatiiiO’ 
platinic oxide). A black powder, insol. acids; 
obtained by heating dehydrated Na.,PtCl« with 
4 parts dry NaXO, till fusion begins, boiling 
with water, then with dilute HN 03 A(i, and finally 
with aqua rcgia (Jorgensen, J. pr. [2j 10, 241). 
Loses its 0 at red heat; easily reduced to Pi by 
H or coal-gas, oven without heating. Prost {Bl. 
[2] 40, 150) describes a hydrate Pt/lj.OIljO. 

Platinum dioxide PtO^ UHatinic oxide). A 
black powder, obtained oy gently, heating | 
PtO^H^. PlO, is insol. acids, but suits of this 
oxide are formed from the hydroxide. 

P 1 .ATINIC HYDROXIDE PtO^H^. Formed by 
boiling l’tCl,Aq for a considerable tiino with a 
large excess of NaOIIAq, acidifying by acetio 
acid, drying the white llocculent pp. in the air, 
and heating the yellow hydrate, PtOiH ,. 211 ^ 0 , 
to 100'^ (Topsoe, D. 3, 402; Fremy, A. Ch. |^3] 
31, 478). Also obtained by evaporating 
H.JPtCl<.Aq with excessof Na^COa, rubbing up the 
residue in water, and treating with acetic acid 
(DObereiner, P. 28, 181; Topsoe, Z.c.; cf. Witt- 
itein, 2?. P. 74, 43). A hydrate PtOjIli-lI^O 
was obtained by Prost {Bl. [2j 46,150) by add¬ 
ing water to a solution of Pt 04 H 4 in cone. 
HNOjAq. A reddish-brown powder; dehydrated 
by heating gently; at a higher temperature gives 
Pt and 0. Heated in H gives Pt. yd. NaOHAq, 
HClAq, HNOaAq, and With acids 

forms platinic salts, PtX,, where X « 4 ^ 04 , ^00,, 
NO,, Ac.; with strongly basic oxides forms pla- 
tinatea, PtO.Ma:MO (v. Plati.nates, p. 281). Com¬ 
pounds witi SnO and SnOa are described by 
Dclachanel a. Mermet (C. ii.81, 370), Schneider 
(P. 136, 106),L6vy a. Bourgeois (C. ii.94,1305), 
and Schutzenberger (C. P. 98, 985). Pt 04 H. 
dissolves in solutions of certain molybdates and 
tungstates, forming platini-molybdates and 
plalini^tungstatss ( 5 . v. p. 283). 

Plathaam, oxyehloridet ot When AgNO,Aq 
is added to PtCl 4 Aq in the ratio PtCl 4 : 2 AgNO„ 
or when AgNOjikq and E^tCl,^^ are heated 


together in the ratio HjPtCl,:4AgN0„t is 
obtained which has the empirical composition 
PtCl 2 (OH),. 2 AgCl; this substance may be tS. 
garded as a compound of the hydrated oxy¬ 
chloride Pt 0 Cl..H .20 (Jdrgonsen, J. pr. [2] 16, 
345). The pps. formed by CaOAq and BaOAq in 
PtCljAq are supposed to contain oxychlorides 
of Pt (v. Johannson, A. 155, 204). 

Flatinnin, oxysulphide 6 f, 2Pt0S.H,0. PtSf 
slowly oxidises by exposure to air; by washing 
the product (to dissolve ^^^04 and and 
drying in a stream of CO,, a black powder is ob¬ 
tained having the composition 2Pt0y.H,0 
(perhaps IlO.PtS.O.SPt.OU). This substance is 
an energetic oxidiscr; H, CO, SO, take fire 
when brought into contact with It; NH, is ab¬ 
sorbed and oxidised to UNO, and UNO, (£. von 
Meyer, J. pr. [2J 15, 1). 

Platinum, phosphides of. Pt and P combine 
when strongly heated together. SchrOtter ob- 
taigicd a grey metal-like mass, 8 .Q. 8'77, to 
wliich ho gave the composition IHP,, by healing 
Pt black in vapour of P {J. 18?9. 240). By heat¬ 
ing I'tand P to white heat, Clarke a. Joslin {Am. 
5, 231) obtained Pt^P,; and by heating in a 
muflle they got Pt^P, sol. but changed 

to insolublo PtP. 

Platinum, salts of. But few salts, excepting 
the halides, are known wherein Pt replaces the 
H of acids; Pt more frequently enters into the 
acid radicle, than the positive radicle, of salts. 

Platinum, solenide of. By heating Pt and 
Sc, Berzelius obtained a grey, infusible powder; 
perhaps PtSo {Om..K. 3, 1081). 

Platinum, soleDocyanides of; for o double 
fial» V. vol. ii. p. 348. 

Platinum, silicides of. A whito, orystallioe, 
brittle Boli<l, rt 4 Sis, was obtained by Guyard {Bl. 
[2] 25, 510) by heating together equal parts of 
Pt black and powdered crystalline Si {cf. Winkler, 
J. pr. 91, 203). According to Miles {Am. 8,428), 
the conditions favourable to the formation of 
compounds of Pt and Si are a high tornperaturo, 
the presence of a reducer such as CO, a basio 
substance such as MgO, and BiF„ In contact 
with IH (v. also Brown, Am. 7,173). 

Platinum, sulphides of. Pt and S combine 
when heated together. Two sulphides have been 
isolated, PIS and PIS-,.; there is also evidonco 
of the exislenco of I\Sj. 

Platinum MONosuLriiiDB PtS {PlaiUwus 
sulphide). Obtained by heating Pt black and S, 
and volatilising excessof S, in absence of air; 
also by heating (NH,),PtCl, with 8 , out of con¬ 
tact with air, till NH,Cl and excess of S arc 
volatilised; also by passing H ,8 into PtCl,Aq 
(Berzelius). Prepared in crystals by heating to 
redness a mixture of 1 pt. Pt, 1 pt. borax, and 
10 pts. pyrites (Dovillo a. Debray, 4. Oh. [2] 65, 
215). A grey, lustrous solid ; 8.0. 6’2. PtS pre¬ 
pared in the wet way is a black powder. Un¬ 
changed in air, even when moist; unacted on by 
boiling acids; loses S when heated in air, leaving 
Pt; reduction l/i 11 begins at 19^. A oompouna 
with CO—FtS.CO—was obtained by Myiius a. 
F5rster (B. 24, 2438) by the action of H,S os 
PtCl 2 .CO. 

Platinum disclphids PtS, {Platinic sul¬ 
phide). Obtained by passing H,S into 
Na,PiCl,Aq, or by droppingH,PtCl^q mtosolu¬ 
tion of an alkali hydrosulphide. Also formed 
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by digesting, in a strong closed ^ask, 1 pt. Ptd^, 
i pts. absohol, and 5 pts. CS^ (Bottger, J. pr. 8 , 
274); and by decolourising lI^tCl«Aq by SOj, 
and^ then beating in a scaled tube at 200 '^ 
(Oeitner, A, 129, 856). PtS.^iB also aproduct of 
the action of HClAq in air on Na^PtiS^ or 
HjPt^Sg (w. Thioplatinates, p. 281). Colloidal 
soluble rtSj[ was obtained by Winssingcr {Bl. [ 2 ] 
49, 452} by passing H^S into very dilute PtCl^Aq, 
and dialysing. A black solid; as obtained from 
Na^PtjS^ forms steel-grey needles, rS.G. 5*27. 
PtSj preparod by one of the wet methods mu.st 
be dried in absence of air, else it is partially de¬ 
composed. Heated qpt of air forms rt,S, and 
Pt and S. Oxidised to sulphate by strong 
oxldisers, such as agiia regia, Cl, fuming I1N0.„ 
xnolten KCIO, or KNO 3 . Freshly ppd. PtS., 
di^olvea in alkali sulphide solutions forming 
ihioplatinates {q. v.), from which solutions it is 
reppd. by acids. Classon {J. [2] 15, 198) 

describes a compound with EtSlI. , 

Platinom SKSQDisDLPiiioR, This com¬ 

pound is said t<y be formed, as a steel-grey, 
metal-like solid, S.G. 5*.52, by the oxidation in 
air of H.^t,S^ (Schneider, P. 130,10.5 ; 138,00-1; 
189, 661; 141, 519; 1 iS, 0.13; 149, 381). 
Schneider also describes a compound 4PtS.lHSj 
* PtjS,,. 

Platinum, sulphooyanides of; v. vol. ii. p, 
857; V, also Guareschi, Oiom. della R. Accad, 
di Med. 1891. No. 5; abstract in B. 25, Ref. 7. 

Platinum, thiocarbide of. IH^CS^. This 
compound is described by Schutzonberger(C'. R. 
Ill, 391). It is a black powder; obtained by 
passing a stream of N, or II, charged with CS., ' 
over spongy Pt heated to 400®>450^ 

M. M. P. M. 

PLATINUM - AMMONIUM COMPOUNDS 
{Ammonia-platinum cumpou7id8. Atmnoniacal 
platinum bases. Platinammmes). Whona sclu^ 
tion of PtCljin IIClAq reacts witli Nil,, more 
than one compound of the form PtC1.^.2NH, is 
obtained. These compounds react with acids, 
oxldisers, &o., to form many derivatives con- 
taining Pt, N,H,and negative radicles, in which 
the reactions of Pt ami Nil, are more or less 
modified. 

The platin-ammonium compounds may bo 
regarded as salts of bases derived from two or 
more NH, groups, in whiob part of the H is ro- 
placed by Pt; thus PtCL.2NIl, may bo called 
platoso-diammoninm chloride, and formulated 
as NiHaPt-Cl,. Similarly rtCljt.4NHj may be 

regarded as ^‘\NIl!{NH*)Cr ammo¬ 

nium platoso'diammonium chloride. The com¬ 
pounds derived from PtCl, are regarded, in this 
scheme, as platini-ammonium compounds;thus, 
PtCl,.2NH, is Cl.,Pf.NH.,NIl..Cl, (u. Hofmann, T. 
1851. [2] 367; Weltzien, A. 97,19; Kolbo, J. pr 
[2] 2,217; Grimm, A. 99, 67). 

This view of the constitution of the com¬ 
pounds in question was opposed by Claus {J. pr. 
03,09), Blomstrand {B. 4,40,639,673; 6,1469), 
Jorgensen {J. pr. [2] 33, 489), and others. Jor¬ 
gensen found that pyridine, N.C,H„ forma « 
eompound with platinous chloride similar to 
PtOL4NH, ; in this pyridine compound, whi<i 
has the composition PtCly4NC,H„ the atoms of 
hydrogen cannot be in direct union with N; for 


! the constitution of pyridine Is known to bs 
‘ CH 


Now if the ammioniacal platinum 


hcAch 

HO VCH* 

N 

bases are all to bo derived from NH^, by sub¬ 
stituting H by NH 4 groups, it is evident that 
the substituted H atoms must always be directly 
bound to N atoms. But the existence of the 
pyridine compound shows that this is not neces¬ 
sary. Ilence PtClj.4NII, may be regarded as 
P*/NH3.NII.CI 

The classification and nomenclature of the 
platin-ammonium compounds proposed by Blom- 
strand {Chemie der JeUtzcil, Heidelberg, 1869; 
B. 2, 202; 4, 40, 639, 073; 6 , 1409) is now 
usually adopted. lu the following fonnuhe II 
stnaids for a monovalent negative radicle. 
Blomstrand uses the terra aimnine to distin- 
guish these compounds from the amines, which 
contain the group NIL. 

Claes I. PiiATo. or Platoso- compounds. 

Series 1 . Pia/oscmtammtncs, UPtNHjB. 

„ 2. Pirtiosajamincs, Pt(N II,U).^. 

„ 3. Platodiampiines, Pt(NH 8 .NHjR)j. 

„ 4. Platosc77iidia7nmines, 

Pt(NH,.NH 3 K)K. 

„ 6 . Platowowdiarnmines, 

rt(NIl 3 .NH,ll)(Nn,R), 

Series 2 and 4 are isomtadc. Cleve has 
isolated two distinct aniline compounds, 
Pt(NH.,). 2 .(CyIIjNIL),^.ll 2 (cf. Jorgensen, J.pr. (■ 2 ] 
33, 489). 

Class H. Platini- or Platin- coirpouNDS. 

Series 1. Platiuammmcs, R^PttNHsE),. 

„ 2. Plalinidiamviines, 

, ILPt(NH 3 .Nn,R)^ 
n S. Platimsemiduimmines, 
R.,Pt(NH,.NII,U)R. 
n 4. Plaliuivionodiavitnines, 
R,Pt{NH,.NH,)R(NH,R). 
n 5. Platinitriammines, 

R,Pt(NH,.Nll 3 .NH,R),. 

Series 1 and 3 are isomeric. 

The prefixes mono, di, Ac., are used to denote 
the number of NH, groups in direct union with 
one anotlier.and not the namberof NH, groups in 
union with the atom of Pt. As the compounds in 
Scries 3 contain one diammine chain, (NHj.NH,), 
they are called scmkliammines ; and as those in 
Scries 4 contain a diammine and a monammine 
chain, they are called monodiammines. 

Class III. Biplatinuu Compodnds. 

These contain 2 Pt atoms; the group Pt, may 
be divalent, tetravalont, or hexavalent. 


Series 1. 

Diplatodiammines, 


Pt(NH3.NH,B) 

^t(NH,.NH;B) 


Series 2 . 

RPt(NH,.NH,E) 
Diplahsindiammines, I 

RHtNHj.NH,B) 

Pt(NH,.NH,B) 



OOMPOtJNM; 


Seriei 8. 


t>i^tiiummineSt 


Series 4. 


RPt(NH^), 

RPt{NH,K), 


RPt(NH 3 .NH^), 

Divlatinidiainmiim, I 

IlPt(NH 3 .NH,R)a 

Iodides of platinum bases with 4 and 8 
atoms Pt are also known; and 

Many organic bases, such as aniline, pyrui- 
cne, Ac., can take the place of NH 3 In these 
compounds, and the N of NH, is often replace¬ 
able by P or As. 

Class I. Plato- or Platoso- compounds. 

Series 1. PlaioscmiammincSt RPtNHaR. 
None of these has been isolated, but Cossa (R. 
23, 2503) has obtained a compound which pro¬ 
bably contains platoscmiamniine chloride; the 
compound is 2 PtNll 3 Clj.Pt(NIl 3 ) 4 Cl 3 . 

Series 2. Platosaminines, Pt{NH:,R) 3 . 
These compounds avo generally obtained by 
heating the corresponding platodiammiiies, 
Pt(NH 3 .Nn;,R)a, which thus lose 2 NHa; bylicat- 
ing With Nli^Aq, platodiammiiies are re-formed; 
with oxidisers, platini- compounds are obtained. 

Platobamminb chi.okidb Pt.NHjCl.NUjCl 
(Peyrono,-4. 51, 1; 55,205; 61,178). Obtained 
by healing Pt(Nlls) 4 Clj (plato-diaiuraiiie 
chloride) to 250°, or by evaporating that com¬ 
pound with HClAq at 100' and dissolving out 
AmO in wator; also by evaporating with HCI 
the solution of tlio corresponding nitrate or 
sulphate. Microscopic, sulphur-yellow crystals. 
S. 022 at 0°, -77 at 100^'. Sol. NH^Aq, form¬ 
ing Pt(NH.,.NH-,Cl)o (platodianmiine chloride); 
in aqua rcola forms ChPt(NH 3 Cl)j (platinam- 
mine ohloiidc). With AgNO.Aq, in*iho ratio 
2 Pt{NH 4 Cl).i:AgNO„ one half of the clilor- 
ide remains unclianged and one half gives 
Pt(NHj.NO,)j. Heated to 270°, the chloride is 
decomposed thus: 

3Pt(NH3Cl)3 = 3Pt + 4 NH 4 CI + 2UCI + N,. 

Platoscrnidiammine chloride 
Pt(NH,.Nn,Cl)Ci, and ^lalodiamniive chloride 
plat^nouschloridePi{'^li:,^iill)C\).i.V^OL{^U^.i:,nas' 
green salt), are isomeric or polymeric with ])lalos- 
amraine chloride. Other compounds, perhaps also 
isomeric, were obtained by Peyrone (Z.c.) and by 
Cossa (B. 23, 2503). 

Grimm (A.09,07) obtained a double com¬ 
pound with AinCl; Pt(NH.,Cl)j.2AraCl. Jorgen¬ 
sen (J*. pr. [2] 33, 480) obtained the pyridine 
compound Pt(NC,H,CI) 2 ; and also the mixed 
compound PtNCjH^Cl.NfljCl (u. also Hedin, 
Diasertatimt, Lund; B. 20, Itef. 108). 

Plxtosauminb hydroxide 
Pt.NH3OH.NH,OH. Said to be obtained, as a 
crystalline, very soluble solid, by decomposing 
^e sulphate, Pt(NH,.NH,)SO„ by BaOAq (Od- 
ling, C. N. 21, 209, 289). The compound thus 
formed may have been the isomeric plaUyaemU 
dianmine hydroxide, OH.Pt{NH,.NH,OH). A 
solution of Odling’s hydroxide reacts strongly 
alkaliDe, absorbs CO, from the air,.neutralises 
acids, decomposes salts of NH4 giving off NH„ 
ppts. many metallic hydroxides from salts 
the metals. . 

PuxosisiMxsB msDi Pt(NS^.NH|}0. A 


grey solid, insol. water or KHjiAq; heated in a 
retort to 196° gives N, NH„ H,0 and Pt. Ob¬ 
tained by heating platodiammine hydroxide 
(rt[NH,.NH,.OHj,) to 110° (Beiset, i. Ch, [ 8 ] 
11, 417). 

pLATosAuuntE suLPHONATEB and Oaix>BO- 
8 ULPUONATE 8 Pt.NH^SOaM.NHjSOjM and 
Pt.NHjCl.NIIsSOaM. Ammoniumplatommmint 
snlphonate, Pt(NH 5 .SO.,Am)., is formea by tho 
re action of excess of AnijSOjAq on Pt(NH,Ol), 
(Peyrone,/1.51,1; 55,205; 01,178). The salts 
^ of Ra, Co, €u, Pb, Mu, Ni, Ag, Na, UO„ and Zn 
i have been obtained. Ammonium plotoaamniin^ 

I chlorosuljdumaifi, Pt.NHaCl.NHaSOjAm.HjO, is 
obtained, in colourh^ss rhombic tablets, by lead¬ 
ing SO^f into a boiling solution of Pt(NHaCl)„ 
and neutralising with NH;,Aq. If tho neutralis¬ 
ation is omitted, ;)hr/o.saJH 7 »inc chlorosulphonic 
acid, Pt.NHaCl.NHySO,!!, is obtained (Peyrono, 

I. C.). 

Tlie other*alts of tlie platosammino scries 
wWoh have been isolated are tho following; 
M Pt(NH 3 ), i—bromide, MB^ (JOrgensen, J.pr, 
[2] 33, 521, 531, 5.35); cyani^, MCy, (Buokton, 
A. 02, 280); iodide, MI, (Olevo, Bl. [2] 7,12; 17, 
482; Reiset, A. Oh. [3] 11, 417); nitrate and 
«tfnfc,M(N 0 ,),andM(N 03 ),(Cleve,Z.c.); 5 uZp/eafe 
and sulphite, MS 04 .H ,0 and MSO,.H,0 (Clevej 

J. c .); and stt/pAocyaJUt/e,M(CyS),(Buckton,f.c.). 

! Substituted derivatives of the bromide, of the 
; form Pt(NH,RBr),and Pt.NH,Br.NH,RBr, where 
! R = Kt, Mo, or Pr, have been obtained (Jdrgensen, 

I l-c.). 

Scries ii.—Phitodiamntines 
PtfNlI^.NIIaR),. Formed by action of NH,Aq 
on platinous salts, platosauimiiiu or plaiosemt- 
' dia.nmine compounds. Kasily lose NH, on 
heating, giving platosammiue compounds. Give 
phitinidiammino compounds by action of 
oxidisers. 

j I’LATOMAMMINK CIILOIUDB 

; Pl(NH 3 .NH 3 Cl),.H ,0 (Reiset, A. Ch. [ 8 ] 11, 417). 

I Sometimes called Iteisct'.'i first cldoiide. Ob- 
I tained by the prolonged action of boUingNH,Aq 
j on PlCl,, Magnus’s green salt (v. infra), platos- 
; ammine chloride Pt{NH,Cl),, or platosemidiam- 
I mine chloride Pt(Nir,.NH,Cl)Ci, preoipitatioQ 
by alcohol, and crystallisation from water. Also 
' formed )>y reduclion of platinidiammine chloride 
Cl,rt(NJi 3 NH 3 CI),, by H,S (Thomsen, /. 1868, 
278). Large, colourless, tetragonal orvstals; 
i S. 25 at 16*5°, more sol. hot water; insol. absolute 
i alcohol and ether. Addition of H^SO.Aq^ 

I HNO^Aq, or H 3 C 304 Aq ppts. the corresponding 
; sulpliiite, nitrate, or oxalate. By gently warming 
: with HNOaAq the salt (NOa). 3 pt(NH,.NH,Cl), is 
i formed ; Cl, Br, and FcGl,Aq react similarlyi At 
i 240°-270° NH, is given off, and Pt(NH,01)}ii 
formed (v. Platosammikb oulobxdx, auvre^. 
Combines with FtCl^, and FtClf, to form M.rtC$i| 
i and M.PtCI* respectively [M*Pt(NH,.NH,01)j]. 
Compounds are knowa in which NH,Is wholly 
or partly replaced by pyridine, also by alkyl 
radicles (JOrgensen, J.pr. [2] 88 , 489), and also 
by PEt, (Cahours a. Gal, C. B. 70,1881). 

Double compounds. Combines with 
various metallic chlorides to form compounds of 
the form M.XCl,, whire M « Pt(NH,.NH,Cl)„ and 
XsPt, Cu, Pb, Hg, 8d, and Zn (v. Thomsen, /« 
1868. 278; Bocktoo, C. J. 6 , 218$ HiUoD 9k 
Commailie, 0* B< 67,822). 
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The most !mporUnt of these oompoonds is 

PUXOPUMMINB OHLORIDB PLATINOOS OHLOBIPB, 

known as Magnuses grem saltt 
Pt(NH^NH^Ci)j;.PtCl^ This salt is obtained by 
the action of NH;<Aq on PtCl, in HClAq, or on 
PtCl« in HCIAq after passing in SOj till AmCl 
ceases to give a pp. (Magnus, P. 14, 242; Gros, 
A, 27.241). Also by adding PtiNHj.NH.Cl), to 
PtClj in HCIAq. It is best prepared by making 
Am^PtClf, from PtCl, in HCIAq treated with SO.^ j 
and crystallised from AmCIAq, and heating this i 
with HCIAq and NHj.Aq (Claus, AT 107, 138). ' 
Green, microscopic prisms or needles; insol. 
water, alcohol, and dilute HCIAq. Digestion 
with hot NHjAq forms Pt(NH,.Nil,Cl).^; Cl. Br, 
or HNO,Aq produces platinidiammincs (Gros, 
I.C.; Roewsky, A. Ch. [3] 22,278). Boiling with 
AgNOjAq pr(^ucea PtCl, and PtjNHs.NllaNOj).^. 
If the empincal formula nPtlNH,)^^!, is given 
to Magnus’s green salt, it is s^cn to be iso¬ 
meric, 01 polymeric, with platosaminine chlor¬ 
ide Pt(NH,Cl)„ platosomidiainmine chlorUe 
Cl^Pt.Nll 3 .NH,Cl, 

platomoDodiammine chloride platinous chloride 
2 [Pl(NH,.CI)(Nn,.NH,Cl)].PtC] 2 ,dipIatosindiam- 
mine chloride OlyPt^lNHyNH^Cl)., and with a 
double salt obtained by Cossa (B. 23, 2503), 
2[Pt.NH,.Cl,l.Pt(NH,),Cl,. 

Pjli&TODIAMUtNE nYDBOXIDlS ^(NHa.NHaOII)., 
Bometimos called Reiset's first base (llcisct, 
A» Ch, [ 8 ] 11, 417). White, crystalline, deli¬ 
quescent needles; by decomposing the sulphate 
by the proper quantity of BaOAq, Altering, and 
evaporating in vacuo. Solution in water is 
strongly alkaline, absorbs CO; from tlie air, and 
drives out KH« from NH^ salts. NH, is not 
given oft when an aqueous solution is boiled 
alone or with potash. Molts at c. 110^; at a 
higher temperature gives off Nil, and H.O and 
leaves platosammine oxide Pt(Nnj).. 0 * (t;. o. 
p. 293). 

The other chief compounds of tho platodi- 
ammineseriesare the following; M = Pt(Niy^:— 
carbonates, MCO,.4aq and M(CO,H )2 (Peyrone, 
A. 61,14; Reiset.A.CA. [3] 11, 417); chro7naie& 
MCrOf and MCr^O,; bromide, MBi.;.3aq (Cleve, 

1867. 821); iodide, Ul^x&q (Clevo); nitrate 
and nitrite, MiNO,)- and M(NO...);.2aq (Peyrone, 
kc.)l phosphate, MHPO^.aq (Clove, Dl, [2J 7, 
12; 17, 482); sulphate and sulphites, MSO., 
MSO,, M(SO,H) 3 . 2 aq (Cleye, l.c.). 

Series 4- Platosemidiavwiines, 
PtfNH,.NH,R)B. Generally formed from the 
ehloride by double decomposition: the chloride 
ii a product of the action of NH^Aq or 
(NHJgCOfAq on PtGL.. Prolonged treatment of 
the platosemidiammines with NH,Aq produces 
diammine compounds. Jorgensen (<7. pr. [2] 33, 
489) has replaced NH, in these compounds by 
alkyl radicles and by pyridine. 

PLlXOiBMinUMMINK CHLORIDE 

Sometimes called Peyrone's chloride. PtCI, is 
formed by the action of SO, on PtOl^ in HCIAq, 
and the solution is heated to boiling with excess 
of (NHflaCO, until the red solution has become 
light-yellow end a greenish-brown pp. forms, 
when the liquid is rapidly filtered. The chloride 
separates as the liquid cools; it must be filtered 
off at once (else it may re-dissolve), and crystal- 
Uaod from boiling water (Peyrone, A. 61,14; 66 , 


209; 0 . also Thomsen, Om,~K, 8 , lllS; Olor^t 
Bl. [2] 7, 12, 17, 482). Small yellow crystals. 
S. *26 at ()®, 3*6 at 100®. Decomposes at 270®, 
giving off NH, and HCl. Boiling NH,Aq forms 
platodiammine chloride, Pt(NH,.NH,CI) 2 ; 01, 
Br, I, and some other oxidisers produce platini- 
semidiammine compounds, R,Pt(NH,.NHaR)R. 
IVith AgNOj, and Ag-^SO,, the corresponding 
nitrate and sulphate are formed. 

It is doubtful whether the hydroxide 
Pt(NH,.Nn,OU)OH has been prepared; the 
compound obtained by Odling (C. N. 21, 269, 
289) was this or the isomeric platosammine 
hydroxide, Pt(NH,OH); (v. Platosammine hy¬ 
droxide, p. 293). The other compounds of this 
series wliich have been obtained are the follow¬ 
ing; M = Pt.NiyNn 3 :— 6 ro?;i«/c. MBrj; chloro- 
sulphonic acid, MCI.SO 9 H (Cleve. l.c.); iodide, 
ML; nitrate and nitrite, MINO,); and 
M(N 03 ) 2 ; sulphate, MSO 4 ; double sulphites, 
Mb' 03 . 2 X,SO„X 2 » 2 Nri„Ba,Co,Ag;: these may 
be regarded as compounds of sulphites with 
salts of tho hypothetical platosemiammine 
sulphonic acid Pt(NH 3 .NH 3 .SOJl)SOaH. 

Series 5. Platomonodiavimines 
Pt(NH 5 .NIl 3 R)(NH 3 lt). Most of the salts of this 
series are prepared from tlie double salt of the 
chloride with PtCl.;. 

PlATOMONODIAMMINB CnWRIDE PLATINOU8 
OHLOHIDl This 00 m- 

pound is one product of the action of NH,Aq on 
PtCl, in HCIAq; it is prepared by neutralising 
PlCL^ in HCIAq by (NIl 4 ).C 08 Aq, heatiEg to 
boiling, and adding (NHdjCOgAq drop by drop, 
when it separates in small red tablets (Peyrone, 
A. 65, 209). Fairly sol. cold water, more sol. hot 
water. Boiled with NH.,Aq forms Magnus’s 
green salt, Pt(NH 5 .NH 3 Cl) 2 .PtCi;. Isomeric, or 
polymeric, with Magnus’s green salt, platos¬ 
ammine chloride, and platosemidiammine 
chloride. 

PlATOMONODIAMMINB CHLORIDE 

Obtained, in lustrous colourless 

crystals, by adding HCIAq to an ice-cold solution 
of the nitrate. 

PlATOMONODIAMMINB NITRATE 

decomposing tho 

chloride in solution by AgNO,Aq, filtering, and 
evaporating. The sulphate 

known (v. Clove, 

Lc.; BloWtrand, B. 4, 40, 639, 673 ; 6 , 1469). 

Class 11. Platini- or Flatin- compounds. 

Series 1 . Platinammines, RjPt(NH,R)r 
These compounds are formed by the addition of 
Cl,Br, or 1 to platosammincs, or by the action of 
such oxidisers as HNOaAq on platosammines; 
they are generally changed to platinidiammines 
by heating with NH^Aq, and are reduced to 
platosammincs by SO^Aq. The radicles in direct 
union with Pt are replaced with more difficulty 
than those in union with NH,. The nomen¬ 
clature is arranged to indicate, first, the nature 
of the radicles in direct union with Pt, and then 
those in direct union with NH|. 

L Ohloro- compounds Cl^t(NH,^r 

Ohloroplatznaiuiine ohlobxde 0l^t(N1^01U 
Formed by suspending platoeamzHine oblqri^ 
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ia boiling wftter, ind passing in 01 
nntil the original citron-yellow particles are 
changed to microscopic yellow octahcdra (Ger- 
hardt a. Laurent, C. i2. SO, 273), or until the 
liquid, which is yellow at first, begins to turn 
reddish. Agiia regia, or KMnO,Aq and HClAq, 
may be used instead ot 01 (Odling, C. N. 21 , 
269, 289). A heavy, yellow, crystalline powder. 
6 .1 at 0'^; 3 at 100'. Unacted on by boiling 
cone. HKO;, or ILSO^; sol. boiling KOHAq ! 
without evolution of NIIj; sol. NHjAq, with 
formation of chloroplatinidiammino chloride, 
ChPt(NHj.NH.,Cl)a. Tlio Cl is ppd. as AgCl only 
after long boiling with AgNO,Aq (Grimm, A. 
99, 67). 

CltLOaOPLATINAMMINE NITUITE 
Cl;Pt(NH 3 .NO,.)j. Ppd. in colourless rhombic 
plates by addition of excess of HClAq to solution 
of the nitrato-nitrito, (NOa)lH(NHa.NOo).;, 
which is formed by boiling platosammine nitrite, 
rt(iNH,.NO.)witl» HNOaAq. 

CHI/>m)ri.ATINAMMINE CJILOROSITRITB 

CljPt(NH,Cl)(NH 3 .NO,), is produced by the re- 
action of Kd’LCl, and (N 03 )J’t{Nll 3 N 0 j)y 

II. Htidroxyl compounds 
(OIIl^PtlNH^U),. 

IlrpUOXYL ITi-ATINAMMINE nYDROXIOB 

(Oil).Pt(NlI.,. 011 ) 3 . Yellow, lustrous crystals; 
by adding excess of NIIiAq to a boiling solution 
of the nitrato-nitralo (N 0 y)_,Pt(NIl 3 .N 03 ) 2 , and 
allowing to cool. Scarcely sol. water; easily ! 
sol. dilute acids. Boiling KOJIAq does not evolve j 
NH,; decomposes above 130’, giving off NII 3 j 
and 11.0, and leaving Pt (Uerhardt a. Laurent, i 
aii. 3(). 273). 

IIyDUoXVIi I'l^TINAMYIINE NITRATE 

( 0 E) 3 Pl(NII,.N 0 ,),.. 2aq. Crystalline pp. by de¬ 
composing CLPt{NH,lJl), by AgNOaAq. Not j 
nctf^d on by cold IK’lAq; evaporation with 
HNOaAq produces {N 0 y). 3 pl(NIL.N 0 ,)a,(G. a. L., ; 
I.C.; Clevc, Bl. [2] 7,12 ; 17, 482). : 

Hydroxyl platinaumine sulphate i 

(OII). 3 pt(N"H 3 ) 2 SO,.aq. Formed as a pale-yellow, ' 
hard crust of needle-shaped crystals, by dccom- ; 
posing ClPt{NH 3 .Clj 2 by Ag.SO^Aq. Kvapora- | 
tion with H 2 SO,A<i produces tlio sulphato-sul- | 
ph'ate, SOi.Ft-lNHal.^SO^.-^aq; when IlClAq is | 
used, Cl 2 Pt(NH 3 ) 2 SO, and C 1 . 2 Pt(NH,Cl )2 are [ 
produced (Clevc, l.c.). I 

The following salts of this series have also been | 
isolated: Bromo-browjrfe, Br. 3 rt(NII,Br )2 (Clevc, ! 
1 . 0 .); bromo-nitrite, Br. 3 pt(Nll 3 .N 62 ), (Clove, i 
l.c.); iodo-iodide, l2Pl(NHjI)2 (Cleye, l.c.); nt- ' 
trato-nitraUt (NO,). 2 pt(Nil^.NOj 2 ; nitrato- 
nitriUf (NO,)..Pt(NHj.NOj)2; nitrato-chloro- \ 
nitnte, N 0 ,.Cl.Pt(NH 3 N 03 ), (Cleve, l.c.); sul- 
phato-sulphate, S 04 .Pt(NH,),S 04 . 3 aq (Clevo, 

. . 

Series 2. BlatinidiammineSt 
R 2 Pt(Nn,NH,R),. Generally formed by action 
of Cl, Br, I, and other oxidisers on platodinra- 
mines. A largo number of these compounds is 
known. B attached directly to Pt may bo the 
same as, or different from, B united directly to 
NH 9 . The nomenclature is similar to that of 
the platinammine scries. The radicles in direct 
union with Pt are removed with more difficulty 
than those united with NH,. 

1 . ChlorO‘ compounds 
ClR.Pt(NH,.NH^)(NB;j«H,R); the R»s may be 
the i^e or difieieat. 


CHLOBOPLATzinnxiiaczmi cntoBira 
Cl 2 Pt(NH,.NH,Cl),. By passing 01 into a fairly 
cone, boiling solution of platodiammine chlor¬ 
ide, Pt(NIL>NH,Gl) 3 , UU the liquid begins to 
turn red (Baewsky, A. Ch. [3] 22, 278 ); also 
by dissolving chloroplatinammine ontoride, 
CL 1 H(NH,C 1 ) 2 , in NH,Aq (Gerbardt a. Laurent, 
C. R. 30, 273). Pale-yellow, crystalline pow¬ 
der ; scarcely sol. cold water, si. sol. boiling 
water. HNO,Aq produces the chloro-nitrato 
Cl..rt(NII,.NH:,.N 03 ). 2 ; alittle AgNO,Aqproduces 
the clthr 0 'li 4 idroryl-i\iirate 
Cl(OH)l>tlNll 2 .N 14 N 03 ) 2 ; long boiling with 
AgNO,Aq is needed to remove all Cl as AgCl. 
lioduoed by II S, or action of Ag, to 
ri(Nll 3 .Nn,Cl ).2 (Thomsen, J. 1868. 278; JOr- 
gensen, J*. pr. [2] 33, 489). Forms double 
compounds with PtClj and PLCI 4 (Beiset, 
.4. Ch. f3] 11, 417; G. a. L., U.\ Clove, Bl. [2] 
7, 12; 17,482). 

The othiuw chloro- compounds which are 
knuwn are the following: Chlc^o-niiraU, 
Cl,,Pt(NIl 3 .NH,.NO ,)2 (Gros, A. Ch. [2] 69, 
204; Baewsky, A. Ch. [3j *2, 278; Hadow, 
C. J. [ 2 ] 4, 346); chlora-chloro-nitrite, 

Cl..Pt(NH 3 .NH 3 .NO,)(NH,.NIl 3 Cl); chhro-hy- 
droxyUhloride, Cf(Oa)Pt(NH:,.NH,Cl )2 (Cleve, 
l.c. ; Hadow, l.c.); chloro-hydroxyl-cnrbonate, 
CH 0 U)Pt(NH 3 .Nll 3 ) 2 C 02 .H .20 (Baewsky, U .; 
Gros, lx.); chloro-hydroxyl-chnnnate and di- 
clinyynate, Cl(()n)iT(NHj.NH 3 ). 2 Cr 04 and 
0 l(OH)Pt(NH,.NU,) 2 Cr.,O, (Clove, lx.); chloro- 
hydroxyl-nitrate, Cl(OH)Pt(NH3.NU,.NOj)2, 
(liaowsky, l.c.; G. a. L., l.c. ; Clevc, l.c.) ; chloro- 
chromate and dichromate, and chloro-suJphatet 
MCrO,, MCr„0„ and MSO 4 , where M • 
Cl 2 J’t(NIl 2 .NH ')2 (Clove, l.c.). 

II. BromO‘compounds. The following 
jnemhers of this class have been isolated 
(Clevo, f.c.); hromo-bromidc, MBr^* hromo- 
chloride, MClj; bromo-dichromate, MCrjO,; 
bromo ’ nitrate, M(NO,) 2 ; bromo - phosphatst 
M(P 04 H 2 ). 3 . 2 aq (in these formula) 

M -»Br.^rt(NII,.Nll 3 ). 2 ); bromo-chloro-chloridet 
BrCirt(NH 3 .NH 3 Cl). 3 ; brorm-hydro.eyl-chloride 
and nitrate, MCI, and A^NOj,, where 
M=.Br{OII)Pt(Nn,.Nn 3 ). 3 . 

III. Uydroxyl compounds. HydroxyU 
nitrate and sulpluitc, M(XO ,).3 and MSO4, ^her# 
M«(Oa).3Pt(NU3.Nig3. 

IV. lodo‘ compounds. lodo-iodide,^!!^; 
iodo-nitrate, Af(NO,)2; iodo^sulphate, MSO4; 
where M-l 3 pt(NH,.Nn,) 2 . 

XV. Garbonato- compounds. Carbonate^ 
bromo - carbonate, carbonato - chloro - carbonate, 
and carbonato - nitrato ‘ carbonate, Br 2 (C 04 )B, 
Ci„(C 03 )B, and (NOjl^CO^B, where 

B = 2[Pt(N U3.NH3).J.(C03).4. 

V. Nitrato- compounds (Cleve,Ge^ 
hardt a. Latirent, C. It. 30,273); 
{NO,)2Pt(NH,.NILCl)2.2aq; 
(N 03 ). 3 Pt(NH,.NH,N 0 S; 
(N 03 ). 2 Pt(NH,.NH,). 3 Cr 04 ; 
(N 03 ) 4 Pt(NU,.Nn 3 ),.Cr, 0 ,; 
0 lI(N 0 .)Pt(XH,.NH,.N 03 ) 2 } 
Cl(N 0 ,)Pt(NH,.NH,) 2 S 04 .aq; 
Cl(NO,)Pt(NH,.NH3.NO,).3. 

VI. Nitrito- compounds (Clev6« lA| 
Hadow, C. J. (23 4, 346): 
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VII. Sulpkato- eompoundt (Olere, i.8.) i 
(80JPt(NHrNH,)J30,.aq: 
OH.Pt(N^NH,),C1.2aq! 

OH(SO,)Pt(N^H,),SO,.Saq j 
Br^SOjPt(kH,.NH,),(SO,),.aq. 

Series 8. Platinisctnidiammines, 

These compounds are iso* 
meric with the platinammines, 

They are genertdly formed by oxidising tne 
platosemidiammines, Pt(NH,.NHjB)B. 

Cbloropjatinisemidiammikb cin^ninE 
C1^(NH,.NH,CI)C1. By chlorinating plato* 
Bemidiammine chloride, Pt{NH,.NH3Cl)Cl, by Cl 
or aqua regia (Cleve, Lc), Orange, crystalline 
powder; 8. *33 at 0®, 1*62 at 100’.* Not acted 
on by cone. BL^SOi or alkali solutions.* 

The following salts of this series are known 
(Cleve, l.c .): 

hromo-bromide, Br.^Pt(NH3.NH.,Br)Br; 
bromo^nUrite, Br.,Pt(Nn,.NIl3.N03)N0j; 
chhro-nitrite, ClaPt(NHa.NH,.NOjNOj; 
chUyi^'hydroxyl-nitro-nitrite, 
Cl(OH)Pt(NH,.Nn,.NO.,)NO,; 
trihydroxyhnitrate, (OH).,Pt(NH,.NH,.NO,)On; 

hydroa^l-sulphate, 

Series 4. Platinimonodiammvies, 
B.;Pt(NH,.NH3B)(NH3U). Of this series the fol- 
lowing have been isolated (Cleve, l.c .): brorno- 
nitrate, Br3pt(NH.,.Nn.,.N03)(NH3.N0j); bromo- 
Bulphate, Br.,Pt(NIl3.NfI.,.SO,.Nll..).aq; chloro- 
chloride, ClaPtlNII^.NH^ClliNHjCl); hydroxyU 
nitrate, (OH)jPt(NH,.NHyNO,)(NH3.NO,).aq; 
hydroxyl’bromO’nUrate, 

(0H)BrPt(NH,.NH3.N0,)(NH,.N03).aq; iodo- 
bromide, I,Pt(NH5.NH,Br)(NU,Br). 

Series 6. Platiniiriavmines, 
B.^t(NH3.NH,.NH.,B).» This constitution is 
probably to be given to salts formed by electro* 
lysing ammonium carbamate or carbonate solu¬ 
tion, using electrodes of Pt (Prcchsc), J. pr. [2] 
20, 878; 26, 277; Gerdes, J. pr. [2] 26, 257). 
The salt formed as described is probably car* 
bonato-platinitriammine carbonate, 

By tho action 

ol HNO„ HjSO,, and HCl, respectively, on 
this compound are obtained tlie vitmto- 
nitrate, aulphato-snlphate, and eliloro-cMoriile, 
{NO,),,M.(NO,)„ SO,.M.SO,.aq, and CLU.CL 
where M - Pt(NH,.NH,.NIIj),. 

Clou III, Oiplatisum compounds, 

Pl(NH,.NHjE) 

Series 1. Diplatodiammines, | 

Pt(NHj.NH,R) 

(Blomstrand, /. pr. [2] 3, 207). Cleve {l.c.) gives 
to these compounds the formula 
Pt,(NH,),,(NH,),R,. 

The following mombers of this sorics are 
known: ckfonde, MCI,; hydroxide, M(OH),; 
nitrate, M(NOJ,; and sulphate, MSO.; whore 
M-.PMNH3),. 

Series 2. Diplatosindiammincs, 
BPt(NH,.NH,B) 

I • The only compound of this 

BR(NH,.NH»R). 

•erles is the chloride Cl,Pt,(NH,).04. 

BPt(NH,B), 

Series 3* Diplatinammines, I 

Bh(NH^), 


The 01 ^ eomponnd of tU* < 4 Hei Is the ioSiSe 
IjPt 2 (NH^ 4 l 4 (Cleve, j.o.); by treatment 
with HIAq, the compound PtJ„(NH,), and 
Pt,I„(NH,),j are produced. 

Series 4. Diplatinidiammines, 
BPtfNHrNHJt), 

I (Cleve, lx.). The iodo*nitrate, 

EPt{NH 3 .NH 3 E )2 

LPt,(Ni^)„(N 03 ) 4 , formed by reacting on 
I^PtjNHaj^fNOa), with NHjAq and treating the 
product with IlNO^Aq; most of the other com* 
pounds of the series are formed from the iodo* 
nitrate. Various classes of compounds of this 
scries are formed by varying the composition of 
the radicles, B; tlxc nomenclature is similar to 
that used for the platinidiammines. The com¬ 
pounds which have been isolated are bro)no^ 
nitrate, broino-anhydromtrate, and bromosuU 
pliate, M(N 03 )^, M(N 03 ), 0 , and M(SOq).,.2aq, 
where M » Br^i,(NH 3 )g; 'hydroxyl-chlori^, di* 
chromate, phosphate, and sulphate, MCl^aq, 
R^Cr^Oy),.., MIHPO,)^ and M(S 04 ),. 2 aq, where 
M ^ (OH),PL(NH 3 )i; iodo-iodide, anhydro’iodide, 
nitrate, anhydronitrate, phosphate, and suU 
phnte, MI„ Mi^O, M(N 03 ) 4 . 4 aq, M(N 03 ), 0 , 
M(HPO,).„ and MlSO^).,, where M = LPfc,(NH 3)3 ; 
nitrato^nitraU, (N 03 ),l’t 3 (NH 3 ) 3 (N 03 )' 4 aq. 

M. M. P. M. 

PLMINBMS, PULMINATING. Various 
<M»in|)o.mds of Pt, N, Cl, O, and H, all of which 
explode when heated, are formed by the action 
of KOHAq on (NH^l-PtClg, or by ppg. rt(S 04 ). 
with NH,A(i and boiling tho pp. with KOUAq 
(Proust, Qchlen^s J. 1,3'18; Dohorelner, 0. A. 72, 
104; Fourcroy a. Vauquolin, Qehleii's J. 1, 348; 
Davy, S. 19, 91). These compounds are classed 
together as fulminating platinmns. B. von 
Meyer {J.^. [2] 18, 305) classifies according to 
the quantities of Cl they contain; all contain Pt 
and N in the ratio of equal numbers of atoms: 
ictrachloro- compound PtjN^Cl^O,.;,^.^, Uichlrn-- 
oxy*Pt,N,Cl3(OH)0,.,H,„dZcAk>jo-lH4N4Cl.40, H.,, 
chloroxy- Pt 4 N 4 Cl( 0 H) 0 „H.^ Tetrachloro-ful* 
minuting platinum is formed' by adding 
KOHA<i*drop by drop to Am.^PtCl 3 , in the ratio 
4-6KOH: Am^PtClrf, and washing the pp. by 
repeatedly boiling with acetic acid solution and 
then with water. At 150® 4fLO is given ofi; 
explosion occurs at a higher temperature. 
Dilute H-jSO^Aq produces 11 . 0,04 evolves 
CO,. By treatment with kOIIAq, or NH^Aq, 
01,18 easily removed, a third C! is removed with 
diOicuUy, but the fourth Cl remains unattacked. 

M. M. P. M. 

PLUMBAGO. A name sometimes given to 
graphite; v. Carbon, vol.i. p. 086. 

FLUMBATES. Salts wherein FbO, acts as 
acidic radicle, v. vol. iii. p. 1.32. 

FLVMfilTES. Salts wherein PbO acts as 
acidic radicle, v. vol. iii. p. 129. 

PLUMEBIC ACID Cj„H,„0,. [139®]. Occurs 
as calcium salt in the milky juice of Plumeria 
acutifolia (Oudemans, A. 161, 154). Minute 
crystals (from water), v. sol. alcohol and ether, 
si. sol. cold water. Yields salicylic acid on 
fusion with KOH. Reduced by sodium-amalgain 
to crystalline ‘ hydroplumerio * acid 0,gH„0..— . 
K 4 A«’ 8 aq. - Ca(H,A'’),4aq. S.-6 at 20®. - 
CbH^A’’ 6aq. -26 at 20®.-Oa,(HA'»), 8 aq.- 
Ag,iLA'*aq. — Ag|HA**X^: needles (from 
water). 
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0,H,s.O^aMe(OH).CO.^. Mol. w. 274. [188®]. 
[a]D = 186®. Constitutes at least 90 p.e. of tl )0 
resin found by de Vrij in the trunk of an old 
tree, Podocarpiis cuprcssvui, var. it» 6 r{cafa 
(Ottdemans, A. 170, 213). Plates (from dilute 
alcohol), insol. water, v. si. sol. bouzeue, v. e. 
sol. alcohol and ether. Dextrorotatory, llesolved 
at 300® into water and anhydride 
Ifiolds methanthrene G, JI), on distillation with 
zinO'dust. The Ca salt on distillation yields 
p-cresol, hydrocarpol, carpeno C„ll,„and meth- 
anthrol C,jIl,aO. 15r added to its alcoluilio 
solution forms C,,H 2 „f 5 rEtOj(EtOH) [above 80^J, 
«which gives oil alcohol when licatcd for some 
time, leaving C^UjuBrEtO;, [158®]. 

Salts.—NaA'7aq. S. 3:iat21®. Needles.— 
KA’ 3aq.-KA' 4aq.— (N HJIIA', nq.-BaA', 3aq. 
—BaA'j 8 aq. — BaA'.^ Oaq. — BiiA'^ 15aq. — 
BaOpHj^O, 8 aq. — CaA'„.')aq. — PbA'.,4aq.,— 
l>bC„n,„0, aq. — PbILA', lOaq. - CuA'.; lOaq.- 
AgA' 2.[aq. 

Mcthifl etherUnA*, [17.4®]. Grains. 

Ethyl ethcr'ElW [lift®]. Needles. 

Acetyl derivative C„lh,AcOj. [ir>2®]. 
Small needles (from dilute alcohol). 

Nitropodocarpic acid C,,H.^,{NOJOs. [205 •]. 
Formed, as well as the di-nitvo* acids, by the 
action of IINOj (S.G. 1'34). Small crystals, 
insol. water, m. sol. hot alcohol. May ho reduced 
to unstable amido-podocarpic acid, which forms 
C,-H.„N0,I1C1 ’.aq. 

Salts.- (NUd.,C„H„NO, 4aq.— 
■KaO„H,oNOj5!aq. Kcd needles with green 
lu§tre,v. sol. water.—NaG,,H,aNO^0aq. Scarlet 
]dates. — BaCjjlIjjjNOs 7aq. Bed needles.— 
BaO„H, 5 ,NOj 3 aq.—BaA^4aq : yellow needles, 
si. sol. water.—CaCjjUiaNOj 4aq: orange needles. 

Di-nitro>podocarpic acid Cj,li^(NO.J./)j. 
[203®]. Pale-yellow crystals, insol. water, m. sol. ' 
alcohol.“Salts: KaC^IIj^N^O,Gaq. Crimson 
needles, with green rellex.--BaC,,U,gN 30 , 4 aq.— 
AgjOijHijN.p, 4aq: orange pp. ^ 

Sulpho-podocarpio acid OpH..,(SO,TI)Oj 8 uii. 
Got by warming with H^SO,. Amorphous mass. 
Salts: Na^A"7aq: easily soluble rosettes.— 
Ba(HA")j 6 aq. — BaA" 8 aq: white lamimo. — 
CaA"7aq: thin laminsD. 

Hydrocarpol C,„Ha,0. (220® in vacuo). A 
product of the distillation of calcium podocarpate. 
Viscid oil, v. sol. alcohol and ether. Vield.s 
p-cresol, carpene, and raethanthrol 0 ,^ 11,^,0 
[ 122 ®] when distilled. Methauthrol is crystalline, 
sol. KOHAq. 

FOBOPHTLLIN. The rosin extracted from 
the root of Podophyllum pcllatum (Guareachi,' 
B. 12, G83; G. 10,16; Busch. Ph. [3] 8 . 443; 
Senior a. Lowe, Ph. [3] 8 ,445). It contains bitter 
and physiologically active ' picropodopbytlin ‘ 
crystallising in needles [ 200 ®- 210 ®j, and several 
resins, $.g, * podophyllo- quercetin ’ [247®-250®J 
and' podopbylUo acid '{Podwissotzky, Ph. [3J12, 
1011 ). 

FOLTCHSOlTE v. SimoH. 

F0LTKSBX8X; a term generally applied to 
the phenomena of the existence of more than 
one substance having the same composition, aod 
lelated in pn^ertiCs, but with different moleoolar 
; v* toL iU. pp. 79-81. 

^ llltP.M. 


I POtTPOBIO ACID OijHiA* [»*«>« 800®], 
Occurs in a fungus belonging to the genus Poly* 
poriiSt which grows on the bark of diseased or 
dead oaks. The fungus is yellov^but is turned 
violet by ammonia (Stahlsohmidt, A, 187, 177; 
195,305). Bronzed tables (from alcohol), insol. 
water, ether, benzene, CS.j, and HOAo, si. sol. 
chloroform and alcohol. Alkalis form pniple 
solutions, decolourisod by zinc-dust. Yields a 
tetrahydrido when builod with cone. KOIlAq. 
«Vi(dds benzene on distillation with ztno«du9t. 
Cone. IINO; forma C„1I,.(N0.)..0^ [230®j. KCIO, 
and IICl give C,JI„C1.0, [108®j and 0„H,.,C1A 
[ 110 ®]. 

Salts.—ICA"2 !ui: purple monoclinio crys* 
tals.—Na.A''2aq: violet needles. •(Nll 4 )jA" 2 aq. 
—BaA" -Ijup—BaA" 2aq. - SrA" 4aq. - SrA" aq. 
—C:i\"3aq: pale-violet needles. MgA"3aq.— 
Ag.A": insoluble pp. 

'Methyl cyierUoA’^ [1H7®]. 

Ethyl ether Et^A". [134®]. Needles. 

^Diacelyl derivative C,Jl,.Ac^ 04 . [205®]. 
Yellow needles, si. sol. alcohol* 

Hydride [1G3®]. Formed, 

together with the ueid 0 .^ 11 , A [156®] which 
yields Ag.A", by boiling pfjlyporic acid withcono. 
koflAq. White crystalline powder (from hot 
water), sol. alcohol.—Na.A"4aq. — BaA".— 
MnA" G.aq.— Ag A": crystaUino pp. 

POPPY OIL. Tlio oil expressed from the 
seeds of Vapaver so>rta//cr/tniconlaina glycerides 
of linolcic, stearic, and palmitic acids (Oude- 
in.ans, J. 1358. 301; 1303. 333; c/. Mulder,/. 
1865. 323). 

POPULIN is the Bemoyl derivative of Saucin. 

PORPHYRINE C„[1,^N/X. [97®J. Occurs, 
together with alsloniiuj and alstonidino, in the 
bark of Alstonia coush’kta (liosse, A. 206, 360). 
White uinurplrous Bubatance, sol. alcohol, ether, 
and ohloroform. Cone. ll.SO, gives a purple 
solution. Its acid solutions exhibit- blue 
lluoroscenco,—B'.A^’l'Ck4aq. 

POTASH. Potassium hydroxitle, q. v., p. 
302. 

POTASSIUM. K. At. w. 3004. Mol. w. 
probably 39 04 (Uarusay, 0. /. 55, 621; v.infra), 
M.r. 58® (Quinck<!, P. 135, 642); 62*5® (Bunsen, 
A. 125, ,-168). B.r. 719®-73l® (Carnelley a. WU* 
liarr>3, C. J. 35, 563); 667® (Berman, 0. /. 65, 
326). y.G. *865 at 15^ (Gay-Lussac a. Th4nard); 
•875 at 13® (llautnlmuer, B. 6 , 056). V.D. not 
I known with certainty ; u. infra, vwkcular weight, 
S.II./rom -78® to •f'l0°T66 (Itcgnault, A. Ch. 
[3] 26, 286). C.E. (linear. 0^-50 ) *00008416 
(Ilagon, Verhandl. d. physikal. Oes. $u Berlin, 
1882. No. 13). Volume at f®-»vol. at 0® 
(1 +*00023935^+ 000000209250 for intervallO® 
to 95® (Hagen, f.c.), K.C. at 0® (HgatO®-!) 
U‘23; at 100® (liquid) 5 536 (Matthiessen, i>. 
100,177). Itofraction-equiv 7*51 (Kanonnikoff, 
/. li. 1884 (1), 119). The emi8sion-iq)eotrum is 
characterised by a line K« in the extreme red, and 
a lino in the violet; for measurements of all 
the clhef lines v. B. A. 1884. 436; for the ab¬ 
sorption-spectrum V. Hoscoe a. Schuster, C. N* 
29, 268. H.C. [K»,0]-66,050 (Woods, P. U. [4] 
2,268). 

Occurrence. — Compounds of K are widely 
distributed in largeqoaniitiea. Fel»m,mioa, Ao.» 
contain silicatee of this metal: eamallite, 
eyhnne, Ac., ooatola KOI; dlum-etone and othor 
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minerals oonlain K^SO^; sallpetn is ohie^j 
KNO|. Sea*water contains c. '5 to *7 g. KCl 
per litre. Potassium salts, acid tartrate and 
oxalate, are found in plants. Animals contain 
salts of E, obieily phosphate and chloride. 

Hiatoricai.—Volash was docompo.^.el by Davy 
{T. 1808. [IJ 5) in 1807, by passing the electric 
ourrent from a Volta-plle of 200 plates, through 
a piece of potash placed in a Pt basin. 
Gay-Lussac a.Th6unrd, in 1808, reduced potash 
and obtained the metal, by heating It to ^hite-i 
ness with iron filings (A. Ch. 65,11^5): In the 
same year Ouraudan {A. Ch. 66,97) showed that 
charcoal could be used instead of iron. Brunner 
{8. 88,517) made this process applicable on the 
largo scale, and B.*s method was modified by 
several workers, especially by Donny a. Mareska 
(A. Oh. [8] 36,147). 

Formation. —1, By electrolysing KOH. Tho 
most effective method is to place ^ cone. 
EOHAq, with pieces of solid KOH in it, in a Pt 
basin, to connect this with tho negative pold of 
a powerful battery, to pour a liltlu Hg into the 
basin, and placo therein the wire from the 
positive polo. Tho K which is thus formed 
amalgamates with the Ilg; the amalgam, after 
drying, is heated in a small retort, along with a 
little mineral oil, which drives out tho air, and 
the E remains when the Hg has been distilled 
off.—2. By electrolysing a molten mixture of 
KCl and CaCl^ in the ratio 2KCi:CaCl2. Tempera¬ 
ture is arranged so that a solid crust remains 
on the surface of the molten mixture. Electrodes 
of gas-coke are used. After electrolysis the 
mixture is allowed to cool for twenty minutes, 
and the contents of tho crucible are scraped out 
under petroleum (Matthiessen). Iiinnemann 
electrolyses molten EON (J. pr. 73,415).—3. By 
heating KOH to redness with iron filings or 
charcoal.—4. By heating an intimate mixture of 
K,00| and 0, or a mixture of KXOj or KOH, 0, 
and very finely-divided iron (Caatner, C. N. 54, 
218).—5. By heating sulphide of K with iron 
filings (Dolbear, C, N. 26, .33). -6. By heating 
potash with sodium under petroleum to o. 170'^ 
(Williams, 0. N. 3, 21).—7. By the action of Na 
on dry molten K acetate (Wanklyn, C. N. 3, 66). 

Preparation .—An intimate mixture of K^CO^ 
and 0 is formed by heating cream of tartar 
(K-H tartrate) in a closed crucible. Tho mix¬ 
ture is then strongly heated in an iron bottle, 
oonneoted with a fiat receiver about 30 contim. 
long, 12 oentims. wide, at:id 6 contims. froip the 
inner surface of one side to that of the other; 
this receiver is made of two pieces of sheet-iron 
(about 4 mm. thick) screwed together, and has 
an opening at the end farthest from the retort, 
to allow the escape of CO. The reaction may 
be represented thus: E2COa-(-2C=s2K+3CO. 
The E distils over and condenses in the receiver; 
when full the receiver is removed, plunged under 
miners oil and there opened, and the E is re¬ 
moved by a chisel. E combines with CO at a 
red heat to form a black, very explosive sub¬ 
stance; the more rapidly the distilled K is 
cooled the less of this explosive compound is 
formed. The distilled metal is purified by wrap- 
ing it, when under oil, in a piece of linen, 
eating the oil to o. 66"^, and pressing the molten 
Kthrough Uie linen; the metal is then redis- 
liiled^ from an iron bottloi into a copper tube 


{ partly filled with minefal naphtha, and jbavxQf 
an opening through which an iron rod may be 
passed to clear the tube which carries the E 
from the bottle into the receiver (Donny a. 
Mareska, A. Ch. [.3] 35, 147). Castnor {0. N. 
64, 218) uses as reducer a mixture of 0 and a 
nietallic carbide, or a mixture of very finely-di¬ 
vided metal and C (conveniently prepared by 
heating a mixture of Ec^O;, and tar in a covered 
vessel), and heats in an iron crucible with an 
exit-tube passing through the lid. The reac¬ 
tion, using KOH, Fe, and C, may be formulated 
as 3KOH t Fo-}-2C-3K + Fe + CO-t-CO..-f3II. 

Properties.—A silver-white, lustrous metal. 
As soft as wax at ordinary temperatures, brittle 
at 0®, melts at c. CO^. Boils when lieatod in a* 
stream of H to c. 700^ and forms a bright- 
green vapour. A sublimate, in a very thin 
film on glass, shows a rich purple colour in 
transmitted light (Dudley, C. N. 66,163 ; Newth, 
N. 47, oii). Crystallises in quadratic octahodra, 
which have a greenish-hluc sheen. Tliese crys¬ 
tals are obtained by molting K in a glass tube, 
narrowed at one place, and filled with coal-gas, 
and allowing the semi-solidified metal to How 
slowly through the constricted part of tho tube 
(Long, C. J. 13, 122). Sol. liquid NII^, forming 
a blue liquid, from which the metal is obtained 
by allowing the NH, to evaporate (Seeley, C. N. 
23, 169 ; V. Pota8.sam>ioniom, p. 299). Combines 
very rapidly with 0 ; on exposing a freshly-cut 
surface to air, oxidation occurs at once. De¬ 
composes cold water rapidly. K must bo kept 
under a liquid free from 0 , such as mineral 
naphtha or rock-oil. 

The atomic wchjlit of K was determined by 
Berzelius, Penny, Marignao, Polouzc, Millon, 
Faget, and Maumenc, from 1813 to 1816, by 
reducing KC10„ KCIO^, and KIO 3 to KCl and KI, 
and by converting KCl, KBr, and KI to AgCl, 
AgBr, and Agl. Tho researches of Stas, in 1860 
and 1865, have determined the at. w. with great 
accuracy. Stas heated KC10;„ thus getting KCl, 
decomposed KCIO 3 by IIClA.q, determined the 
ratio of KCl and KBr to Ag required for com¬ 
plete ppn., converted KCl into KNO 3 and KBr 
into AgBr, and determined the ratio of KBr to 
AgNO,, required for ppn. (Stas, Itcch. 69, 70, 91, 
118 ; Noiiv. R. 244, 303). 

The molecular weight ot K is not known with 
certainty. Dewar a. Dittmar {G. N. 27,121) and 
Dewar a. Scott (Pr. 29,206, 490) determined the 
V.D. of E at c. 1000^; the earlier results pointed 
to a mol. w. of 0 . 90, and the later numbers to a 
value c. 45. V. Meyer (B. 13, 391) showed that 
the results were untrustworthy, as vapour of K 
attacks glass vessels. It has also been shown 
that vessels of Cn, Ag, Pt, or Fe cannot be used 
(Rioth, B. 4, 807; Meyer, l.c.), Ramsay (C. J, 
55, 521) attempted to find mol. w. of K by dis¬ 
solving in Hg, and finding the decrease of the 
vnpour-pressuro of Hg thereby produced. As¬ 
suming the mol. w. of liquid Hg to be 200, and 
also assuming that equal vols. of dilute solutions 
contain equal numbers of molecules, the results 
gave mol. w. of K as 29*1 and 30*2; it seems 
probable that the mol. of E is monatomic. 

The only compound of E whose V.D. has been 
determined is El; in this molecule the atom o{ 
K is monovalent. 

E is a very strongly positive element In all 
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tU oompoonds it reacts as a metal, and does not 
enter into the composition of any negative 
radicles. K forms very iew basic salts, and no 
Qxyhaloid compounds; its halide compounds are 
very stable towards heat. K is closely related 
to Gs, Li, Ns, and Bb (v. Alkalis, uetals ov the, 
vol. i. p. 114). 

HMCtions. —1. Heated in dry air or exj/gen, 
K^O and are formed (v. Oxulcs, p, 301).— 
2. At ‘about 300'’ K absorbs hydrogen ii-jvlily, 
probably forming K,H (v. Hydride, p. 301).— 

8 . Combines with chlorine, broyninc, and iodine 
when heated (v. Chlorides, bromides, iodidvs, 
pp. 299, 300, 302).—4. Forms compounds with 
sulphur, selenion, &ndi telhirium vihan heated (u. 
Sulphides, sclenides, tellurides, pp. 305, 30()).— 
5. Combines with phosphorus (u. Phosphide, p. 
305).—0. Alloys with several metals {v. Alloys, 
t«/ra).—7. Ileacts rapidly with water, forming 
KOHAq and H.—8. Heated with hydrogen siU- 
phide forms KHS (u. Hydrosulphide, p. 302). -- 

9. Dissolves in liquid ammonia {Seeley, C’. N. 
23,169; v. t»/ra, Potassammonium). Heated in 
dry ammonia gas, KNll^ is formed (u. Amide, 
infra). —10. Combines with carbon monoxide to 
form KCO (v. Carbonyl compound, p. 300). At 
red heat decomposes GO with separation of G.— 
11. Decomposes carbon dioxide, and nitrous and 
nitric oxide, when strongly heated \vith tln'so 
compounds. —12. Ucacts with moist carbon 
dioxide to form KXO, and IICO.K (Kolbo a. 
Schmitt, A, 119,251).—13. Decomposes sHiea 
and boric acid, when heated witli these com¬ 
pounds, probably forming silicide and boride 
(g. V., pp. 299, 305). 

Potassiaiu, alloys of. Alloys of K with most 
metals are known; K alloys easily with the; 
more fusible metals. The alloys generally 
oxidise in air, and decompose cold w^tcr. K 
forms amalgams with Hg; according to Joannis 
(C. H. 113, 795), Hg„K is formed by letting 
polassammonium {q. v.) in liquid NH^ drop on 
to Hg. For polarisation of K amalgam in KCIAq 
against Zn amalgam v. Le Dlano, Z. P. C. 5, 
467. For supposed alloy with NH,, v. infra, 
POTASSAMUONIOU. 

Potassium, aluminate of; v. vol. i. p. 141. 

Potassium amide, KNH,. Oay-Lussac a. 
Th^nard (G. A. 29, 135 ; 32, 23) obtained dark 
olive-green crystals by heating K in dry NH.,. 
Baumert a. Landolt (A. Ill, 1) confirmed (i. a. | 
T.'s formula KNHj. The compound is formed 
by passing dry NHj into a tlask of c. 50 c.o. 
capacity, fitted with a cork carrying an inlet 
and exit tube, quickly throwing in pieces of K, 
contitiuing the passage of KH,, and heating 
very gently till the metal just ceases to dis¬ 
solve in the greenish-blue liquid that is formed ; 
on cooling, a yellowish-brown solid is obtained. 
1^^ is a non-conductor of electricity. Melts 
at a little over 100°, at a higher temperature 
KH, is given off, along with H and N, and 
remains (v. Potassxdu nitbidb, p. 304). Burns 
when heated in 0, or heated to redness in air, 
giving N and KOH; decomposes in moist air 
to KOH and KH,; must, therefore, be kept 
under rook oil. Beacts energetically with water, 
giving KH, and KOHAq. 

PousiinMmmonitta ok PotoisaamoBituB. 
3/ ovolving dx 7 bom AgCUHHi, in a 


Faraday tube oontaioing E fn the other end, 
Weyl (P. 121, 697) obtained a substance which 
he regarded as an alloy, or compound, of E and 
NH,, Beeloy (C. N, 23,169) regarded the blue 
liquid formed by dissolving K in liquid NH, as 
a solution, inasmuch as K was obtained ^ain 
when the Nil , was allowed to evaporate. Joannis 
{C. li. 109, 900, 965; 110, 238) examined the 
vapour-pressures of a solution of K in liquid 
NIL, t^t^d also the thermal plienomoim attend* 
ing the fonnjition of the solution. He found the 
vapour-pressure to decrease till a certain value 
was reached, when it became constant, provided 
temperature was not changed; on removal of 
move Nil, a copper-red solid separated, and 
thereafter NH, was given off at constant pres¬ 
sure, till only K remained. This last part of 
tlie process was regarded by J. as a dissociation 
of NILK; analysis showed this ratio (NH.,;K) 
to bfl always at^giined when the final part of the 
chaiigo conimencG«l. The heat of formation of 
NILK is given by J. as 6,300 wlnm Nil, is gas 
and K solid, and us 1,9(10 wl«n NU, is liquid 
and K solid. Joannis {G. li. 113,795) found 
that N1I,K in liquid Nil, is decomposed by Sb, 

I Pb, and Hg, but not by Al, Cu, Ag, or Zn; by 
dropping the liquid on to Hg, and washing the 
product with li<iuid Nll„he obtained a crystalline 
! amalgam Hg,sK. 

j By measuring the depression of the vapour- 
I pressure of liquid NH, by solution of K therein, 

I J. concludes that the mol. furinula of potass- 
! ammonium is NJIJL (C. R. 115, H 20 ). 

PotasBiom, antimonide of. Probably SbK,. 
A greyish-white, lustrous solid ; decaiiipojee 
water, giving KOH, Sb, and H. Formed by 
heating the elements together, or by fusing Sb,0| 
witli K.CO, and C. 

Fotassium, antimouates of; v. vol. i. p. 286. 

Potassium, arsenates of; v. vol. i.p. 309. 

Potassium, arsenites of; v. vol. i. p. 306. 

Potassium, auricyanide of; v. vol. ii. p. 332. 

Fotassium, borates of; v. vol. i. p. 529. 

Potassium, boride of. The brown solid 
formed when boric acid is reduced by heating 
K may contain a compound of B and K. 

Potassium, borofluoride of; v. vol. i. p. 526. 

Potassium, boronltride of. By very strongly 
heating a mixture of 7 parts'B,0, with 20 parts 
KCN, Balmain (/. pr. 27, 422) obtained a white, 
infusible solid; insol. water or KOHAq ; dccqm- 
posed by boiling aqua regia, leaving BN (voU 
i. p. 527); heiited in steam gave off NU„ and 
left KOH and boric acid. 

Potassium, bromide of, EBr. Formula 
probably molecular, from analogy of RI. Melts 
at 099’ (Carnelley, C. /. 33, 279). B.G. 2’C95 
to 2-72 at 4° (Schroder, P. IOC, 226) ; 2*712 al 
12*7’ (Clarke’s Tables of Spec. Oravities, 2nd ed., 
31); 2*199 fused (Quincke, P. 138,141): v. also 
Spring (ii. 16, 2724). S.H. (16° to 98°) -11322 
(Bognault, A. Ch. [3J1,129). Vol. al 40 °mvo 1. 
at 0° (I +-00012602) (Fizeau, 0. B. 64, 314). 
S. 53*48 at 0°, 64*6 at 20°, 74*62 at 40°, 84*74 al 
60°, 93*46 at 80°, 102*04 at 100° (Kremers, P. 
25,119); Coppel (A. Ch. [ 6 ] 30, 411) gives S. 
64-43+ *6128f where t varies from-13*4° to 
110°. Qerlaoh {Fr, 8, 286) oaloolaled tho iol> 
lowing from Kremer’s data; 
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S.G. KBrAq 1 

t pji. 

1-037 

30 p.o. 1-256 

10 „ 

1-075 

85 „ 1-309 

16 .. 

1-116 

40 „ 1-3C6 

20 „ 

1-169 

45 „ 1-430 

25 „ 

1-207 



8 , 235). [KBr.O*]« 84,0(10 {Th., /.c.). 

Formation. — 1. K and Ilr combine with 
production of much heat (v. Balard, Mcrz, a. 
Weith, B. 6 , 1618).~2. By trcatiim BrAq with 
iron filings and ppg. with — 3. By 

neutralising HBrAq by KOHAq or K.^CO.,Aq, 
and evaporating.—4. By decomposing Cal3r._,Aq 
by K 3 SO 4 , filtering after 12 hours, adding K^COj 
as long as turbidity is produced, filtering, and 
evaporating ^Klein, A. 128, 237). 

Preparation.—k moderately cone, solution 
of KOH, free from K^COj, is prepared from pure 
K,CO, and pure CaO (u. PotASSL^uai uydiioxidr, 
p. 302); to this solution Br is added, little by 
little, till the licpiid is sliglitly yellow; Very 
finely-powdered «ehavcoul, equal to about one* 
tenth of the quantity of Br used, is added, 
and the liquid is evaporated to dryness 
(OKOHAq -J- 3Br, = DKOrAq + KBrO^Aq + 3H,0) ; 
the dry residue is well powdered, and heated to 
dull redness in a closed crucible for some time | 
( 2 KBr 03 + 30=2KBr + dCO-d; the residue is ex¬ 
tracted with warm water, the solution is filtered, 
and evaporated to the crystallising point. 

Prapertks and lieactions. - KBr crystallises 
in very lustrous, white cubes, sometimes 
elongated to prisms or flattened to plates; it has 
a strongly saline taste. ]*lasily sol. water, with | 
considerable lowering of temperature; [K]ir,Aq] ; 
**—6,080 (T/i. 3, 235). Ghloj-ine reacts willi : 
EBrAq to give KClAq aud Br; Br is not set I 
free by U-^SO^ containing N.Ps, nor by I 
KNO^Aq + dil. IL^SO^Aq. KBr heated with po- 1 
tassium chrcmiate and stdphuric acid gives oil ' 
Br j KOI under similar conditions gives CrO^Clj. \ 
Cone, sulphuric acid produces HBr, Br, and ! 
SO,; ihe amount of HBr {the primary product ! 
of reaction) thus decomposed varies very ! 
nearly in proportion to the quantity of ILSO^ - 
used; it the H 2 SO 4 is in such large excess that \ 
the water formed in the reaction causes no : 
sensible dilution, only SO^ and Br are produced; j 
by using dil. IBSO^Aq (c.30 p.o.) a mere trace of j 
Br is obtained, the products being almost wholly ^ 
RHSO^Aq and HBrAq (y. Addyman, 0. J. 61, j 
♦9^. Hyp^hlorous acid solution produces ■ 
EOIAq and KBrO,Aq, with evolution of Br aud | 
Cl. Potassium permanganate solution has no 
action even when boiled; but Br is set free if a 
little H 2 SO 4 is added, even without warming, the 
deoompositiou being soon completed (Hcmpel, 
A. 107, 16^. Fusion with potassium chlorate 
produces KBrO,. 

Cowbiiutfions.—With many hr&mides of less 
pcmftvs metals to form double salts; some of 
these are best regarded as £ salts of acids con¬ 
taining Br and a metal less positive than K, e-g. 
AaBr,.KBr is best looked on as KAuBr 4 {v. the 
various metalllo bromides). Also with iodine 
brimide, to form EBr.lBr (Wells a. Wheeler, 
Am. S. 43, 47^. AJso with some metallic 
ehloridea\ thus SbC^ form^ SbCl,.3KBr identical 
with SbBra.3ECl, and therefore to be regarded 
lU SbE«Cl«Brt (Atkinson, 0. /. 48, m). Feit 


(/. pr: [2] 39, 878) describes UgBr,.KBr. 8 ^, 
analogous to eamallite (MgOi 2 .KOI. 68 q). Schilf 
(A. 223,72) describes a compound with arsenious 
oxide KBr.Aa40,. 

Potassium tribromide KBr,. According to 
Beribelot {A. Ck [5] 21,370), orange crystals of 
this composition are formed by adding Br to 
KBrAq; no analyses are given. The substance 
decomposes rapidly. B, gives (KBr,Br^«*2940. 

Potassium, carbonyl compound of. {Car- 
bonic oxide jiotassiiwi.) The black solid formed 
in the preparation of K was thought by Berzelius 
(P. 4, 31) to be a carbide; Liebig (d. 11, 182) 
found that tl)e same compound was formed by 
passing CO over K healed just to molting; Brodie 
(C. J. 12, 2C9) confirmed Liebig’s result, and 
determined that one molecule CO is absorbed 
fur each atom K; hciico the empirical formula 
is probably KCO. This substance is extremely 
explosive; many serious accidents have occurred 
with it. If the CO used is quite dry, and the 
substance is washed rapidly in alcohol as soon 
as it is prepared, the residue is not nearly so 
explosive (Nictzld a. Benckiscr, B. 18, 1833, 
where details of the method of preparation are 
given); probably the alcohol dissolves out un¬ 
changed K. Poldssium carbonyl is a greyish 
solid; on standing in air it becomes yellowish 
and very explosive; it dissolves in water, with 
evolution of much gas (according to E. Davy [A. 
23,144] this gas contains CmH-J, and generally 
with combustion or explosion; heated to redness 
it is resolved into K and CO. By exposure to 
moist air, or by other processes of oxidation, a 
series of organic compounds is obtained {v. 
CuocoNic ACin, vol. ii. p. 275; Hkxa-oxy-bknzene, 
vol. iii.p. 078; Tctiia-oxy-quinonr, vol. iii.p.77l; 

lillODlZONIC ACID, this Vol.}. 

Potassium, chloride of, KCl. Formula pro¬ 
bably rnolccular, from analogy of KI. Melts at 
734° (Carncllcy, C. J. 33. 27!>). S.G. 1-9775 at 
4° (Playfair a. Joule, C. S. ilf<!m.2,401); 1*9153 
at 15° (Stolba, J. pr. 97. 503); 1*612 at M.P. 
(Braun, C. J. [2J 13, 31); 1*87 fused (Quincke, 
P. 135, 642); u. also Spring (B. 10,2721). S.H. 
14° to 09’ *17295 (Rognault, A. Ch. [3] 1, 129; 
V. also Kopp, T. 155 fl] 71). Vol. at 40° = vol. 
at 0^ (1 + *00011403) (Fizcau, C. H. 64, 314). 8 . 
32 at 10°, 33*4 at 15°, 34-7 at 20°, 37*4 at 30°, 
40*1 at 40°, 42-8 at 50°, 45*6 at 00°. 48 3 at 70°, 
61 at 80°, 53*8 at 90°, 60-6 at 100° (Mulder, 
Scheikund. Verh. 1864. 89); Coppet {A. Ch. [5] 
30, 411) gives S. 28*61 + *2837/°, where f° varies 
from -11° to 109°. S. at 0° in alcohol is given 
in following table (Gerardin, A. Ch. [4] 6 ,139); 
where S.G. of alcohol is at 0°, and S + 4° il 
solubility at t° {cf. Sohiff, A. 126,167): 


Alcoliol 

s.a. 

s. 

I" 

Alcohol 

S.G. 

3. 

|. 

-9904 

23-2 

•27 

•9573 

7-1 

•162 

•9848 

19-4 

-255 

•9390 

4-2 

•126 

•9793 

15-7 

•233 

•8707 

1-89 

•061 

•9726 

11-9 

•205 



. 


Gerlach {Fr. 8,281) gives the following data: 


aO. EOUq 


1 

6 

10 

16 


per cent. 1*0066 
n « 1-0325 

H 1*0658 

- . 1-1004 


20 per cent. l*186i 
24 „ „ 1-1667 

24*9 » » 1-1798 
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[K,01] -105.610; [S,C1 JLq] 101,170 {Th. 8 . 
285). 30 parts KCl dissolved in 100 parts water at 
18*2^ lower the temperature to * 6 ^, i,e, through 
12'6° (Kildorff, B. 2, 68 ). Solution o! 1 g. KCl 
in 100 g. water freezes at - *446®; saturated 
solution freezes at — 10‘9®(Radorff, P. 114, 63; 
122, 837). Saturated solution boils at 108®. 

Occurrence. —In small quantititis in sea-water, 
and in some mineral springs. As chlorido in 
sylvim', as double chloride, especially as car- 
nallite KGl.MgGl;,. 6 aq. In crude pearl asli, in 
plant ash, and in help. 

Pornm^ton.—1. By the direct union of Iho 
elements; K burns in Cl at the ordijiary tempe¬ 
rature.—2. By heating K in HCl gas.—3. By 
passing Cl over KOH or KI heated to redness. - 
4. By the action of HCIAcj on KOH or ILCO^.— 
6 . By decomposing various metallic chlorides 
by fusion with K. 

Preyaraiion. —1. Commercial KCIisprcpariAl 
chiefly from carnaUite. The mineral is dissolved 
in warm water, heated by steam to c. BiO®, and 
allowed to cool; at 60°-70®, MgSC.-aq, CaSO,, 
and NaCl separate, and on further cooling c. 
70 p.c. of the KCl ig obtained; the crystals of 
KCl are washed with alittlo cold water, to remove 
NuCl and MgCL, and a product containing c. 
95 p.c. KCl is thus obtained (for details v. i)ic- 
TiOH\RT OF Applied CnEMisTiiv).—2. Pure KCl i 
is prepared by neutralising pure IlCIAq by pure 
KOH or KXOj, evaporating to the crystallising ' 
point, and recrystallising from water. I 

Proi)crtics. —White salt.cryslallisingin cubc«. 
Balino taste. Unchanged in air. I)ccrepital( S 
when heated; melts ate.7J0-’,andvolatilisL's at 
a higher teinpcralnre. Fairly sol. water or lujuc • 
ons alcohol; insol. absolute alcohol, or cone. 
llClAq; sol. in 20 p.c. KC^^lI.O.Aq. 

Reactions. With ac/ds, KCl generally 
gives K salt of the acid used and IICl.—2. Said 
to combine with sulphuric anhydride, and 
chromic anhydride, probably forming SOm.C1.OK 
and CrO.^.C1.0K respectively (H. lloso, P. 38, 
117).—3. Fused with judassium, in II, a bine 
substance is formed, supposed by II. Kose to Itc 
a subchloride {P. 120, 15). What is probably 
the same substance is formed during ch'clrohj>ds 
of molten KCl (Bunsen a. Kirchoff, P. 113, 3 t 1 ). 
4. For action of water and oxyijm, in presence 
and absence of acids, v. Schulze, J. pr. [2j 21, 
407. 

Combinations. — 1. With sulphuric and j 
chromicanhydrides,v.Iieactions,^0.2 .— 2. With i 
moat metallic chlorides ; some of the compounds 
are best regarded as K salts of metal-containing 
acids, e.g. KAuCl. (u. the different metallic chlor¬ 
ides). — 3 . With iodine trichloride., to form 
KCl.lCl,; prepared by mixing KClAq and ICl,Aq, 
bypassing Ci into warm KIAq containing UCl, 1 
or by dissolving 1 part KIO, in 8 parts HClAq of ! 
8 .G. 1’176, at 40®-50®. Forma lustrous yellow | 
prisms, smelling of Cl; on healing gives Cl, ' 
KCK and ICl; with water forms KIO,; ether 
dissolves out ICi, (Pilhol, J. PA. 25, 435, 600).— 
4. With iodine monochloride, to form KCl.ICl 
(Wells a. Wheeler, Am, S, [3] 43,475). 

. Fotatsinm, eyaaide of; v, vol it. p. 346. 

FotasAum, ohromicyaBifleof; obromisulpho- 
•yaniid of; and ehfomoeyanlde of; v, toL u. p. 
886 . 


Potassium, eobalti- and cobalto-oyaulds of; 

V, vol. ii. p. 330. 

Potassium, ferrate and ferrite of; v. vol. ii. 
p. 547. 

Potassium, ferri. and ferro^cyauldo of; v. 
vol. ii. pp. 339, 336. 

Potassium, fluorides of. Two fluorides are 
known, KP, and KllF, or KF.IIF. 

Potassium kluoiuiu: KF. Formula probably 
molecular, from analogy of KI. Prepared by 
neutralising flFAq by KXO, in a dish of Ag or 
Pt, evaporating to dryness, and lieating till HF 
ceases to be given off. According to Berzelius 
{P. 2, 218), KF is obtained in crystebs by slowly 
evaporating an aqueous solution aftS’-lO® In a 
very shallow dish. Dolupiosccnt; fusible; solu¬ 
tion has alkaline rciu-tion to litmus, ami etches 
glass. Guntz (.1. Oh. [ 6 ] 3, 5) says KFAq is 
neutral, but the salt is decomposed in solution 
I and becomes alTcallno. Kviiporalion of a very 
i con®, solution gives KF.2II.O, according to 11. 
lloso. S.O. 2-451 (Bodeker); 2-096 at 21-6® 

I (Clarke, Am. S. (.3J 13, 291).* Combines with 

I liF to form KF.IIF (y. infra ); with BF., to form 
i KBF 4 (y. Potassium noROFLUoniDB, vol. 1 . p.526); 

i with SiF^ to form KjiSiF^ (y. p. 30.5); with B;,0, 
to form 21 s obtained by dissolving B,jO, 

in molten KF (SchilT, A. 228, 72); with TeF^ to • 
form KF.TeF,, by evaporating TeO, in IIFAq 
with addition of KCO., (libgborn, HI. [2] 35,60); 
and with many metallic fluorides. 

PoTAssiu.M-UYi)a()(iEN FJ.uoiiiDB KHF, or 
K I'M IF. Prepared by dividing a quantity of 
IIFAq into two equal parts, neutralising one, 

: adding the other, and evaporating; also by 
! evaporating KF in acetic acid. Wlille cubes or 
! four-sided tables; 0 . sol. water, almost insol. 
i dil. IIFAq. Wlien healed gives HF, leaving KF. 
i By electrolysis of HF containing KllFj, F is ob- 
tiiined (y. Fluoiunk, vdI. ii. p. 561). Moissan' 
{0. Ji. 106, 547) says tli.at two other compounds 
of KF and HF are obtained by dissolving dry KF 
in li(iuid HF, and cooling; to these compounds 
ho gives the formula) KF.2HF and KF.ItHF. 
j Guntz {A. Gh. [ 6 J 3, 6 ) gives tHF,KFJ=. 21.100. 

I Potassium, haloid compounds of. The com- 
j pounds KF, KCl, KBr, and KI (jre the chief 
I jialides of K; as KI lias been gastliod and the 
j molecular weight corresponds with tlie simplef;^ 

I formula, it is probable that KX expresses tlie 
molecular composition of these halides. Kl| 
also exists, but is decomposed by beat; and there 
aro indications of tlie existence of KBr|. KF 
combines with HF to form KHF.^and, according 
to Moissan, also KF.2HF and KF.3HK 

Potassium, hydride of, KJI. The absorp¬ 
tion of H by heated K was observed by Gay- 
Lussac a. Th 6 nard (A. Oh. 74, 203), and was 
couiirmedby Jacquelain. Troost a. Hautefeuille 
{A. Ch. [5] 2, 273) found that the absorption of 

II by K begins at 0 .2ui)’ and becomes rapid at 
350^-400®; if the action continues for some 
time 12 c vols. H are absorbed by 1 voL X. Tha 
product is brittle, and much resembles Ag amal¬ 
gam ; it is fusible without change in H or t?t 
vacuo ; takes fire in contact with ^; heated 
in vacuo, dissociation begins at 200 ® (for vapour- 
pressures of U given off,«. Dibbocutzok, vol. U. 
p. 398). The formula requires 124’6 vols 

iHtolToLX. 
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Potoiiiiim, hjdrositipbide of, KHS (Pofas- 
9ium sulphydrate), Gay^Lussao a. Tn^nard 
CK 115, 165) obtained this compound by 
heating E in dry H,,S gas; it is more readily 
formed by beating EjCO, to redness in H^8 
(HjO and CO.^ are given off) (Berzelius, P. 6, 
436). By saturating KOHAq with H^S, and 
evaporating the cone, solution over CaO or CaCl^ 
in vaciiOt Sclidne {P, 131, 380) obtained lus¬ 
trous, rhombohedral crystals of 2KnS.Hp; and 
by dehydrating this in a stream of dry H^S, 
Sabatier (A, Ck. [6] 22, 6) obtained KHS as a 
yellow, amorphous solid. Prepared in the dry 
way, KHS appears reddish-black when molten, 
and white when cold; it crystallises in prisms; 
is very deliquescent, and reacts strongly alka¬ 
line; easily sol. in alcohol. Thomsen (Th. 3, 
235) gives [K,S,H,Aq] = 05,140. KHSAq gives 
off H,S at 70*^, according to Breohsel (/. [2] 

4,20). When a current of an itort gas is passed 
through KHSAq, H^S is given off, and K.,SA(j 
remains (Gernez, G. R, 64, 000). Blectrolysis 
produces H andxKOIl at the negative polo, and 
H^S at the positive (Bungo, R. 3, Oil). KHSAq 
dissolves 8 with evolution of H^S; it ppts. MnS, 
or PbS, from a neutral solution of a Mn or Pb 
salt, at the same time giving off H.^S. These 
reactions distinguish KHSAq from K-^SAq; the 
latter does not give off H ,S while dissolvings or 
ppg. MnS or PbS. KliSAq dissolves several j 
sulphides of the less positive metals, e.g. Sb, 
As, Sn, forming K thiosalts. 

Potassium, hydroxide of, KOH (Caustic 
potash. Potassium, or pittassic, lii/drafc). S.O. 
2-1 (Dalton); 2-044 (Filhol, A. Ch. [3] 21, 415). 
H.P. [K,0.n]-103,170; [K,0,H,Aq] = 110,400 
(Tti. 8, 235). 

Formation. —1. By the reaction between 
K and H^O, or and 11.^0, followed by eva¬ 
poration.—2. By boiling K.COjAq with CaO.— 
8. By adding powdered KBO, to warm cone. 
BaOAq, evaporating, filtering, and again evapo¬ 
rating (Schubert, J.pr. 20, 117).-4. By heating 
KNO, with 2-8 parts thin copper turnings, to 
redness, in an iron, or copper, crucible, extract¬ 
ing with water when cold, filtering from CuO and 
Oup, and evaporating (Woliler, A» 87, 373). - 
5. By beating 1 part KNO3 with 1 part Po^Oj, in a 
closed crucible of Cu, H being passed in; treat¬ 
ing with water, and drawing off the clear liquid, 
and evaporating it{Scl»ulzc, 2. 1861.10'.)). Eva¬ 
poration of KOHAq should be performed in 
vessels of polished iron, or, better, of silver. 

Preparatum.—!. A solution of pure K3CO3 in 
10-12 parts water is boiled, in a dish of silver or 
colished iron, with milk of lime, added little by 
uttle, till a portion of the clear supernatant liquid 
gives no effervescence with on acid; rather more 
than half as much CaO is required as the weight 
of K;GO, taken; large excess of GaO should be 
avoided; water should be added as the boiling 
proceeds, because if the quantity of water is less 
than 0.10 times the quantity of K^GO, used the 
KOHAq begins to decompose the CaCO, formed, 
and the change of K^COa ^ KOH stops (Liebig, 
A. 1,124). When the change is completed, the 
vessel is closed, and, after a few houre, the clear 
liquid is drawn off by a syphon; the liquid is 
then rapidly evaporated in au iron vessel, allowed 
to stand for an hour or two, the vessel being 
dosed, syphoned off from any pp. that has formed. 


evaporated in a silver dish till the oily Ilgaid thuf 
produced begins to volatilise in white clouds, and 
cooled in an exsiccator. Impure KOH may be 
freed from all impurities, except KCl and traces 
of K3CO, and RCjHjOj, by dissolving in absolute 
alcohol, allowing to settle, draining off, and 
evaporating, at Orst on a water-bath, in a silver 
dish; the resinous matter which is produced is 
removed from the warm evaporated semi-solid 
mass, by a silver spatula, and the KOH is then 
poured out on to a plato of polished iron, or, 
bettor, of silver. 

Graegor (J. pr. 90, 188) recommends to heat 
the K^COsAq used with Ag^COa, to filter from 
AgCl and excess of Ag^COa, to boil, in a silver 
dish, with pure CaO made by strongly heating 
pureCaCOa, to filter the solution of KOH through 
iwunded marble which has been washed with 
water till free from very fine particles, and to 
evaporate in a silver dish.—2. Water and benzene 
arc placed in a silver dish, and small pieces of 
j K, cut from the inside of a lump, are thrown in 
one by one; the K remains near the surface of 
j S(;paration of the two liquids, and reacts fairly 
slowly with the water. The benzene is removed 
by warming, and the aqueous solution of KOH 
is then evaporated to dryness. 

I Properties. —After fusion, KOH is a white, 
hard, brittle solid, often showing a fibrous tex¬ 
ture. Melts below red heat, and volatilises at 
full redness in wliite pungent vapour. Very do- 
li(inoKccnl; sol. water with production of much 
heat, rKOH,Aq] = 13,290 (Th. 3, 235). Easily 
sol. alcohol. Skey (C. N. 30, 48) says KOH is 
very si. sol. ether. Absorbs CO3 rapidly from 
the air, forming KHCO,. KOH has a slight, but 
nauseous, odour, a strongly acrid taste, and acts 
as a powerful cautery towards both animal and 
vegetable matter. KOHAq should be kept in 
glass ve'sscls free from Pb, as it corrodes lead- 
glass; it attacks vessels of glass or porcelain 
when heated in them. To keep KOHAq free 
from carbonate, it is advisable to store it in 
bottles fitted with corks carrying a syphon-tube, 
and a rather wide tube filled witli a mixture c. 
equal parts CaO and Na^SO,, well rubbed to¬ 
gether, dried over a flame, and passed through 
a sieve to remove fine powder; the air which 
enters through this mixture is quite free from 
OO3. 

KOHAq is strongly alkaline; the affinity of 
KOH in solution is large, about equal to that of 
NaOn and LiOH, and about 50 times greater 
than NH,Aq (Ostwald). KOH saponifies ethereal 
salts, and ppts. most of the heavier metals as 
oxides or hydroxides from solutions of their 
salts. 

The table on next page, given by Lunge, shows 
the composition of KOHAq of different S.G. 

Expansion occurs when cono. KOHAq is 
diluted; Frankenheim (J. 1847-8. 69) gives 
V-l-l--000415f-».-000000577f^ as representing 
the volume of KOHAq S.G. 1-2788 at 0®, between 
13® and 100®. 

Reactions.—1, According to Deville (0. 12. 
45,857), KOH is decomposed to K, 0, ana H by 
heating to whits heat,—2, Strongly heated wita 
non~v<^tiU acidic anhydrides, water and potaa- 
B.v. ^altsareformed,- S.Heat^wi^Mfiusvum, 
E/) and H are formed; heated with sodium 
under a liquid free from Q, an alloy of Eand )C|| 
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17 
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18 
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19 
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20 
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21 
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22 

36*0 
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1-100 

23 
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21-1 
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255 
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24 
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18-8 
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25 

42-0 
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20 
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21*2 
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27 

46*2 
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25-1 
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309 

1-241 

28 

48-2 

21-9 

26-1 


324 

1-252 

29 

60-4 
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27*0 

281 

338 

1*203 

30 

52-0 

23*5 
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2J7 

353 

1-274 

31 

5-1*8 

21-2 

28-9 
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368 

1-285 

32 

57-0 
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1-297 

33 
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30-7 
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31 

Ol-C 
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35 
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30 

66-4 
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33-7 
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37 
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1-357 

38 
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35-9 
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39 
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42.5 
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40 
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.522 
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47 
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.593 
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1*514 

49 
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40-6 

48-3 
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1-530 
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41*5 

49*4 
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750 
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51 
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50*6 

655 

779 
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43*6 

51-9 
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1-580 

53 

116-0 

44-7 

.53*2 
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8J0 
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54 

119*4 

45*8 

64*5 

731 

870 
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55 
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47*0 

55*9 
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905 

1-634 

56 

120-8 

48-3 

57-5 

789 

940 
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E salts, and sdUing free the baees.~'6. KOHA<{ 
neutralises acids, forming salts.—7. KOHAq 
decomposes moat metallic salts in solution, ppg. 
oxides or hydroxides of the metals. -8. According 
to Schune (A. 193, 241), addition of hydrogen 
peroxide to KOHAq produces KjO^ {v. Potassiuh 
TE inOXIDB, p. 305). 

Comftma/ioiw.—I. With carton dioxide, to 
form KIICO,.—2. With water, io form hydrates. 
Pickering {C. J. 63, 890) obtained R0H.H,0 
freezing at 143*’, K0I1.2II..0 freezing at 36‘6®, and 
K01I.4H,0 freezing -.32-7'" (c/. Walter, P. 39, 
192; Scbono, P. 131, 147). P. (Z.c.) gives full 
I data for freezing points of KOHAq. GOttig 
’ (R 20,1094) deycribiMl two hydrates, ‘iKOH.OU^O 
j and 2K01I.r>lL0, obiuiiu'd from an alcoholic 
: eolnlion of KOll containing some water; but 
' in a later p:i))or {li. 2(H 1907) G. says that 
these liydratcs contained alcohol besides water. 
3. With mclhyl alcohol, to form 3KOll.5MeOH 
(Giittig, D. 20, 1832). 4. With dhtjUc alcohol, 
tntonn K01l.2KtOII (Kngol, G. ll 10.3,155); 
<l'‘('oinposcd by heating to KtOU, and 

11 /). 

Potassium, iodides of. Two iodides are 
known, KI and KI,. 

PoT.vssiuM loiuj)!':, KI. Mol. w. 165’57. Molts 
at (Carnolley, G. J. 33, 279). S.G. 8-059 
(Playfair a. Joule, G. S. Mem. 2, 401); 3-077 to • 
3-081 (Schroder, P. 106, 226); fused 2*497 
(Quincke, P. 138, 141); v. also Spring (P. 1C, 
2724). V.D. 91-5 (Dewar a. Scott, iV. 29, 200); 
84-6 at above 1.300'\ in N (Mensching a. Meyer, 

J\ a. I, 157). S.II. (20^ to 99 ') -08191 
(Ucgnault, A. Ch. 131 1, 129). Vol. at iO^ 
=^vol. at 0-^ (1 h-00»H279C) (Pizcau, G. P. 64, 
314;. S. 1321 at r/, 136-1 at 10^ 140*2 at 15°, 
114-2 at 20^ 152-3 at 30^ 100 at 40 ’, 168 at 50°, 
176 at G0^ 184 at 70°, 192 at 80'’, 201 at 90°, 
209 at 100°, 218 at 110° (Mulder, Scheikund, 
Vcrhaiide.l, Rotterdam, 1864.162). Coppet {A.Ch, 

‘ [5J 30, 411) gives S. at 126*23+ *8088t, where 
t varies from —5-9'’ to 120°. S. in aqueous 
alcoliol is given in following table. (Gerardin, 
A. Ch. [4] 5, 130); tlie values hold for 0° to 
18 °: 


S.U. >ilci»hol 

s. 

S.O. aliioliol 

8. 

•9904 

130-,5 

•9528 . 

78-9 

•9851 

119*4 

*9390 

66-4 

•9726 

1001 

•9088 

48-2 

•96C.5 

89*9 

•8164 

n-4 



*8.322 

0-2 


Is said to be formed (Williams, Rip. Chim. purs, ' 
3,177).—4. Iron decomposes KOH at white heat, 
lorming Fe,0„ H, and k.—S. Molten KOH acts 
generally as an ozidiser: e.g. Fe, As, Sb, Pt, A'c. 
form ferrate, arsenate, antimonate, and platinate 
of K; Cr,0| fonns E.CrO|, dec. Salts are 
generally decomposed by molten EOH, ^Wng 


II.F. [K,I]«80.130; [K,I,A<i]»75,020 [Th. H, 
23.5). 

Fomiation. —l. By the direct union of K and 

I. -2. By neutralising HIAq by KjCO„ and 
evaporating.—3. 1 is added to water and iron 
filings till the iron is almost wholly dissolved, 
tbc solution is flllered, and K2CO, added so long 
as FeCO, ppts.; the liquid is filtered (if alkaline 
it is neutralised byHi.Vq) and evaporated, any 
FeG, which Bc])arate8 being filtered off (Baup, 

J. Ph. 9, 37,122).—4. By adding 1 to KOHAq, 
evaporating, heating with 0, dissolving, filtering, 
and evaporating (u. Preparation}.^6. BaljAq is 
formed by the action of 1 and water on BaS, and 
Is decomposed by K,SO,; BaSO, is filtered off, 
and the liquid is evaporated. Liebig {A. 121,222) 
used Ca4 in place of BaL (of, Pettonkofer, A* 
121,225). 
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^Moderately, bat not too, oono. 
KOHAq, qoUe free from K;;CO^,)s prepared from 
EjOOyAq and CaO {v. Potassiuu hyoboxzob, Pre* 
paration, p» 802); I is added, little by little, to 
the slightly warm liquid till a slight yellow colour 
is produced; very ^nely powdered charcoal is 
now added, equal to o. ^ of the weight of 
I used, the liquid is evaporated quite to dry* 
ness, the residue is powdered, and heated, in 
a closed crucible, to dull redness for some 
time (OKOHAq + 01 = 5KIAq + KIO,Aq + 3H,0; 
KIO,+ 3C = Kl4 SCO). The contents of the 
crucible, when cold, aro extracted with water, the 
liquid is filtered, neutralised by HlAq if alkaline, 
and crystallised. Morse a. Burton [Am. 10,321) 
recommend to remove traces of KIO3 by boiling 
(or some time with 2n amalgam and water, 
^tering, and crystallieing; neither Zn nor Hg 
is found in the filtrate. The Zn amalgam is 
made by agitating zinc-duat withllg in presence 
of tartaric acid solution,and wusTiing with water. 

Properties.—White cubes; non-dcliquosd*jnt. 
Has a sharp tastg. Solution in water is attended 
with fall of temperature; 140 ptn. in 100 pts. 
water at 10*8'^ produce a fall to — ll*7'^(RudorlT, 
P. 186, 276). 

Heactions.— l. Unchanged in dry air, but 
decomposed in ordinary air token cx-imcd to 
sunlight (v. Downes a. Blunt, Pr. 29, 319; Boew, 
Ft. 1870. 251). Air containing ozone also de- 
composes KI (Houzcaii, J. 1858. CO).—2. Heated 
in air to’23O'^,8om0 KIO^ is formed.~3. Heated 
in steam, I is evolved (Petterson, Fr. 1870. 362) 
and HlAq formed (Scliindler, Mag. Pharm. 31, 
33).—4. Decomposed, with separation of 1, arid 
formation of KOII,by heating with lead dioxide, 
manganese dioxide, arsenic oxide, antimonic 
oxide, chromium trioxide, hydrogen iwoxidc, Ao. 
(v. Weltzien, A. 138,134).—6. Chlorine decom* 
poses hot KI to KCl and I. KIAq with ClAq 
gives RCIAq, and I; with excess of Cl, IGlj is 
formed and remains in solution, or combines with 
the KCl and separates as KCl.lCla, according to 
the quantity of water present. Bromine acts 
Bimilarly to Cl.—6. Nitrons acid solution sets I 
free; KNO.^anddil. lIClAq act in the same way 
(«. Price, 0. J. 4, 155).—7. Cone, sulphuric acid, 
or nitric acid, decomposes KI when heated with 
it, giving sulphate or nitrate of K, and 1; with 
H^SO^, SO3 and IBS are also formed. Addition 
of cono. H.^SO, to KIAq, or evaporation with 
HKOaAq, sets I free. If KI.Aq contains KIO, a 
few drops of a dilute acid sulhco to give free I 
(6HIAq + HIO.jAq « 3lj ♦ 3H._.0). Aqua regia sots 
1 free from KIAq (for the delicacy of this reac¬ 
tion V, Harting, J.pr. 22, 46).—8. Heated with 
sulphuric anhydride, K^SO,, SO3, and I are 
formed (H. Bose, 38,121),—9. Manganese dioxide 
and sulphuric acid produce I, MnSO„ and 1 
EfSO^ when heated with KI.—10. KI fused 
with potassium-hydrogen sulphate gives K^SO^ 
and 1.—11. Fusion with pofussmm cldorate 
produces KIO^.—12. Heating with barium 
nitrate forms KIO, and BaO. (Henry, J. Ph. 18, 
845).—13. By heating with amtnonium chloride, 
I, Ami, and KCl are formed.—14. Cone, potas- 
lium ferricyanide solution gives I and 
E^PeCy^q; on dilution the action is reversed 
^ohr, A. 105,57).—15. Heated with potassium 
haraie, KIO, and a polyborate (? probably 
ate formed (Sohifi, A. 228,72). 


CombinaHon$.~-t, TWth most iodides of less 
positive metals (v, various metallic iodides)* 
Several of the compounds produced are best re¬ 
garded as K salts of metal-containing acids {v» 
Bemsen, Am. 11, No. 6).—2. With arseniom 
oxide to form KI.ASjO, (Schiff, A. 228, 72).— 
3. With potassium ferricyanide, to form a very 
unstable compound, KI.KsFeCy, (Preuss, A. 29, 
323; Mohr, A. 105, 57; Blomstrand, J. pr. [2] 
3,207; Kern, a 1^. 33,184). 

Potassium rm-ioDioK KI,. Dark-blue, lus¬ 
trous needles; almost black by reflected light; 
melts at 45®; S.G. 3*498 at c. 15®; by saturating 
; KIAq with I, and evaporating over H.3SO, (John¬ 
son, C. J. 31, 219). Very deliquescent; in a 
little water some I is deposited; sol. alcohol, in 
' a very small quantity water, and in saturated 
solution of I in KIAq. Agitation with CS^.of cone. 
KIAq saturated with I abstracts the dissolved 
I (Baudriniont, C. P.51, 827). Jorgensen [J.pr, 

I [2J 2, 317) found, however, that CS.^ did not 
remove the I from an alcoholic solution of KI 
containing excess of I in ratio KI:2T, and tliat 
alcoholic KI completely decolourised solutions 
of I in CS.. 

Potassium di-iodide ?KI.,. A solution of 3 
pts. I in 4 pis. KI in water is said by Guyard 
(Bl. [2] 31, 297) to contain an unstable com¬ 
pound of this composition; with Pb(N03) Aq or 
Pb(C.3n,OJ Aq, this solution gives an almost 
black pp., said by G. to bo Pbl,. 

Potassium, iodobromide of. The compound 
KBr.IBr may be called iodobromide of potassium; 
V. PoTASsinM nnoMir»E, Combinations, p. 300. 

Potassium, iodochlorides of. The compounds 
KCl.ICl,and KCl.ICl may bo called iodochlorides 
of potassium; v. Potassium culoiudb, Combina¬ 
tions Nos. 3 and 4, p. 301. 

Potassium, iridicyanide of; v. vol. ii. p. 
332. 

Potassium manganl- and mangano-cyanide 
of; V. vol. ii. p. 342. 

Potassium, nitride of, K,N. Formed by 
heating to redness KNH, (u. Potassium amide, 
p. 209) in absence of 0. A dark-grey, almost 
black, solid. Sublimes partially at white heat. 
Takes fire in air, witli evolution of N; reacts 
with water to give KOHAq and NH,. K;,N is a 
conductor of olcctricity. Combines with S and 
P (Gay-Lussao a. Thdnard, A. Ch. 65, 325). 

Potassium, nitroprusside of; v. vol. ii. p. 

341. 

Potassium, osmocyanide of; v. vol. ii. p. 
843. 

Potassium, oxides of. Two oxides have been 
certainly isolated, K^O and K-^O^; there are 
indications of the existence of others. 

Potassium oxide K^O [Potassium mon¬ 
oxide). A mixture of K3O and E^^O, is formed 
by burning K in air; when R is burnt in a 
stream of dry 0 only K^O, is produced, but on 
strongly heating this product 0 is given off, and 
Kp remains (Davy, T. 1808 [1] 5). K.fi is also 
formed by heating KOH and K in the ratio 
KOH: K; according to Boketoff (Bl. [2] 37* 
401), K and KOH do not react. 5. says that 
K3O may be prepared by heating a mixture of 
KyO, and E in a silver dish. To prepare pure 
K;,0 Kfibnemanh fC. 0* 1864. 491) Moommendi 
to lead air* freed from CO,* over E heated just 
to fusion ; t&e E spreads put into 8 thin layer 
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lastrous solid; S.G. 2*656 (Karsten, 8. 65,894}; 
melts at full red>heat, and voiatilises at a very 
high temperature. Thomsen {Th. S, 235) gives 
[K^O,Aq] -165,460. K.p reacts with water to 
form KOHAq, with production of much boat. 
Yon SchafTgotsch {A. 43, 17) says that 
K^O.Fep, is obtained, but not pure, by heating 
Fe^O, with K^CO^ | 

PoTASSIUU TETROXIDB KjO, {PotaSSium I 
^roxide). The formation of this compound by 
lieating K in dry air or 0 was observed by Gay- 
Lussac a. Th6nard (.4. Ch. 65, 325). The pre¬ 
paration and properties of the compound were 
examined by Vernon Harcourt {C. J. 14, 267). 
Prepared by heating K till it melts, in a hard 
glass llask filled with N, then sending in a slow 
stream of dry air, and continuing to heat in the 
air-stream until the motal is completely clianged i 
to a yellowish amorphous ‘solid, and heatiifg 
this for some time in dry 0. It is also formo<l 
by throwing small pieces of K into molten KNO, 
(Bolton, G. N. 52, 281)). A mixture of K_,(), 
with KOH.HjO is said to bo formed by mixing 
equivalents of EOH and in Aq, and ova- ; 
porating in vacuo (Sch5ne, A. 193, 241). K^O, 
is an amorphous powder, having the colour of , 
PbCrO,. It begins to soften at 280^, and melts ! 
at red heat to a black liquid, which crystallises ; 
in leallcts on cooling. At white heat gives otT | 
0 and leaves Kp. Deliquesces in moist air, | 
giving olTO. In water forma KOHAq and IIJXAq, 
and evolves 0. Heated in Uprgiiuces KOll and j 
HjO. KgO, oxidises P, S, 0, do., and many ! 
metals to their liighcst oxides, llcaots witli ^ 
CO, wlien heated, giving K,,CO, and 0. No 
action with N.^0; with NO forms KNOj and , 
KNOj, and gives off N oxides. 

Oxides oe Potassium otiirb tbam ED and 
Kp4. Harcourt {l.c.) asserted the existence of ^ 
KjOj, obtained by oxidation of K. Luplon (C. J. ' 
1876. [2j 665) thought that the oxides K„0,. K,0.„ | 
and arc formed by the action of air on K 
at c. 05'^; these o.xidcs may bo regrrded, accord- I 
ing toL., as 3K,0.K.,0„K,0.K,0j,and2K.,0.Kp.^ I 
respectively. The substance described as a sub- : 
oxide, K^O, is said by L. to bo a mixture of K 
and K,0. Schdne {A. 193, 241) obtained | 
probably Kj0.i.2n20j, by evaporating, \ 
in vacuo, at —10*^, a mixture of 1 equiv. KOH ! 
and 2 equivs. Hp, in Aq. [ 

Fotaaiium, phosphide of. E and P combine 
when heated under rock-oil, or in N, forming a 
dark-yellow solid (Magnus, P. 17, 617; Vigicr, ; 
A. 122,331). A compound, or compounds, of K 
and P seems also to be formed when K is heated I 
in PH,, and also when K is heated in P in a 
stream of H (H. Itose, P. 12, 647). The com* 
Mund prepared by Bose was a crystalline, red¬ 
dish, lustrous solid; decomposed by water, 
giving KH,P02Aq and PHi, and burning, 
when heated in air, to K phosphate. 

Potassium, plfttinoeyaaide of, and alliid 
idlts ; V, vol. u. pp. 344>6. 

FoUssium, salts of. Communds formed by 
B of acids by K, The chief salts of 
K, besides the halides and sulphides, are car* 
homtes, ehlaraU and perchlorate^ chromate and 
dsrivatwes, iodate and periodates, nitrate and 
niMtSt phosphofoi Ana derwativu, sUicateef 
Yob, lY* 


sulphates and derivatives, iu^hite, il^sulphaU 
(u. Cabbonatss, PaospaATES, <fto.). 

Potassium, selonides ot Berzelius (Jjehe^ 
buck, 5th ed. 2, 222) investigated the oonaitioni 
of combination of E and Se, without isolating 
and analysing any deffnite oompoundo. Se and 
K combine when molted together; a steel-grev 
solid sublimes, which dissolves in water witn 
formation of a red liquid that decomposes in 
air with separation of Sc, and gives off H^Se 
with acids. •Compounds of Se and E are also 
formed by reducing K.SoO* or K^^SoO, by 0 or H 
ut red hoat (Wohler a. Doan, A. 97, 5; Bathke, 
A. 152,211). Mixtures of solenato and solenidea 
of K are formed by fusing KOU or K^CO, with 
Sc. Boiling KOHAq dissolves So, forming a 
brown liquid, from wliich a brown powder sepa* 
rato.s on evaporation, and which gives Se when 
heated with acids, or when diluted and allowed 
to stand in air. * 

Falne (C. li, 102, 61.3) obtained E,{Se.a;H,0, 
x = 9,14, and 19, by passing a rapid current of 
H;jSe into KOH.Vq of dilTcront*concontrations; 
these hydrates of jwtassiummoiioscletiuU are all 
very easily decomposed. Fabre (C. 11. 102,703) 
gives t)ie following thermal data: fK^So]« 98,340 
from solid elements; {2KOHAq,M.^SoAql» 7,520; 
C2KOUAq,H,Se] = 16,920; [K*So,Aq] - 8,640. 

Potassium, selenooyanide of, v. vol. ii. p. 848. 

Potassium, selenostasuate of, K,SnSe, 8aq. 
Yellow, unstable crystals; by saturating K^Aq 
with SnSo, and evaporating in vacuo (Ditte, 
C. R. 95, 641). 

Potassium, selenothiostannate of, 

K.SnSeaS 3aq. Yellow,.octahedral crystals; by 
boiling K^SAq witli Sn an<l Se, and evaporating 
in vacuo. Sol. water, with rod colour. Both 
solid and solution in water very readily undergo 
decomposition, witli separation of Se (Ditto, Lc.). 

Potassium, siliclde of. By reducing S.Og by 
K, Berzelius obtained a brown solid, which re¬ 
acted with water to give H, KOHAq, and SiOg 
{LchrOuch, 5th ed. 2, 84). 

Potassium, siliooffuoride of, E.^SiFg. Pre¬ 
pared by adding H^SiF^Aq to a fairly cono. solu¬ 
tion of a K salt, washing, and drying. Small 
tosscral white crystals. Preis {Listy Chem. 13, 
150; abstract in C. J. 56,694) found hexagonal, 
and also regular, crystals of this salt, along 
with GaSO„ in a basin wherein phosphoric acid 
had been prepared from phosphorite. EgSiF, 
is isodimorphous with the ammonium salt. S.Q, 
2*666 at 17*6° (Stolba, J. pr. 97. 603). Easily 
sol. hot water, very si. sol. cold water. Melts at 
low red heat, giving off SiF, and leaving KP (v. 
Bothe, TIofman's ‘Ber. iiber die Bntwick. der 
Chem. Industrie, 1,318). Decomposed by oono. 
llySO,, giving off SiF, and HF. Decomposed by 
boiling (not cold) solutions of alkali hydroxides 
or carbonates, with separation of gelatinoui 
silicic acid and formation of KF. 

Potassium, siliconitride of. The white, ia> 
fusible solid, obtained by heating SiOg with 
KGN, is probably a compound of K, Si, and N 
(Balmain, P. M. October 1842). 

Potassium, sulphides of. E and S oombioe 
when heated together, the E burning brilliantly. 
Five compounds of E and 8 are known: K^S, 
EgSg, KgS„ EgSf, and K^g. They are all sol. 
water, tnepolysulphidee also in alcohol. K,,BAq 
U colQttilew; soluUona of the others are coloured 
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yellowiih brown, the colour being deeper the 
greater the proportion of S. Solutions are deoom* 
poMd by acids; K^Aq with evolution of E,S, 
the other solutions also with ppn. of S. Sola* 
tioni decompose in air; IC^SAq to K^S^OsAq and 
EOHA), K,S;,Aq to K^^O^Aq, and the others to 
K^iOtkq with separation of S. Solutions of the 
polysulpnides react with K^SOjAq to form K^SAq 
and £^S^O;,Aq; these solutions are reduced to 
S,SAq by shaking with Hg. With EtI or EtBr 
they form Ei^Ss* which dissolves the S set free; 
these solutions dialyse unchanged (Spring a. 
Demarteau, Bl [3] 1,311). 

PoTASSiou HOMOsuLpniDB £,8. Fonued by 
reducing dry £^04; by heatingin H (Ber/.olius, 
1*. 6, 438); by heating with C (Berthior, A. Ch. 
22, 283; Bauer, J. pr. 76, 246; Wittstock, P. 
65,636). Kot obtained free from polysulphidcs 
by these methods; if vessels of glass or porce¬ 
lain are used the product contains SiO^, as KB 
acts on silicates. The product of the foregoing 
reactions is a brown, crystalline, deliquel^ent 
solid; sol. in v^ter, with production of much 
heat and formation of KBHAq and KOHAq; 
Thomsen {Th. 3, 235) gives [K*,8,Aq] = 113,300. 
Sabatier {A. Clu [6] 22, 6) says that K.B has 
never been obtained pure. An aqueous soluticui 
of ^8 is prepared by saturating KOHAq with 
H,S, and adding an equal quantity of the same 
KOHAq. By evaporating this solution in vacuo 
at a low temperature, the pentahydrate K^S.6H.O 
is obtained m orthorhombic crystals, which lose 
8^0 by beating to 150”, out of air (Schonc, P. 
181,880; c/. Sabatier, 2.C.). K^SAq is colourless 
out of contact with air; it is very alkaline and 
caustic; in air it becomes yellow, H^S is given 
off. and K,GO^q and K^S^OaAq are formed. 
K^SAq dissolves S,forming polysulphides: it 
dissolves Fe or Fo^O,, forming a green liquid. 

PoTASSiDU DisuLruinn K^S,. Formed hf 
allowing an alcoholic solution of K,S to stand 
in air till the surface is covered with a film of 
KfSaO,, then pouring off, and evaporating in 
vacuo (Berzelius, f.c.). Also by heating 2 equiva* 
ients KHSOa with 7 or more equivalents 0 
(Geiger). Berzelius obtained K^S^ by heating 4 
equivalents K,CO, with rather less than 7 equiva* 
lents S. A yellowish red, deliquescent solid; 
EfSfAq is yellow; in air it oxidises to K^S^O^Aq 
without separation of 8; acids give off H28 and 
cause ppn. of 8. 

. PoTASSxtJU TBisuiiPHiDE K^S,. Formed by 
passing CB, over K^GO, heated to redness (Ber* 
zelius, l.c. i cf, Schdne, l.c.). Also by heating 
’100 ports l^COs 58'22 parts 8 to dull red* 
ness, till OOi ceases to be given off; the product 
contains some K^SOi* Also, with some 8, by 
asaing H^S over strongly-heated K^^O,. By 
eating £,84 to over 800”. A yellowish-brown 
solid, black when molten; not decomposed at 
900^, gives off 8 at white heat (B.). Easily sol. 
water and alcohol; K^S^Aq in air gives K^S^O^Aq 
with separation of S; decomposed by acids, 8 
separating and H,S being evolved. 

PoTiSsxux TBTBAsoLrHznB £,84. Formed by 
passing OS, over strongly-hoated K^SO, so long 
as GO, is produced. Also by melting K^CO, with 
1 to 2 parts 8, heating till excess of S is removed, 
and then reducing KgSOi formed by heating in 
H,8. A red-brown, t^stalline solid (B., lo ,; S., 
Ia). Deoomposed at 800^-900” to 1^, and S. 
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The dihydrati £, 84 . 211 , 1 ; is ootainea oy ooumg 
EL^SAq with the proper quantity of S, and evapo¬ 
rating in vacuo (8., lx.). Sabatier (A. Oh, [6] 
22, 63) obtained the octahydraie, £^4.8]^0, by 
adding 90 p.c. alcohol to I^84Aq, separating the 
brown oily liquid, and letting it crystallise. 

Potassium pentasolthidb £.8^. Formed b^ 
heating any of the lower sulphides with 8 until 
the excess is removed; Schdne (l.c.)’Bays tempe¬ 
rature should not exceed 600” (0. B., l.c.), A 
solution of K^Si, containing also KaS^Oj, is 
formed by heating KaCOjAq with S (Fordos a. 
Qdlis, C. B. 23, 211); or by digesting a solution 
of a lower sulphide with 8 (B., l.c.). A red, 
fusible solid; deoomposed by heating in steam, 
giving K2SO4 and HB (Drochsel, J. pr. (2] 4,20). 
Very sol. water, also in alcohol; K^SjAq slowly 
decomposes in air, giving K2S.;0.,Aq, K^GOjAq, 
and S: acids evolve H^S and separate 8. 

Liver of sulphur. This name is given 
to the brown solid obtained by heating S with 
KjGOa in a closed vessel; it contains various 
sulphides of K, along with K2SO4, and generally 
some K.^COa. 

Potassium, sulphydrate of; v. Potassium 
HTDaOSOLPniKK, p. 302. 

Potassium, sulpbocyanlde of; v. vol. ii. pp. 
851-2. 

Potassium, teliuride of. Probably K^Te. By 
boating together £ and To in H ; also by heat¬ 
ing a mixture of 100 pts. HaTeO.,, 20 pts. KOH, 
and 10 pts. C. A brittle, crystalline, copper- 
coloured solid. Easily sol. water; exposed to 
air Te separates from the solution. HClAq 
evolves H,Te (Davy; v. also Berzelius, Lehr- 
buch (5th ed.) 2, 247). 

Potassium, tellurofluoride of, KF.TeF4: v. 
Potassium fluoride, p. 301. 

Potassium, thio-arsenates and tUlo-arsenitei 
of; i'. \ol. i. pp. 317, 316. 

Potassium, thiocarbonate of; v. vol. i. p. 
703. M. M. P. M. 

PBA8E0BYKIU1C. The constituent of dl* 
dymium which yields green-coloured salts; v, 
Didtmium, vol. ii. p. 383. 

PREHHITEKE v. c-Durene. 

PBBHNITIC ACID U. 

04H2(G02H)4[1:2:3:4]. Mol. w. 254. [237®-250”]. 
Formed by heating either of the tetrahydrides of 
pyromellitic acid with H2SO4 (Baoyer, A. 166, 
325), and by the oxidation of c-durene and of 
c-tetra-ethyl-benzeno (Tdlil, B. 21, 907; Galle, 
B. 16, 1746; Jacobsen, B. 17, 2518). Crystal¬ 
lises from water in large prisms (containing 2aq) 
resembling the mineral prehnite. Converted by 
fusion into an anhydride 0,^40, [239”]. 
May be reduced to a viscid hydride.—£H2A"aq. 
—BaHjA,'’ 3aq.—BaH^A" aq: needles.—Pb,A‘'': 
small needles, insol. water. 

Methyl ether Me,A'\ [104”-108®]. 

PBSHNITOL V . c-Durenol. 

PBEHNOKAIIC ACID U, 

C4H.,(0H)(C02H)4. Oxy-prehnitio acid dihydride, 
[210”]. A product of the action of H4B04onth6 
tetrahydrides of mellitio acid (Baeyer, A. 166, 
826; B. 4, 275). Needles, readily converted by 
heat into an anhydride [210°]. By 

heating with E38O4, or by treatment with Dr, it 
is converted into prehnitio acid,—Ag4A'\ 

PRIHtrLA CAHPfiOB OnHrA. [49^. 

(aboye2(M°). Contained in the root MJPr&Hsia 
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IMfit (Hutschlur, A. IBS, 323). Six-riM pUtea, 
V. aL aoL water, r. aol. alcohol and ether. Smetla 
like aniae, F^l, ooloars its aqueous solution 
Tiolet. Fields ealioylic acid on oxidation. 

rBIHDLINE BASE 0,,H„N,S, i.e. - 

C.H.Me<^^O.C.n,<-5’>aO.a.<g>O.0.H.NH, 

Prepared by heating p-toluidine (2 mols.) with 
sulphur (4 orS atoms), H..S being evolved (Green, 
C. J. 66, 234). Yellowish powder, nearly insol. 
all solvents. Not decomposed at 400°. Its salts 
are decomposed by water. The Na salt of its 
sulphonio aoid (primuline), is taken up by 
unmordanted cotton. KGH at 200° yields amido- 
tolyl-mercaptan and p-ainido benzoic acid (Oat- 
termann, B. 22,426,1000). 

Dehydrcthiotoluidine C„H,.jSN, t.e. 
C.H,Me<3^C.C,n,.Nn,. [191°]. (434° at 

766 mm.) (Pfitzinger a. Oattormann, B. 22,106Q}. 
An intermediate body in the preparation of 
primuline. Formed, together with primuline 
base, by heating p-toluidino with S (Dahl A Co., 
O. P. 357'JO ; Green, C. J. 65,2;i0). Got also by i 
the action of HI and P upon primuline (Jacobson, 
J). 22, 330). Yellowisli iridescent noodles (from 
isoarnyl alcohol), v. sol. HO.Yc, si. sol. hot alco¬ 
hol. V. al. sol. benzene, almost insol. boiling 
water. Its alcoholic solutions have violet-blue 
fluorescence. Ppd. by adding water to its solu¬ 
tion in ilCl.Vq, 

licaclIonH.—'i. Yields p-toluldino on distilla¬ 
tion with zinc-dust.—2. Vicbli^ primuline on ; 
heating with S. - 3. Converted by diazotisntion in 

boiling alcoholic solution intoCuHjMe<[^g^Cl’h i 

[123®].— 4. When dia^otised and boiled with i 
water it gives C,*H,,(OH)N^S [256°J, which gives 
C„lC„(OAc)N.,8 [132'’].—6. Fuming (con¬ 
taining 70 p.c. SO,) forms, below a sulphunic 
acid OnII,,(SOjH)SN.^ which crystallises in 
yellow needles (containing aq), or orange plates 
(containing 2aq), si. sol. hot water, and forms 
KH,A'aq, si. sol. hot water, CuA'22aq, a reddish- 
brown pp., and AgA', a white pp.—6. RIoI 
yields 0„H„(NMe,)NS [197®] (434®), and 

C,,H,9(NMe-,I)NS, a bright-yellow powder, v. sol. 
water. MeOH and HCl at 150®-2()0° give 
0,4H„(NMe,Cl)NS, a yellow powder which forma 
(0„H,oNS.NMe,Cl).PtCl, [234-^]. 

Acetyl derivative C,,II,,AcN.^S. [227®]. 
White plates or prisms, si. sol. lIOAc. 

PBOPACONIC ACID v. Lactone of Oxz- 

BtrTTLIULBlO ACX1>. 

PBOPANE C,H, i.e. CH,.CH,.CH,. Mol. w. 
44. (-17®). S.(alcohol)6. H.F.p.35,110. II.F.v. 
83.370 (Thomsen, Th. 4, 62). Occurs in the 
gases given off from the petroleum springs of 
the United States (Ronalds, Lefevre, 

Z. [2] 6,185). Formed by the action of HI on 
propyl iodide, allyl iodide, isopropyl iodide, | 
acetone, and glycerin (Berthelot, Bl. 7, CO; 9,13, { 
184). Prepared by heating n-propyl iodide I 
(9'3 pte.) with AlCl, (2*5 pts.) at 140® (Eohnlein, j 
B. 16, 560), or by heating isopropyl iodide with { 
sinoandHGlAq(Boborlemmer,A. 150,209). Gas. | 
On oompreasion with water at a low tempera- 
tore it yields a hydrate, dissoeiating at 8*5® 
(y01ard,aB4111,302). 

Be/erenceSf—JH-n^Ho-^ Bqo]|o-|od<>-|Bboiip- 


NtTBO-, OhLOBO-, CaumO-IODO-, Dt-ORLOBO-imftO-i 
Di-iqno, and Ninio- Propanb. 

PBOPAHB CABBOXTUO ACXO o. Bomxo 
▲cm. 

Propane dioarbosylio aoid v. Quiteaitk 

pTBOTARTAaiC, and ETBTXi-KOiONtO Acmi. 

Propane trioarboiylio aoid OgHMO« ie. 
CH,.CH(C02n).CH(CO.,H), (Bisohoff, B. 18, 
2164; 14. 614^ 15, 1107; 17. 2783; 22,8180; 
A. 214, 53). [146®]. Formed by aaponifying 
the ether with dilute alcuholio potash. Crystal* 
line mass, e. sol. water, aloohol, and ether. 
Splits up when heated alone, or with diloto 
HClA<i, into CO, and pyrotartario acid. Bromin^ 
forms bromopyrotartario and bromoorotooio 
! acids.—Ba^A'",: bulky pp. 

Methyhdi-6thylether}leTXik"\ (268«), 

I S.G. Y’ 1 078. Formed from methyl a-ohl<Nro* 

: ])ropionato and sodium inalonic ether. 

I Ethyl etk'r Et,A"'. (270*3® cor.). 8.G. 

1*0698. po" 1*4288 at 20®. Formed from 
sodTum malonic other and a-bromo-propionio 
ether. Oil, miscible with aleoliol and ether* 
NaOEt yields 0,H,Na(CO,Naj(CO^t),. 

Propane tricarboxylic acid 
CH,.C(C0,H),.CH2.C0.H. 

Methyl ether Oil (Barthe). 

Ethyl ether Et,A'". (273-6® oor.). S.G. V 
1 077. Md"‘ 1‘4311 at 20®. Formed from sodium 
niethyl-malonio ether an<m|hloro-aoetio ether, 
uud also from sodium ethane tricai boxylio ether 
and Mol or MeCI (HischofT a. Von Kuhlberg, B. 

23, 636). Yields on siiponiiication pyrotartario 
and a little succinio acid. 

Methyl ether of the mono- nitrile 
CH,.C(CN)(CO,Mc).CH,.CO,Mo. Formed from 
inotiiyl cyanosuccinate, MeOH, and Mel 
at 70® (Barthe, BL [3] 1, 303; 0. R, 108, 
207; 112, 1013). Oil. Tho corresponding 
ClI,.C(CN)(C0,Et).CI4C0^t is also an oil (186® 
at 36 min.). 

Propane tricarboxylic acid 
CO,H.CH,.OII,.CH(CO,H),. 

I Ethyl ether Et,A'". (161® at 13 mm.). 

I S.G. 1*0808. Formed from sodium malonio 
I ether and 8-bromo-propionic ether (Emery, B. 

24, 282). Tho free acid splits up into OOg and 
glutaric acid on boiling with HC1A<}. 

leomeride v. Tkicahiiam.ylic acxo. 

Propane tetracarboxylio acid 
CO,U.Ca,.CH(CO,H).CH(CO,H),. 

Ethyl ether Et^A” (204® at 18mm.), S.G* 
Y M1B4. Formed from sodium malonio ether 
and chloro'succiiiio ether (Emory, B. 23, 3759)* 
Oil, V. sol. alcohol and ether. The fr^ add 
splits up into CO, and tricarballylio acid. 

Propane tetraearbosylio aoid 
; (CO,H),CH.CH,.CH(CO,H),. DUarhoxy-glutwie 
acid. [170®]. An acid formed by the action of 
sodium amalgam on dicarboxygiutaconio Other 
C;H.,£t,Og in alkaline solution (Conrad a. Guth* 
zeit, A. 222, 257). One of the prodnoU of 
action of chloro-di-methyl oxide on lodinm 
malonio ether fKleber, A. 246, 106). Got alio 
by boiling its ether with dilute alcoholic potash 
(Guthzeit a. Dressel, B. 21, 2234; 22, 1423; A, 
256, 174). Crystalline powder (from ether), t. e* 
sol. watM. At 180® it splits up into COg and 

f lutario acid [98®].—Ba^*»2aq.—Ca-A**2aq,— 
’bgA'* 2aq. 

Bihyi ether Et^A''. (235® at SOnun.). 
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B.G. M 1-116. Fomea from soainm molonio I 
ether by treatment with CHjCl, or CH^„ and 
got also by reducing diearboxy-glutaeomo other 
with zinc-dust and HOAo (W. H. Perkin, jun., 
0. J. 69, 998). Oil, with very bitter taste. 
KaOEt forms a di-sodium derivative, whicii re¬ 
acts with EtI forming oily 0„H.j,0, (o. 248“ »» 
mcuo). • 

Propyl'tri^ethyl etherEtaPrA'*. (195“- 
202“ at 16 mm.). Formed from propyl trietliyl 
dicarboxy-glutaconate, zinc-dust, and HOAo. 
Colourless oil. 

Propane tetracarboxylio acid 
OOaH.CH,C(CO.H)a.CHa.COaH. [151“). Got by 
■aponifying its ether with alcoholic potash. 
Prisms (from water), v. sol. water, alcohol, and 
ether. At 170“ it splits up into CO, and tri- 
carballylic noid.--K,HA''2,',aq (at 100“).— 
ZnA” 3aq (dried at 100“).-l'b.aA' aq.-Ag,A-: 
insoluble pp. 

Ethyl ether Et,A''. (295“ uncor.). g.G. 
W 1-102. Formed from malonic ether, alcoholic 
NaOEt, and chforo-acetic ether, followed by a 
second dose of NaOEt and chloro-acetic ether 
(BiRchofl,B. 13, 2103; A. 214,61). Oil. 

Ethyl ether of the . mono-nitrile 
COaEt.CH,.C(CN)(CO.aEt).CHa.CO.aHt. [41“). 

(200“-216“ at 10 mm.). Formed from sodium 
cyano-succinio ether and chloro-acetic ether 
(Haller a. Bartho,^. it. 106, 1413). White 
crystals, sol. alcohol and ether. 

Methyl ether of the mono-nitrile 
CO,^e.CH,.C(CN)(CO.,Mo).CH.,.CO.,Mo. [47“]. 
Prepared in like manner (Barthe, 0. i2. Ill, 
844). Prisms, insol. water and alkalis. 

Propane pentacarbozylie acid 
CH(CO^)rC(CO,H).,.CH,CO.;H. [161“]. Got 
by saponifying its ether. Spherical aggregates 
(from ether).—-K,A’ 4aq.—BajA-, 4aq: crystalline 
pp. 

Ethyl ether Et,A'. (276“-280“ at 188 
mm.). S.G. (5 1-121 (Bischoil, B. 16,1107; 
21, 2118). Formed from sodium-malonio ether 
and CCl(CO.^t),.CH,.COjEt. Formed also from 
sodium ethane tricarboxylic ether and ohloro- 
aoetie ether. Oil. 

Beferertce. —OxTrnopiN* tricabboxvuo xcin. 

PSOPANE PHOSPHONIC ACID 
0,H,.P0(0H),. [60“-70“]. Prepared by oxida¬ 
tion of propyl-phosphine with fuming HNOj 
(Hofmann, B. 6,304). Wax-like mass, sol. water. 

PBOPANE 8DLPHONIO ACID 
OHrCHrOH^SOjH. Formed by oxidation of 
propyl mercaptan with nitric acid (S.G. 1'3) 
(Spring a. Winssinger, Bl. [2] 48,110). ICl, at 
160“ forms ohloto-propane snlphonio acid, CCl,, 
and 0.0!.- 

Propans snipbonlo acid (CH,).j.GH.SO,H. 
(below 100“]. Formed by oximsing isopropyl 
mercaptan with HKO,. Obtained also from 
acetone by successive treatment with PjS, and 
HNO, (Claus, B. 6, 660; 8,683; Spring. Bl. [2] 
40, 66). Orystalliae. Its salts are v. e. sol. 
water. 

Propane diinlphonic acid 
0^(80,H).CH,.CH,(SO,H). Formed by boiling 
trimethylene bromide with a saturated solution 
of ammonium sulphite (Monari, B. 18, 1846). 
Deliquescent needles, v. sob water and alcohol.— 
|la,A" djaq.—BaA'' 2aq: very soluble needles- 


Propane disnlphonio aeid 

OH,.CH(SO,H).CH,(SO,H)., Formed in like 
manner from propylene bromide(M.).—NaA^^aq. 
—BaA": sparingly soluble crystals. ' 

Propane disnlphonio acid C,H,(S03H).,. Got 
from butyramide and fuming H,SO, (Buckton 
a. Hofmann, A. 100, 153), and also by heating 
butyric acid with C1S0,H at 140“ (Baumstark, 
A. 140, 83).-BaA".—I’bA": crystalline. 

Propane trisnlpbonic acid 
CH.,(S0,H).CH(S0,H).CH2(S0,H). Got by boil- 
iiig s-tri-chloro-propane with aqueous KjSO, 
(SchuulTelin, .1. 148, 117).—BaA"',: oryatalline 
powder, si. sol. water. 

References.— CuLOBO - and Oxx-bbopuib snic 

rUOiVIC ACID. 


DIPR0PAE8YI. C,H, i.e. 
CH!C.CH.;.CH,.C:Cn. Hexunme. (86“). S.G. 
IS -81. H.F.p. -96,040. H.F.v. -97,200 (Thom- 
son, Th.). Formed by distilling diallyl tetrabrom- 
ide with solid KOII, and boiling the resulting di- 
bromo-diallyl with alcoholic potash (Henry, B, 
6,956; 7,21; 14,399; 17,1132). Limpid, highly 
refractive oil, v. sol, ether. Bums with smoky 
flame. Combines with explosive violence with 
bromine, forming OJIaBr,, a thick liquid S.G. 
2-464, from whicii, by further action of Br, crys¬ 
talline C„UJlr, [141“] can bo obtained. Iodine in 
KI forms dipropargyl tetraiodide C,H„I, [113“] 
crystallising from CS, in prisma. Dipropargyl 
gives with aminoniacal cuprous chloride a 
yellow pp. Cu,C„H, 2aq, which explodes at about 
100“. Aqueous AgNO, ppts. Ag.,C,H, 2aq, which 
explodes below 100“. Dipropargyl is very easily 
polymerised, forming a resin. 

PROPAROYL ALCOHOL C.H.G t.«. 
CHiC.CHjOH. Mol. w. 66. (116“). V.D. 1-88 
(calc. 1-93). S.G. -9715. 1-437. K® 

= 24-01 jtBriihl). H.F.p. -3,600. H.F.v. -4,370 
(Thomsen, Th.). Formed by boiling bromo- 
allyl alcohol with KOHAq (Henry, B. 6, 274, 
449, 669; 6, 728; 7, 20, 761). Formed also 
from propargylamine oxalate, NaNO,, and HCl 
(Paal a. Hempol, B. 24, 3039). Colourless 
liquid of peculiar odour, sol. water. 

Reactions. —1. Ammoniacal Cu.Cl, ppts. 
canary-yellow Cu,(CjH,0), which explodes when 
heated, and is decomposed by dilute acids with 
reproduction of propargyl alcohol.—2. Ammo- 
niacal AgNO, ppts. white AgC,H,0.—3. Anhy¬ 
drous BaO forms Ba(CjHjO).,C,H,0, crystallising 
in small plates.—4. On heating with solid KOH 
it yields formie acid and acetylene.—-6. HBr 
forms bromo-allyl alcohol.—6. HNO, yields CO, 
and oxalic acid. 

Acetyl derivative C,H,.OAo. (125“). 
S.G. 1-0052. MS = 1-427. B*, - 39-71 (Btuhl). 
Got from the alcohol and AcCl. 

Methyl ether C,H,OMe. (62“). S.G. 
l!J -83. H.F.p. -10,910. H.F.V. -12,360 (Thom¬ 
sen, Th.). Formed by boiling s-tri-bromo-pro- 
panewith KOH dissolved in MeOH (Liebermann, 
A. 135, 287) and by boiling the dibromide of 
methyl allyl oxide with alcoholic potash (Henry). 
Ammoniacal AgNO, ppts. lemon-yellow 
C,HAg.OMe, whence I in K1 forms oily 
C3J.0Me[12“]. 

Ethyl ether CJ^OEi. (81“-86'^. HO. 
*?-8326. M, -1-4096. E*-89-6 (BrilU). This 
body is formed by the action of alcoholic potash 
on CHjBr.OaBr.CH^Bt, on CH,.CBrrCHJte, 
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«ti di^uropropylene, or on ethyl bromo* 
tUyl oxide (Liebermann, A. 135, 278; 158, 
230; Henry, B. 5, 274; Baey.er, A. 138, 196). 
Mobile liquid, with penetrating odour, v. si. sol. 
water, miscible with alcohol. Combines with 
Br, forming CJIjIlr;.OEt. Boiling very dilute 
(1 p.c.) ILSO4 splits it up into alcohol and pro- 
pargyl alcohol. Sodium forms C^H^NaOKt. 
Alcoholic silver nitrate forms crystalline 
{CjH«Ag.OEl),{AgNO^ converted by ammonia 
into ainorplious C,H_AgOKt, whence 1 in KI 
forms crystalline C^ll/lOEt and oily C,ir,ljOEt. 
An ammoniacal solution id AuCl added to an 
alcohoUc solution of C^H.OKt ppts. white 
(CjH^AgOEt) AgCl. Ammoniacal CujCL^ gives 
yellow amori)hous C;,U.CuOKt. 

Isoamyl ether CjlI,OC.II„. 

PBOPARGYLAMINE C,U>n... Formed by 
the action of NaOEt on bv»>ino-allyl-amlne and 
on di-bronio-propyl-ainino (i'aala. Hermann, 

22, 3080). Tho free base has not been isolated. 
—B'HXJ),. Largo tables (from water), 

b 1. sol. alcohol. Gives a wliito pp. with am* 
inoniucal AgNO,.- B'C,lI,(NO,),OH. [189°]. 
Largo red plat«)3 or tables.—H'HCl.—B'llBr. 
[130^-171°].—B'JII. [200®]. White plates, v. 
e. sol. water. 

PE0PARGYI-I80AMYL.AMINE CJI.jN i.e. 
CjIla.NIIC.ll,,. Formed from di*bromo*iso'amyl- 
amino unci NaOEt (Paal a. Hermann, li. 22, 
3084). Li.(uid. -B'H,C,0, aq. (204 ). White 
needles (from water).—B'HUr. [186°]. Pearly 
plates. 

PROPARGYL BROMIDE CHlC.CH,Br. (89°). 
S.G. 1'59. Formed from propargyl alcohol 
and PBrg (Henry, B. 6,72*^). Li»|uid. 

Propargyl tribromide v. Xiii imoMO-PROPYL* 
ENE. 

PROPARGYL.ISOBGTYL.AMINECH„N i.e. 
CIUC.CHj.NHX H J’r. (13r> ). Formed from 
di-bromo-propyl-isobutyl-aniiiio and NaOKt 
(Paal a. Heupel, H. 24, 3046). Liquid, mis«ulde 
with water.-B'HCl. [148°j.-B'.H,PtCl,. 
[172^].—B'll-^CG,. [210®]. Needles and plates, 
tu. sol. cold Vruter. 

PROPARGYL CHLORIDE C.H^Cl. (05®). 
S.G. * I'Olo. Formed from proi)argyl alcohol 
and PClj (Henry, B, 8, 398). Mobile oil. 

PROPARGYLIC ACID is Pkoiiolic acid. 

PROPARGYL IODIDE CH-C.CH,!. (c. 115®). 
H.G. 2 2 018. Formed from propargyl bromide 
and Nal in alcohol (Henry, B. 17,1132). Yellow¬ 
ish liquid. Iodine forms CIlItCI.CH,I. 111®]. 

PBOPARGYL-PROPYL-AMINE C,H„N i.e. 
C,H,.NU.C,H,. The salt B’HBr [180®] is got 
from propyl bromide and propargylamine (Paal 
a. Hermann, B. 22, 3084). 

PROPARGYL SULPHOCYANIDE C,H,SCN. 
Formed from propargyl bromide and potassium 
Buipbocyanide (Henry, B. 0, 729). Oil, smelling 
like mustard. Decomposed by heat. 

PROPAROYL-DI-THIO-CARBAMIC ACID 
CH:C.CHj.NH.CS^ Formed by boil* 

leg propargylamine with CS.^ and alcohol (Paal 
a. Heupel, B. 24, 3041). Needles (from dilute 
alcohol) or plates (from benzene-ligroln). 

PROPEMYL-0-AHlDO.PHENOL OABB- 

OXTUO ETHBS 

[108*]. Farmed b; heating a mixtore ol o-amido- 
pheaol and acetoaoetio ether (Hantzeeb, B. 16, 


1948). Flat priuni, readily resolved into the 
pareot sobstenoes by dilute aoids, alltalie, or 
even boiling water. 

FBOFENTL-o iKIDO-FBSNTL UBOBF. 
TAH C,H,N3 i.e. O.H.<g>CEt. (968“). 

Formed by beating o-amido*phenyl meroaptui 
witli prupionyl chloride at 1:60® (Hofmann, 

13,21), Heavy oil.—B',H,PtClg: large priams. 

PBOPENYLAMINE CH,.CH:CH.NH,. 
Formed by •the action of barytA on ^-bromo- 
propylamine (Tlirsch, B. 23, 968). Does not 
decolourise bromine water.—B',U^.l,2BiI,: lix- 
' sided platcis. 

PR0PENYL.BEHZENE SULPHONIO ACID 

CILtCMe.CJI^.SOjlI. The salts of this acid are 
formed by heating Iho dry salts of the acid 
CMe..(OU).C, ll,.S().,n (R. Meyer, A. 219, 802). 
Amide C,H,SOjNH,. [152®]. 
o-PROPENYL-BENZOIC ACID 
Clf,:CxMe.C„Hg.CO,H. [61®]. I'ormod from di- 
nndhyl-phlhalido and KCy at 4160® (WisUoonuB, 
A. 248, 64). Noodles (from water). 

p'Propenyl-benzoic acid 
Cns.CMc.CJI,.CO.,11. [161®]. Formed by heat- 
ing (Ciy.,.C(OH).CJI,.COJI with dilute HCl on 
a water batli (K. Meyer a. J. Itosicki, B. 11, 
1791; A. 219,270). White satiny plates (from 
1 ])t. alcohol and 1 pt. watet) or slondur needlaa 
(from water). Si. sol. hot water, v. e. sol. alcohm 
and oilier. Sodium amalgam reduces it to 
cuininic acid. 

Salts. — NH^A'. — BaA'j aq. — CuA',7aq.— 
AgA': amorplious pp. 

Methyl ether.- MeV [53®]. (264® cor.). 
Y.D. 6-09. Insol. water. 

Isoproponyl-bensoic acid CJl^.C^Hg.COiH 
[255®-26)0-’]. By boiling oxy-propyLbenzoio 
acid (CH,).,C(OH).CJl,.CO.,H with fuming HCl 
(B. Meyer, *B. 12, 1070; A. 219, 281). Minute 
needles grouped in stars (from alcohol). Insol. 
water. Docs not decolourino bromine, and is not 
reduced by sodium amalgam, but is converted 
by Hi into cuminic acid. Hence it would appear 
to bo a polyraeriile of propcnyl-benzoio acid, not 
containing a C:0 group. 

Salts.—NHiA’aq. SI. sol. water.—BaA'^aq. 
—CaA'jl^aq.- CuAV -AgA': pp., insol. water. 

Methyl ether MeA'. [83']. Decomposed 
by heat. 

B<f/crcMcw.—A mido*, Nitro-, and Oxt- Pbo- 

rENYI,-RKN/OIO ACIR. 

PROPENYL BROMIDE v. BROMO-ruoFTtini. 
PROPENYL CARBINOL v . Bdtenyl aloohol. 
PROFENTL-TBICARBOXYLIC ACID v. Pno- 

rA.NRTUICAimOXTEIO ACII>. 

PROPENYL CHLORIDE v. CnLOBO-PBOPTL- 

ENE. 

FBOPEHTL-PHENOL. Methyl dinvativiv. 
Anstiiol. 

PBOPENTL-ISOPEOPYX BENZENE 
i.e. Pf.C,H*.CH:CHMe. (230®). B.O. ^ -890. 
Got by boiling Pr.C«H 4 .CH.,.CIBrMe.CO^ with 
Na,CO,Aq (Perkin, C. J. 1877, ii. 660)» Di^ 
bromide C,aU,«Br, [69®]. 

PBOFENTL-SALICTUO ACID v, On-rao 

FSHTL-BBIIZOXC ACID. 

FBOPEPTONE v. PBonznt. 

PBOPHSTIH A bitter resin got 

from the fruit of Cucimieprophetarumt split 19 





‘br bdlisg dflute HOUq into glucom and pro- 
pbateln (Walz, /. 1859, 5CC). 

PBOPIMSIIE V. Alltumk. 

PBOPINPHE DIPHTHAtIDE C,.H„0, U 

6.co>°«s- ‘>y 

heating phthalio anhydride (3 pta.) with pyro- 
tartario acid (3 pta.) and sodium acetate (1 pt.) 
at 240''-290° (Koser, 23. 17,2776). Fine yellow 
needles, not melted at 280*. 

PEOPIO-OUANAMINE C.H.N. i.e. 

NH ’’5' ’“'‘‘‘‘”8 

idine propionate at 230° for an hour (Haaf, J-pr. 
[2] 48,78). Granules (from NaOHAq) or dimetrio 
prieme (from water). 

PHOPIO-HOUO-FEBPLIC ACID v. Di-oxt- 

PBSNTIrCBOTOSIO kCIB. 

PHOPIOLIC ACID O.H.,0, i.e. CHiO.CO.JI. 
Proforgylic acid, [6°). (o. 14%°). Fornlod by 
boiling the acid K salt of acetylene dicnrbonyllc 
acid with water (Bandrowski, 23. 13, 2340). 
Iiiquid, solidifyihg at about 4°. Sinclls like 
acetic acid. Turns brown in air. Sol. water, 
alcohol, and ether. Reduces HgClj, AgNO„ and 
PtCl,. 

jieaciions.—1. Animoniaoal AgNOj gives a 
white crystalline explosive jip.—2. Ammoniacal 
GUjCl, gives a green amorphous explosive pp., 
turning brown.—3. Sodium-atiinhjam reduces it 
to propionic acid.—4. Combines with HCl, form¬ 
ing 8-ohloro-acrylic acid. HBr and HI act in 
like manner.-^6. Br forms di-bromo-acrylic acid 
[86°].-6. I forms C1II:CI.C0,H [104°] (Bruck, 
B. 24, 4120). 

Salt.—KA'aq. Transparent prisms, v. sol. 
water, deflagrating at 105°. 

Ethyl ether EtA'. (119°). V.D. 3-47. 
Liquid, smelling like horse-radish. Oxidised by 
alkaline K^eCy, to diacetylcne dicarboxylio 
acid (Baeyer, B. 18,677,2269). 

Reference. — Baoao- and lono- Pbopiolio 
aom. 

PBOPIOHAUIDE V. Amide of Pbopionio 
aon>. 

PEOPIOHAMIDINE C.H.N, i.e. 
OEtiNHhNHj. The hydrochloride is formed by 
leading HCl into a solution of propionitrile in 
isobutyl alcohol, and heating the product with 
alcoholic NHj (Pinner a. Klein, 23. 11, 1484; 17, 
176; 18, 2845). Very unstable oil, si. sol. ether. 
On heating with NaOAc and Ac.,0 it yieids a base 
[204°].-B'UOl. [129°]. Needles, insol. 
ether.-B'APlCl,. [200°].-B'HNO.. [116°]. 

Crystals (from alcohol), v, sol. water (0. Lessen, 
A. 266, 167). 

Reference.— OxT-rBOPiosAMiwNE. 

PROPIONE V. Di-ethii, kbtohb. 
PBOPIOKIC ACID C,H.O.;»-«-OHrOH3.CO,H. 
Ketacetonic add. Mol. w. 74. [-23'](Petters- 
son,/.or. [2] 24,295). (140-7° cor.) (Zander). 
8.0.\° -9946 (B.)i If-9983; |f -9896 (Perkin). 
M.M. 3-462 at 20°. 1-391. B*-28 01 

(Brfihl). S.V. 85-3. O.E. (0°-10°) -00106. H.F.p. 
109,460. H.F.V. 107,710 (Thomsen, TA.). S.H. 
■440 at 0° (B. Sohiff, A. 234, 300). Critical 
temperature 340° (Pawlowski, B. 16, 2634). 
Oeonrs in the fruit of Oingko bUoba (Bdohamp, 
A. 180,864), in saint (Buisine, Bl. [2] 48,639), 
and in wood vinegar (Anderson, 0. a'. 14, 257; 
Barri, 2. [2] S, 446). 


Formation.—!, By oxidation of metsOetolM 
with chromic acid (Gottlieb, A. 62,121).—2. By 
potash-fusion from sugar, starch, maimite, and 
angelic acid (0.).—3. By redaction of acrylic 
acid (Linnemann, A. 125, 317), of lactic acid 
(Lautemann, A. 113, 217), and of pyruvic acid 
(Wislicenns, A. 126,229).—4. By heating potas¬ 
sium oxalate with dry NaOEt (Van't HoS, B, 6, 
1107).—6. By heating NaOEt with CO at 180° 
(Fri)hlich, A. 202, 290; cf. Hagemann, B, 4, 
877).—6. From ZnEL, sodium, and COj (Wank- 
Ijn, A. 107, 125).—7. Together with di-ethyl 
ketone, by heating ZnEt., with CO, at 160° 
(Schmitt,/.pr. [2] 42, 668). - 8. By the action 
of sunlight on a solution of succinic acid con¬ 
taining a uranium salt (Seekamp, A. 133, 253). 
9. By heating barium succinate with NaOMe for 
8 hours at 300° (Mai, B. 22, 2133).—10. Among 
the products of destructive distillation of colo¬ 
phony (Benard, 0. R. 103,157). 

Preparation.—!. By oxidation of n-propyl 
alcohol (Pierre a. Puchot, A. Gh, [4] 28, 75).— 

2. By saponiheation of the nitrile (Linnemann, 
A. 148, 251; Beckurts a. Otto, B. 10, 262).— 

3. By heating lactic acid with HIAq (Freund, 
J.pr. [2] 5, 446). 

Properties, —Liquid, miscible with water, 
alcohol, ether, benzene, and ligroin. Separated 
from its aqueous solution by CaCl.,, but not by 
NaCl and Na,80,. Heated in a scaled tube with 
ICl, it gives C.,CI„ CO„ and HCl (Krafft, B. 9, 
1085). On boiling the dry acid with Br and P 
for some time the product is a-bromo-propionic 
acid (Volhard, A. 242,141). 

Salts.-NH,A'.—(NHJHA', (Sestini, 2. 
1871, 34).—NaA'. S. 99 at 15°; 187 at 1M° 
(It.). S. (alcohol) 2-4 at 20°, 3 at 100°.—NaA'aq.— 
KA'aq: deliquescent plates (itenard, C, R. 104, 
913). S. (of KA') 178 at 16°; 309 at 100“.— 
KHA',.-LiA' aq.—CaA’., aq. S. 64 at 17° (L.) j 
41 at0°; 39 at80°(K.). Needles.insol.alcohol.— 
Ca.,HA'5 5aq.—BaA', aq. 3. 60 at 17° (Linne¬ 
mann, A, 160, 220); 48 at 0° ; 68 at 80° (von 
Krasnicki, M. 8, 605).—BaA'., 6aq.—BaHA', 3aq 
(Mixter, Am. 8, 343).—8rHA'|3Saq: long thin 
crystals. [67°-75°]. — SrA',6aq. Crystals.— 
Ba,Mg,A'„ 12aq (Fitz, B. 13,1312; 14, fOSS).— 
Mg,Pb,A'„ 12iui.—Ca,Pb,A'|, 12aq: monometrio 
crystals.--BaCa,A’,: monometric octahedra.— 
SrCa,A',.—MgA', aq.—Ba,A'|„Ac, (Fitz, B. 11, 
1897)'. — PbA'./ [100°]. Crystalline mass.— 
Pb,A'.0,. S. c. 11 at 14°.—Pb.A'.,0. S. 8-8 at 20° j 
6-3at85°.—CuA'^aq: green prisms.—CuA',0 aq 
—»CdA'j. V. e. sol. water.—ZnA', aq: needles. 
S. (of ZnA'j) 32 at 15°.-HgA'r [110°]. S. 19-2 
at 15°.—Hg.A',. [226°]. S. 1>4 in the cold.— 
NiA', 2aq.—CoA', Saq.—FeA',: pale-green crys- 
stals.—FeA',.—AL,A',0; white pp.—Cr^',0.— 
AgA'. Crystals. S. -9 at 18. 

Methyl ether MeA'. (80°). S.G. § -9878 
(Elsasser, A. 218,313); § -9403 (Gartenmeister). 
C.E. (0°-10°) -001296. eD = 1-3812. HJ'.p. 
107,330. H.P.V. 106,010 (Thomsen, 2%.). aV. 
104-6. 

Ethyl ether EtA.'. Mol. w. 102. (99° cor.). 
S.G. S -9124 (E.); M -8968; If -8868. M.M. 
6-452 at 15-7° (Perkin). C.E. ((P-IO") -001216. 
S.V. 127-7 (B. Sohiff, A. 220, 110). Formed 
from AgA' and EtI and aUo by distilling tb* 
acid wi& alcohol and 00. 



jplwpioirto Ach>. Itl 

Prdsyf <{&«r PrA'. (llg" cor.). S.O. J [204<’} being formadkitha nine tbn«(PIon«r, A 
•9(119 (£l^r. A. 218, S21); M 'S868; -8781 22, 1604). 

(FerUn, C. J. 45, 497); § '9023 (Gartenmeister). Imide (0,H,0),NH. [164*] (Otto a. Trdger, 
M.U. 6-429 at 213^ C.E. (OMO") -001062. B. 23, 759). (OlO^-OOD"). Formation.—1. Bj 
S.V. 160. heating the anime in a current of HOI.—2. B; 

Itopropyl ether Btk'. (110° cor.). S.O. heating the amide with the chloride and AIOI^— 
* -8931 (Pribram a. Handl, .V. 2,687); j| '8717 j 3. By the action of AlCl, at 100° on a miztura Of 
-86-26. M.M. 6-695 at 11°. propionitrile with AcCl or pippionyl chloride.— 

n Butyl ether C,H,A'. (115°). S.O. § 4. By heating propionic acid with propionitrfla 
-8963. S.V. 173-2. C.E. (0°-10 ) 00106 (Gar- for some hours at 200°. Properties.—Reel. 
tenmeieter, A. 233, 265). angular tables or silky needles, si. sol. cold water. 

Isobutyl ether PrCIIA'. (137°). S.G. May bo subrtmed. 
s-8876. C.E. (0°-10°) -OOloio (E.). S.V. 171 ' Anilide C,lIiONHPh. [105°]. S. -42 at 
(B. SchiO, A. 2'20, 332). ! 24°. Formed by heating the amide with aniline 

Isoamyl ether CJ1,,A'. Mol. w. 114. ; (Kulbe, B. 16,1'200). Platcsr sol. other. With 
(100°). S.G. J -8877 (Elsiisser, .4. 218, 330). oralio ether, benzene, and NaOEt it forms 
GE. (0° 10°) -00099. S.V. 197 (Schill); 195 jjJ®-“>NPh [192°] (Wislicenue a. Battler, 

Beptyl ether C,H„A'. (208°). S.G. g B. 21,'l-2561. 

-.8847. C.E. (0° 10°)-00096. S.V. 247 1 (Gar- .UelAj/l-o- ilide O.H.O.NPliMe. [68-6°]. 
tonmeistcr). Formed from the anilide and Mel (Norton 

Octyl ether (220®). S.G. ^8833. Allen, B. 18,1098). 

C.E.(0°-10®)‘00093. S.V.270-.') (Gartenmoii^terj. Ethyl • p - toluide C%H,O.NHC„H*Me. 

Ethylene ether C.,H,AV (211® cor.). ' (c. 270®). From the chloride and cthyl-toluidine 
S.G. i OUl (Perkin, C. J. irt, 505). | (Norton a. Livermore, B. 20, 2271). 

Phenyl ether PhA'. (200® i.V.) at 714 Nitrile CjH.N, i.e. Et.CN. PropionitiHe, 
mm. i Ethyl cyanide. (97®). S.G. } ‘7998; || ‘7816 

Chloride C.H .COCl. (SO®). S.G.^^ 10046 ^ (Perkin, C. J. SC,, 701); $ ‘8010 (Thorpe). C.E. 
(Bruhl, A. 203, 14; cf. Sestini, Dl. [2] 11, 470). ' (0®-10®) -00125; (0®-100 ) *00148. M.M. 3'831. 
M]» = l*4i07. Iljc,=34 l2. ZnMej, followed by jun 1’3059 at 24° (Gladstone, C. J. 69,290). 
water, forms methyl ethyl ketone and oily H.F.p. -9,670 (Thomsen, TA.); +8,700 (from 
CgH,.0 (108®). S.G. 2 •877 (PawloCf, A. 188, , diamond) (Pcrthclot, 0. B. 108, 1210). H.F.V. 
la8). I “10,830. U.C. 440.700 (Borthelot); 471,460 

Bromide C,n,OBr. (101® i.V.). S.G. I* (Thomsen, Th. 4, 129). S.V. 78*4. Format 
1-52 (Lobry de Ihijyn, B. 7’. C’. 3, 389). 1. By distilling dry KCy with KElSOg 

Iodide CJI.OL (128°). I or Ba(EtSOJj (Pelouzc, A. 10, 249).—3. By 

^Anhydride (C,H,0).p. Mol.w.1.30. (1C2°) boiling KCy with EtI and alcoholJWilliam- 
at 708 mm. (L.); (105®) (Limpricht a. Uslar, A. son, l\ M. [4] 0, 205; Buckton a. Hofmann, 
94,322); (107°) (Kahlbanm. B. 10,2181} ; (109®) C. J. 9, 250; llossi, vl. 169,79). -3. From the 
(Perkin, C. J. 28, 10). Formed by tnc action jimiile and PjOj ^Dumas, A. 64, 334). - 4. From 
of Pb(N03)2 (also of nitrates of other heavy ZnEt^j and cyanogen or CyCl (Gal. Z. 1868,262; 
metals) ui)on propiouyl chloride; PbCl-^ is formed, ■ Frankland a. Graham, C. J. 37,740).—6. By the 
aodK^O, and oxygon evolved; the yield is 77 , action of Ac.O on the oxim of propionic aldehyde 
p.c. of theoretical (Lachowicz, B. 18, 2001). j in the cold (Dollfus, B. 25, 1916). Prmara- 
Beoctswith hydroxylaminc hydrochloride, form* fion.—The nitrile cannot bo freed from alcohol 
ing CH,.CK..C(OH):NOH [85®] (Miolati, B. 26, by distillation, since the compound C,H*N8HOEt 
700). ' boils constantly at 79®, and is not decomposed by 

. C,H.NO, i.c. CjHj.CO.NH,. Mol. w. water or CaCI.^. It is best, therefore, to prepare it 

73. [79®]. (213®). U.C.p. 436,000, H.C.v. from the amide. Colourless liquid, 

435,600. H.F. 88,400 (Berthelot, C. R. Ill, 145; | v. sol. water, but separates on addition of NaCl or 
A. Ch. [6] 22, 20; Bl.Vd] 4,229). Formed from | CaCh- Mis<nblowithalcoholandether. Combines 
propionic ether and NH, (Dumas, C. R. 25,657; I with motallio chlorides, yielding (C,H}N)SbOlA, 
Sestini, Ctmenfo, 4, 21; L. Meyer, B. 22, 24). ; CjHjNAuCl,, CsHjNPtCl,, (C,HjN),SnOl4, and 
Prepared by heating ammonium propionate at i (C,H,N)./riCl, (Henke,d.. 106, 280). Formsalso 
230° under pressure; the yield being 55 p.c. of | (C,II.,N)jl‘cCya 6aq, (C,U^N),FeCy^t,^ 6aq 
the theoretical amount (Hofmann, B. 15, 981). (Buff, A. 91, 253), and (EtCy),Ptpyj 2aq ffhan, 
Got also by heating propionic acid (46 g.) with ' A. 1(W, 315). Reactiona. —1. Potash forms pro- 
ammonium sulphocyanide (18 g.) for 4 days, and ; pionic acid. Dilute H^S04 acts In like manner, 
distilling the product (J. Schulze, J.pr. [2] 27, j 2. Dry chlorine forms CH,.CCl2.CN (Otto, A* II64 
617).—B'jHCl. Needles, v. e. sol. water, v. si. 1195).—8. Bromine forms CjHjNBr, [64°], con¬ 
sol. ether.—Hg(Nn.C,11,0),. Large dimetrio j verted by water into (CjH^BrOjgNH (Englor, 
plates, si. sol. cold water. 142, 05).—4. Dry Hoi slowly forms C,H,NG1 

Bromo-amide C,H,O.NHBr. [80®]. 1 [121®] (Gautier, A. 142, 289), while HBr ^tes 
Formed from propionamide, bromine, and , G|H,NBr, [60°-65°] (Engler, il. 149, 807). H! 
KOHAq (Hofmann, B. 15, 753). Colourless below 0® forms EtCl,NH, crystallising in platei 
needles, sol. alcohol. Converted by hot KOHAq ’ (Biltz, B. 26, 2542).<^. Sodium converts U <m 
into othylaimne.^C,H,O.NNaBr,. [c. 100°]. j heating into the polymeric oyanethine (g.v.). 
Needles. . Sodium added to its solution in diy ether gives 

AcetyUamide 0,H^O.NHAc. [62°]. (230°- { off H and ethane, and forms a proauct which is 
140°). Fonned from propionamidine hydro- left when the ether is evaporated as a white powder 
ihioride,NaOAc, and A^O, 8 compound C,U}fN,' (£t.C(NH).CM6Na.CN ?). This powder is con* 
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wrted jbjr wster into [48^ (258® tincor.), 

anabyHOlAq into C,H,NOor OjHj.CO.CHMeCN 
(198*6^). The white powder treated with Mel 
yields 6 ,H„Ng [48®] (202®), whence HClAq forms 
liquid 0,HyN0 (175®), S.G. 2 *946, mol. w. 125 
(oo 8 .). EtI and HGlAq acting on the white 
powder yield C,H„NO (195®), S.G. 2 .<)43 (B. 
von Meyer, J.pr. [2] 38, 336; Hanriot a. Bou* 
veault, C.B. 108, 1171; Dl [3] 1, 651). The 
compounds C,H,,NO and G^HijNO are converted 
by beating with HGlAq in scaled tubes into 
ethyl isopropyl ketone and ethyl butyl ketone 
respqjctively.— 6 . A mixture of proplonitrile and 
benzonitrile in ethereal solution is converted by 
J^a, followed by water, into OPh(NH).CHMe.GN 
[97®], whence warm dilute HGlAq forms oily 
OA-CO.GHMe.CN (B. von Meyer, J. pr. 1.2] 39, 
189).—7. H'bic and HGlAq yield propylamine 
together with smaller quantities of di- and tri* 
propylamine (Piaanello, O. 10, 446).—Ac^O at 
200® forms [ 68 ®J (220®) (Gautier, if. 

1869,127). 

Beferences. —^uido., Bromo., BaoMO-Niroo-, 
Obloro*, CnLono-BROMO*, lono-, Nitro*, and 
OXT-AM^-PROPIONIO ACID and PROFION’ITRILE. 

PBOPIONIC ALDEHYDE 0,H,0 i.e. 
CH,.CHj.GHO. Mol. w. 68 . (48®). S.G. |f 

•8006; *7966 (Perkin, 0. J. 45, 476); ^ -8006 

(Bruhl, A. 203, 13). S. 16 at 20®. MM. 3*332 
at 13-6®. fia 1-368. = 25-42. S.V. 75-4. 

H.F.p. 56,240. H.P.v. 63,790 (Thomsen). Formed 
by oxidation of propyl alcohol (Michaolson, A. 
184,69 ; Chancel, A, 151, 801; Lioben a. Zeiscl, 
M. 4,14) and by distilling calcium formate with 
calcium propionate (Rossi, C. R. 70,129). Pun* 
gent liquid, sol. water. Readily oxidised by air. 
Reduces ammoniacal AgNO,, forming a mirror. 
Readily dissolves in aqueous NaHSO,. Decom* 
osed by hot KOHAq. Coloured brownish-red 
y alkaline sodium nitroprusside, tl\e colour 
being destroyed by HOAo (Von Ditto, A. 267, 
876). 

Reactions*—!, Reduced in aqueous solution 
by sodium-amalgam to n-propyl alcohol.— 
2. H,B passed into its aqueous solution, aoidihod 
by HCl, forms oily (C 3 H„S)C,H „0 (Alexejcff, R. 
10, 1789).—8. Dry afnmotiia passed into pro¬ 
pionic aldehyde dissolved in ligroin cooled by a 
freezing mixture forms a white ilocculcnt pp. of 
OaHH(OH)NH„ which readily deliquesces, form¬ 
ing [74°], crystallising in triolinio tables, 

a:5:eai 1:1-185: *601, insol. water, sol. alcohol and 
ether (Waage, M. 4,708).—4. PH, and HCl form 
(CH,.OH,.CHO),PH,C1 [128®], while PH, and 
HBr give (0,H,0),PH,Br [106®], Those com¬ 
pounds are decomposed by water (Messinger a. 
Engels, B. 21 , 831). PHJ at 0® forms, in like 
manner, (C,H,0),PHJ [96®] (Girard, A. Ch. [ 6 ] 
2, 24). — 5. Mercaptan and ZnCl, give 
OH,.OH,.CH{SEt), (198°) (Fromm, A. 253,160). 
6 . Propyl alcohol and HOAc at 100° form 
CHBt(OPr), (166° cor.) (Schudel, M* 6 , 247). 

Oxim C,H,.CH:NOH. (131°). Formed 
from the aldehyde and aqueous hydroxylamine 
(Petraozek, B. 15, 2784). Liquid, sol. water, 
it is a s^n-oxim, because it is converted by 
Ao,0 and ether in the cold into proplonitrile 
(Dollfus, A.25,1915). 

PhenyUhydraside CHEt:N»HPh (162® 
in vacuo) (Bi8oho0, B, 23,1916). 


Beferences.—Beoisth, Oblobc-, tooo-, an^ 
OZT- PfiOFlONIO ALDRHTnX. 

PBOPIOKIC IKIDO-ETHYL ETHEB 
0,H,.C{NH).OEt. The hydrochloride, B'HOI, 
formed by passing gaseous HCl into a mixture 
of proplonitrile and alcohol dilated with ether 
(i Yol.), crystoUises in prisms, decomposing at 
about 92° into EtCl and propionamide (Pinner, 

B. 16,1664). 

FROPIOKITBILE v. Nitrile of Profioioo 

ACID. 

PROPIONYL-ACETOPHENONE v. Phenyl- 

MbTUVLRNE-ETHTIi-DIKRTOMB. 

PBOPIONYL BENZOIC ACID v. Phenyl 

ETHYL KETONE GARBOXYLIO ACID. 

PBOFIOHYL BBOHIDE v. Bromide of Pro¬ 
pionic ACID. 

PBOPIONYL-BUTYBIC ACID 

C, H,.CO.CMo,.CO,H. 

Methyl fitherUcW (188°uncor.). Formed 
the action of MeOIl and HCl on the nitrile 
C.JI-.CO.CMoj.CN (175°), which is got by the 
action of cold HCl upon C.JIyC(NH).CMe 2 .CN 
[43®] which is made by the action of McI on the 
product of the action of Na on proplonitrile 
(Bouveault, 0. i2. Ill, 531). Liquid. 

PBOPIONYL CHLOEIDE y. Chloride of Pro- 

riONIO ACID. 

PBOPIONYL CYANIDE C,H,NO i.e. 
CH 3 .CH 2 .CO.CN. (109°). Prepared by heating 
propionyl chlorido (12 g.) with silver cyanide 
( 8 g.) in closed tubes for 1 hour at 100°. The 
product is fractionally distilled (Claisen a. 
Moritz, C. J. 37,692). HCl converts it into cthyl- 
glyoxylic acid (q. v.). 

Di-propionyl di-cyanide ( 111 . 00 ) 30 ^^ 3 . [59°;). 
(208°). V.D. 5*6 (calc. 6*7). Obtained in thie 
preparation of the preceding (C. a. M.) and by 
the action of AgCy on propionyl bromido (Lobry 
do Bruyn, R. T. C. 3, 390). Prisms, si. sol. 
water, sol. alcohol and ether. 

FBOPIONYL-CYANO-ACEnC ETHEB v. 
Cyano-acetio acid. 

PBOPIONYI-MALONIC ETHEB C.oH.^O, 
i.e. C..IIyC 0 .CH(C 02 Et) 2 . (2:i9®-242® uncor.). 
Formed by the action of propionyl chloride upon 
sodio-malonio ether (Lang, D. 20,1326). Colour¬ 
less liquid. 

FBOPIONYI-FHENOL v. OxY-pnENY£ EtnfL 

KETONE. 

a-PB0PI0NYL.PB0PI0NIC ACID C,H„a, 

t.e. CH3.CH2.CO.CHMe.CO2n. 

Methyl ether C 2 H 5 .CO.CHMC.CO 2 M 0 or 
C 2 Hj.C(OH):CMe.C 0 . 2 Mo. (187° cor.). S.G. 22 
1*07. Formed by the action of Na on methyl 
propionate (Pingel, A. 245, 84). Colourless 
liquid with aromatic odour. Converted by am¬ 
monia into C,H, 3 N 02 and a hygroscopic sub¬ 
stance 0 , 3 H, 2 N 204 (?) [82°]. Aniline forms oxy- 
methyl-ethyl-quinoUne [295°] (Bouveault, C. R. 
Ill, 41). NaOHAq yields a mixture of di-ethyl 
ketone and methyl ethyl ketone. NaOEt followed 
by alkyl iodides yields the alkyl derivatives: 
C,H„MeO, or CEt(OMe):CMo.C 0 . 3 Me [194°], 
C,H,,EtO, (208°). 0,H„PrO, (220°), and 
C,H„(CH 2 Fr) 0 , (281°), aU being Uquid. 

Ethyl ether (199°). S.G. 2 *995} 

u *983. Formed by digesting propionic ether 
in Et 30 wi^ Na (Oppenheim a. HeUon, B. 10, 
699; Israel, A. 281,197). Gives no colour with 
Fed,. Ammonia forms C,H|^NO| (195°), insoL 



PBOVtL ALCOHCa^ 


VAter, ftn^ t h^groseopio Bubstanoe [75^. 
NaOHAq forms di*etbyl kelooe. NaOEi and 
£tl yield propionic ether and CH,.OHEt.OO.H 
(QeiUher, A. 239. 88 i>). Na followed by Ktl 
added to the Bolution in benzene forms 
CA-C(OEt):CMe.CO.,Et (20C-). S.O. -IhlO. 
Reduced by HI and P to CllMoPr.CO.H (193 >). 
Nitrous acid yields CH,.C(NOlI).CO£t j 
(Hantzscb a. Wohlbriick, B. 20, 1320). | 

Amide C,Ii,O.CHMe.CO.NII,. [ir>;P].' 
Formed by addinjj water to tl )6 product of the 
action of AlCi.i on a mixture of propionyl chloride 
and propionitrile (Otto a. Trui^cr, B, 22,1-155). 
Needles, si. sol. cold water. 

Nitrile C,n..CO.CIIMo.CN. (o. 183®). 
Formed by the action of cold cone. llGlAq on 
the product of the action of Na on propionitrile 
(Meyer, J. pr. [2) 3vS, 339). Oil. Converted by 
ammonia into the imido Hvdroxylaniine 

forms the oxim C,1 I,.(.HNOH).CH.Mo.C‘N [41^] 
(180° at 200 mm.) (llanriot, C. Ji. 112,791)). 
Aniline yields umido> methyl-ethyl-quinoline 
(Hanriot a. llouvoault, BL [ 8 ] 1,552). 

Propionyi-propionic acid 
CH,.CH,.CO.CH,.CH„.CO,H. [33°]. A product 
of the action of boiling; water on di-bromo lu‘xoio 
acid (from liydrosorbic acid and JJr) (I’liti;,', A. 
268, 69). Crystalline, v. e. sol. water, alooliol, I 
and ether.--Ca.V.,l .aq: plates.—AgA'. i 

PROPIONYL - PROPIONIC ALDEHYDE 
C,HvCO.CHMc,CHO. [c. 40']. (165°). Formed 
by adding a well-eoi»led mixture of formic ether ' 
(11 g.) and di-cthyl k«.'tono (13 g.) to NaOKt . 
(10‘5 g.) Busjx nded in dry ether (10 g.). After 
12 hours the product is acidified and distilled 
under 50 mm. pressure (Claisen a. Mcycrowit?!, 
B. 22, 3273). Crystals, v. sol. wat-.r. Deliquesces 
and turns brown in air. Nil,forms deliquescent 
crystals of (C,iH,oO,)Nii,. Cu(OAc )5 added to its 
alcoholic solution forms Cu(C^H.,Oj, [168-']. 
Phenyl-hydrazino produces C^Hi.N, [283' ). 


it gives n-oy^ene) la oxidised by ROH fasion to 
the oxy-cuminic acid [93°], which isobtainod from 
o-amido-cumloio acid by diazotisatlon (B. 6,936; 
9, 1061).~6. Since cuminol ia always accom* 
panied in plants by n-oymene, it ia probably 
produced by oxidation of the latter.—7. When 
n-propyl bromide is boiled with AlBr,(Ou 8 tav 8 on, 
C. J. 44. 565). 

From the above may be deduced the general 
law : ir/wn a ijroup in a bemefie tleriva’ 

five occurs in the pnra- position to Me, CHO, or 
(’O.H, it is xnriiisposfd to be nokmal by Me, iso 
by OHO or CO.U (Widman, li. 19, 251^278, 
2769, 27S1; cf. Filcli, 0. 16, 300, 497). 

Dipropyl Hkxvnu. 

DI-PEOPYL-ACETAL v. Aldkuydf:. 

PROPYL ACETATE v. Acetyl derivative of 

PUOPYL ALCOIIOI.. 

PROPYL-ACETIC ACID v. Vat.kiuo acid. 
Di-propyUa^stio acid v. Oi roi*: 
.PROPYL-ACETOACETIC ETHER v, tol. i. 
p. 23. 

DI-PROPYL-ACETONS v.cMkthvl napivL 

EkTONR. 

PROPYL-ACETYLENE v. Pbntinbi^p. 
DI-PROPYL-ACRYLIC ACID v, Fnnenoic 

ACID. 

n-PROPYL ALCOHOL 0,11,0 U, 
CTl,.CII...Cn,(»II. Moi.w.60.(97'4°i.V.). S.G. JS 
•S177 (Zander, A. 224, 79); -8025 

(IVrkin); •8014 (Driihl, A, 203, 268). C.H. 
(OMO')-OOOS2. M.M.3-77at 15*6° 1-3901. 

11,3 2S 0. H.F.p. 82,000 (llerthelot) ; 65,690 
(Thomson). 8 .V. 81-3 (R. Scliiff, A. 220, 101). 
8.11. -670 (DiacoimlT, lil. [2] 38, 172). 
in fusel oil, cspocluliy in that of wine (Chunoel, 
C. ll. 37, 410; 68, 659, 726; Fiorre a. 1‘uchot, 
C. It. 66, 302; 70, 406; Ijiuncmann, A. ICO, 
195; Filtig, ^.[2] 4,44; Kkman, (Jltem. Zeit. 
12, 501). Thus 40 g. of it were found in 100 
litres of old cognac (Ordonneau, C. B. 102, 217 ; 


PROPIOPHENONE v. Fiibnyl ethyl ketone. 
PROPYL. The radicle C^H,. n-Propyl 
CH^CHj.Cn, changes in some reactions to iso¬ 
propyl (CHj)jjCH and vice ivrsd. 

Br changes to Vr : 1. When cumyl alcohol is 
reduced to n-cymene by boiling with zinc-ddst 
(Kraut, A. 102, 225; Jacobsen, B. 12, 431). - 
2. When cumyl chloride is reduced to n-cymene 
by zinc and HCl (/. 1879, 369). — 3. When 
nitrO'Cymylone chloride is reduced to n-cymidine 
by boiling with zinc and HCl (Widman, li. 15, 
166; 19,245).»4. When i.soproi)yl-clnnamic acid 
is reduced by sodium-amalgam to n-cumyl-pro* 
pionic acid.—5. When o-amido-isopropyl-cin- 
namio acid is reduced by sodium-amalgam to 
(B. b)-n-propyl-(Py. 3)-oxy-quinoUne dihydrido. 

Pr changes to JV: 1. When n-cymeiie is 
oxidised to cuminio acid'-(a} by passing through 
the organism, ( 6 ) by air and gaseous NaOH 
(B.d, 749; 12,512; 11 , 369; 14,1144).~2. When 
n-cymene sulphonic acid is oxidised to ozy> 
isopropyl-Bulpbo-benzoic acid byalkaline KMnO^ 
(Meyer a. Boner, B. 14,1136,2391; A. 220, 6 ).— 
8 . When n-cymene is oxidised to oxyisopropyl* 
benzoic acid by alkaline KMnO^.-^. When 
thymol is oxidised by EOH fasion to the oxy- 
ootnimo acid, which is obtained from m-nltro> 
euminic aeid by reduction and diazotisatlon 
(Barth, B. 11,1571).>-^. When carvacrol (which 
gMitains it'propyl, since by distUlation with P,S, 


i Clandon a. Morin, 0. Ji. 101,1187; 105, 1019). 

: A litre of potato-fusel oil was found to con- 
1 tain 30 o.c. of n-propyl alcohol, 150 o.c. o4 
I ibopro)))’! alcohol, 115 c.c. of butyl alcohols, 335 
c.c. of amyl ulctihols, 125 c.c. of water, and 245 
o.c. of otlier budios (Uabuteau, 0. li. 87, 601). 
Pro])yl alcohol also ociuirs, togctlier with iso¬ 
propyl alcohol, among the products of the lactic 
and butyric fermentation of sugar (iiouchardat, 
C. B. 78, 1115; Meyer a. Forster, B. 9,535), and 
, in the fermentation of glycerin (Fits, B. 18, 36, 
1311). 

Formalion. —1. By reducing propionic an¬ 
hydride with sodium-amalgam (Linnemann, A. 
148, 251; 160, 231; 161, 18).-2. By adding 
Bodium-amalgam and dilute to a solution 
of propionic aldchydp (1 pt.) in water (18 pts.) 
(Rossi, C. R. 70,129).—3. By healing allyl alco¬ 
hol with KOH (Tollens, Z. [2] 7,242). 

Pro^^erfi^.—Liquid with alcoholic odour, 
miscible with water, but separated from the 
solution by CaClp Does not yield isopropyl 
alcohol when heated in sealed tabes (i^on- 
stein, B. T. 0. 1, 134). When propyl alcohol 
(71*46 O.C.] is mixed with water (28-64 o.o.), con¬ 
traction (1*86 C.O.) is observed (Ramsay •• 
Young, C. /. Proc. 4, 101). 

Reactions. —1. Chromic add oxidises it to 
propionic aldehyde and acid.—2. HBr and 
give propyl bromide, propylene bromidi| 
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PROPYL alcohol 


And 0|H^r, (Niemilovitch, M. 10, 820).—8. 1 
lod EO^q form iodoform (Liebeo, A, Su^l. 
7, 280).—A FuBed ZnCl^ forms propylene, isb- 
butyl €lcohol, OH,:CMe„ and CHMo:CHM6 (Le 
Bel a. Greene, C. H. 89, 418).—6. Phospho- 
plaiinoiis chloride followed by water forms ci^s* 
talline P(OPr),PtCl, (Pomey, C.B. 104, 364).— 
6. Odkium chloride yields (CjH^OljCaCla crys¬ 
tallising in needles (Gottig, B, 23,181). 

Metallic derivatii^es. KOPr (De Fpr- 
orand, C. B. 104,68).—NaOPr2HOI\r (Frohlich, 
A. 202, 296). Ba,{Orr).,(OH),. Formed by 

heatftg propyl alcohol with BaO under pressure 
(Destrem.d. Ch. [6] 27, 32). Yields propylene, 
methane, and hydrogen when heated. The cor¬ 
responding lime compound yields di-ethyl ketone 
when heated.—Al(OPr)j. [c. 60°J. S.G. ^ 1026. 
Formed in small quantity from propyl alcohol, 

AH, , and A1 (Gladstone a. Tribe, C. J. 39, G). 
Isopropyl alcohol does not rcact^n this way. 

Acetyl derivative PrOAc. Propylacetfite, 
(102®). S. 1'6 at 16® (Linncmann, ^.161,30). 

S. G. J -9091 (E.); “ 5 ® -8856 (Briihl); g 
(Gartenmeister); 4^ '8933; '0 *8840 (Perkin, 
C. J, 4ff; 421). C.e! (0®-10°) ‘601197 (Elsiisser, 
A, 218, 320). S.V. 128-3. ps 1*6B90. Rgr, 4311. 
M.M. 6'487 at 16-2®. Liquid. Not changed 
into isopropyl acetate by heating in a sealed 
tube (Aronstein, B. T.G. 1,134). 

Beneoyl derivative BzOPr. (230® cor.). 
S.G. 1*032 (Linnomann). 

Isopropyl alcohol (Cn,).^CII.On. (83® cor.). 
S.G. g •7900 (Zander); {| -7914; •7845 

(Perkin); V ’7887 (Briihl, A. 203,12). fx/t 
»1-3821. Roo 27-99. M.M. 4 019 at 17-9®. S.V. 
81-7 (R. Schiff, A. 220, 331); 82-8 (Zander). 
O.E. (0®-X0®) -00108. ILF.p. 71,000. HJ’.v. 
68,970 (Thomsen, Th.). 

Formation. —1. By distilling VrO.SOjH (made 
from propylene and H.^SO,) with water (Berthe- 
lot, J. 1866, 611).—2. By reducing acetone or 
propylene oxide with sodium-amalgam (Friedel, 
*A. 124, 327; Linnemann, A. 140, 178).-3. By 
heating -a solution of 7i-propylamino nitrile 

g linnemann, A. 161, 43; B. 10, 1111; Meyer, 
. 9, 636).—4. By the action 0 ! sodium-umal- 
gam on (CH 5 jCl);iCH.OIi dissolved in wot ether 
(Buff, Z. [2] 4, 124).-6. From Cn,r.CH,On by 
successive treatment with ZnMe, and water 
(Butlerow a. Ossokin, A. 145, 257). 

Preparation, —1. Acetone (1 vol.) is diluted 
with water (5 vols.) and sodium-amalgam is 
• slowly added. The liquid is distilled and the 
process repeated upon the distillate (Linnemann, 
A, 186, 87).—2. By boiling isopropyl iodide 
(1 pt.) with water (10 pts.) and Pb(OH), (Fla- 
▼itzky. A, 176, 880).—3. <Cy heating isopropyl 
iodide (1 pt.) with water (20 pts.) at 100® for 40 
hours (Niederist, A. 186,891). 

Pr^rfies.—Liquid with peculiar odour, not 
solid at—20®. Inactive to light. Miscible with 
water, yielding on distillation the hydrate 
(0,H«0),2aq (80®), S.G. -832. When K,CO, 
is added to an aqueous solution of the alcohol a 
hydrate (C,H,0),aq separates (Erlonmeyer, A. 
126.8(tf). After drying over GuSO^ the hydrate 
(0,H,0),aq(8L) S.G. -800 is left. Dilute 
OrO, forms acetone. Bromine forms acetone 
vai PrBr. 

Acetyl derivative WtOAc, leopropyl 


acetate. (91®). S.G. 2 -91? (Friedel, i. lU, 
827 ; Pribram a. Handl, M. 2, 686 ). 

Benzoyl derivative PrOBz. (218®) 
(Silva, Bl, [ 2 ] 12, 225). Liquid. Split up by 
aistillatioQ into benzoic acid and propylene 
(Linnemann, 4* 161. 61). 

References.—B rquo; Chloro-, Culoro-iodv-, 
and lono- Propvl ALConoL. 

PBOPYL ALDEHYDE v. Propionic alde- 

BTDG. 

PKOPYL-DI-ALLYL-CARBINOL v. Decinyi, 

ALCOHOL. 

PBOPYLAMIDOACETIC ACID 
NHPr.CH...CO,H. Formed from CH..Br.CO.,Et 
and NHjPr (Chancel, Bl. [3] 7, 409 ; C. R. 114, 
756). Needles, v. sol. water and alcohol, insol. 
ether.—(HA')onPtC!« aq.—CuA '2 2 aq: crystals, 
V, sol. water and alcohol. 

. FROFYI-AMIDO-ISOFBOPTL ALCOHOL 
CJT„NO t.e.CH,.CH(OH).OH 3 .NHCaH,. Formed 
by liesiting allyl-propyl-amine with JLSO, (3j 
pts.) at 135® (Liebermann a. Paal, B. 16*, 532).— 
B';jH.^PtCI„ 2 aq: nodules (from water). 

Di-propyl-amido-isopropyl alcohol 
CII,.CII(OU).CH,.N(CJU,)^ Formed in like 
manner from allyl-di-propylamine.—BMI-^PtCl^. 

n-PEOPYLAMlNE CaHoN i.e. 
Cn 3 .CII..Cnj.NH.,. Mol. w. 59. (49®). S.G. 

-7222; -7144. H.F.p. 22,760. H.F.v. 

20,420 (Thomsen, Tk.). SiV. 85-6. M.M. 4*5G4 
(Perkin, 0. J. 56,693). /ij, 8*1-3873 (Gladstone, 
C. J. 59,290). 

Formation. —1. By reduction of propionitrile. 
Using 36 g. of propionitrile, 500 g. alcohol, 
200 g. water, zinc, and 500 g. of 20 p.c. IIClAq, 
thoyie!dis9g. (Mendius,A.121,129; Linnemann, 
A. 161, 44).—2. From n-propyl iodide by succes¬ 
sive trcajiment with silver cyanato and KOHAq 
(Silva, Z. [2] 5, 638).—3. By heating n-propyl 
iodide with alcoholic NH^, and distilling the 
product with potash. The fraction boiling be¬ 
low 78® is mixed with alcohol and oxalic ether, 
; and the di-propyl-oxamide [101*5®] thus formed 
; distilled with alcoholic potash (Vincent, 0. B. 
j 103, 208). n-Propyl iodide heated with cono. 
I Nil^Aq for 13 hours at 100®-150® forms propyl- 
I amino hydriodide and NPr^I (Malbot, Ch. [ 6 ] 
j 13, 480, 646).—4. When n-propyl chloride is 
heated with aqueous ammonia in equimolecular 
1 proportions at 140®-1G5®, one-fifth of the pro¬ 
duct is ti-propylamino and is nearly all contained 
in the lower layer. The upper layer .consists of 
free di- and tri- propyl-arainea, water, and alco¬ 
hol (Malbot, C. R. 104, 998).-5. By heating 
9 i-propyl nitrate with alcoholic NH, at 109® 
(Wallach, A. 214, 311). 

Preparation.—1. A mixture of equimolecular 
quantities of bromine and butyramide is run into 
an excess of a 10 p.c. solution of KOH at 60® and 
the propylamine distilled off; the yield is 80-90 
p.c. (Hofmann, B. 15, 769). It may be dried 
over CaO and afterwards over Na.—2. PrOl 
(1 mol.) heated with aqueous NH, (1 mol.), and 
enough alcohol to effect solution, in sealed tubes 
at 110® forms 45 p.c. propylamine, 85 p.o. di¬ 
propylamine, and 20 p.o. tri-propyl-amine 
(Chancel, Bl. [ 8 ] 7, 406). Ths product is 
neutralised with HCl, the alcohol distilled off, 
cooled, filtered from separated ^ 

mixed with ^aOH, distilled, and irMtinnate* 
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fhe bases may be farther porified b; means of 
their oxalates. 

Properties, —Mobile liquid with ammoniacal 
meil; mixes with water, becoming hot. When 
wet it boils at IS'^-B'2^. Its aqueous solution 
ppts. salts of Cu and Fe, the pp. not dissolving in 
excess, but with AgNO, it gives a pp. eol. 
excess. 

Reaclions.^l. Chromic acid yields propionic 
acid (Chapman a. Thorpe, A. 142, 176),—2. Ni¬ 
trous acid forms n- and iso* proi^yl alcohols and 
propylene (Meyer a. Forster. B. 11, 

Beneoic aldehyde forms C„Uj.Cll:NPr (210^) 
(Zannsohirm, A. 24o, 2«S2).—4. Oxalic ether 
added to a mixture of equal volumes of propyl¬ 
amine and water forms CONHPr.CONIll’r end 
CO,H.CONIll*r [110’], which yields CaA',2aq. 
8.1-38 at l?'^. 

Salts.—B'HCl. [ir>8®] (Topsoo, J. 1833, 
621).-B'ling,Ch.- 

B'jHjPtCl„. Monoclinic crystals. — Oxalate. 
Na^Pr C,H,0, ‘uq. Plates. S. 14*8 at 18°; S. 
(alcohol) *6 at 18 '.—Picrato 

Niframtnc CII,.CH,.CH,.NIi.NO,. (129° ' 
at 40 mm.). 8.G. i'i02. Formed by healing 

PrN(NO.d-CO.^Et in a current of dry Nil,, and : 
decomposing the product with <lilutc ll^SO^ 
(Thomas, U. T. C. 9, 75). Liquid, crystallising 
at --23°. Decomposes at 112 .SI. sol. water; 
decomposes carbonates.- PrNK.lS'O.. Forme<l 
by dissolving the uitraruine in aleoholic put:ish 
and ppg. with other. Small pearly plates, form¬ 
ing an alkaline solution in water.—PrN.\g.NO^. 
Slender needles, blackening in ligi\t. AcCl 
yields N;jO. 

iBopropylamine (CIIJ^CH.NH.. (32°). S.O. 
«-090. 

Formation. —1. By the action of flClAq on 
isopropyl-carbainine (Siersch, A. LH, 26.3; 
Gautier, G. li. C7, 72.3). -2. By niniung a mix¬ 
ture of bromine (1 mol.) and isobiuyramide (1 
mol.) into an excess of a 10 p.c. solution of 
KOli at 60°; the yield being 65 p.c. (Hofmann, 
B» 15, 768).—3. By reducing acetoxim dissolved 
in alcohol with sodium-amalgam and llOAc at 
40° (Goldschmidt, B. 20, 728),—4. By heating 
isopropyl iodide with cone. N!l,Aq (Malbot, 
0. B. Ill, 650 ; cf. Jahn, M. 3,10t>). i 

Preparation.—By reduction of a solution of , 
acetone-phenyl-hydrazidc (1 pt.) in 96 p.c. al -1 
eohol (10 pts.) by means of acetic acid (2) j)t3.) | 
and sufficient *67 p.c. sodium-amalgam, thelom- 


Bh [9] 4C, 287} or of aquooQS KH, on PtOl at 
190° (Malbot, C. B. 105, 675). Purified by 
means of its nitrosamine. Liquid with am* 
moniaoal smell, si. sol. water. The pps. tliat it 
forms with salts of Ag and Al are sol. excess; 
those with salts of Cu and Zn are insoL excess. 

Salt8.-B'H.,C.O«. Flat needles. S. 6 at 
17°. S. (alcohol) ‘33 at 18° (Clianoel. Bl [3] 7, 
406). Picrate. [75°]. S. 2 2 at 19°. Melts 
under water at 4.7°. 

'Nitrosymine Pr.N.NO. (206°), S.O. * 
*931. Litpiid smelling like hay. Decomposed 
by HClAq, with formation of dipropylaminSI 
, Nitramine Vy.'HSO.^, A liquid, got from 
PrNK.NO, and PrBr (Tiionias, It. T. C. 9, 79). 

Di-isopropylamiao Pr..NiI. (."14°). S.G, 
'722. A product of tlm action of alcoholic NH| 
on Prl at 100° (Van der /.ando, H. T. G. 8,202; 
cf. Sierscb, Z. [2] 5, 14.5). Liquid with very 
ammoniacal dflour, misciblo with water. — 
B'MNO,. tl3H°J.-By 1 .IHCl,: orange tables. 

J*r,N[NO. [46°J. (195°). 

Nitraminc Pr.N.N(L. fr)6° at 10 mm.). 
Fonned from PiNAg.NO^ and PrI (Thomas, 
It. '1\ C. 0, 82). Liquid. * 

Tri-n.propylamine Pr,N. (1.57°). 8.Q. ^ *770; 

'760; -To I (I'crkin), S.V. 222*1 (Zander,.4. 
214, 17ij. M.M. 11-664. Mn»l'4l71 (Glad¬ 

stone, G. ,7. .59, 290). C.K. (O’-10°) -00106. A 
product of the action of PrI on alcoholic NH, 
(V.). It is the cluef product gut by heating 
PrCl with cone. NH.,Aq (Malbot, A. CA. [6] 13, 
•180, o-l()). Puriliod by nnmns of its picrate 
(Chancel, Bl. [;i| 7, 407). Liquid with faintly 
ammoniacal odour, aliuost im^d. wafer. — 
Picrate. S. '3 at 18-’; S. (94 p.c. alcohol) 4'4 
at 19°. 

I'Topylo-iodidc Pr,Nl. The chief pro¬ 
duct of the action of Prt on NM.,Aq at 150°- 
190°. Prisms. Yields {Pr,NCl)PtCl, and deli- 
qiu-soent Pr,NOII, which is decomposed by heat 
into Pr,N, propylene, aud water (Uoemor, B. 6, 
784). 

Jiefercnces.--BmTio-, Ciiixnio-, CuLono-tODO*, 
and OxY- pnoi'YLAMrNB. 

PROPYL-ISOAMYL-GLYOXAIINB 
C,(I?,.(C;,H,,)N.^. OxalisoamijLhuiyUne. (251°). 
8.G. -’-5 qpiO. Formed from propyl-glyoxaline 
and C.,n,,I (Bieger, M. 9, 009). 

PROPYL I80AMYL OXIDE Pr.O.C.H... 
(125°-130'’) (Chancel,^. 151,305). 


perature being kept below 25 ; the yield is 70 
p.c. of the theoretical (Tafol, B. 10,1926). 

Properties .—Mobile liquid, with ammoniacal 
smell, miscible with water. Converted by nitrous 
acid into isopropyl alcohol. 

Salts. — B'HCl. [140°]. Deliquescent 
onbes.—B'^H-FtCl^: orange plates, m. sol. Aq. 

Nitramtne PrNH.NO.^ [-4°]. (91°). 
8.G. 1098. Formed from PrN(N0J.C043t 

by successive treatment with dry NH, and dilute 
H,804 (Thomas, B, T, C. 9, 78). Needles.- 
PrNBLNOr Slender hygroscopic needles. •— 
FrNAg.NO^ Thin plates. Converted by PrI 
Into ^NPr.NO« (67° at 10 mm.). 


jr.59.990). A^oduotof ibaackionof alodioUo 
|lli,oo m at 100° (Viaceak, 0» B* 103,208; 


PROPYL-ANILINE C„H„N is. PhNHPr. 
(222° i.V.) (Pictet a. Cr^qiieiix, B. 21. 1111). 
K.G. 5" -949. Formed by lieating aniline with 
PrBr (Claus a. Roques, B. IG, 909; Wacker, A. 
24.3,290). Liquid. Salt8.-«B'nCl. [160 ].— 
•Byi^jC^O,. [162°]. Large tables, V. sol. water. 

Formyl derivative PhNPr(CHO). (269° 
i.V.). S.G. 7 1-044. Got from formanilide and 
n-propyl bromide. 

Acetyl derivative PhNPrAo. [48^, 
(269-' i.V.). Hexagonal plates (from ligroln). 
Nitrosamine. Yellow oil. 
Isopropyl-aniline PhNHPr (213* IV.). 
Liquid. Yields an oily nitrosamine.—B'.BLPtcL. 
Red prisms (P. a. 0.). ^ 

Formyl derivative PhNPr.NO. (264°iV.). 
Formed from formanilide and PrBr. 

Assfpl dsrtvafivs PhNPrAo. [89^. (^ 
iT.)« Transparent leaflets (frooi Ugroin). 



810 


PROPYL-ANILINB. 


Si-n-propyl-mllin* NPhPry (245° i.V.)! 
S.G. S •9240. S.V. 243-1 (Zander, 214, 168). 
O.B. (O^-IO’) -00081. Formed from aniline and 
PrI (Lippmann a. Fleissner, M. 3, 711).— 
B',H^tCl,. Decomposed by water. 

Di-isopropyl-aniline NPhPrr (2‘20“ i.V.). 
8,0. s -9338. S.V. 236-4 (Zander). C.E. (O^-IO") 
•00087. 

ite/ercMces.—N itbo- and Nirnoso- Piiopyl- 

amiiKK.- 

DI-PBOPTl-ANTHBACENE DIHYDBIDE 
Oj,H^ Formed from di- 

propyl-anthrone. III) and P at 140°-170’ (Hall- 
garten, B. 22,1070). Plates, getting soft at 47°. 
Di-iiopropyl-anthracene dibydride 

CaO"]- (above 300°). 

Formed by boiling C„H,Pr.CII.,Cl alone or with 
ZnCl, (Errera, Q. 14, 280). Anjorphous yellow 
powder, insol. alcohol, sol. etlior. Its solutions 
are red with green fluoresounco. ' 

PBOPYL-AKTHBANOE. Propyl deriva¬ 
tive. C*H„0 i.c. [72°]. 

Formed by boiling anthranol witli KOHAq and 
PrI (Hallgarlon, J3. ‘22, 1070). Needles, sol. 
other and alcohol, insol. alkalis. Chromio acid 
eolation converts it in the cold into propyl* 
oxanthrnnol C„H,oOa v. sol. benzene. ’ 

DI-PEOPYL-ANTHRONE C.JIJ} U, 

°«^*’sCPr together 

with the preceding body, by boiling anthranol 
(5g.)withEOH (5g.)i water (25 c.c.), and PrI 
(13 g.) (Hallgarten, J). 22, 1000). Trimctric 
crystals, sol. hot alcohol. CrO, in IIOAc oxidises 
it to anthroquiuoae. 

TSI-PEOPYI-AHSINE v. vol. i. p. 319. 
PBOPYL-BEKZENE v. Cumi nii. 
Dl-n-propyl-benzeno CsH^Pr.[l:4]. (219®). 

Formed from jj-di-bromo-benzeno, n-propyl 
bromide, and Na (Korner, Ti. 11,1H03; A. 210, 
223). Formed also, together with the j»-isomer- 
idc, by the action of AlCl., and IlCl on «*cumcne 
(Heise a. Tohl, A. 270, 1C5). Iiiquid, volatile 
with steam. Bromine forma C^Ud.lrPr.^ [*^3°]. 

n-iso-Di-propyl-beasene C„H<PrPr[l:4]. 
(212® cor.). S.G. 2 *871.3. Formed from 
OaH^Pr.CHgCl and ZnEt.^ (Paterno a. Spica, B, 
10,1746) and from PrBr, j>-bromo*cumcno, and 
Na. Formed also, together with them* isomerido, 
by the action of AlCi^at —2° on a mixture of 
ft'Oumeno and PrBr (Heise, B. 24, 772). 

tn-Dl-laopropyl-beniene C„H 4 l*rj[l:.Sl. (204®). 
Formed, together with the p- isomeride, oy the 
action of propyl or isopropyl chloride on benzene 
in presence of AlCl, (Silva, BL [2] 43, 320; 
Ublhorn, B, 23, 3142) and by the action of AlCl, 
and HCl at 100® on enmono (H. a. T.). Yields 
isophtlialio acid on oxidation. 

D-Bi>Uopropyl-benzene CuH4Pr,[l:4]. (o. 

202^). Formed as above. Yields terephthalio 
acid on oxidation. 

PEOPYI-BENZENE BULPHONIC ACID a. 

COUXNB BULPnOMIO ACID. 

j)*lR-n*propyl-b6nsene snlphonio acid 
OfH^r,.S03. [62°]. . Formed from di*propyl* 
b^eoe and faming H,SO« (KOmer, H. 11,1865; 
4« 316y 224; Bemsen, Am. 5, 162). HeUqnescent 


needlea, with pearly lastre.—KaAUaq.—KA'4a(|* 
—BaA^j Aaq.—BaA'j 2aq.- CaA'j 9aq.—PbA', aq. 

Amide C.H,Pr..SOaNH 3 . [103®]. Hexagonal 
crystals (from alcohol), si. sol. hot water. 

n*iBo*Di.propyr*benzene sulphonlo acid 
[1:4:®] C,H,PrPr.S 03 n. [60®]. Needles (Heise, 

B. 24, 771).-BaA'2®aq.—PbA'-^aq: minute 
needles, m. sol. cold water,—PbA'jSaq: needles. 

Amide. [06®]. Needles. 
m*Di*isopropyl benzene sulphonic acid 

C, .H 3 Pr 2 .S 03 H[l: 3 :x]. Formed by shaking with 
11,80^ (1^ pts.) the fraction (200°-210®) got by 
the action of AlClj on a mixture of PrCi and 
benzene, and separated from the accompanying 
j)-di-isopropyl*benzene sulphonic acid by means 
of its Ba salt (Uhlhorn, B. 23,31-12).—BaA'22aq: 
needles, si. sol. water. --CuA '2 4Jaq.—MgA'^daq. 

Amide C«H 3 Pr...SO,NH.,. [145®]. 
2 >*l>i*isopropyl-b*enzene sulphonic acid 
C,;H;,?r.^{S 03 H) [l;4':2J. Formed as above,— 
BaA',: nodules, v. sol. water.—CuA'jG-Jaq. 
A'mide C„H:,Pr,.SO,NH«. [102®]. 
yn-Bi-n-propyhb'enzcne dlsnlphonic acid 
Ortn.^Pr.^(S 03 n) 2 . Deliquescent tables (Heise).— 
K.A'''®.aq.—BaV'liaq: tables, v. sol. water.— 
FbA"liaq: tables, v. e. sol. warm water. 
Amide. [195°]. Needles. 
PROPYL-BENZOIC ACID v. Guminio aoii>. 
PBOPYL-BENZOYL-ACEnC ACID v. Bbnz* 
OYL-ACEflO ACID and FhENVI, butyl BETONl 
CAUIJOXYLIC ACID. 

PROPYL-BENZYL. v. Cumimyl*. 
n.PROPYL BORATE (PrO) 5 B. (172®-175®). 
S.G. 42 -867 (Cahours, C. B. 76,1383). 

Isopropyl borate {PrO)jB. (140® cor.). 
Formed by heating B.D, with isopropyl alcohol 
at 120® (Couudor, J. pr. [2] 18, 389). Mobile 
oil, slowly saponified by water. 

w-PROPYL BROMIDE PrBr. (71®). S.G. « 
1-3835 (Zander, A. 214, 159); V 1*3520 (Brilhl, 
A. 203, 13); 1-3611; ?? 1*3474 (Perkin). 

C.K. (0°-10‘'-)-00123. 88-20. 

S.V. 97. M.M. C-885 at 19-2®. H.F.p. .30,850. 
II.F.v. 29,110 (Thomsifn, Th.). Formed from n* 
propyl alcohol and HBr (Linnemann, A. 161, 

1 40; Pierre a. Puchot, J. l^h. [4] 13, 9). When 
heated in scaled tubes at 280° it partially changes 
to isopropyl bromide (Aronstoin, R. T. C. 1,134). 
When heated for a short time with AlBr, it is 
completely changed to isopropyl bromide (Kekul4 
a. Schrottcr, B. 12, 2279; Gustavson, J. R. 15, 
61). Bromine forms propylene bromide. — 
CjHJ3r(H2S)..23aq (Do Forcrand, A. Ch. [5] 28, 
35).' 

Isopropyl bromide PrBr. (GO®). S.G. H 
1-3397 (Z.); V 1*3097 (B.); ^ 1*3198; U 1*3053 
(Perkin). C.B. (0°-10®) ♦00127. Ma* 1*4317. 
1\^ 38-58 (Bruhl). M.M. 7 003 at 17-1°. S.V. 99. 

Fortnalion.—l. From isopropyl alcohol and 
HBr at 150® (Linnemann, A. 136, 41).—2. From 
n-propyl bromide and AlBr,.—3. From propylene 
bromide and HI (Linnemann, A. 161, 57), 
Preparation. —By adding bromine (65 g.) 
gradually to 4*rl (100 gA in the cold; the yield 
being 45 g. (R. Meyer, J. pr. [2] 34, 105). 
Properties. —Liquid, not attacked by OL 
ISOFROFYL-BUXEMYL-BENZEHS v. Bu* 

TENYL'CUSIENB. 

»» PB0PYL-IS0BirXYI-AinNS O^jN «.s. 
PrNH.C 4 H,, (124°). Formed bj redaomg i«>- 
butyl-propai^Lamineiii alooholio aolntion with 
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lodiom (PmI a. Heopel, B. S4, 8048).-'B'HCi. 
ri86®].-B'Hi3A- [224®]. Needles. 

IB0FB0P7L.BirTYL-AKUr£ BICABB- 
OXTUO ACID C^„NO, t.e. 
CO^.OMe,.NH.CMe,.CH,.CO^. A product of 
the oxidation of triacetonamine with chronuc 
acid mixture (Heintz, A, 198, 69). GrystaUitie 
pains, m. sol. hot water. Yields amido'iso* 
Dulyrio acid when heated. — HA"JICI. — 
KHA"2aq. — Zn(nA ")5 0aq. — ZnA"aq. — 
CuA"aq.— ArH.V'.- Ag.A"lINO,aq; grains. 
PBOPYL-ISOBUTYL-GLYOXALINE 

C|ttHi,Na t.c. Oxal-projnjl-iso- 

amyliM. (241'’ at 788 inm.). S.G. *915. 
Formed from isobutyl-glyoxaUne and Prl3r 
(Itsdziszewski a. Szu), 1). 17,129o). Liquid.— 
B’^BtCl,: minute orange prisms. 

Prcipyl.butyl.glyoialiiie^|j-;?ipJj5^j>. 

(243®) at 728 ram. S.G. *988, Formed froha 
propyl-glyoxftliue and butyl iodide. Oxidised by 
H,0, to butyl-oxamide [1U8'’] (Itieper, if. 9, C09). 
—B'UZnCl,.-B'.,H,CdCl,.-B'Jl,l’tCh. 

Propyl-isobutyl-glyoxalino )>• 

(232®) at 730 min. S.G. ^2 qMO. Formed from 
propvl-glyoxalino and isobntvl iodide (liicgor). 

PROPYL ISOBUTYL KETONE Pr.CO.C,fl«. 
p55'^l at 700 mm. S.G. " *831. Formed from 
isovalcryl chioride and ZnPij (Wngner, J. R, 10, 
608). Liiiiild. 

Isopropyl isobutyl ketone Pr.CO.Cn..Pr. 
(ICO®). S.G. Formed by oxidising sec- 

octyl alcohol with cold dilute KXr.G, and II.^SO, 
(Williams, C. J. 35, 130). Liquid, not solid at 
-17^ Does not form a crystalline compound 
with NallSOj. 

PROPYL-ISOBUTYL-MALONIC ACID 

CJI,.CPr(COJI),. [129®]. This app-ars to bo 
the compositi'.tn of the acid got by saponifying 
C,H,.C(CjHJ(COJ'2t)^ (249 ). which is got from 
nialonio ether, isobutyl iodide, allyl iodide, and 
NaOEt (Ballo, B. 14, 33.5). 

PROPYL BUTYL OXIDE Pr.O.CJI... (117'). 
8 .G. 2 -7773. C.E. (0®^10®) -00124. S.V. 174'4 
(Dobriner, A. 243,7). 

I80PB0PYL-I80BUTYL.PH0SPH1NE 
PHFr.CH^jl’r. (140 ^). I'ormed from isopropyl- 
phosphine and isobutyl iodide at 130® (Hofmann, 
B. 6, 300). 

IBOPBOPYL-lSOBUTTL-aUINOLlNE 

OA<Slo^H.Pr- (296°) at 710 mm. I’ormed 
by the action of isovaloric aldeliyde and cone, 
HClAq upon aniline (Spady, B. 17, 1714 ; Irt, 
8373).—lJ'.,IlJ’tCI,. Yellow needles, el. «oI. 
water.—B'C,aj(NO,),OH. Large yellow plates, 
— B'HClaq. — B'HNO.aq. — BH.SO,. — 
B’HjCr.O,: orange needles, sol. hot water. 

MelhylO‘iodide B'Melaq. Yellow 

oeedles, v. sol. alcohol.—B'jMOjPtCI,: yellowish- 
red tricllnlc prisms. 

FSOPYL-TSICAEBALLYLIC ACID 
CHPr(COJH).CH(CO,H).CH,.CO,H. [162=]. 

Formed by saponifying its ether, which is made 
by the action of fumaric ether on sodium propyl- 
malonic ether (Auwers, B.24,311,2393). Prisms 
(containing xaq), t. (. sol. ether. 

Ethyl tthir (206° at 16mm.). 

a&. V ^'993. 


Iiopropyl-trloubsUyUe acid 

CHI’r(CO.^.CH(CO.H).CH..COJI. [102°]. Pre- 
pared in like manner from isopropyl-molonifl 
ether. Plates or prisms, T. si. sol. ligrofn. 

Ethyl ethtr Et.A'''. (206° at 20 mm.). 

S.G. w l-0a5. 

PROPYL CARBAMATE NH..CO.OPr. [62°]. 
(195°). p’ormed by beating urea with propyl 
alcohol (Cahoure, C. B. 70,1387). Formed also 
from Cl.COaPr and Nil. (Uoemcr, B, 6, 1102). 
Prisms, v.e. sol. water and alcohol. 

Isopropyl carbamate Nll..,.CO.OPr. [37°]. 
Formed from Cl.CO.jl’t and dry NH, (Spioa a. 
Varda, 0. 17,106). Hygroscopic needles. 

1SOPROPYL.CARB AMINE PrNO. (87°). 
S.G. a •700. Formwl from isopropyl iodide and 
AgCy (Gautier, 0. B. 07, 723; A. 149, 166). 
IlGiAq forms isoproiiyl-formamids. 

PROPYL-CARBAMIC ACID NllPr.CO^. 
Methyl ether ihk'. (180° at 756mm.). 
S.G. -OM. Kquid (Thomas, B. T. 0. 9, 71). 
T)i6 nitramino NPr(NO.^).CO.^Mo. S.G. 14 
1*187 is made from N Agrr(NOJ and CI.CO.jMo. 

Ethyl ether EtA', (180*. Formed from 
propylamine and cli]pro-formic cthor (Schreiner, 
J.pr. [2] 21, 125). 

Isopropyl-carbamio acid NHPr.COjII. 
Methyl ether McA'. (106*5°). S.G. « 
•981. Liquid. Thcnitramine 
NPr(N(L).CO.jMo S.G. li 1*159 is also liquid. 
PROPYL-CARBINOL v. BoTtn ALconot. 
Bi-propyl-oarbinol v. HaPTtL AuconoL. 
DI-FROPYL-CARBOBENZONIO ACIDS 
G„H „p.„ Two acids of tliia formula [139°] and 
[90'J are fonned by lieating phenyl bonayl 
ketone with «-propyl aleoliol and KOU (Zagu- 
me.my, A. 181, 100). The acid [139°] forms a 
di-niiro- derivative [170°]. 

PROPYL CARBONATE CO(OPr)r (168° 
cor.). S.G. 11 *9*i9 (Boesc, j4. 20.5, 230). 

Propyl orthocarbonatc C(OPr),. (224°oor.). 
S.G. * *911. Formed from NaOPr and ohloro- 
pici'in (Koese, A. 205, 253). 

u-PBOPYL CHLORIDE PrCl. Mol. w. 781. 
(10° i.V.). S.O. g *9123 (Zander, A. 214, 156); 
f *8898 (Briihl, A. 200,179), (g *8930; gj *8813 
(Perkin). M.M. 6*030 at 10°. (»„-1*3984. 

It,* .-33 .IG. S.V. 91*6. H.F.p. 37,700. H.F.V. 
30,020. C.K. (O°-10°) *00137. Formed by the 
action of chlorine on propane and on Ptl. Pre¬ 
pared t>y satureli I ig 7i.pro]>yl alcohol with gaseous 
JlCl, and heating at 126° witli cone. HClAq 
(Malbot, Bl. [3] 2, 130; cf. Pierre a. Puchot, 
A. Ch. [4] 20,234). Acts with extreme slownesa 
on alcoliolic Mi, (Vincent, BL [2] 46,504). Not 
cliaiigcd to PrCil by beating in scaled tabes 
(Aronstein, H. T. C. 1, 134).-PrCl(H.,S), 23aq 
(Be Forcrand, A. Ch. [6) 28,34). 

Isopropyl chloride PrCI. (30°). S.G. g *8826 
(Z.); H *8088; *8575 (P.j. M.M. 6*169 at 

17*2°. S.V.94. C.E. (0°-10'‘) *00142. Formed 
from isopropyl alcohei and BCI. Chlorine con¬ 
verts it into CH,.CCL,.CH, and CH,,CHC1.C^G1. 
Partially converted into NH^r by heating with 
cone. NH,Aq at 140° (Malbot, 0. B. Ill, 060). 
ISOPROPYL CINNAMIC ACIS e. Ginitle 

Acnvuo ACID. 

Bf/ercnccs.—A mido-, Chlobo-, and 6 Iitbo- 

PEOPTIi-CISKAHIO AOinS. 

PBOPYL-m-CEEBOL 0,H,MePr.OH. (230°- 
336° at 734 mm.). Formed, together with Ug 
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^opyt ether and di-propyl-m-oresol, by heating 
m-ereeol with propyl alcohol and MgCl, (Maz- 
Sara, 0* 12, 1B7, 332). • Liquid, si. sol. water, 
sol. aloohol and ether. Not solid at -15^. Not 
ooloured by FeOI,. Yields a orystalline nitroso- 
deriyative [140*^ j. 

Methyl ether MeA’. (226®) at 740 mm. 

Propyl ether PrA', (235®-240°). 

Acetyl derivative AcA'. (240®) at 743 
mm. 

Iiopropyl-w-cresol C<,HjPrMe.*OH. (238°). 
Formed in like manner by heating m-cresol 
with isopropyl alcohol and MgCl.^ (Mazzara, 0. 
12,606). Oil. Yield8C,H,iNO)PrMe.OH[167°J. 

Methyl ether MeA'. (216°-220®). 

Isopropyl ether PrA'. (230®-236®). 

Isomeride t>. Thymol. 

Fropyho-oresol v. Carvacrol and Cymknol. 

iBopropyl-cresol C«H 3 PrMe.OH. (229® cor.). 
S.G. * 1’0012, Formed by potash-fusion from 
the w-isocymene derived from bamphor (Spica, 
0.12, 652), Not coloured by FeCla. 

E0iyl ether liiK'. (2’28'^ cor.). 

Ih-propyl-m-ifresol C«H,;Pr.Me.OH. (250°). 
Formed as above. Liquid, yielding a liquid 
acetyl derivative (256®-260^. 

Di-Uopropyl-w-cresol Cj,HJ®r.^Me(OH). 

(261°). Fortned at the same time as isopropyl- 
m-oresol (M.). Liquid smelling like phenol, si. 
lol. water, insol. dilute potash. 

Methyl ether MoA'. (243°). 

Acetyl derivative AcA'. (235°-260°). 

ISOPEOPYL-CUMIDINE C,H,l’r.NllPr. 
(246°-260°). A product of the action of aniline 
and ZnOl.^ on isopropyl alcohol (Ijouis, B. 16, 
111). Liquid. Forms a granular picrate. 

ISOPBaPYL CYANATE v. vol. ii. p. 315, 

PEOPYI CYANIDE v. Nitrile of Boxyrio 

aoiD. 

PEOPYLENE C,IL, Mol. w. 42. S. *44 at 
0°; *22 at 20° (von Than, A. 123, 187). S. 
(alcohol) 13. S.(HSO,)200{Berthelot). H.F.p. 
8,220. II.F.V. 2,000 (Thomsen. ThX 

Fortnation.^l. Bypassing fusel oil, valcrio 
acid, or light petroleum through a rod-hot tubo 
(J, W. lleynolds, A. 77, 118; Prunier, J, 1873, 
847).—2. By distilling calcium oxalate with 
EOAo (Dusart, A. 97,127).—3. By the action of 
mercury (containing a trace of zinc) and fuming 
uOlAq on allyl iodide (Berthclot a. De Luca, A. 
92, 306).—4. Mixed with H (^ vol.), by reducing 
allyl iodide in alcoholic solution with granulated 
lino and HGlAq (Tollcns a. Henninger, A. 156, 
166).—5. From allyl iodide and HI (Butlerow, 
A. 145, 271).—6. A product of the action of 
Zn£t« on CCI 4 (Uieth a. Beilstein, A. 124, 242) 
on allyl iodide (Wurtz, Bl. 5, 61) and on GHBr, 
(Beilstein, Bl. [2] 2, 61).—7. By boiling n- or 
Iso* propyl iodide with alcoholic potash (Freund, 
3f. 8 , 633; Erlenmeycr, A. 139, 228).—8. To¬ 
gether with other hydrocarbons, by treating 
propylene bromide with water and sodium- 
amalgam or with zinc and HClAq (Prunier, C. B. 
76,98).—9. By heating GCl^Me.. or CBr^MesWith 
Na at 140® (Friedel a. Ladenburg, Z. 1868,48; 
Beboul, A. Ch. [ 6 ] 14, 488).—10. Together with 
oresol, by heating thymol with P^O^ (Engelhardt 
a. Latachinofl, Z. 1869,616).—11. In the manu- 
jNmture of oil-gas (Armstrong, C. J. 49, 74).-— 
12. Together with ethylene, by heating allyl 
ijochol with PA (B4hal. A. Ch. [ 6 ] 16. 360).— 


18. By heating N(C,ir 7 ), with 0|E.C1 at 120* 
(Malbot, A. Ch. [ 6 ] 13, 546). 

Preparafion.—1. By dropping propyl alcohol 
on strongly-hbated ZnGL^ (Le Bel a. Gceene, Am. 
2, 28).—2. By pJ^sing gaseous HI into allyl 
iodide, PrI being also formed (Malbot, C. R.lOli 
114; Bl. [2] 60, 449).—3. By pouring an alco¬ 
holic solution of allyl iodide on zinc (Gladstone 

а. Tribe, B. 6,1550; Niederist, A. 196, 368).— 
I 4. By dropping propyl alcohol (4 pts.) on PjO, 
; (3 pts.) (Beilstein, B. 15, 1498).—6. By mixing 
' isopropyl alcohol (200 g.) with ZnGl.^ (650 g.) and 

heating after twenty-four hours (Friedel a. Silva, 
J. 1873, 322). 

Properties .—Golourless gas, liquefied by a 
pressure of eight atmospheres (Moltscbanoffsky, 
J. ll. 21,31).. Unites with G1 and Br. Its solu¬ 
tion in H.^80, yields isopropyl alcohol on distil¬ 
ling with water. Guprous chloride in HGlAq 
absorbs it somewhat. HClAq heated with pro- 
I)ylone for seventy hours at 100® forms isopropyl 
I chloride (Berthelot, A. 104, 181); HBr and HI 
I act in like manner. Dilute CrO, forms acetone 
I acetic acid and CO,j (Berthelot, A. 150, 373). 

; Alkaline KMnO^ forms formic and acetic acids 
(Truchot, C. R. 63, 271). KCl added to a solu¬ 
tion of propylene in rtCl.^ and HClAq ppts. 
CJIrtPlCLJCCl aq (Birnbaum, A. 145, 72). 
Di-propylene v. Hexylene. 
llefcrcnces. — Bromo-, Di - bromo • loim-, 
Ciiloro-, Chloro-iodo-, Di-obloro-nitbo-, and 

lODO- PROPYLENE. 

FEOPYLENE-ACfTOACETIC ACID e. Aoeto- 

ACETIO ACID and METflTL TRIHETUYLENYLMETUYL 
KETONE CARBOXYLIC ACID. 

PEOPYLENE.ALLYL 4 .THIO-DBEA 

CH.^(C H propylene- 

t|i-tbio-urea and allyl iodide (Hirsch, B. 23, 973). 
Oil.-B'CANA- [l‘-26°]. Triangular prisms. 

Isomeride [60»]. Got 

from /3-bromo-propyUamine and mustard oil. 
Prisms (from ligroin).—B'CJI,N,0,. [130°].— 
B'CsHjNCS. [52®]. White prisms. 

PROPYLENE-DIAMINE O^.oN, U 
CH,.CH(NHj).CH 2 .NH,. (119°). S.G. « *878. 
Formed by heating propylene bromide with 
alcoholic ammonia at 10d®-160° (Hofmann, B. 

б , 308; Strache, B. 21, 2358). Hygrosoopio 
: liquid, fuming in the air. Yields a hydrate 
! (CsHiqN,))^! boiling at the same temperature as 

the base, and dehydrated by Na. Benzoic alde¬ 
hyde forms oily OsH,(N:CHPh)j, decomposed by 
HCl into the parent substances. Acetoacetio 
ether forms oily G.jHg(NH.CMe: 0 H. 002 Et),. 

Salts.—B"H 2 C 1 ,, [220®]. Very hygrosoopio 
needles.—B"H^tGl„. Small four-sided tables. 

Acetyl derivative C,Hs(NHAo),. [139®]. 
Needles, v. e. sol. water and alcohol. 

Benzoyl derivative CjH^BZgN^ [193°], 
FEOPYLENE-AMYZ.-^ THIO-DBEA 

[32°]. (267°). Formsd 

b; heating alljl-amyl-thio-orea 'with oono. 
HClAq at 100° (Avenarins, S. 24, 264). 

FBOFELEHS BSOHIDE v. Di-BBOMo-rso- 
rum, 

FSOPTLSRS TBIOASBOXTUO AOIO. 
ethfl ethtr CO,Et.OB;CB-OH(OOp:(},. (17}* 






U ISiBm.). bj th« aotion of water orof 

KaOHA, upon [94»]. 

which is by dtstiiung di-carboxy-glutaconic 
ether in t^no (Oathzeit a. Dvessel, B. 22,1425). 
It is identical with iso-aconitic ether. 

Isomeride v. Aconitio acid. 

Propylene tetra-carboxylic aeld 
(CO^),CH.C(CO,n):Cn.CO,H. [102®]. Got by 
saponifying its ether. Colourless crystals (con¬ 
taining 2aq). Gives off CO» at IHO®. 

Salts.-NuJIA*^ Saq. ~ 13a^‘’ IJaq. — 
Ca^‘’ 3iaq. 

Ethyl ether (220®-230® at 40 

mm.), formed from sodium-malonic ether and 
bromo^maleio ether (Schacherl, .4. 220, 91). 
Isomerides.—DicAnnoxY-cLUTACoNic acid and 

XniUETUYLBNK TETRACARROXYl.IC ACID. • 

PROPYLENE CHLORHYDKXN c. Cju.ouo. 

PROPYL ALCOHOL. 

PROPYLENE CHLORIBE v. Dichlouu- 
PBOPAHE. 

- PROPYLENE CHLOBOBEOMXDE v. Ciiloro- i 

BUOMO-PROPAKR. 

PROPYLENE GLYCOL C,U,0,t.fi.C,H„{OII),. | 
Bi-oxy-proinine. Mol. w. 70. (189-’). S.G. J- ' 

1-0527 (Z.). C.E. (0®-10®) -00009. 8. (ether) 
XX. S.V. 85*2 (Zander, A. 214, 177). 

Formation,—!, lly saponifying its acetyl- 
derivative (Wnrtz, A. Ch. [3] 55, 4)58).—2. 15y 
reduction oi CH^Cl.CH(OH).cil Oil by sodium- 
amalgam (Louron<;o, G, il. 53, 1013).—3. I5y 
heating propylene bromide with PbO and much 
water at 150® (J’.ltokoff, J. H. 10, 210).—4. 15y 
boiling propylene bromide with atpicons K ,COj 
for some days (Hartmann, (2] lil, 383).- 

6. By boiling propylene bromide (1 pt.) willi 
water (3(5 pts.),the yield being 43 p.c. (Niederist, 
A. 190, 359).—6. By the action of the copper- 
line couple and some HClAq on the product of 
the action of AcBr on glycerin (Hanriot, C. U. 
86, 1139).—7. By treating allyl alcohol witli 
dilute H^SO, (20 p.c.) or IICl(10p.o.) (Solonina, 
Bl. [2] 46, 810). 

Prcjjarafion. —Glycerin (1,300 g.) is distilled 
with NaOH (550 g.) and the aqueous layer con¬ 
centrated and distilled; the yield is 140 g. 
(Belohoubok, B. X2,1872; Morley a. Green, C. J. 
47. 182). 

Properftes. — Liquid, with sweet taste; 
miscible with water and alcohol. 

Beactiotis. — X. Water containing a trace of 
HCl forms propionic aldehyde at 216® (Limns 
mann, A. 192, 61). It also yields propionic 
aldehyde on heating with ZnCL. (Flavitzky, B. 
XX, 1256).—2. Cone. HIAq forms isopropyl iodide 
(Wuftz, A. Suppl, 1, 381).—3. PCI, forma di* 
chloro-propane.—4. KOH at 250® forms oxalic 
acid and H. —5. Chromic acid mixture forms 
acetic acid (Flavitzky, B. 11,125G).—6. Oxidised 
by platinum blaxk and air to lactic acid.— 

7. Glyceryl trimetric forms, at 100®, oily 
CH,.CH(O.NO).CH,.O.NO (109®), 8.G. 2 1-44, 
which explodes in sunlight (Bertoni, C, 0.1887, 
85). 

Aeetyl derivative Qfi^i0^i.e. 

(^H«(OAo)|. Propylene acetate. (186®). S.G. 
8X-X09. B. 11. Formed by heating CjHiBr, 
with. AgOAe bxlA HOAo (Wurtz, A. 105, 202). 
liquid* 


Mono^hentoyl derivative 
OH,.CH(OB2).CEL,5H. Formed from the amine 
CH^CH{0B2).CH^H, ud UNO. (Gabriel a. 
Heyxnann, B. 23'. 2501). Oil 
Di’beneoyl derivative 
CH,.CH(OBz).CH,OBz. (240® at 18 mm.). 
Liquid (Friedel a. Silva, 0. R. 78, 1379). 

Di.nitrate C,H.{O.NO..).. S.G. « 1-335. 
Formed by dropping propylene oxide into 
' ttnmgly-coolcd fuming UNO, (Henry, A. Ch, 

[4] 27, 2(51). Oil. 

Chlorhy^in t>. Csloro-pkoi'tl aloohol. 
Bromhydrin v. BimuorritorYL alcohol. 
lodhydrin C,H«I(OH): (105® at 60 mm.). 
Formed from propylene oxide and HI (Mar- 
kownikofl, Z. 1870, 423). Liquid. 

Active propylene glycol 0,11^(00).^ ao* 

-4® 35' to -1® 15' in a 22 mm. tube. Formed, 
togotlier with propionic and laiitic acids, by 
allowing Baefn ium termo io breed in ordinary 
inactive propylohe glycol (Ijo Bel, 0. ii.92,632). 
Yields active propylene oxide (35'‘) a,, — 4-1® 10' 
in a 22 mm. tube. * 

n*Fropyle&e glycol v. ^Tri • MSTnvLxNa 

OLTCOL. 

PROPYLF.NE IODIDE v. Dmodo-prodank. 
PROPYLENE MERCAPTAN C,H„(8H),. 
(152® t)t vacuo). Formed by reducing propylene 
sulphocyntiido with Zn and HClAq (llagelberg, 
li. 23. 1087). 

PROPYLENE OXIDE CJl.O i.e. 

*• 

V.I). 2 0. Formed by warming propylene ohloro* 
hydrin with KOHAq (Oser, Bl. 1860,237; Morley, 

B. 15, 179). Dried over KOII. Neutral liquid, 
smelling like acetone. Miscible with water, alco¬ 
hol, and ether. Reduced by BodJuin-amalgam ^ 
to iKO])ropyl alcohol. Yields acotio acid when 
oxidised by moist Ag.O (Linnomann, M. 0, 869) 

PROPYLENE-OXIDE C^BOXYLXC ACID v. 
Metiiyl-qlvcidio acid. 

PROPYLENE PHENYL ETHYL XETATB 
(235“ cor.). S.G. >» '988. 

Formed by dropping CalljCl.OBz into a mixture 
of ZnKt, and toluene, and then adding water 
(Morley a. Green, C. J. 47, 134; B. 17, 8016). 

Oil, with pleasant odour; sol. ether. Not 
atta<!ked by alcoholic potaali, by AcCl, byNa, 
by hydroxylamine, by phenyl-hydrazine, or by 
liClAq at 155®. HI at 200® yields PrI and 
phenyl ethyl ketone. By dissolving in U^804 
^ and pouring into water, it is split up into 
i propylene glycol and C^Hj.CO.C^H^. Nitrio acid 
oxidises it to acetic and benzoic acids. Bromina 
forms a mono-bromo* derivative (230®). 

PROPYLENE - PROPYL - ^ - THIO - BREA 
i ^®^'®>C.NHPr. [237°]. Formed by heating 
atlyl-propyl-thio-urca with eono. HClAq at 100* 
(Avenariufl, B. 24, 2C4). Oil.—P i 0 r a t e [128°]. 

FBOFThENE snLFBISE CJB,S. Formed 
from and alcoholic Na.B (Hus«naiui,d. 

12G, 298). Amorphoua powder. . 

PHOPYIKHE 8ULPHOOYAHIDE 0,H.N,B, 

{.«. CH..CH(SCy).CH.,(8Cy). Formed by heating 

C, H,Br, with potassium sulphocyanide and 
; alcohol at 100° (Hagelberg, B. 28,1086). InwI. 

water, lol. alcohol and etW. 
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mmras »isin,FE0Nic acid «. Pu- 
*ura viemmotao icn>. 

PBOPTLEKE 8VLPE0NI0 ACID 
CH]:0H.CH2.S0,H. Formed by boiling allyl 
iodide vith cone. K,SO^q (Von Bad, A. 161, 
ai8).-KA'. Cryetalline solid.-(KA'),K,I,.— 
(KA'),K.X. White solid. 

FBOFTIiENE TBI-THIO-CABBONATE 
0,H,:C3.. 8.0. 1-81. Formed from CjHjBr, 

and Na^GS, (Husemann, A. 126, 268). Thick 
liquid, of disagreeable smell. 

FROFYLENE^-THIO-BBEA i.s. 

Imido-methyl-thiazole telra- 

hydride. Formed by heating allyl-thio-urea 
with HClAq (S.Q. 1'17) under pressure at 100° 
(Gabriel, B. 22, 2985). Formed also from 
B-bromo-propyl-amine hydrobromido and po¬ 
tassium Bulphocyanide (Hirsch, B. 23, 065). 
Liquid. - B',Ili'tCl,. (212°). - B'HAuCi,. — 
B'C,H,N,0,. [200°]. — Mothylo - iodide 
[172°]^ Colourless prisms. 

FBOFYLEHE *.DEEA 

Formed by boating allyl-uroa with HClAq at 
100® (Gabriel, B. 22, 2000), and by heating 
^•bromO'propyl-amine hydrobromido with po« 
tasaium oyanate at 100® (Hirsch, li. 23,000).— 
^'0,H,N,Oy. [186®]. Needles.—B'^UHCl,. 

PROPTL ETHER v. Di-riionL oxma. 

PBOPYL-ETHTLENE v. Amvlknr. 

PROPYL-EUGENOL v. Euoenol. 

PROPYL FLUORIDE VtV\ (2®). V.D. 2101 
at 20® (calc. 2175). S. 1 at 15®. Formed by 
gently warming AgF with Frl (Mcslans, G. Jt. 
108, 352). Gas, with ethereal odour and hot, 
tweet taste. Has no action on glass when dry. 
Y. Bol. alcohol, ether, and ben/eno. 

Isopropyl fluoride FrF. (-6®). S. 1'5 at 
16®; S. (alcohol) 20 at 10®. V.D. 2*171. Formed 
Irom AgF and Prl. Gas, not alTected by KOHAq 
at 100®. Br at 30® forms a liquid (143®), while 
dblorine forms a liquid (105®). 

I60PR0PYL-F0RUAMIDE v. Fortnamide 
in article on Foiuiic aoxd. 

DI-PROPYL-FUEFURANE CJI,Pr,0. (120®). 
One of the products of the distillation of sodium 
oitrate with lime (Bischofl, B. 23,1UI8). 

DI-PROPYL-OLUTARIC ACID C„H„0, i.e. 
(CO,,H,CH.Pr).,CH.^. [8‘J®J. Formed by heating 
i{CO^)^CPr),CHa above 170® (Dressel, A. 260. 
190). Needles, v. si. sol. water, v. sol. other. 

PROPYL-GLYCOL v, Pbopylekk olycoIi. 

PBOPYIcOLYOXAL. Mono^oxim. 
O^yCO.CH'.NOH. [61®]. Formed from mctbyl 
propyl ketone, amyl nitrite, and UCl or NaOEt 
(Olaisen a. Manasse, B. 22, 628). Pearly plates. 

Di-oxim Pr.C(NOH).CH(NOH). [108®]. 

Di'phenyl’di- hydraMide 
PrC(N^Py.CH(N,HPh). [103®]. Needles. 

PROPYL - GLYOXALINE C,H„N, (219®- 
223®). S.G. *267. Formed by heating gly- 
oxaline withPrBr (Wallaoh, B. 16,660; 16,634; 
ii. 214,321). Liquid, miscible with water. HgCl, 
added to its aqueous solution gives a pp. sol. 
HOlAq.—B',H^t01«. Crystals, sol. hot water. 

Fropyl-glyciaUB. 

Formed from glyoxal, n-butyrio aldehyde and 
»H, (Rieger, if. 0, 603). oa-B^OjO^. 


[192®].—0,0.2aq: ; plates or needlee. 

—B'^^tCl,; yellow prisms. 

Isopropyl-glyozallne. Gly<yxal-i$ohuiyUne, 
pi29®]. (o. 260®). Formed from gljg>xal and 
isobutyric aldehyde-ammonia (Radziszewski, JB. 
16, 747). Needles, sol. alcohol, benzene, and 
hot water.-B'HCl. [106®] Rieger).-B'HBr. 
[222®].-B'H,C,0.. [196®]. 

Di - propyl - glyoxaline C.H^rN,. (227®). 
S.G. is *939. Formed by heating propyl-gly- 
oxaline with PrI (Kieger, AT. 9, 607). 

n-PROPYL-GLYOXYLIC ACID Pr.CO.CO,H. 
(180®-186®) at 700 mm.; (115®) at 84 ram. 
Got by the action of HCl on the nitrile (133®- 
137®) which is made from AgCy and butyryl 
chloride (£. Moritz, C. J. 39,10). Liquid. 

Aviide C.H.O.CONH,. [100®]. Formed 
from tile nitrile and cone. HClAq. 

Oxim PrC(NOH).CO,H. [144®]. Formed 
by the action of alcoholic soda and NaNO, on 
pz'opyl-acetoacetio ether (Furth, B. 16, 2180). 
Small needles, v. sol. alcohol, el. sol. water. 

Isopropyl-glyoxylio acid »Pr.CO.CO,H. A 
mixture (93® at 45 mm.) of this acid with iso- 
butyric acid is got by the action of HCl on di- 
isobulyryl dicyariido (Moritz, C. /. 39,14). 
Amide *Pr.CO.CONH^. [120®]. 

PROPYL HEPTYL KETONE C,H,.CO.O,H„. 
[12®]. (222®). S.G. £2 -828. Formed by distilling 
calcium butyrate (Jiimpriclit, A. 108,185). 

PROPYL HEPTYL0XIDEPi 0C,H,5. (188®). 
S.G. « *7987. S.V. 245*6. C.E. (0®-10®) *00099 
(Dobrincr, A. 213, 7). 

DI-ISO-PkOPYL-HEXINYL DIKETONE 
Pr.CO.CjHjiCaHj.CO.Pr. Di-isobutyrone. (c. 
200®). Formed by the action of sodium on iso¬ 
butyric ether (Bruggemann, A. 240,151). 
PROPYL - HEXYL - CARBINOL v. Becti 

ALCOHOL. 

PEOPYL-HEXYL-GLYOXALINE C^H.jPrN, 

Oxalpropylmiayithylhie, (286®). S.G. ^ *919. 
Formed from hexyl-glyozaiine and PrBr (Karez, 
Af. 8 . 222 ). OU. 

PROPYL HEXYL KETONE Pr.CO.C.H,- 
[-9*5®]. (207®]. S.G. *824. Formed by 
oxidation of the corresponding alcohol (Wagner, 
J. pr. [2] 44, 271). Needles. Oxidised by 
KCr.^ 0 . and H 2 SO 4 to heptoio and propionic 
acids. 

Isopropyl hexyl ketone Pr.CO.C^H,,. (200®- 
210®). S.G. *841. Formed by distilling calcium 
isobutyrate with calcium heptoate (Fuchs, J. R. 
7, 384). Yields acetone, HOAo, and heptoic acid 
on oxidation. 

PROPYL HYPOPH09PHATE Pr.P^O^. S.O. 
^2 1*134. Formed from Ag.PjO* and Prl (twice 
the calculated quantity) at 120® (Sanger, A. 
232,12). Oil. Decomposed by hot water. 

Propyl-hypophoapbate of barium 
PrBanpjOy 6 aq. Needles. 

PROFYLIDENE-ACETIC ACID v. Pentxmozo 
Acn>. 

ISOPROPYLIDENE-AKIDO-PHENOL 
CMe./.N.O,H 4 . 0 H. [168®]. Formed fromp-amido- 
phenol, acetone, and HOAo (Haegele, JB. 26, 
2755). Colourless plates. 

ISO-PROPYtIDENE-ANILIHE 
(228®). VJ). 66*4 (oaio. 66 * 6 ). From acetone 
and aniline in presence of dehydrating agents 
(Engler a. Heine, B. 6,638; Bienm, A. 238,10). 
Inquid ; rapidly turning brown in gir. Ri sm 



Pbottl-malonio aoid. 


M) 


ate r. iol. water and aleobol. —; decom¬ 
potes at 236'’. 

FBOFTUSENE CHLOBIDE v. Di-ohloro- 

FBOPANB. . 

PfiOPYIIDEHB ■ ETDBAZIDO ■ BENZENE 
p.8ULPH0NIC ACn) CMe,:N.NH.C.H,.SO.H. 
Got from p-hydrazido-ben/.ene anlphonio aoid 
(phenyl-hydrazine p-suiphonio aoid) and acetone 
(Pfiiit, A. 239,21C). Platca, in. tol. hot water. 

ISO-PBOPYLIDENE HYDBAZINE 
OMapN.NIl^ (125°). Formed from acetone and 
hydrazine hydrate (Curtins, J. pr. [2] 4-1, 543). 
Mobile liquid decomposing when kept, with 
evolution ol N and NHj. 

ISO-PBOPYLIDENE-PHTHALIDE C„H„0, 

U. [90°]. Formed by 

heating phtlialio anhydride with NaOAo and iso- 
butyric acid or pyrotartaric acid (Oabricl a. 
Michael, B. 11, 1083; Koser, B. 17, 2770). 
Needles, si. sol. hot water. Converted by boiling 
alkalis into I’r.CO.C.H ,.COan. 

DI-ISO-PBOPYIIDENE DISNLPHONE t). 

TeTRA-METIIVL-I)I-MKTHV 1,KN1! DI8UI.PIleSE. 

ISOPBOPYLIDENE . DI - THIO - DIOLY- 
COLLIC ACID C.Mc,(S.C[I,.CO.,II).. [127°]. 

Formed from thioglycollic acid, acetone, and 
ZnCl, (Bongnrtz, B. 21, 482). Crystals (from 
chloroform). 

ISOPBOPYI INDOLE Ci.n.jN i.e. 
C,H,<^^^’^^Cn. (288°). Formed by heating 

the phenyl-hydrazideof isovaleric ahli'hyde with 
ZnCL, at 180’ (Trenklev, A. 218, lOli). Oil, 
solidifies by cold. Yieidsadihydride (o.2fl0’) 
and a picrate [00°] crystallising in rod needles. 
Di-isopropyl-indole C,,H|,N i.e. 

Si';CU:RnH>*^“- 300°). Formed 

by the action ol dilute H_SO, on isopropyl-pyr. 
rote in the cold (Dennstedt. 21.21,3430). Netallos 
(from dilute alcohol). Colours acidified pine- 
wood red. Yields a picrate [116°] and an 
acetyl derivative [18fi°]. Benzoic aldehyde 
and ZnCl., form C,,H,.,Nj [c. I(i4°]. 

n-PKOPYL IODIDE C,H,I. (102-5°) (Brown, 
Pr. 2d, 238). S.Q. = 1-7823 (Dobriner, A. 243,24); 

l-7«73 -, » 1-7585 (Perkin); '•«’ 1-7427 (Briihl, 
A. 203, 15). C.E. (0°-10°) -00105. 1-5157. 

R» 47-05. M.M. 11-08 at 18°. S.V. lOd-O. 
Formed from propyl alcohol (60 g.),iodine (127 g.), 
and red P (10 g.), the yield being 90 p.c. of tlio 
theoretical amount (Chancel, Bt. [2] 39, (148; 
cf. Linncmann, A. 100,240). Oil. 

Isopropyl iodide FrI. (89°). S.G.“f 1-7033 
(Briihl): H 1-7163; 1-7005 (Perkin). M.M. 

11-182 at 26°. pfl 1-6108. K* 47-48. S.V. 108-3. 
Formed by the action of HI on isopropyl alco¬ 
hol, propylene glycol, glycerin, allyl iodide, or 
propylene (Linnemann, A. 161, 26; Wurtz, A. 
Suppl. 1, 381; Erlenmcyer, A. 126, 305; 139, 
228; Maxwell Simpson, A. 129,127; Berthelot, 
A. 104,184; Butlerow, A. 145,275). Prepared 
by distilling glycerin (200 g.) with I (300 g.), 
water (160 g.), and clear phosphorus (55 g. 
added slowly) in a current of CO, (Mar- 
kownikoff, A. 138, 364 ; R. Meyer, J. pr. [2] 34, 
98). Obtained also by saturating allyl iodide 
with HI and heating in sealed tubes at 100° 
(Malbot, 0. R. 107,114; Bf. [2] 50, 449; A. Ck. 
[6] 19, 352). Oil, couvorted by Br into FtBi. 
Ton. IT. 


The oopper-aino sonpls deeompoiss H at 50°, 
giving off gases (Oladstone a. Tribe, 0. J. 26, 
969). 

PBOPYI-ITACONIC ACID 0,H„O, U 
CO,H.CH.,.C(CO,H);CHPr. [169°]. Formed by 
heating propyl paraoonio other with alooholio 
NaOKt, and saponifying the produot (Fittig, A. 
256, 106; cf. Sohmidt, A. 265, 83). Tufts of 
prisms, insol. chloroform, v. sol. other. Reduced 
by sodium.amalgam to butyl-sucoinioaoid [81°]. 

! Bromine, followed by hot water, gives rise to 


CIlPr<^(j^p;J**^Cn [124°].-BaA’'. 


DI-PROPYL-KEIINE 


Dx-hethtL'DI 


PROrYIs-PYiLkZINB. 

DI.PROPYL KETONE C,H„0 le. COPr,. 
Biih/rone. Uol w. 114. (US'*). S.G. « -8217 ; 

*8145. H.C. 1,0”)3,0G4 (Ijouj^uitiino, nl. f2J 41, 
880). Prepared by distilling calcium butyrate 
alone or inixe«l v ith CuCO, (Clmncol, 44.52,296 j 
Ku'^z, A. 151, 205; Schmidt, B. 6, 607). 
Foiiiicd also from ZnPr, and butyryl ohipride, 
by the oxidation of di-propyl-carWnol (Hchtsoher* 
biikolf, J. li. 13, 346), and by heating butyryl 
cliloride (1 mol.) with FeCl, (1 mol.) at 60® 
(Haiuoiict, Bl. [2] 50, 355). Got also by heating 
butyric anhydride with sodium butyrate at 180® 
(Perkin, G. J. 40, 3251. It is also one of the 
products formed by tlie action of sodium on 
butyric ether (Briiggemann, A. 246, 140). Oil, 
sol. alcohol. Does not combine with NaHSOg 
or NH,. Chromic acid yields propionic and 
butyric acids. Treatment with Zn and EtI fol* 
lowed by water gives etbyl-di-propyl-carbinol; 
while Zn, Mel, and water give methyl-di*ethyl- 
carbinol (.\. SaytzelT, J. 2 )r» [2J31,320). Sodium- 
amalgam forms Bcc-heptyl alcohol and a pina° 
cone C,4H„,0, [OS®] (o. 260 ). PCI, yieldi 
C:H„Cl.y (isn and C,H„Cl (141®) (Tavildaroflf, 
B. 0, 1442). Gives on chlorination, when cooled 
by ice and salt, the compound Pr.CO.CHCl.El 
(c. 175°) converted by NH^ into tetra-propyl- 
pyrazine (Vludesco, Bl. [3| 6, 836). forms 

(C,H„)x (200" 250 ) (Tavildaroff, B. 9,1442). 

Oxim Pr,C:NOH. (100°-196°) (Meyer a. 
Warrington, B. 20, 601). Yields an acetyl 
derivative. 

Di-isopropyl-ketone Pr.^CO. (124° cor.). 
S.G, f -8230; V '^063 (Poleh'eff, J. B. 20, 
672). H.C. 1,044,550 (L.). 11® 33*46. Formed 
by distilling calcium isobutyrate (Popoff, B. 6, 
1255; Munde, B.7, 1370; a 1. 180,327). Formed 
also by heating tetra-rautliyl-phloroglucin with 
IlClAq at 200® (Kpitzer, M. 11. 288). Oil, with 
ethereal odour, miscible with alcohol and ether. 
Does not unite with NaHSO,. Keduces ammo- 
j niacal AgNO,. Yields isobutyrio and acetic 
acids and CO^ on oxidation, and seo-heptyl 
alcohol (c. 140° cor.) on reduction. 

Oxun Pr 3 C;NOH. [8°J. (o. 183°). Liquid, 
converted by AoCl into Pr^CiNOAo, which OD 
heating produces FrCO.NHFr (M. a> W.). 

Dipropyl-diketoao v. Dibotve-jl. 

Bc/erence.—C bjxmio-di-isofeoftl-kotosb. 

PEOPYL-LDFETIDINE v.Dl-HEIHTIrPBora- 

PYRIDINB BEXinVDRIDE. 

PEOPYL-LDIIDINE V. Dl-KKTHVX-PROPUr 
PYRiniSE. 

PKOPYl-MALONIC ACID C,H!,0, *•*. 
CHrr(CO,H) Mol. w. 146. [84°] (ft); [96»] 
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PROPYL-MALONIO ACID. 


S P.). H.C.p, 675,000. H.C.T. 074,700. H.F. 
84,000 (Stohmann, J.pr. [2] 40, 211). 

Ethyl ether Etji". (222°) (Furth, K. 9, 
809). S.G. -99311 g? '9334. M.M. 10-307 
at 18° (Perkin, 0. J. 45, 514). Formed from 
malonic ether, PrI, and zinc or NaOEt. 

Iiopropyl-malonio acid CPrH(CO.,H),. [87°]. 

n.c.v. 074 , 900 . H.C.p. 075,200. h.f. 233,800 

(Stohmann). Formed by saponifying its ether, 
which is made from Bodiurn-malonic ether and 
PrI (Conrad a. BischoO, if. 13, 595; A. 204, 
144). Prisms, sol. water, alcolni, and ether. 
Yields iso-valeric acid at 180°.—Ag.A”. 

Ethyl ether Et,A". (214°). 'S.G. f° -997 
(0. a. B.); I? -9927 ; M -9852 (Perkin). M.M. 
10-482 at 17°. 

liefcrenees. —Dr-niiouo- and Oxr- rnopYL- 
UALONIC Acin. 

ISOPEOPYI-MAIONIC ALDEHYDE Nl- 
TBILE PtCH(CN).CHO. (137°). V.D. 3-83 (calc. 
3-87). S.G. 15-911. Formed oy heating iodo- 
isovaloric aldehyde with KCy or AgCy (C'lan- 
tard, A. Ch. [6] 16, 188). Oil which reduces 
Fehling’a solution. Miscible with alcohol and 
ether, 

Jt-PHOPYL MEECAPTAN PrSII. Mol. w. 


76. (08°) (Boenier, D, 0, 784 1 Schatzmann, 
A. 261, 7). Formed from PrBi- and alcoholic 
KSH. Oil, smelling like mercaptan. Hg(SPr)„ 
Isopropyl mercaptan I’rSH. (.57°-00') 
(Henry, B. 2, 495; Clans, B. 5, 059; 8, 532). 
Formed from PrI and alcoholic KSH. Hg(Sl’r)i: 
white plates (from alcohol). 

PEOPYL-UETHANE is Bctake. 
Di-propyl-methane v. Hk.i-tank. 


DI-PEOPYL-TEIMETHYLENE TEISDL- 
PHONE CPr,<yQ"p^’'>SO.,. [297°]. Formed 

from sodium trimothylcne tvisulphone and Pii 
in alcohol (Camps, .C. 25, 244). iSleudor needles, 
xn. sol. boiling alcohol. 

Hexa - propyl • trlmethyleno trisulphone 

CPr,<go(;°pJ“>SO.. [133°). Formed from 

the trisulphono, PrI, and alcoholio KaOH 
(Gamps). Prisms. 

IS0.PE0PYL.NAPHTHALENE i.e. 

CjpIIjPr. (205"). V.D. 5*85. Fonnod by heat¬ 
ing naphthalene with PrBr and Aid:, (Boux, Bl. 
[2] 41, 879; A. Ch. [0] 12, 289). Oil. sol. alco¬ 
hol and benzene. Yields (/3)-naphlhoic acid on 
oxidation.—B'C,H,N,Oy. [90®]. Lemon-yellow 
needles. 


PKOPYI NITRATE PrNO,. (110-5") (Per- 
kin, C. Je 56, G83). 8.0. ^ 1-0G31; 1-05.S1. 

M.M. 4*086. Formed by distilling n-propyl 
alcohol with HNO, and a little urea (Wallacb a. 
Sobulzo, B. 14, 420). Forms with anthracene 
C„H,oI^NO, [92®] crystallising in four-sidod 
prisms (Perkin, jun. a. Mackenzie, C. J. Gl, 80C). 

Isopropyl nitrate PrKO,. (103"). 8.0. & 

1*064 (BiWa, A. 154,256). 

Bc/mnee.—CuLOKO-isoraoPYL nttratb. 
PROPYL NITRITE PrO.NO. (43"-46°) 


(Cahours, C. R. 77, 749); (63"-C0") (Pribram a. 
Dandl, M. 2, 655). S.G. -935 (C.); *998 

(P. a. H.). Formed by passing nitrous acid gas 
into n-propyl alcohol. 

Isopropyl nitrite PrNO,,. (44®). S.G. 2 
•866; *844 (Silva, Bi. [2] 12, 227; Kissel, 

H. 1882,226). 


PROPYL »|f.NITR0LE 

CH,.0(NO,)(NO)<5H,. Mol. w. 118. (70®] 

(Bewad, B. 24, 976). Formed by adding KNO, 
and dilute H^SO, to an alkaline solution of iso- 
nitro-propane CHMoj.NOj (V. Meyer a. Looker, 

B. 7, G70; A. 175, 120). Monoclinio crystals, 
insol. water and alkalis. Forms a blue liquid 
when fused. Its solutions in alcohol and chloro¬ 
form are blue. 

PROPYL-NITROLIC ACID i.e. 

Cn,.CH.CH(N02)NO or Cri,.CH,.C(NO,):NOH. 
[GO®]. Formed by adding potassium nitrite and 
dilute lifSOf to an alkaline solution of nitro- 
propane CHj.CH.^.CH,..NOa. Formed also from 
Kt.CBr..NO:. and hydroxylamine (V. Meyer, B. 
7, G70; 9, 395). Prisms, with sweet taste, v. 
sol. water, alcohol, and ether. Alkalis form a 
deep-red solution. Gone. H^SO, forms propionio 
acid and N.,0. 

PnOPYL OCTYL OXIDE Pr.O.C„H„. (207"). 

S.G. j; -mo. c.E. ( 0 "-i 0 "). *00101. s.v. 

272-4 (Dobrincr, A. 2-13, 7). 

DI-PROPYL OXIDE Pr,0. Proi^l ether. 
(90-7" i.V.). S.G. fy *7033 (Zander, A. 214,1G3). 

C. E. (0®-10®) -00125 (Uobriner, A\ 243, 20). 
S.V. 150-9. Formed from PrI and KOPr (Chan¬ 
cel, A. 161, 301). Got also from PrI and AgG 
(Linnomann, A. ICl, 37) and by heating n-propyl 
alcohol with H.SO, at 135° (Norton a. Prescott, 
Am. G, 243). 

Di-isopropyl oxide Pr^O. (08-8" i.V.). S.G. 
9 -7435. C.E. (0"-10") *00130. S.V. 151-6 
(Zander). Got from PrI and (Erlcnmeyer, 
A. 12 c, 306). 

PROPYL OXYBTJTYL KETONE 
C,H,.CO.CH(OIl).C,U,. ButyroCn. (180"..190°). 
Formed from di-n-propyl diketono and alcoholio 
KOH (Klinger a. Schmil-/, B. 24,1273). Yields 
a phenyl-hydrazide [135°]. 

PROPYL-PHENOL v. Cumekol. 
PROPYL-PHENOL CARBOXYLIC ACID v. 

OXY-C'UUINIC ACID. 

Isopropyl-phenol dicarboxylic acid 
C,iH.Pi-(OU)lCO.,{H)jf. [295°]. Formed, together 
with oxy-cuminic acid, by the action of Na and 
CO. on isopropyl-phenol (Fileti, O. 16, 120). 
Tables or needles, sol. water and alcohol. 

p-PROPYL-PHENYL-ACETIC ACID 
C 3 ll,.CaII,.CH^COJI, [62"]. Formed by saponi¬ 
fying the nitrile, which is got from «-chloro- 
cymene, alcohol, and KCy at 100° (llossi, 
A. Supply 1, 139). Small needles (from hot 
water).—AgA.'; slender needles. 

Refercnce$,^kl^u>o^ and OxY-paoPYL-PEEsyL- 
ACKTIO ACID. 

PROPYL-PHENYL-AUINEv. AmDO-PHSNiL- 
PBOPANE and PitOPYL-ANIUNB. 

ISOPROPYL-PHENYL- v. Cumyl-. 
ISOPROPYL-PHENYL-CINNAMIC ACID 
Pr.C«H,.C(CHPh).CO,H. [184°]. Formed from 
Pr.CuHi.CHyCOifNa, benzoic aldehyde, and Ac,0 
(Magnanini, Q. 15, 509). Needles (from dilute 
alcohol).—CaAV-'-AgA . 

1S0PE0PYL.PH£NYL-|)-C0TJMARI0 ACID. 
Methyl derivative 

Pr.C,H,.C(CO,H):CH.C,H,.OMe. [199"]. Formed 
from Pr.C,H,.CH*.CO^a, anisic aldehyde, and 
Ac.jO (Magnanini, 0. 15, 611). Prisms (from 
alcohol).—AgA'. 

DI-» - PROPYL - DI. PHENYL - CYAN AlODB 

C(N.C„H 4 Pr)j, [168°]. Formed by heating 



PBOPTL-PYEIDINE. 


m 


CS(KH.O^,Pr),with benzene and PbO (Franck- 
aen, B. 17, 1228). Needles. 

F£0m-B£HZ0NIIB1LE v. NitrUe of Co- 
uiNio zcm. 

ISOPROPYI, - DI - PHENYL - ETHYLENE 
C,H,.CH;CH.C.H,Pr. [84“’]. Formed by heat¬ 
ing phenyl-acotio acid with ciiiiiiiiic aldehyde 
end Na0.4o at 250° (Michael, ,!)«. 1, 314). 
Scales (irora alcohol), v. el. sol. hot water. 

Dl - p - PKOPYL - D1PH£NYL - GtJANIDlNE 
NH:C(NH.C,H,l’r).„ [113°]. Formed by heating 
di-propyl-di-phenyl-thio-urea with alcoholic Nil, 
and PbO (Pranckseii, B. 17, 1225). Needles, v. 
Bol. warm alcohol and ether.—Platiuochlor- 
ide (C„Hj,N,),II,PtCl,: yellowish-brown pp. 

Tri-pro'pyi-tri-phenyl-guanidine 
C.,H,PrN;C(NH.O„ll.Pr)... Formed by heating 
CS(NH.C.H,Pr). with C,JI,Pr.NH„ alcohol, and 
PbO. Amorphous rosin, v. sol. alcohol.— 
B'.,H.PtCl,: brown powder. 

PII.FEOPYL.PHEN7L METHYL KETONE 
CII,.CO.C„H,Pr. (251)° i.V.). S.G. .p 7 <j. 
Formed from n-cumene, AcCI, and AlCl, (Wid- 
mann, B. 21, 2224). Colourless Ibiuid. Yields 
anoxim [54°J, which melts at 41° after fusion. 
The phenyl-hydrazide [82°J forms six-sided 
hatchet-slnipe.l tabli-s. 

leomeride CH.,.CO.CJI,Pr. (253°). Yields an 
oxim [71‘'J and a phenyl-hydrazide [82°]. 

ISOPROPYL-PHENYL PHOSPHATE 
PO(O.C„H,Pr),. (375°. 380° at 280 mu;.). Got 
from isopropyl-phenol and Plir, (Fileti, G. 10, 
130), Vi.scid liquid, Insol. water, sol. alcohol. 

p - ISOPROPYL - (Pi/. 3) -PHENYL-QDINOL- 
INE 0,.H„N i.e. j,,. [60°]. 

Formed by heating its carboxylic acid with soda- 
lime (Ddbner, *1. 2l!», 102). Needles, si. sol. 
water. — — 

Picrates; [105’j; jjlates (from alcohol). 

Carboxylic acid C.Il,<^i££;i!l:ccjl Pr. 
[201®]. Formed from cuminic aldehyde, pyru¬ 
vic acid, and aniline (DObner). Yellow plates 
(from HOAc).—AgA': white powder. 

p-PROPYL-PHENYL-THIOCARBIMIDE 
C„H^Pr.N:Cri. f203'’). Formed by heating di- 
propyl-di-plienyl-tliio-urea with syrupy Hjl’O, 
(Franoksen, B. 17, 1223). Oil, volatile with 
steam. V. sol. alcohol and ether. 

p-PROPYL-PHENYL-THIO-UREA C,JI, ,N.,S 
».«. NH,.CS.NII.C,n,Pr. [15‘J®]. Formed from 
amido-phenyl-propane hydrocliloride and am¬ 
monium sulphocyanide (Franoksen, B, 17,1222). 
Needles, sol. alcohol and ether. 

Bi-pre pyl-di-pheayl-tbio-urea 
CS(NH.CuH,Pr).;. [138®]. Formed from amido- 
phenyl-propane, CS^ and alcohol (F.). Plates. 

PROPYL-PHENYL-TJREA C,.,H„N.,0 i.e, 
Ni4.CO.NHC,H,Pr. [143®]. Formed by the 
action of potassium cyanate on amido-phenyl- 
propane hydrochloride (Francksen, B, 17, 
1225). Plates, sol. hot alcohol, insol. water. 

Di-^propyl-di-phenyi-urea CO(NIIC^H,Pr) 2 . 
[205®]. Formed by heating amido-plicnyl- 
propane with urea. Formed also by the action 
of COC4 on amido-phenyl-propane in benzene, 
and by heating amido-phemyl-propane sulphate 
with a saturated solution of potassium cyanate. 
Needles, sol. other and hot alcohol. 


PROPYL PHOSPHATE PO(OPr)^ Formed, 

together with PrCl and PO(OH)..(OPr) (which is 
sol. water) by the action of POli on n-propyl 
alcohol (Winssinger, DL [2] 48. Ul). Oil. V. 
si. sol. water, its insolubility being greatest 
at 75®. Cannot bo distilled, oven in vacuo. 

ISOPROPYL-PflOSPHINE PrPH;. (41®). 
Formed, together with rr.FII (118®) and Pr,P, 
by heating I’rl with PH|i and ZnO for 0 hours 
at 100® (Hofmann, B. 0, 202). Liquid, with 
jx-netrating gdonr. lloadily absorbs oxygen, 
taking fire on a hot day. —"Bill: decomposed by 
water. 

Xridsopropyl-phosphino Pr.P. Oil. Forms 
red crystals with CS,. -PrsPllI. Largo crystals, 
V. sol. water.—I’r^PI. Cubes or octabclra. 

Di-chloi'o.isopropyl-phosphine I'l-POI..,. (o« 
135^). Formed by heating HgPr,; with PCI, 
(Micliaelis, fS. 13, 2175). Liquid. 

Reference. — 0 '.vY-thi-imu>pyl-i»ii<) 81 ‘ 111 N'K. 
P»0PYL PHOSPHITE P(OPr),. (240®). 
S.G. 1*001. Formed from PCI, and NaOPr 
(Jaehne, A. 250, 282). Liquid. • 
ISOPROPYL-ISOPHTHALIC ACID 
C„H,Pr(CO,H).^ [1:3:5J. |285®J. Formed by 

heating pyruvic acid with isobutyrio aldehyde 
and Ba(OlI)u (Doebnor, B. 23, 2380; 24, 1748). 
Plates (from dilute alcohol, v. si. sol. cold water). 
—BaA"2.)aq. CaA" 2jaq.—Ag.^A''aq. 

PROPYL-PHYCITE. According to Faucon- 
nier (C. R. 107, 020), the substance described 
under this name by Oarius (A. 134, 71) is 
glycerin. 

PROPYL-PIPERIDINE v. pROFYn-PYBrniim 

HisxAiiYnmnis. 

PROPYL-PROPANE v . Hf.xane. 
(a)-PROPYL.PYRIDINE CJI„N t.e. 

( 1 ®'^°)- Pormea 

by ilistilling coniine hydrochloride with zinc- 
dust (Hofmann, B. 17, 82.5; Ladenburg, A. 247, 
20). Light oil, with blue tluoresccnco. Yields 
picolinic acid [131°] on oxidation. Kednced by 
Cone. HIAq at 200®. to coniine. -Byi^PtCI,. 
[100®] and [172®]. Orange monoclinio tables. 
rt:b:c=-10.i22;l:P5350 ; /5-=87® 13'.-B'MeI. 

Oil.—B'.Mc^PtCl,. Crystals, si. sol. water. 

Tttrahydride N1I<™'™|>CH, or 

ClIj.CH,.CII;C<“)|;^',l»>CH,. This is ( 7 )- 
coniuoino (vol. ii. p. 248). Yiehls coniine on re¬ 
duction with tin and UCl (Lollmann a. Uiiller, 
B. 23, G80). 

ilexahydridt In¬ 

active coniine. (167°). S.G. ° ■8520. Formed 
by reducing (a)-allyl-pyridinc (derived from (a)- 
mcthyl-pyridino and paraldehyde) in alcoholio 
solution with sodium (La'lenhurg, B. 19, 2579; 
A. 247, 80). Oil, optically inactive. Can be 
separated by means of the acid tartrate into a 
dextro- modiHeatien (coniine) and a laivo- modi- 
fioation.-B’HCL [203°] (L.) j [213°] (L. a. M.). 
V. sol. water.-B',H.^tCl..-B',H.,Cdl,. [118°]. 

( 8 )-Propyl-pyridme Col¬ 

lidine. (170°). Got by passing nicotine through 
a red hot tube (Gahours a. Ktard, J. 1881, 928). 
Yields niootinio acid on oxidation. 
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(a) - iMpropyl - pyridine 
(159°) 8 G. * •9342. Fomcd, together with 

the W-isomeride, by heating 
and Prt at 290“ (Ladenburg, B. 17, 772, 1121, 
18 1687! A. 247, 22). Liquid, with unploaeant 
odour el. eol. water. Gives picolinio acid on 
Sion with KMnO..-B',H,PtCl, [170“]. 
Hexagonal rhombohedra, o:c = l:’9489.— 
B'HaW [91“].-B'C.H,N.0.. [116“]. Needles. 

Mercuric chloride double Belt: [vO J. 

w. (...-i./«.■ 

•896. Formed from tho hexaliydnde, Br, and 
NaOHAq (Ladenburg, B. 20,1640).—B jH^PtCl,. 
[189^. Tables. 

Eixahydride 0,H„N f.e. 

NH<g^Pr:g^p>CH, (ISO'')^ S.O. = -8668. 
Formed by reduction in alcoholic solution by 
Na (Ladenburg, A. 247, 73). Liquid, morei sol. 

■ cold than hot water. Converted by Mel into 

NM<ShWch!>°®> {l«n- CS, yields 
(0^,,N).CS; 1105“].- B'HCl- P10“]. Tri- 
metno prisms; a:b:C“*8M.l. 41.1. — 
[233 “].-Wl [243“J.-B',H,rtCI.. [19» ]• 

MonooUnio prisms; a;6;c=^977;l:l'385; 8 
-89“88'.—«B',U.,CdI.. [133“]. 
F-Propyl-pyridine hexahydride 

(149°-160'^)- Formed 


from piperidine and Prl (Ladenburg, B. 14,1348). 
Liquid.—B',H^SnCI«: monoclinic crystals. 

^•Isopropyl-pyridine hexahydride 
NFr<cH'c^>CH,.-B'ASnCl,: monoclinio 
crystals (Hjo^ahl, J. 1882, 1086 ).-B',H,PtCl.. 
(y). Isopropyl - pyridine 

(178“). S.G. 3 -9439. Formed as above, being 
Uparated by moans of the platinoohloride, 
which is more soluble than that of the (a)-i 80 - 
meride. Oil. Yields isoniootinio acid [306“] 
on oxidation.—B'jHjl’tCl,. [20^]. Plates. 

Btxahydridt NH<^Qjj_^(,jj^>CHPr. 

(171“). Formed by reducing (yj-isopropyl- 
Dvridine in alcoholio solution by Na. Fuming 
liquid, V. sol. cold water.—B',H^tCl,. [172"]. 
Golden prisma, si. sol. water. 

Befenncea.—Oxt-tmrn.-ttim>jsm and Oxr- 
PBOFixrPirnnzniNE. 

raOPYl PYBIDYl KETONE «. PTuinn 
nom. KXTOM. 

PBOPYL - PYSOOALIOL C,H,.,0, t.s. 
OAPr{OH), [80“]. Got by heating He di¬ 
methyl ether with cone. HClAq at 130 (Hof¬ 
mann, fl. 8, 67; 11, 329). Prisms (ftom bens- 
ene), v. e. sol. water and aloohol. .®^eSO, 
its aqueous solution blue {Pastrovitch, M. 4,182). 

Methyl ether C,H^r(OH),(OMe). (290“ 
#or.). 8.0.14 P023. Ooonrs, together with the 
di-methyl ether, in beeoh-wood tar (Paatro- 
yitoh). Oil, with smoky smell. Gives an m- 
tense bluisb-green (mlour with FeOl, m alcohol. 
—OAPr{OK),,(OMe). Pearly crystals (from 
dilute aloohol).—0,H^(OAo)a(OMe). [83"1. 
Noodles (from aloohol)— 0 ^t,Pi(OAo),(OMe). 
[79°]. Qmden needles. 


Di-methyl ether O.H^(OH)pM*)- 
Picamar. (o. 286“ cor.). Occurs in beeoh-wood 
tar (Beiohenbach, A. 8, 224; Niedenat, M. 4, 
487). Oil, with bitter, burning taste. Boduces 
salts of Au and Ag. Yields the di-m^g ether 
of di-oxy-quinone on oxidation. 

Pearly leaflets (from spirit).—]• 
MonooUnio prisms; a;6:c“‘39:l:'647; 8 

-96“ 29 '.-C„H„Br,AcO, [101“]. Trimetrio 
prisms; 

Tri-methyl ether 0,HjPr(OMe)j. (IM ). 
Formed from propyl-pyrogallol and Mol (Will, 

B. 21, 2020). 

».PKOPYL.PYEKOLE C,H„N U. 

Bormod from potassium 

pyrrole and Prl (Zanetti, B. 22, 2518). Liquii 
Isopropyl-pyrrolo C.H,PrN. (174“). Formed 
by boiling pyrrole with acetone and Anw, 
(Dennstedt a. Zimmermann, B. 20, 851; 21, 
1480). Liquid. Dry HCl passed into us 
ethereal solution forma (C 7 lI„N),{HCl, a crystal¬ 
line salt yielding a liquid base (o. 287 ) and a 
picrate (C,H.,N),AH,N.O, [146"). ^0 foms 

C, H,Pr;NAc (22‘2“-232“) and C,HjAcPr:NH[b4 ] 
(251“). 

ISOPHOPYI-PYEEYL STYEYL KETONE 
NHC.H,Pr.CO.CH:CHPh. [143“]. Formed by 
boiling NnC,H,Pr.CO.CH, with bensoic alde¬ 
hyde and dilute KOHAq (Dennstedt a. Zimmer¬ 
mann, B. 20, 853). Yellow crystals. 

(B. 3 )-IBOPEOPYt.ftElNOtlNE C,jH„N i.e. 

^^'cHCN^'cH Cumoquinoline. Formed 
by' heating [Py. 3 )-ohloro-i 8 opropyl-quinoline 
with a solution of HI in HOAo (Widrann, B. 19, 
267). Oil, easily volatile in steam.—Salts: 
B',tt,PtCl,2aq. [220^*]. — Picrate: [206®]. — 
Chromate: [c. 92^]. Large red pnsms. 
ifefhj/lo-iodide B'Mel. [c. 200 ]. 

{Py. 2 )-Isopropyl-quinoUne 

mm. Formed by distilling its (Py. 3)-oarboxylio 
acid (Spady, B. 18, 3383). Liquid, v. sol. alcohol 
and ether.—B'.^laPtCV—B'^H^CrjO.. 

B'C^N.O, : long slender needles. 

(Py. 3 )-Isopropyl-quinoline 

(266°). Formed by heating its (Py. Ij'OfjJ- 
oxylio acid with soda-lime (Doebner, -^•90t 279; 
A. 242. 279). Oil, smelling like quinoline.— 
B'sH;jPtCl,2aq: yellow needles.—B’C,H,N,0,. 
[160"). Yellow plates (from aloohol). 

Reference.—O bIjOBO- and Oxx- isotBOHl- 

guiNouint. 

(Py. 2 )-IB 0 PE 0 PYL.<lUIN 0 UHE {Py. 8)- 
OAEBOXTHC ACID 

Formed by oxidation of {Py. 2,3)-iBopropyl.Ho- 
butyl-quinoline with CrO, and dilute H,SO, 
(Spady, B. 18, 8379). Plates (from dJuta al- 
ooLl).-AgHA'^NO,.-(HA') APtOl,: pnams. 

iPu. S)-liopropyl-qniBoliii« {Py. l)-earl>. 
oxyUc aoldCA<^‘^^'oft- 


together with 0,^.0 by >ddii« 

amUne to an sloohoUa »* ““““‘I"® 

aldehyde and pyruvic actd (Doebner, .it 342, 
276 iB. 20, 279). Prinna (oOTteming lja9hr- 
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fiA'tta - (HAOWOm. - (HAOtHAud,: 
l«mon-yellow needles.— AgA'. 

FBOFTl SILIOATB Si(OPr),. (226«). 8.0. 
U '915 (Cabonrs, C. B. 76, 1383). On heating 
with SiCl, at 160° it yields (PtO).SiCl (209°) and 
(PrO)^iCI, (187°). 

DI-PHOPYL-Dl-SIYBYL KKIOKE 
(OA.C,H,.CH:CH),CO. [106°]. Formed from 
eiiminic aldehyde, acetone, alcohol, and NaOHAq 
(Claisen a. Fonder, A. 223,148). Prisms. 

ISOPEOPYL-STYEYL-PHEKOI,. Methyl 
ether. C,H,Pr.Cn:CH.C,H,OMe. [162°]. Got by 
heating C.H,Pr.C(COjH):CH.C,H.OMe (Magna- 
nini, 0. 16, 613). Pearly scales (from alcohol). 

PEOPYL-SnCCINIC ACID 0,H„0, i.c. 
CO,H.CH,j.CHPr.CO.H. Oxy-h^ic acid. [92“J. 
Formed by heating pentane tri-carboxylio acid 
(\Valtz, B. 16, 608; A. 214, 69), Got also by re¬ 
ducing oxy-hexic acid with zinc and II,HO, (Gor- 
boff, J. B. 1887, 605; Walden, B. 24, 2036). 

Iso-propyl-snccinic acid v. Pimelio acid. 

Dl-isopropyl-snocinio acid G„H„0, ix. 
CO,H.CHPr.CHPr.COJl. [168°]. The ether is 
formed from a-bromo-isoyaleric ether and dnoly- 
divided silver (Hell a. Mayer, B. 22, 48). Den¬ 
dritic crystals (from water).—BaA" 6aq. S. 7'7 
at 17°.—CuA" aq. S. -099 at 24°. -SrA" 3aq.— 
CaA"4aq.—MgA"7aq.—CoA"7aq.—NiA" .laq.— 
CdA''4aq.-MnA''7aq. 8. 4-71 at 21°.—ZnA". 
—PbA".—AgjA". 8. -062 at 20°. 

Isomeride C|„H„0,. [200°]. Accompanies 

the preceding acid. Granular crystals. — 
BaA''2aq.--SrA"4aq.—CaA"2aq.—MgA"5aq.— 
MnA''3aq — NiA" 4aq. — CuA" 3aq.—CdA" 3aq. 
—ZnA".-PbA". -Ag,A". 

ife/cre»we.—OxY-piioPTL-snociNio acid. 

TEIEA-PEOPYt-BDCCINIlIIDlNE C,.H„N, 

ethyl ether hydrochloride, NHPr.,, and alcohol at 
60° (Pinner, B. 23, 2930).—B'21INO,. [53°].— 
B'^,PtCl,. [174°). Needles, si. sol. hot water. 

PEOFYI. SULPHATES. 

Propyl sulphurio acid PrO.SO.,.OH. Formed 
from propyl alcohol and HjSO, (Chancel, G. It. 
87, 410). — KA': needles, v. sol. water. — 
BaA',3aq (Schmidt, Z. 1870, 676). 

Di-propyl sulphate Pr.,SO,. Formed from 
propyl alcohol andClSO,.OH(Mazncowska, J.pr. 
[2113,162). Oil. 

DI-b-PEOPYL sulphide Pr,S. (142°) 
(Winssinger, Bl. [2] 48, 109). B.G. ^ '814 (C.). 
Occurs in raw petroleum (Mabery a. Smith, B. 
22, 3303). Formed by heating K,S with I’rCl 
or Prl in alcohol (Cahours, 0. B. 76, 133). 
Fetid oil. Bromo-acetic acid forma the acid 
PrjSBr CH,.CO.,H, which yields Pb,A'Br, and 
Pb^'Br, (Letts, Tr. E. 28, 686). 

Compotmda with platinum salte 
(Blomstrand, J. pr. [2] 38, 354, 498). — 
{Pr^),PtCU Occurs in three varieties: (o)[40°] 
6. (alcohol) 15-6 at 15°, (8) [86°], and (y) [63°]. 
Alcoholic KOH (1 mol.) acting on the (a)-com- 
ponnd forms cryetaUine (Fr,3)tlHCl(OH).— 
(Pr^)(Et,S)PtCl,: eyrup.-(Pr,S),Pt,CV [186°]. 
-(Pr^),PtCI,. [139°].-(Pt,S)PtCII. Prisma,— 
(Pr,8)JPtBr, [105°].-(ft,S)^tBr,. [141°].- 
(Pr,8)^Br,Cl, [129°].-(Pr,8)^tI, [133°]. 

fed prisms.-{Pr.S)^,. [161°]. Crystals.- 
{PpJ)(Et,S)PtL [115°].-(Pr^)(Pr,81PtI, 
{Ul°].—(Ft,S)j9t(NOJr Ooonzs in two iona 


[210°] and [196°].- (Pr^),Pt(NO,)r Occurs in 
two varieties, an oil and a orystailina body [70°] 
which yields (Pr,S)^t(NO.)(OH) [145°],- 
(Pr,S)^tCrO,. Bod prisms (from chloroform). 
(Pr.,S)3Pt0,0,: orystallinepp.—(Pr,S),Pt(8CN),: 
yellow pp.—(Pr 3 S) PtCl,HgCl,. [82°]. Trimatno 
crystals, a:5:c» '6^4:1: '691. 

Propylo-iodide SPr,I. Yields the com¬ 
pound tSPr,Cl)jPt01, (Cahours). 

Isopropyl sulphide Pr^S. (121° i.T.l. Formed 
by distilling Prl with alcoholic K,8 (Henry, B, 
2,495; Bechmann, J. pr. [2J 17, 459). Oxidised 
by KMnO, to Pr-^SO, (36°). Yields Pr,SHgOir 

Compounds with salts of platinum 
(Blomstrand)(Pr,H),PtCl,. [163°].— 
(lT,S) 3 PtBr. 3 . [174°J.-(Pr.,S)3Ptl... [176°].- 

(Pr;S).3Pt(SCN),. [102°). — (P‘r.,S)3Pt(NOJ, 

Prisms, decomposing at210°.—(Pr,S)jPtI,. [139°]. 

Di-propyl disulphide Pr^S.^. (193°). (Spring 
a. Legros, B. 16, 1910). 

Di-iaopropyl disulphide Pr^Sj. (176°). A pro- 
duot of the action of Na and Mel on isopropyl 
mercaptan in ether (Obermeyor, B. 20, 2923). 

PEOPYL SULPHOCYANIDEPrSCN. (163°). 
Liquid (Schmidt, Z. 1870, 676). 

Isopropyl sulphooyanide PrSCN. (160°) 
(Henry. B. 2, 496); (153°) (Gerlioh, A. 178, 90). 
kO. ^ '963. Formed from Prl and potassium 
sulphocyanide. Liquid, decomposed by boiling 
water. H..S yields NfL.CS,Pr [97°]. 

DI..t.PHOPYL SULPHONE Pr.,SO,. [80°]. 
Formed by oxidising PrjSO (Winssinger, Bl. [2] 
48, 111). Scales, sol. water, alcohol, and ether 
Volatile with steam. 

Di-isopropyl sulphone Pr.,SO,. [36°]. Got 
by oxidising Pr. 3 Swilh KMnO, (Beckmann, /.pr. 
[2] V’, 459). V. sol. water and HClAq. Not 
affected by reducing agents. 

DI-PEOPYL SULPHONE DICABBOXYLIC 
ACID S 03 (CUEt.C 03 H) 3 . Sulpho-dibutyrie add. 
[162°]. Formed from SO,(CIl,.CO,By„ EtI, 
and NaOEt (Lovdn, B. 17, 2817). Dimetrio 
< octahedra. 

Di-isopropyl sulphone dioarbozylic acid 
' S 03 (CMe 3 .C 03 H),. [188°]. Formed from 

; S 03 (CH.,.C 0 .,Et )3 (1 mol.), Mel (4 mole.) and 
! NaOEt (4 mols.) (Lov6n, B. 17,2824). 

DI-PEOPYL SULPHOXIDE Pr,80. [16^. 
Got by oxidising Pr^S with dilute UNO, (S.G. 
j 1-2) (Winssinger, B. 16, 829; Bl. [2] 48,110). 

; Needles, sol. water, alcohol, and ether. Decom¬ 
posed by heat. Beadily reduced to Pr,B. Cal- 
cium nitrate forms (Pr,SO),6Ca(NO,)„ a fibrous 
mass [80°]. 

' 8-I60PE0PYLTHIENYL ETHYL KETONX 
C,H,PrS.CO.C.,H,. (261°). Formed from («)- 
isopropyl-thiophene, propionyl chloride, and 
1 AlCl, (Thiele, A. 207,136). Oil, volatile with 
steam. Appears to yield isopropyl-thienyl- 
glyoxylio acid on oxidation with al k a l ine 
KMnO,. 

PE6PYL.THIEHyL GLYOXYLIO ACID 
0,H,PrS.CO.CO,H. Formed by oxidising proOTl 
thienyl methyl ketone with alkaline KMnO, 
(Buffi. B. 20, 1745). Solid.-AgA'. 

PBOFYL-THIENYL KETHYL KStOVZ 
C.H^ftS.CO.CH,. (265°). Formed by the action 
of AcCl and AlCI, on a solution of (>).propyl- 
thiophene in ligroln (Buffi, B. W, 1744). 
Liquid. Yields an oxim [.66°| and a phenyl- 
hydrazide [60°]. 
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Iwpropyltlueiiyl methyl ketone 
O.E.ft'S.CO.CH,. (237°). Fonncd from iso- 
propyl-thiophenoi AcCi, and AlC!., (Thiele, A, 
267,187). Oil. Yields a crystalline oxim and 
phenyl-hydrazido. 

PEOPYL-DI-THIO-BHTBEI C,H„N,Sj f.e. 
NHrCa.NII.CS.NUI’r. [121°]. Formed from 
■odium cyftnainide and propyl-thiocarbimide 
(Hccht, jB. 25,764). Crystalline mass, v. el. sol. 
cold water. 

PBOPYL-THIOCAEBIMIDE PrN:CS. (153°1. 
S.G. § '9909 ; '8924. Formed 'from propyl, 

amine and CS^ followed by IlgCl.^ (Ilcclit, fl. 23, 
281, 1BG2). Pungent liquid, al. sol. water, 
miecible with alcohol and ether. Sodium cyan, 
amide and alcoholic Mel form NHPr.CS.NCyilo 
[115°]. In the same manner may bo prepared 
NHPr.CS.NCyEt [ri(l°],NHPr.CS.NCyCjlis [50'], 
NHPr.CS.NCyPr [50°] crystallising in needles, 
and llHPr.CS.NCy.CH,Ph [113°J. 

leopropyUthiocarbimide PrN:CS. (1^7°). 
Pungent liquid (.lahn, Jlf. 3, 108). 

PEOPYL DI.THIO-CAEBONATE PrO.CS.SH. 
Unstable oil.—PrO.CS.SK. Formed from CSj 
and KOH dissolved in propyl alcohol (Scale, 
a. 17, 78). Silky needles. Its aqueous solu¬ 
tion gives an orange pp. with CuSO,. lodiuo 
fonus oily (PrO.CS),Sj decomposing at 180°. - 
PrO.CS.SMe, (202°). Oil.-PrO.CS.SEt. (210°). 

(e)-PE0PYL-THI0PHENE C,H,PrS. (158° 
cor.). S.G. 1“ '974. Formed from iodo-thio- 
phene, PrBr, and Na (Moyer a. Kreis, U. 17,1501). 
Oil. Yields (a)-thiophenio acid on oxidation. 

Isopropyl-thiophene C,H;,PrS- (151° cor.). 
S.G. '9095. Formed from Prlir, thiophene, 
and AlClj (Seblcichcr, B. 19, 072). Oil with 
powerful odour. With HOAo, phenanthaquinono, 
and Ih^SO, it gives a deep violet colour. 

B-lsopropyl-thiophene (198°). 

Formed by distilling sodium isopropyl-succinate 
with P.,S, (Thiele, A. 207, 133). Oil, smelling 
like benzene, insol. water, miscible with alcohol, 
ether, and benzene. Forms C 3 n,.C,H.^S.IfgCl 
[187°] crystallising from alcohol in white needles, 
and C,H,.C,HS(llgCl)j as white grains, insol. 
alcohol (Volliartt, Jl. 207,183). 

References. — Bitouo-, lono-, and Nirno. 

PROPYU-THIOPIIENK. 

PEOPYL-THIOPHENE CAEBOXYIIC ACID 
OjH^rS.COjH. [57°]. Formed from iodo- 
propyl-thiophone, ClCO,,Et, and sodium-amal¬ 
gam ; the product being saponified by alcoholic 
potash (BuUi, B. 20,1743). Needles (from warm 
water), or plates (from dilute alcohol). 

PEOPYL THIOSDLPHATE. The salt 
PrS.SOjNa 6aq is made from Na^SjO, and_ PrI 
(Spring a. Legros, B. 15,1938). 

■ ‘^PEOPYL-THlo-DREANHPr.CS.NHj. [110°]. 
Formed from propyl-thioearbimide and NH.Aq 
in the cold (Hccht, B. 23, 283). Four-sided 
plates, sol. alcohol. 

Isopropyl-thio-nroa NHPr.CS.NHf. [157 ]. 
Plates (Jahn,M. 3,168). 

Di - propyl - thlo • urea CS(NHPr)j. [71°]. 
Formed in the preparation of propyl thiocarb- 
lihide. Pearly plates (from water), 
i: Sl-isopcopyl-thlo-urea CS(N'HPr), [101°]. 
KeSdloS (from hot water) (Jahn). 
PBOPYL-IOLBENE v. Cxhiuw. 


PEOPYL-IOLirlO ACID t. 6niim oikMUUO 
Acm. 

«-PE0PYI^.T0LtriDINE 0 „H„N SA 
C,H,Me.NHPp. (232°). S.G. V ’9296. 

= 1-5367. S.V. 197-53. Ejo =82-6. Formed 
by heating p-toluidine (1 mol.) with PrI (1 mol.) 
for two days at 100°; the yield being 90 p.c. of 
the theoretical amount (Hori a. Morley, C. J. 69, 
30). Purified by means of the nitrosamine. Oil. 
Salts.—B'HCl. [151°]. Needles (from boiling 
benzene), v. sol. water and alcohol.—B'H.^C.,Of. 
[173°]. S. (alcohol) 1-4 at 21°. Ppd. on mixing 
alcoholio solutions of the base (I mol.) ana 
oxalic acid (1 mol.). SI. sol. cold water and 
alcohol. -B',,II,C.,0,. [117°]. Occurs in the 

filtrate from the preceding salt, and formed also 
when a large excess of base is added to a cold 
alcoholic solution of the acid oxalate. Crystals, 
m. sol. cold water and alcohol. Decomposed by 
boiling water, B'H,C.p, being ppd.—Bt^iFeCyf. 

* Nitrosamine Cjl,Me.NPr.NO. Oil, not 
solid at -20°. Decomposes below 100°. 

Isopropyl -p - toluidine CJI,Me.NPr.NO. 
(220° uncor.). S.G. °° -9129. /iu = 1-6322. 
8.V. 199-57. Itjo 81-4. Formed by boating PrI 
with p-toluidine for two days at 130° (Hori a. 
Morley, C. J. 59,31). Got also by heating diazo- 
tolucno toluide C,H,.N..N11C,II, with alcoholio 
NaOEt and I’rl for 5 hours on the water-bath, 
distilling off the alcohol, pouring into water, and 
decomposing the pp. with HCl. Oil. 

Salts.-B'HCl. |171°]. Wax-like crystals; 
(from aleobol) or needles (from benzene), v. soh 
water.-B’.H.,C.Oi. [130°]. S. (alcohol) 5-76 at 
22°. Crystals (from dilute alcohol). The acid 
oxalate is not easily crystallisable.—B'^HiFeCy,. 

Nitrosamine C,HjMo.NPr.NO. [59°]. S. 
(alcohol) 65 at 22°. Yellowish crystals (front 
alcohol), not volatile with steam. 

Jo'/'ercnce.—Oxv-rKOPYL-Toi.im>iNB. 

PROPYL-HEEA. NH..CO.NHPr. [107°]. 
Formed from propyl cyanate and N Hj, and from 
potassium cyanate and propylamine sulphate 
(dianeel, Bt. [3) 9, 101). Long needles, sol. 
water and alcohol. Its oxalate and nitrate are v. 
sol. water. Decomposed by HClAq in a sealed tube 
at 100“ into NH„NU,Pr, and CO,. Butyryl 
derivative NHPr.CO.NI^CO.CjH,). [09°]. 
Formed by the action of cold KOHAq on a mix¬ 
ture of butyramide (2 mols.) and bromine (1 mol.) 
(Hofmann, B. 16, 757). Colourless plates, si. 
sol. water. 

Isopropyl-urea. Isobutyryl derivative 
NHPr.CO.NH.COPr. [86°]. Formed in like 
manner from the amide of isobutyrio acid. 
Tables, sol. alcohol and ether. 

«-Di-propyl-urea NH,.CO.NPry [57°]. 
Formed from diptopylamino and KCyO. Needles 
(fromalcohol). Its oxalate crystallises in needles, 
si. sol. water. 

8-Di-propyl-nreaCO(NnPr)r [1()5°]. (255°). 
Got by boiling the correspondmg thio-urea with 
HgO and water (Hecht, B, 23, 285), or from 
PrCyO and aqueous NH.,Pr. White plates (from 
water). SI. sol. cold water, v. sol. alcohol and 
ether. Its salts are decomposed by water. 

Di-propyl-urea C,H„N,0 ».«. NH^CO-NPr, 
[76°]. Formed from propylamine sulphate and 
potassium cyanate (Von der Zande, R. T. p-8, 
228). Needles. An ethereal solution of aldehyde 
forms O^CH(NH.OOJSPtJ, [U8°]. OhloriU 
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hjhB,U gites CCl,.OH(OH).KH.CO.NPn n28°] 
ftod in aqueous solution (0 yH„N, 0)C.:HCX0 aq 
[51']. (Ensntbol in etueroal solution gives 
0,H„(NH.C0.NPr,), [IDS'*]. 

[135®].—B'2HNO,. 

s-Di-isopropyl-urea CO(NHl’r)j. Formed as 
a by-product in the production of isopropyl 
oyanate from isobutyrio bromo-amide and 
NujCO, (Hofmann, B. 15, 750). Needles, sol. 
alcohol, insol. ether. 

tt.Di-isopropyl-urea NH..CO.Nrr.. [103°]. 
Formed by evaporating a solutiou of isopropyl* 
amine sulphate with potassium cyanato (Von 
der Zande, J?. T. C. 8, 231). Crystals (from 
etlicr). An ethereal solution of aldehyde forms 
ClI,.CH(NH.CO.Ni'r,),[147°].Chloraliuethereal 
solution gives CCl.,.CH(OH).NH.CO.NPr., [121°]. 
—B',U,C.O,. [lil°J. Needles. - B'CXN,0,. 
[134°]. Needles.-B'HNO,. [70°]. 

Reference .— Di*«uomo-propyl-uuea. 

PEOTAOON V. Lecithin. 

PaOTAMINE C„H,,NjOa or 
Occurs in the seminal substance of the salmon 
in November (Micscher, B. 7, 370; Piccard, B. 
7,1714). Gummy mass, insol. alcohol and etlier, 
sol. water with alkaline reaction. Its salts give 
with K^FcCy,, a milkv pp. composed of minute 
drops. Salts.- (C,H ,N,0.) ll.PtCl^ (M.); 
C„na,N,.0,H,rtCl„ (P.). 'Yellow powder. 

PROTEIDS. (n/>a’Tt7(>t',‘pre-cniinencc.’) This 
name is given to a largo group of organic com* 
pounds wiiich are also known as 'albuminous.* 
The word* pioteid’itself has been retained simply 
as a convenient general term, and not ns imply¬ 
ing any adheretice to the theory, first advanced 
by Mulder, that they all contain a complex 
molecule to which he gave tlie name of ‘ protein.’ 
The word a/ftnuiin is now limited to a certain 
class of proleids, and the word alhuminold, 
though it is stiil largely used synonymou^ily with 
proteid, is restricted by physiological chcinists to 
a class of nitrogenous substances (which includes 
such substances as gelatin and mucin) which are 
not proteids, but still in certain reactions ro* 
Bcmble those substances closely. 

Proteids are never absent from the proto* 
plasm of active living cells, whether animal or 
vegetable, and they are indissolubly connected 
with every manifestation of organic activity. A 
de.^nition of proteids is nut possible in the logical 
sense. Gamgcc {Physiol. Chem. ]). 4) gives in 
the following sentences a terse description of 
these substances, which must take tlie place of 
a definition; ‘Proteids are highly complex, and 
for the most part non-crystallisable compounds 
of carbon, hydrogen, nitrogen, oxygen, and sul¬ 
phur, occurring in a solid viscous condition or 
in solution in nearly all the solids and liquids of 
the org.anism. The difTerent members of the 
group present differences in physical, and to a 
certain extent in chemical, properties; they all 
possess, however, certain common chemical re¬ 
actions, and are united by a close genetic rela* 
tionship.’ 

In vegetables the proteids are constructed 
out of the simpler chemical compounds which 
serve as their food. In animals such a synthesis 
never occurs, but the proteids are derived directly 
01 indirectly from vegetables. By the action of 
certain digestive juices all proteids are capable 
oi being converted into olo^y allied substancee 


called peptones, which after absorption undergo 
reconversion into proteids. 

Although much work has been done in at 
tempting to unravel the constitution of the 
proteids, there is at present but little positive to 
be said on this point. All we can do is to give 
the result of the experiments that have been 
performed which show the classes of products 
yielded by the proteids, and to enumerate the 
various theories lield by dilTcrcnt observers con¬ 
cerning their constitution. ♦ 

The varidus proteids differ somewhat in ele¬ 
mentary composition within the limits of the 
I following numbers (Hoppc-Soylcr, Handlmch d, 

\ Plii/s, und Path.-Cheni. Aiuih/se, 4to Aufl. p. 
223): 

0 II N a 0 

From 61*5 6*9 15-2 0-.8 209 

To 64-5 7'3 17-0 20 23-5 

The various decompositions that proteids 
uni/ergo may bo conveniently staled under tlie 
following heads;— ^ 

a. Dccomimition in the body. In the ali¬ 
mentary canal tlio proteids are converted into 
proteoses (albumoses) and peptones; this change 
is probably duo to hydration. Under the influ¬ 
ence of Alic pancreatic ferment, a certain class of 
poptonea called homi-iJoptones arc further acted 
upon, rotiulting in the formation of leucine, 
tyrosine, aspartic acid, ammonia, and protein- 
cliroinogon (a substance coloured purple by bro¬ 
mine). I'litrefaclive processes duo to bacteria 
in the small intestine also occur; these result in 
the formation of imlolo.akatolo, phenol, and oxy- 
acids. lithoreal hydrogen sulphates can be de- 
tectoii in the urine as a result of these putrefac¬ 
tive changes (haumann, H. 10, 123); when 
putrefaction is hindered by (lie administration 
of largo doses of iodoform in dogs, these products 
do not appear in the urine (V. Morax, H. 10, 
318). One of the sources of hippuricacid in the 

, urine of flesh-feeders is the*^henyl.propiomo 
j acid that results from the putrefaction of proteids 
in the alimentary tract (SalkowskI, B. 12, 648’; 
Tappenier, Z. B. 22, 230). 

Alter the proteid.s have been absorbed from 
! the alimentary canal, they become assimilated 
i by the tissues, and tliero undergo combustion or 
! metabolism, the chid ultimate products being 
I water, carbonic acid, and urea. It is probable 
, that glycocino, leucine, creatine, and ammo- 
j nium carbonate are intermediate products in 
; this change. Urea had not been obtained from 
‘ proteids by experiments performed outside the 
body until quite recently, when DrechscI {D. 28, 
3090) has succeeded in obtaining a crystalline 
I base lysatin by acting on casein with zinc and 
hydrochloric acid. Lysatin yields urea when 
boiled with baryta water. It has also been de¬ 
monstrated, by experiments on animals, that 
proteid food gives rise to glycogen in the liver, 
and to fat in the subcutaneous and other tissues. 
That proteids can be converted into fats is also 
shown by the occurrence of adipocere in the 
muscular tissues after death. 

b. Action of heat. By dry distillation the 
proteids yield an oily liquid called DippeVs oil, 
wluch contains ammoniaeal salts of the fatty 
acids, amines, and aromatic compounds. 

c. Action of puirefacWm* The chief product! 
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ftrft ammonift, anuBODiom sulphide, carbonio 
aotd, rolatile fatty acids, lactic acid, amines, 
lifacine, t^osine, and other complex aromatic 
oompoands. 

d. Action of acidi and alkalis. Prolonged 
boiling with strong sulphuric or hydrochloric 
acid, or fusion with caustic alkalis, gives rise to 
a large number of products, of which the follow* 
ing are the most important: leucine, tyrosine, 
aspartic acid, and glutamic acid. Prolonged 
heating with dilute acids gives rise to hydrolytic 
decomposition (Hermann) and the formation of 
albumoses and peptones (Neumeistcr, Z. B. 2;$, 
381). 

The effect of heating protoids with caustic 
baryta was investigated by Nasse, and subse¬ 
quently by SohiiUenberger {Bl. Fob. 15, March 5 
and 16,1876). Ammonia was evolved, and car¬ 
bonic acid remained in combination with barium; 
these two products occurred in |he same ratio as 
would result from urea eimilafly treated, lii 
addition oxalic acid, acetic acid, tyrosine, airfido- 
acids of the fattv acid series (especially leucine, 
butylamine,and*amido-butyricacid), acids allied 
to glutamic and aspartic acids, and lastly a 
dextrin-like substance, wore found in the residue. 
SchUtzenberger {A. Ch. [5] 10, 280) explains the 
mechanism of the reaction as follows: the 
proteid ipoleculo, losing ammonia and carbon as 
carbonio oxalic, and acotic acids, and assimilating 
water, is converted into a mixture of glucopro- 
teins OnH.jsN.p„ containing as its principal term 
0 »H,«N, 04 ; by the prolonged action of baryta at 
a high temperature these split up partly into 
leucines or amido- acids of the acotic series 
GuIIn+iKO, and leuceinea or amido-acids of the 
acrylic series and partly into double 

compounds formed by the union of glucoproteins 
aod Icuoelnes with the leucines. For Schiitzen- 
Urger’s recent attempts to synthesise proteids 
see C. B. 112,198. 

«. Action of hydrochloric acid and atammis 
clUorids. Ammousa, aspartic acid, glutamic acid, 
leucine, and tyrosine are the chief products 
(Hlaaiwetz a. Habermann, Am. Wien. Acad. 
1872, 1878; A. 169, 304; IGl), 150; J. pr. 7, 
897). 

f. Action of oxidising agents. By moans of 
manganese dioxide and sulphuric acid, or potas¬ 
sium chromate and sulphuric acid, many fatty 
and aromatic compounds are formed. Nitric acid 
produces first a yellow insoluble substance, 
xantho-protelo acid, which dissolves on furtlier 
action, and yields ultimately para-oxybenzoio 
and oxybenzoio acids. 

Mulder (J.pr. 10,129; 17, 312; A. 31,129) 
obtained by the action of potash on proteids a 
substance which is now called alkali-albuminate, 
but which was regarded by Mulder to be the base 
of all proteids; ho gave it the name' protein.' 
Various definite compounds of protein were de¬ 
scribed,such asoxyproteiD,trioxyprotoin,suIpho- 
proteio acid, &o. Liebig (A. 67, 132) was the 
first to disprove these assertions, and the only 
remnant of this theory now is the term' proteid.’ 
For recent work on this subject and the related 
one of sulphur in proteids see Banilewski (H. 
7,440), and Krilger (P/. 43,244). 

Gerhardt was of opinion that all the proteids 
are identical in constitution and molecular 
Arrvigeineat, but differ from one another in tlm 


nature of the mineral substance witb which 
they are associated. He designated the commou 
organic element by the name ‘ albumin,’ and it 
may be mentioned that in the elaboration of his 
theory he regarded egg albumin as the neutral 
albumate of sodium, and fibrin as a compound 
of albumin with earthy phosphates. Proteids, 
however, have been separated from all but traces 
of mineral matter, and still exhibit their peculiar 
characteristics; careful elementary analysis also 
has shown that there is a difference of the per* 
centage amounts of carbon, nitrogen, sulphur, 
c^c., iu various protoids. Nevertheless, it is still 
a fact that some of the distinguishing features 
of certain proteids arc due to the adhering salt; 
for instance, the coagulation of caseinogon by 
rennet occurs only in the presence of calcium 
sails (Haiuinarsten). 

Gautier {Chimie appliqiide d la Physiologic, 
i. 251) states that the proteids behave as amides 
oi the higher homologues of lactic and tartaric 
acids, aud residues of aromatic acids; hence 
when protoids are oxidised there is a simultaneous 
production of fatty acids, of aromatic compounds, 
and doubtless of bodies analogous to urea; the 
products furnished by different proteids are not 
in tlie same proportions. It must, tlicrofore, 
follow that the different radicles they contain 
differ not only in arrangement but in relative 
proportion, and sometimes even in their nature. 
It was Nasse who first observed {Pf. 0, 589) that 
the nitrogen in ])roteids appears to exist in two 
conditions, a certain fraction of it being more 
unstable and apparently more feebly combined 
than the rest. Xliis view was fully confirmed 
by Schiitzenberger in the experiments already 
alluded to. The latter observer regards the 
protoids as complex ureiclcs, i.e. combinations in 
various proportions of urea with amido-acids, 
some of which belong to the ioucino series, others 
to the aspartic series, llcprescnting albumin 
by the empirical formula C 7 .H,, 2 N,„ 02 jS (Liebcr- 
kuhn), it yields, when decomposed by caustic 
baryta, urea, acetic acid, a sulphur-containing 
body, and a substance with the formula 
which may on further hydration 
be split up into the substances already mentioned 
(glucoproteins, leucines, leuco'ines, d^o.). 

Pfliiger’s view rclat’ve to the constitution of 
the proteids {Pf. 10, 251) may bo thus summar¬ 
ised. One of the most striking features of the 
proteids is the difference that exists between non¬ 
living proteid matter, such as white of egg, and 
that which forms part of living protoplasm. The 
former may remain for years without uudergoiog 
decomposition, and is indifferent to neutru 
oxygon; while the latter is continually decom¬ 
posing, undergoing intramolecular changes, and 
lives by breathing oxygen. The assimilation of 
proteid food is looked upon by Ffluger as an 
ether-like combination of a molecule of living 
proteid with one of the non-living proteid, water 
belug eliminated. This union of isomeric mole¬ 
cules, which forms a heavy moss but still remaittf 
a simple molecule, may be conceived to go on 
indefinitely. In this process it seems probable 
that the nitrogen of the food proteid, which exists 
there in combination as amides, passes into 
combination with carbon, so that in living 
proteid it is combined in the fonn of cyanogen. 
This view is strengthened by the foot that 
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ttuiewi like nrie acid, ereatine, and gnanine, are 
prodnots ot proteid metabolism, while saeh oom* 
pounds are neverobtained from non'Uving proteid 
material. 0. Loew {Die chemische Kraftquelle 
im Lebeiiden Protoplasm, Munioh, 1883, B. A, 
1885, p. 1075) has also found that a striking 
difference between living and nondiving protoids 
is the fact that the former reduce silver nitrate, 
probably owing to some radicle of the nature of 
aldehyde, whereas the latter do not behave in 
this way. He suggests that albumin is a con* 
densation product of aspartic aldehyde. The 
simplest formula for Schutzonberger’a Icuceine 
04 H,N 0 .^ is also that of aspartio aldehyde. 

Latham (Bnt. Med. Joum. [1] 188C, 629) re¬ 
gards albumin as a compound of cyan* alcohols 
united to a benzene nucleus. The cyan- alcohols 
resemble proteids in readily undergoing con¬ 
densation and intramolecular changes; and, 
moreover, the various products of tlie disintegra¬ 
tion of proteids can also be obtained as the de¬ 
composition products of these cyan- alcohols. 
Bee also Drechsel’a art. in Ladenburg's Hajuiiu. 
d. Cheni. 3, 5-11; Bcilstcin’s Handb. 3,1258. 

General Properties ov Proteids. 

1. Jndiffusibility. Bolutions of proteids are 
non-dilTusible. They bidong to Graham’s class 
of colloid substances. Peptones, and to a less 
extent clbumoscs. are, however, diffusible. This 
proprrty of indiffusibiiity enables us to separate 
proteids from saline admixtures, and also to 
separate various proteids from one another : c.? 7 . 
if a mixture of albumin and globulin in a saline 
solution be dialysed, the salts pass out, the albii- 
min remains within the dialyser in solution, while 
the globulin, which is insoluble in water, is pre¬ 
cipitated. 

2. Action OJi polarised light. Proteids all 
rotate the plane of polarised light to the left. 
The following table gives tlie specific rotatory 
power for the yellow line 1) of some of the chief 
proteids: 


of Torioos proteids It araally cKaraoieristle, but 
it can ^ varied somewhat by additions of s^all 
quantities of acid or alkali; the former lowers, 
the latter heightens, the coagulation tempera¬ 
ture* Alkali albumin in the latter case is not 
coagulable by heat, and forms so readily that it 
is advisable to have tho solution either perfectly 
neutral or faintly acid before performing the 
experiment. Rendering the liquid faintly acid 
with weak (2 p.c.) acetic acid aUo renders the 
llocculi of precipilato larger and easier to filter 
off. Tho *hlkalinily of a liquid is always in¬ 
creased, or its acidity dimio islied, after the separa¬ 
tion of a heat conguliim. Various neutral salts in 
excess also cause tlie coagulation temperature 
to vary; sodium chloride lowers tho temperature, 
while magnesium sulphate has little or no effect. 
A solution of proteid enters into an opalescent 
condition a few degrees below that at which tho 
separation of /locculi Ijegins. In the dry state 
proteids are rendered insoluble, like coagulated 
proteid, at a temperature of 110 G. On the in- 
Ihicnco of salts on coagulatiop temperatures, see 
Limbourg (//. 13, 450). Haycraft criticises tho 
method of fractional heat coagulation (Pr. Roy. 
Son. Edin. 1888-9, 361). It is defended by 
numerous observers (for references see Halli¬ 
burton, J. Physiol. 13, 806 ; Hewlett, ibid. 798). 

Tho following table gives the heat coagula¬ 
tion temperatures of some of the most important 
proteids: 


rn»l«ld 

Tctiipcmtitr. of ho.. 
cotiKiilatfoa 

Egg albumin • « 

. 72.8”0. 

Burum albumin a • 

. 72.8“ 

VitoUin . . , 

. 78“ 

Serum globulin. 

. 75“ 

Fibrinogen • • 

. 6«“ 

Myosin « • . 

. 66“ 

Crystallin . . 

93“ 

Ha^mocyanin . . 

65“ 


4. Qencral tests for proteids. Solutions of 
the proteids are precipitated by strong mineral 


Proteid Observer Value of [•]# 


Serum albumin t • • 

Egg albumin • t • • 

Hoppe Scyler {Zeit, f* Chem. und 

P/mm. 1864, 737) • 
Starke {Maly's Jahrs. 11,17) • » • 

Huppo-Seyler ...... 

-66“ 

-60“ 

-83-6“ 

Fibrinogen • • • • 

Haas (P. 12, 378). 

Haas (0. C. 1876, 205, Hll, 021) . 

• • 

a a 

-38-08“ 

-69-76“ 

Sodium albumate . . , 

Hermann {H. 11, 608) . • • 

Haas •••••• 

a a 

-43“ 

-58“ 

Syntonin (from egg albumin) . 

Haas ...*•• 


-63-12* 

Syntonin (from myosin) . . 

Hoppe-Soylcr . • • • 


-72“ 

Casein (in weak MgSO« solution) 

Hoppe-Seyler . • . • 


-80“ 

Serum-globulin . . . 

Haas. 


-69-75“ 

Various albumoses . . « 

Kilbno a. Chittenden {Z. B. 20, 51) 


-70“to 80» 


According to Haas, these numbers are un¬ 
altered by the salts adherent to the proteids. 

8. Heat coa/pilation. Most of the native 
proteids are coagulated by heating their solu¬ 
tions, but more especially the globulins and 
albumins. By this means the character of the 
original proteid is lost, and all are converted 
Into an exceedingly insoluble substance, called 
* coagulated proteid.* When several proteids 
are mixed in a solution, if their tempera- 
tore of coagulation differs, it is possible to 
separate them by a ^oess of * fractional heat 
ioigalatioii.* Mt ooagnlatiQn temperature 


acids, acetic acid and potassium ferroeyanlde, 
by acetic or oxalic acid together with a large 
addition of concentrated solutions of neutiu 
salts, by basic lead acetate, by mercuric chloride, 
by copper sulphate, by tannic acid, by satura¬ 
tion with powdered potassium carbonate, am¬ 
monium sulphate or sodio-magnesiom snlphatOt 
and by alcohol. 

Strong acids and salts of the heavy metals 
produce a precipitate of coagulated proteid, ot 
of metalllo albuminate; in the latter case the 
metal can be removed by treatment with eol- 
phnretted hydrogen, and the proteid a^^ 
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tolned unaltered. Keutral salts like ammonium 
lolphate, or sodio-magneaium sulphate, oom* 
pletely precipitate all proteids but peptones, and 
In an uncoagulated condition—i.e. they can be 
re-dissolved in water or weak saline solutions, 
and exhibit their oharaoteristio properties. Al¬ 
cohol precipitates proteids, and after long con¬ 
tact with tlie precipitate converts them into 
'coagulated pvotoid.’ The following reactions 
are those most frequently employed in the de¬ 
tection of proteids in solution: 

(a) Tlw xanikoproleiA reaction, l^itrio acid 
is added; this usually produces a precipitate, 
but in the case of peptones, or if the quantity 
of proteid is very small, it does not. The mix¬ 
ture is then boUod, when the liquid and the 
precipitate turn yellow (xanthoproteic acid); if 
it is boiled sutHcicntly long with excess of acid 
the precipitate dissolves. Addition of ammonia 
causes the yellow colour to become orange. A 
similar reaction is given by gelatin and kerat\n. 
Analyses of xanthoproteic acid and its com¬ 
pounds made by JVIuldor and others are not of 
any value, ns it has since boon shown that this 
yellow substance is not constant in composition. 
The reaction is due to tlie aromatic railicle un¬ 
doubtedly present in all proteids. On colour 
reactions of proteids see Saikowski {II. 12, 215), 
Gnezda {Pr. 47,202), Pickering (/. Physiol. 14). 

(b) The liquid is rendered strongly acid witli 
acetic acid, and solution of potassium ferro- 
cyanide added, which throws down tho proteid 
as a white tlocoulent precipitate. 

(c) Milton's reaction. Millon’s reagent ‘ 
causes a white precipitate of the proteid. On 
Imiling this precipitate and the surrounding 
liquid, both turn a brick-red colour. If only 
a trace of proteid is present there may be nu 
initial precipitation. This test is given also by 
tyrosine, and it is in all probability owing to the 
aromatic radicle in proteids that those substances | 
give it. 

(d) Addition of a trace of copper sulphate | 
and excess of potassium hydroxide causes a 
violet solution. In tho case of albumoses and 
peptones the colour produced is a pink one (biuret 
reaction). See also Qnezda a. Pickering {loc. 
ei<.) for similar reactions with nickel and cobalt. 

(e) Proteids when dissolved in glacial acetic 
acid and treated with strong sulphuric acid ex¬ 
hibit a violet colour and faint fluorescence, 
and if sufUoicntly concentrated show an ab¬ 
sorption spectrum very like that of urobilin 
(Adamkiewicz, 13. 8, KU). 

The reactions which are applicable to pro¬ 
teids which will not dissolve in water or neutral 
saline liquids, are the xanthoproteic, Miilou's, 
and the Adamkiewicz colour reactions. 

Quaktxt&tivu Estimation of Proteids. 

A large number of di£ferent methods of 
estimating quantitatively the amount of proteid 
in a solution have been proposed and used; the 
polarimetrio method has been much employed 
(Hoppe-Scyler, Virctiow's Archiv, 11, 647). 
Among gravimetric methods various precipitants 

* rwm/. Equal quaatitiet of meroujy and 

acrons aitiio aoid aro mixed and gently wanned tul tUe 
aeromy U diMolTBd. The alutlon t> dUuted with Iwio. 
Its bulk of water, and the ooptona precipitate which tonne 
SltowedtowUle. The supernataat liquid tsthS reagent 


of proteids have been suggested, e.g. tannin iiud 
sodium chloride (Girgensohn, N. H.P. 22,557); 
hydrochloric acid and potassio-morcuric iodide 
(Bruoke, Sitz. W. 1871), <&o.; but the follow¬ 
ing methods are those most frequently em¬ 
ployed : 

(а) Clinical method. The rough method 
generally used for the comparison of albuminous 
urines consists in acidulating tho urine, if it is 
alkaline, witli acetic acid and then boiliug it in a 
graduated tube. Tho lloccuU which form are 
allowed to settle, and tho proportion of the pre¬ 
cipitate to tho total volume of the liquid read 
off and expressed in fractions, such as a half, a 
tenth, and so on. Esbuch’s tubes are graduated 
to correspond to percentages of proteid; the 
precipitant being picric acid. 

(б) Precipitation by Jicat. 60 to 100 c.o. 
of water arc boiled arid an accurately-weighed 
ampunt of albuminous fluid, about 15 or 20 g., 
poured in. Tho fluid is boiled for some minutes, 
a few drops of two per cent, acetic acid added, 
until the precipitate separates in flakes from a 
clear liciuid. The precipitate is collected on a 
weighed filter, washed with water, alcohol, and 
ether, and finally dried, weighed, incinerated, 
and the ash deducted. This method isobviously 
applicable only to such proteids as are coagu- 
table by lieat. 

(c) Precqnfation by alcohol. An accurately 
measured or weighed quantity of the liquid is 
mixed with three or four times its volume of 
spirits of wine, and set aside for some hours; 
the precipitate is then collected, washed with 
spirit, hot absolute alcohol, ether, warm water, 
and finally dried and weighed as before (Hoppe- 
Seylcr, HaJidbuch, ate Auji, 512). Or tho liquid 
may be neutralised with acetic acid and mixed 
with ten times Its volume of strong alcohol, and 
tlien boiled, the precipitate being treated as before 
(A. Sclimidt, Pf. 11,10; A. Hoffmann, Virchow's 
Archio, 1870, 255). 

(d) I'rccipitation with ammonium sulphate. 
Since Kiihne {Z. B. 22,425) has fully shown that 
saturation with this salt causes complete precipi¬ 
tation of all proteids but peptones, this method 
may bo employed ns follows for tbe quantitative 
estimation of these proteids:—The liquid is 
shaken or stirred with excess of the powdered 
salt, filtered, and the precipitate washed with 
saturated solution of ammonium sulphate. The 
filter with adherent proteid and salt is dried at 
110^ by which means the proteid is rendered 
insoluble, and the salt can then be washed away 
with distilled water. Tbe precipitate is then 
washed with alcohol and ether, dried, and 
weighed as before. 

Classification of Proteids. 

I. Albumins. These are proteids which art 
soluble in water, and not precipitable from their 
solutions by saturation with sodium chloride or 
magnesium sulphate. They are coagulated by 
heat. The important members of the group are 
egg albumin, serum albumin, and lactalbumio. 

II. QhbuUns. These are proteids which are 
insoluble in water; they are soluble in dilute 
solutions of neutr^ salts; and are precipitated 
in an uncoagulated condition by saturation with 
sodium chloride and magnesium sulphate. 
They are coagulated by heat. The most im- 
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ttortuii memliera ot tti« gronp are: sernm glo- 
Dttlin, fibrinogen, myosin, orystalliu, and globin. 

III. Albumivatcs. This name is applied to 
the mctallio compounds of proteids, and also to 
acid albumin or syntonin.andalkali-albumin. Be* 
striding the tenn to the two latter substances, 
they may be defined as proteids insoluble in 
water or in solutions of neutral salts, but 
readily soluble in dilute acids or alkalis. Their 
solutions are not coagulated by heat. 

IV. Proteoses. Xliose arc proteids which are 

not coagulablo by heat, and moat of them are 
precipitable by saturation with certain neutral 
salts. They are precipitated by nitric acid, the 
precipitate dissolving on the application of heat 
and reappearing wlien the solution is cooled. 
They resemble peptones in being slightly diffu¬ 
sible, and in giving the biuret reaction. They 
are formed from other proteids as the result of 
the action of proteolytic lerinonts on them, 
being an intermediate stage in the formation of | 
peptones. They arc also found in certain animal i 
and vegetable tissues. The best*known members 
of the group are the albumoscs. j 

Y. Peptones. These are proteids whicli are 
very soluble in wjitcr; they are not precipitated 
by heat, by saturation with any neutral salt, 
nor by nitric acid. They are compb tely preci¬ 
pitated by tiiiinin, by excess ()f absolute alcohol, 
and by potassio-mercuric iodide; incompletely ' 
by phosphotungstic acid, phosplmmolybdic acid, ; 
and picric acid. They give the biuret reaction. 
Peptones are subdivided into hemipeptones, tliose 
which yield leucine and tyrosine as the further 
result of pancreatic digestion, and antipeptoiies, 
those which do not. I 

VI. Insoluble proteids. This class includes 
a number of proteids varying in their reactions 
wliich cannot bo included in any of the foregoing 
classes, but which all resemble ono another in 
Iheir extreme insolubility in various reagents. 
Tins class includes (ibrin, coagulated proteid, , 
lardacoin, antialbumid, and gluten. j 

l)KscniPTioN OP THK Pbopeuties jf Inuividoal ! 

PaoTEins. ! 

It will now bo convenient to take the most 
important members of the various foregoing 
groups, and describe the characteristic properties 
of each. The animal proteids will bo taken first. < 

Class I., Aijjominb.—E gg albumin. This ia 
the albumin occurring in white of egg; it may 
be separated from the globulin, which alsooccura 
in that situation, by precipitating the latter with 
dilute acetic acid, or by saturation with mag¬ 
nesium sulphate. It ia coagulated at a tem¬ 
perature of 70’-73"0. By fractional heat coagu¬ 
lation further pps. are obtained at 76^ and 
(Corlin a. Bcrard, Arch, de Biol. 9, 1). Its 
ipecific rotation is —36*5*^. It is precipitated by 
agitation with ether. Crystalline egg albumin 
may be obtained by addition of an equal vol. of 
sat. sol. of ammonium sulphate and filtration to | 
remove oviglobolin. On slow evaporation of the 
filtrate, crystals of egg albumin form (Hofmeister, 
M. 14,165; Gabriel, 15, 456). 

Lieberkuhn ascribed to albumin the formnla 
C^,„N,»SOa, SchUtzenberger 
Hamack {S. 6 , 207) Since 

Xiieberkfihn attempted to establish the molecular 
weight of idbusain by preparing and analysing | 


the ooppet compoamt, various inveatigationi 
have been published bearing on the nature and 
composition of the compounds of albumin with 
the heavv metals, and especially with copper 
(F. Bose. Mitscherlich, Harnack, Bielitzki, Bitt- 
hausen, Lassaigne, Ac. Further particulars 
will bo found, with references to literature, in a 
paper by U. TI. Chittenden and H. II. White- 
house in Studies from Ote Laboratory of Physiol* 
Client., Yale University, 2, 95). The resiiUa ob¬ 
tained are most contvailictory, and illustrate that 
numerous* compounds may be obtained by 
slightly modifying the conditions of precipita¬ 
tion; they are also very liable to dissociation. 
Tho only other protoid the metallio compounds 
of which have been studied is myosin ; the per¬ 
centage amount of tho various metals in the 
compounds obtained differ from tlioso formed 
from egg albumin (Chittenden a. Whilehouse, 
U.). 

. Uses of albumin. It ia much used for clari- 
f)ung vinous and syrupy liquitls, as when boiled 
with it the heat coagulum ca^rios down colour¬ 
ing matter and other impurities. In cookery 
white of egg ia employed for this purpose, but 
in largo operations, such as sugar refining, blood 
serum is used. Albumin is also largely used in 
photography, and in calico-printing for fixing 
colours. Its property of forming a hard com- 
p.mnd with lime renders it useful as a cement in 
repairing earthenware. Spoilt albumin in print 
works may bs recovered for practical purposes 
by the action of pepsin (Wagner a. Witz, 
il. P./. 119, Ulfi). 

Scrum albiiinin. This is the albumin occur¬ 
ring in serum. Its specific rotation is —66®. 
Fractional heat coagulation, and elementary 
analysis show that it is probably not a single 
pruteid but consists in warm-blooded animals of 
three, a, fi, and y, coagulating respectively at 
73®, 77\ 84® (i>. Blood). Aronstein a. A. 
Schmidt {Pf. 2, 1) stated that scrum albumin 
completely freed from salts by prolonged dialysis 
docs not coagulate by heat. This statement has 
not been confirmed by sub6c«iucnt observers, who 
have found it impossible to free serum albumin 
from ash by this method,^and have attributed 
tho non-coagulation to a slight alkaline residue 
(Ileynsius, Pf. 9, 514; Winogradoff, 2,605; 
Uinzinga, 2, 392 ; Haas, 2, 378). On ash-free 
albumin sec also Harnack, B. 22, 3046; 23,3745. 
Berum albumin is not coagulated by ether. It id 
tho proleid which most frequently occurs in 
morbid urine. 

Scrum albumin is not precipitated by satu¬ 
rating tho scrum with magnesium sulphate; 
if, however, the globulin precipitated by this 
method be filtered off, and the filtrate saturated 
with sodium snljihate, the albumin is precipi¬ 
tated; this is duo to the formation of sodio- 
magnesium sulphate (MgSO^.Na^SO^.SHjO) in 
tho liquid (Halliburton, Joum. of Physiol. [6] 
152). Albumin having nearly the same oharaoters 
as serum albumin is found also in milk, muscle, 
lymphatic glands, and other tissues in smaU 
quantities. 

Glass II., Globulins. — Sernm globulin, 
{Synonyms, paraalobuUn, fibrinoplasUn, serum- 
casein.) This is we globulin occurring in serum. 
It is soluble in weak solutions of sodiuzn 
ebloride; it is partially precipitated when tb# 
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peroenta^ of sodium chloride reaches 0*03 to 
0'07»ie-dIsBolT6d on the addition of more salt, and 
again precipitated, though never completely, 
when the amount of salt present is 20 p.c. It is 
completely precipitated by saturation with mag« 
nesium sulphate. It does not coagulate on the 
addition of fibrin ferment, and probably takes 
no part in the formation of fibrin (o. art. 
Blood ; v. also Hammarsten, P/. 17, 447; 18, 
89). Its heat coagulation temperature is 75^0. 

The following methods have been suggested 
for the separation of the globulin from the 
albumin of serum: 

(а) Dialysis. When tho salts are dialysed 
out, the globulin is precipitated, the albumin 
remains in solution. 

(б) Dilute the serum to 10 or 15 times its 
▼olumo with water, and pass a stream of car¬ 
bonic acid through it, the globulin is precipi¬ 
tated (A. Schmidt, Arch. f. u. Phi/siol. 
1862, 429); it is also partially prccipitafpd 
by the addition of very weak acetic acid when 
the serum issim^arly diluted (Pnnuiu, Arch./. 
Pathol. Altai. 4); it was on account of this that 
a special alkali albumin or scrum casein was 
formerly believed to exist in tho blood. 

(c) Saturation witn sodium chloride preci¬ 
pitates the globulin, loaviiig the albumin in 
solution (A. Schmidt). 

(d) Saturation with magnesium sulphnto 
(Hammarsten). This is the only method com¬ 
monly employed which otTeots a complete sepa¬ 
ration. Kauder has stated that half-saturation 
with ammonium sulphate will act similarly, 
and Halliburton {loc. cit.) that sodium acetate 
and sodium nitrate may also be used. 

Serum globulin may be estimated quantita¬ 
tively in serous liquids in thu following way: 
a weighed or measured quantity of tho liquid is 
saturated with magnesium sulphate, tho preci¬ 
pitate oolleotod on a weighed filter and washed 
witli a saturated solution of magnesium sul¬ 
phate, and then dried at 110 ‘C. for some hours; 
the proteid is thus rendered insoluble, and is 
freed from the salt by waslung with water and 
alcohol. The precipitate is again dried on the 
filter to constant weight, weighed, aud subse¬ 
quently ignited and the ash deducted. In such 
a liquid as serum, viz. one containing a mixture 
of globulin and albumin, the latter may be esti¬ 
mated by deducting the amount of globulin from 
the amount of total protcids present. 

Cell globulin found in lymph cells and 
other cellular structures coagulates at 47'’-50'^. 
A globulin (myoglobulin) wliioh coagulates at 
but otherwise resembles serum globulin 
exists in muscle plasma. 

Fibrinogen. This proteid, which occurs in 
blood plasma, very closely resembles the prece¬ 
ding; it differs from serum globulin in being 
completely preoipitable by half-saturation with 
sodium chloride, and may thus be separated 
from that proteid (Hammarsten, Pf. 19,6l>3). It 
is preoipitable by a stream of carbonic acid, but 
it is necessary to dilute the plasma with at least 
20 times its volume of water before precipitation 
occurs, whereas serum globulin is precipitated 
when the dilation is less. It is coagulated by 
heat at 66^0. The heat coagulum is a very sticky 
one; the low temperature at which fibrin(^en 
eoaguUtes forms the basis of a method for esti¬ 


mating it quantitatively: the coagulated proteid 
formed from the fibrinogen at 56°C. is collected 
on a weighed filter, washed with distilled water 
and alcohol, dried at llO'^C., and finally weighedr 
ignited, and the amount of ash deducted (Fre- 
dcricq). Under tho influence of the fibrin for* 
ment, fibrinogen is converted into fibrin; it is 
due to this change that blood coagulates when 
drawn, tho fibrin entangling the blood cor¬ 
puscles to form the clot. The term fibrinogen 
has been recently extended by Wooldridge to 
other ill-defined proteid substances which he 
considers to be precursors of fibrin. These aro 
probably nuclco-albuminB mixed with lecithin. 
For latest views on blood coagulation with re¬ 
ferences see Halliburton (/. Physiol. 13, 829; 
Goulstonian Lecture No. 3, Brit. Med, Jl. March 
1893). 

Plasmine. The term ‘plasmine* was given 
by Denis {Mdmoire sur le Sang, Paris, 1859) 
to the precipitate produced by saturating blood 
plasma with common salt; this has since been 
shown to consist of the two proteids, fibrinogen 
and serum globulin ; serine was the name given 
to tho proteid left in solution, or, as it is now 
called, serum albumin. 

Myosin. This is the proteid which is formed 
after the death of muscle; tho muscle plasma 
separates into a clot composed of myosin, and 
muscle serum, as blood plasma 3ei)arates into 
fibrin and blood serum. This produces a stiilen- 
ing of the muscles called rigor mortis. The 
name given to the proteid precursor of myosin 
in the living muscle is myosinogen. The clot 
of myosin formed by diluting with water a 
saline extract of flesh is not so coherent as that 
of fibrin; it is readily soluble in 10 p.c. sodium 
chloride solution, from which it is preoipitable 
by saturation with that salt or with magnesium 
Bulphato; it forms a heat coagulum in such a 
solution at 50°C. Myosin is converted with 
great readiness into acid albumin or syntonin by 
weak hydrocliioric acid; A. Danilewsky regards 
tho compound so formed as being not ordinary 
syntonin but a combination of HCl with myosin, 
from which by suitable treatment myosin is re¬ 
coverable. After long-continued dialysis, myosin 
can be freed from salts, and is thus rendered 
exceedingly insoluble, both in saline solutions 
and in dilute hydrochloric acid (A. Danilewsky, 
H. 6,158; Halliburton, Journ. of Physiology^ 8, 
136). (See also Muscle.) 

vitellin. A proteid present in yolk of egg, 
which, although it resembles globulins in certain 
particulars, differs from them in not being preoi¬ 
pitable by saturation with sodium chloride.- 
Solutions coagulate at 70°-75°0. It is prepared 
by treating the yolk of ben’s egg with ether, by 
which reagent most of the fatty and colouring 
matters are dissolved; vitellin remains undis- 
solved as a white granular substance, which is 
insoluble in water, but readily soluble in diluto 
saline solutions. Nuolein appears to be united 
closely to, and may be obtained from, vitellin. 

CrystaUln. This was once called globulin, 
but that term has been extended to the whole 
group. It is obtained from the crystalline lens 
of the eye, composing, according to Berzelius, 
85'9 p.c. of that structure. Its saline solutions 
become opalescent at 73*’, but a coagulum is not 
deposited till 98^0. is reached. Ace(»diiig to 
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Iietmina (Physiol Chm. 1» 866) the formation 
of % beat coagulum is accompanied bv the 
development of an acid instead of an alkaline 
reaction, as is the case with other proteids; he 
accounts for this by supposing that orystaliin 
is united to ammonio-sodic phosphate, which, 
on the application of heat, is resolved into am* 
monia and acid phosphate of soda. Valenciennes 
and Frcmy (C. B. 44, 1122) state that other 
proteids are found in the lens, and have given 
the name phaconin to one in that of fishes (v. 
also B^champ, 0. Xt. 90,1255). 

Heemoglobitt. When a solution of heemo* 
globin, the red pigment of the blood, is heated, 
the liquid becomes turbid, and a coagulum of a 
reddisb-brown colour separates out between 70‘^ 
and 60^0. Heat decomposes the hEemoglobin 
into two substances insoluble in water, one 
coagulated proteid, the other a colouring matter, 
hscmatiii, which contains all the iron of the 
hiemoglobin. A similar decomposition occurs 
when hiemoglobin is acted on by strong acids or 
alkalis,or by excess of alcohol. Preyer described 
the proteid substance under the term globifit 
which is insoluble in water, and which swells in 
solutions of sodium chloride and sodium hydrate 
without dissolving. Kiihne concludes from the 
action of reagents that a mixture of proteids 
rather than a single proteid results from the ‘ 
decomposition of bamoglobin; these would, 
however, seem to belong to the globulin class 
from the fact that hfcmoglobin is precipitable | 
from its solutions by saturation with such 
neutral salts as precipitate other globulins, and I 
also by a stream of carbonic acid (u. art. H;emo- | 
OLOBIN). I 

Hsmooyanin. This is a proteid associated : 
with a colouring matter which takes the place 
of haemoglobin as an oxygen-carrier in the blood 
of certain Crustacea, arachnida, gastropoda, and 
cephalopoda. It was first described by Fredricq 
in tlio blood of the octopus; the blood which 
comes to the gills being colourless, and that 
leaving them being blue: the blue pigment is 
due to a loose combination of the proteid with 
oxygen, which, like oxy-hiemoglobin, parts with 
its oxygen to the tissues. Copper takes the 
place of the iron of hiemoglobin in this com* | 
pound. It has not been separated into a pig* ' 
ment and a proteid, as htcmoglobin has. It! 
coagulates by heat at 65°, and is precipitated by ! 
saturation with neutral salts, and by dialysis like ; 
other globulins (for references see Halliburton, | 
JToum. of Physiol. 6, 800: Qricsbach, Pf, 50, 
473). 

Clxss III., Albuuinateb. 

Acid albumin. If a small quantity of dilute 
acid (hydrochloric or acetic) be added to serum 
or egg-albumin, no precipitation occurs, but after 
a snort time it will be found that the albumin 
no longer coagulates on heating, and that its 
dextrorotatory power is increased. The albu* 
min has been converted into acid albumin. On 
caref^Iv neutralising such a solution with weak 
alkali, toe whole of the proteid matter is thrown 
down u a white precipitate, which is soluble in 
excess tA the alkali, and may be re-precipitated 
by neutralisation with weak acid, and ^ain dis¬ 
solved by excess of the acid, and so on. Acid- 
albumin is soluble in solutions of alkaline car¬ 
bonates; it is precipitated, like globulin, Iqr 


saturation with sodiom chloride or magoesiam 

sulphate. 

Acid-albumin may also be formed in a similar 
way from any globulin; myosin, for instance, U 
converted into acid albumin or syntonin, as it 
{ was first termed by Liebig, when prepared from 
muscle. The parapeptone of Meissner, which is 
formed in the first stages of peptio digestion, is 
also identical with acid albumin. 

Alkali albumin. If, instead of dilute acid, 

I dilute alkali be added to an albumin or globulin, 

I coagulatioirby heatis similarly prevented, and the 
j wltolo of the i)roteid is thrown downby neutralisa- 
tion.andis solubloinexcessofeitheracid oralkolL 
The name alkali-albumin is given to the pro- 
■ tcid thus altered by alkali. Like acid albumin 
it is soluble in solutions of alkaline carbonates, 
and precipitated by saturation with sodium 
I cliloride or magnesium sulphate. In the pre* 

' sence of all/ai>>ie phosphates it is necessary to 
add more acid to obtam a precipitate than if 
I tb^ alkaline phosphate were absent; tbe acid 
is just used to convert the alkaline into neutral 
phosphate. When heated witii strong solution 
of potassium hydrate, potassium sulphide is not 
' formed. 

Lieberktibn's jelly. When either tribasio 
phosphoric acid, acetic or tartaric acids, which 
do not precipitate moderately concentrated 
Kolutioiis of albumin, is added in excess to con¬ 
centrated serum or wliito of egg, a jolly is pro¬ 
duced wliich liquefies like gelatin on beating, 
and again solidifies on cooling. A similar jolly 
is formed by adding a strong solution of potrsn 
to serum orwliilo of egg. Tliis substance, called 
Lieberkiiliij’s jolly, is regarded as a variety of 
ac'd or alkali albumin respectively; it is soluble 
with dilhculty in water; tbe aqueous solution * 
remains, however, clear when boiled, and ii 
precipitated by neutralisation. 

Compounds of albumin with acids. On ac¬ 
count of the present uncertain state of our 
knowledge concerning the constitution of the 
proteids, the statements concerning compounds 
which have been described of albumin with 
various acids must be received with caution, as 
is also the case with metallio albuminates (SM 
K(jg alhumm). 

Trinitro-albnmin C, 2 n,o 5 (NO,),N„SO„ if 
prepared by triturating or shaking dried and 
powdered albumin with 14 or 15 times its weight 
of nitric acid (HNO,); a gelatinous mass is tbe 
result, and on pouring this into water tbe in¬ 
soluble light-yellow tinted compound separates 
out. If the gelatinous mass be left to itself at 
a temperature below 10'^, a small quantity of 
nitrogen tetroxide is given off, and a solution 
formed which, when diluted with water, deposits 
a dark-yellow tasteless hydroxytrinitro^albumint 
C„H,„(NOJ,N„(OH),(SOyOH)0„. Both these 
compounds.dissolvo without alteration in dilute 
alkalis, from whiobsolation tliey are precipitated 
in yellow fiocculi on addition of acid (0. Loew, 

J. pr. [2] 6, 433). If, instead of using nitric 
acid, a mixture of concentrated nitric and sul¬ 
phuric acids be employed, a bitter yellow pow¬ 
der, insoluble in water, alcohol, or dilute acids, 
but soluble in dilute alkalis, is obtained which 
Is called hexnitro-albumin tuJphonic add, 
C„H,„(N0J„(80,.0H)N„80„; on treating this 
with ammonium sulphide, h^zanMo-alhwndm 
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iuJpfconicaci50^,,,(NH*)«(SO,.OH)N„SO„ is 
formed; this is decomposed by strong alkalis 
with evolution of ammonia, and by nitric acid 
with evolution of red fumes. It is insoluble in 
dilute acids, but readily dissolves in concentrated 
ones (0. Loew, J. pr. [2] 3,180). 

Gelatinous compounds of albumin with acids 
are prepared by leaving it twenty-four hours 
in a parchment paper dialyser and a dilute 
acid in the outer vessel. For a quantity of 
albumin represent^'d by LieberkUhn’s formula, 
0„U,„N,hB0.^3, the compounds contain 2 mols. 
nitric, 2 mols. hydrochloric, 1 mol. sulphuric, 
and 1^ mols. phosphoric acid (G. S. Johnson, 
0. J- 27,784). 

Casein and Caseinogen. Gaseinogon is tho 
chief protcid in milk. By tho action of rennet it 
is converted into a curd called casein. Caseinogen 
is thrown down by the addition of acetic or 
mineral acids, especially if the milk ho first 
diluted; this precipitate when freed from fats 
is insoluble in water, soluble in dilute acids W 
alkalis (and alkaline carbonates), and re-pro- 
oipitablc by acidufation. It may also bo prepared 
from milk by saturating it with magnesium suB 
phate, followed by washing the precipitate with 
saturated solution of that salt till the washings 
contain no albumin, and tlien ro-dissolving the 
precipitated caseinogen by additig water. T)io 
salt still adherent to tho precipitate enables it 
to dissolve; the fat remains undissolvcd on the 
filter. Such a neutral solution of caseinogen 
becomes cloudy on heating, and tho cloudiness 
disappears on cooling if the heating has not 
lasted too long. Lubavhi states that caseinogen 
dillers from alkali albumin in the following par¬ 
ticulars: (1) when caseinogen is treated with 
caustic potash potassium 8ul])hid6 is produced; 
(2)ondige8tionwith artificial gastric juice,casein- 
ogen yields a substaocc containing phosphorus, 
whereas an albuminate can be prepared from 
white of egg which contains no phosphorus 

i Lubavin, Uoppe-Scyler^s Afcd. Chem. Unlersuch. 
871, 468). C. Wurster {B. 20, 26B) states that 
when hydrogen peroxide is passed through a 
solution of egg ^bumin in the presence of sodium 
chloride and an acid (lactic, acetic, plio-sphorio, 
or sulphuric) a proteid insoluble in water is 
thrown down, which ho states to bo a mixture of 
gelatinous acid albumin with a large quantity of 
proteid similar to caseinogen; ho further supposes 
that hydrogen peroxide plays an important rdle 
in the living tissues of the body, and that the 
caseinogen of milk may be produced from the 
proteids of the blood by a similar means. The 
precipitate produced by adding ether to yolk of 
egg is also stated to have properties similar to 
caseinogen (Bopp, A. 7'), 16). 

Most of the older writers use the word casein 
to include both it and caseinogen. Different 
varieties of casein have been describe^ by difler- 
eni observers; Berzelius, Braconnot, and others 
described soluble casein, soluble in water, and 
insoluble casein, insoluble in water (v. also Bopp, 
lx.). The soluble casein probably consisted of the 
other proteids present in milk in addition to 
casein. More recently the view has,however, been 
again advanced that the only proteid in milk is 
<»8ein; and thatthe apparentpresenoeof albumin 
and other proteids ie due to the action of reagents 
pr ferments (Duclaux, 0. B. 98, 878,438, 626; 


B. Pfeiffer, Maly*8 Jahrber. 14,177). H. Strnvf 
(/. pr, 29,70,110) distinguishes between casein 
which forms the envelopes of the fat globules, 
and that which exists in solution in the milk; 
both, however, have the same properties. A. 
Danilewsky {H. 7,483) states tlmt casein can be 
separated into casco-protalbin, soluble in hot 

: 50 p.c. alcohol, and caseo-albmnin, insoluble in 
that reagent. Hammarsten {H. 7, 227) has, how¬ 
ever, shown that this behaviour of casein depends 
in part upon its content of calcium phosphate, 
the presence of which impurity depends upon 
tlie use of hydrochloric acid in the precipitation 
of the casein, which acid docs not favour the re¬ 
moval of the salt as well as acetic acid. Ham- 
marsten,moreover, showed by elementary analysis 
that casein is a single body; this 1ms been con¬ 
firmed by Chittenden and Painter {Studies from 
the Lab. of Physiol. Chem., Yale Univ. 2, 1.56). 
Tho two last-named obsorvers obtain the follow- 
ijig as the percentage composition of casein: 

C, 6.8*30 ; H, 7‘07 ; N, lo*9l; S, 0*82; P, 0*87; 
0, 22*03. nanimarslen {IL 7, 260) and Kitt- 
luiuscn (Maly's Jahrsher. 1873, 28) have also 
published elementary analyses of casein. 

It is owing to tl»c pre.scnce of caseinogen that 
when rennet is added to milk a curd is produced, 
which is composed of tho clotted casein and 
entangled fat globules *, tho whey or liquid resi¬ 
due contains the sugar, albumin, and salts of the 
milk. Tlio spontaneous coagulation that some¬ 
times occurs in milk is duo either to tlio preci¬ 
pitation of caseinogen by lactic acid formed from 
lactose by fenuentation, or to aerobic organisms 
which act like rennet. The coagulation tliat 
occurs when milk is boiled is due, not to the 
casein, but to the albumin in the milk. The fer¬ 
ment coagulation is a process which is entirely 
dilTevont from the precipitation by acid. A solu¬ 
tion of pure caseinogen in dilute alkali will not 
coagulate on the addition of rennet; if, however, 
a small quantity of calcium pliospliatc or chloride 
be added, coagulation readily occurs. If casein¬ 
ogen, precipitated by acetic acid, be well washed 
with water till the reaction is nearly neutral, and 
then neutralised with solid calcium carbonate, 
a pasty mass is formed which, on the addition 
of rennet thereto, sets into a solid clot; but here 
again if the caseinogen has been washed free 
from calcium phosphate rennet has no such 
action. This dependence of the rennet coagula¬ 
tion on the presence of earthy phosphate haf 
been worked out by Hammarsten. The ferment 
causes tho change from caseinogen to casein 
The lime salt combines with the latter and pro 
cipitates it. Hammarsten showed that on th« 
coagulation of caseinogen by rennet a wliey 
albumin easily soluble in water is formed in 
addition to the clot of casein. Soxhlet (/. pr» 
[2] 6, 1) states that alkaline solution of arti¬ 
ficially prepared alkali albumin also coagulates 
on the addition of rennet, but this statomeut 
has not been confirmed. Metacasein is a name 
given to an early stage of the action of rennet 
and pancreatic juice on caseinogen. It coagu¬ 
lates by heat (Roberts, Proc. Roy. 8oc. 1881; 
Edkins, Joum. Physiol. 12,193). 

Casein in the milk of different animali 
is stated by Simon to vary slightly; thus human 
casein is yellowish-white, and very friable; it U 
Incompletely precipitated from its aqueous Bolt|* 
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tl(m alum or by aoetio aoM. Oasein horn 
oow’s milk is less soluble in water, and becomes 
viscid and horny on drying. Canine milk gives 
a oasein which does not become viscid and homy 
when dried, and is less soluble in water. Human 
oasein is much more easily digested than that ot 
cow’s milk, which is more viscid, and sets into 
a more solid clot under the intluenco of the 
rennet ferment of the gastric juice, h’or recent 
papers on casein see Itinger, Jotirn, Physiol. 11, 
4G4: 12, IG'I; Halliburton, 11,4GU ; Scbelicu, 12, 
95; Hewlett, 13, 798. 

Clash IV., Pkoteoses.— Under the name pro* 
teosft it is convenient to include the large number 
of products which are intermediate in the for¬ 
mation of peptones from other proteids. Similar 
substances are formed by the action of botli the 
peptic and tryptio ferment; those formed from 
fibrin or egg albumin h.ave received the name of* 
albumose; from globulin,globulose; from casein, 
oascose; from vitcllin, vitelloso, &o. TiioSo 
various substances resemble each other in their 
general reactlon.s, and differ from one another in 
origin, slightly in peicentago composition, and 
in a few minor reactions. The albumoses are 
those wliich liavo been most studied. It will bo 
Buflicient hero to tloscribo tlie properties of Iho 
varieties of albumose. Tiio globuloses, vitelloses, 
&c.,arc divided into similar varieties, with corre¬ 
sponding prefixes. 

The properties of these substances have 
been ebiefly worked out by Kuline and Chitten¬ 
den. The names first given to thorn were pro- 
peptone (Killrnt') and a peptone (Meissner). 
Kuhne then adopted the name albumose, and i 
subdivided the albumoses into hcmi-albumoses, ! 
those which are converted into liemi-peptoncs, 
and anti-alburno.ses, thoje which are converted 
into anti-peptones. Ampho-albumoso is a term 
whicii includes both hemi- and anti- varieties. 

The following aro the chief albumoses: 

(i.) Proto-alburaose, soluble in distilled 
wat'.r and weak saline solutions, partly prccipi- • 
tated by saturating its aci<iifio<l solutions with j 
sodium chloride. It is also precipitated bymer- ^ 
curie cliloride and by copper sulphate. | 

(ii.) Hctoro-albuinose, insoluble in dis- ; 
tilled water, soluble in weak saline solutions, 
and completely preciphated therefrom either by ' 
dialysing out the salt or by saturation witli ! 
sodium chloride. It is precipitablo by mercuric i 
chloride only in acid solutions; it is precipitated | 
by copper sulphate. By heating its saline solu- 1 
tions a cloudiness is produced, which is not ‘ 
caused by the formation of coagulated proleid, ' 
since it readily disappears on the addition of 
weak acid or alkali. By the action of alcohol i 
betero-albumose is partially converted into an i 
insoluble product (dys-albumosc). j 

(iii.) Deutero-albumose. This is the i 
albumose roost nearly allied to peptone. It is j 
soluble in distilled water, and in saline solutions; | 
it is not precipitated by saturation with sodium | 
chloride. It is precipitablo by nitric acid only 
in the presence of excess of salt, and then does ’ 
not dissolve so readily on heating as in the case 
of the other albumoses. It is precipitable by 
mercuric chloride, but not by copper sulphate. 
It con be separated from peptones by saturation 
with aopnonium sulphate, which precipitates 


deotero-albumose but not peptones. For latest 
work on this see Kilhne, Z. H. 29,1. 

The above re^tions are those in which the 
albumoses differ from one another; they re* 
serable one another in their characteristic be¬ 
haviour with nitric acid (already desoribod), and 
in giving tho biuret reaction. Noomeister says 
that in the formation of peptones from albumin, 
in tho first stage of digestion, proto-albumose 
(chiefly a hemi-product), hetero-albumose, and 
anti-albumid (an insoluble product only par¬ 
tially further changed, and that into antipep- 
tone) aro formed. Deutcro-albumoso is in all 
casc^ an intermediate product between these and 
tlie final peptones. 

The following are the chief papers published 
in relereuco to tiiis subject. On albumoses: 
Kuhne and Chittenden, Z. B. 20, 11; It. Nou- 
meistcr, ibid. 23, 381; Chittenden and Bolton, 
Studies from Physiol. Lab., Vale Univ. 2, 
12G. On globdluscs: Kiihne and Chittenden, 
Z. fi. 22, 409. On vitclloscs: Nenmeister, ibid. 
23, 402. On casooscs: Chittenden and Painter, 
Studies from the Physiol. La8., Yah Univ. 2, 
15G. On the digestion of casein: H. Thierfelder, 
H. 10, 577. On benxoyluted ethers of the albu¬ 
moses : Schrotter, B. 22, 1950. 

Class V., Pkptones.—T he general reactions 
of these substances and of their chief varieties, 
hemi' and anti- peptone, have been already de- 
scribe<I. It is only since tho introduction of the 
metliud of separating them from oilier proteids 
l>y saturating a solution containing such a mix¬ 
ture with ammonium sulphate that they have 
been obtained free from proteoses. Most of tho 
peptones of commerce consist almost entirely of 
]}rotcf'.ses. Peptones liavo also boon described 
as occurring in milk, and in certain animal and 
vegetable tissues, whereas these proteids are in 
reality proteo.ses artificially formed during mani¬ 
pulation. Certain properties previously ascribed 
to peptones, e.g. a power of preventing blood from 
cougulutitig after intravenous injection, ore now 
known to bo due to proteoses. 

When peptones arc formed artificially a bitter 
taste is developed; what this is duo to is un¬ 
known. Pure peptone has a meaty or cheesy 
taste; tho albumoses are also free from bitter¬ 
ness. It is exceedingly diilieult to dry pure 
])optone, and when dry it hisses and froths, with 
evolution of heat on the addition of water. 

Anti-peptone—and tlie same appears to be 
true of other unti- products of digestion {e.g» 
anti-albumid)—do not only not yield leucine and 
tyrosine on further pancreatic digestion, but 
appear not to contain tho tyrosine radicle; they 
do not give Millon’s reaction, and do not yield 
tyrosine on boiling witli sulphuric acid. 

(For the most recent paper on peptones, me¬ 
thods of purification, and ultimate analysis, see 
Kiihne and Chittenden. Z. B. 22, 423.) 

Class VL, Insoluble i>AOTi!;ii>s. 

Fibrin. This is tbe proleid formed from 
fibrinogen, probably under the infiuence of a 
ferment derived from the white corpuscles of 
the blood. It is owing to its formation that 
blood clots after withdrawal from the body (see 
Blood). It may be prepared pure by washing 
the oiot free from corpusoles by a stream of 
water, or better, by allowing the plasma freed 
from corpuscles to coagulate, and theii it if 
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WMhed free from other proieMs by water. It is solatton. In the two latter eases globnllns and 
a white elastic solid, usually exhibiting fibrilla* albumins are also present. For recent work on 
tioQ under a high magnifying.power. It is in- crystallised vegetable pioteids see Osborne, Am. 
soluble in water, partially soluble in dilate saline 14, No. 8. 

Bolutions, the proteid which goes into solution Class I., Veoetablb iLBOMtK8.-'In addition 
having the properties of scrum globulin. Fibrin to the crystalline body just described, the posi* 
possesses the power of liberating oxygen from tion of which in our classification is properly in 
solutions of hydrogen peroxide. Fibrin swells | the next group, there are in vegetable juices 
up in cold weak hydrochloric acid (0*1 p.o.); it true albumins. These have been prepared and 
dissolves, forming aoid albumin, on heating it! analysed from ryo by Jones (/I. 40, 66), from 
with weak hydrochloric aoid. It is readily digested ' wheat flour by Dumas and Cahonrs {A, Ch. [3] 
by pepsin or trypsin, yielding albUmoses and vi), by Boussingault {ibid. [2] 63, 225), from 
peptones. Hasebrook {[L 11, 348) and A. Herr- ; potatoes by Ruling (A. 58, 306), in tho latex of 
mann (ibid. 11,608) state that a first product in several caoutchouc-yielding plants by J. B. 
the digestion of fibrin is a substance with many ‘ Green [Pr. 4*0,28), and in papaw juice by Martin 
of the properties of fibrinogen. (For elementary {J. Physiol. 6, 336). Such albumins are eoagu- 
analyses and varieties of fibrin see Hammarsten, lated by heat at about 70^, and are not precipi« 
Pf. 22, 484; SO, 437. Sco also Fibrinogen.) tated by saturation with sodium chloride, mag- 
Coagulated proteid. This is proteid con- nosium sulphate, nor by acetio acid. The 
verted by heat or alcohol into a,f.oaguluro. It is myrosin of mustard seeds also resembles vege- 
insoluble in water or dilute acids or alkalis; it; table albumin, and myco-protoin from yeast and 
is, however, like fibrin, readily digestible 'by j bacteria is also stated to bo an albumin 
proteolytic formats. (Schatfier, J. pr. 131, 302). 

Lardaoein (so-called amyloid or albuminoid | Glass II., VEOETAnMi 0 TX)DrrLm 8 .—These 
substance). This is formed in the disease known ; were first described by Vines {Ic.), and have since 
as waxy degeneration, tho cells of the liver, ; been classified by Martin (Proc. Physiol. Soc. 
spleen, and other organs being replaced by this ; 1887, 8), who has found tliem in the flour of 
substance. It is coloured brownish-red by iodine, | wheat, rye, and barley, in papaw juice, and in 
hence the name amyloid (Virchow). Kckuld | the seeds of Abrns pnratorins (jerjuirity). He 
and Schmidt showed that it wua a proteid. It is divides them into two classes: vcgctnble inyosme 
insoluble, like coagulated proteid, and it has * and vegetable paraglobulins. The myosins co* 
been usually stated that it is not dissolved by | agulate at 65^-60'^, are precipitated by dialysing 
gastric juice. Kostiurina (C. C. 18H7, 120) ' the salt away from their solutions; but this 
finds, however, that it is soluble in pepsin solu- precipitate is no longer a globulin, being in- 
tion acidified with hydrochloric acid. soluble in saline solutions. It has the properties 

Theprofeiifs have tho same general of an albuminate, i.e. soluble in weak acid or 
reactions, and may be divided into the same alkali and precipitated by neutralisation. A 
classes as tlie animal proteids. Their percentage similar transformation occurs when a solution 
composition is also approximately the same, but ! of the myosin, especially a dilute solution, is 
varies with individual members of tho group, as placed in an incubator at 35'’-40° for twelve to 
is the case with the animal proteids. Leucine, ' eighteen hours. Tho vegetable paraglobulins 
tyrosine, asparagine, and other amides are found coagulate at 70°-75'^O.,and are not transformed 
in plants, which may perhaps be stages in the into albuminates, cither by dialysis or by a long 
formation of proteids from the union of inorganic exposure to a temperature of 35®-40®. This 
nitrogenwithcertainnon-nitrogcnouscompounds classification does not include plant vitellin 
in the plant tissues (C. 0. Muller, L. V. 1886,820). (phytovitcllin), the crystalline form of which has 
Various observers have found in vegetable tissues been already alluded to. The crystals are mem- 
a crystallisable proteid, often spoken of as an | branelcss, doubly refracting, and the proteid of 
albumin, but which has since been shown to which they consist has all the reactions of 
consist of a globulin (vitellin). Theso crystals I vitellin prepared from yolk of egg. This vitellin 
were first observed by Hartig {Dotan. Zeitung, ! was found to be free from nuclein and leciUiin, 
1885,881). Maschke obtained crystals from Para I and may be regarded as the purest globulin yet 
nuts by extracting them with water at 50° ; the j known. Elementary analysis gave C 62’43, 
crystals formed on evaporating this extract at | H 7T2, N 18*1, S 0 55 p.o. (For further ana- 
the same temperature {J. pr. 74,430). Similar 1 lysos of vegetable proteids see Barbidre, J. pr. 
crystals hare been obtained by Schmiedeberg ' 126,114.) 

{H. 1, 205), by Dreohscl (/. pr. [2] 19, 331), | Class III., Veobtablb ALBUUtNATSS.—legn. 
Bitthauson («!. pr. 181, 481). 0. Grubler ob-1 min and congintin. Legumin, or vegetable 
tained octahedral crystals from pumpkin seeds casein, was discovered by Einhof in 1805, and 
and castor-oil seeds by cooling to 7*^ a sodium | called by him v6g6to-animalo {N. allgem. J. D. 
chloride extract of the seeds made at 70° (/.jir.: Ch. v.; A. Oehlen, vi. 126, 548), in peas, 
131,105). The aleurone grains of plants have beans, and lentils. Proust, H. Vogel, BouUay, 
been investigated by S. H. Vines (Pr. 30, 387; Braconnot, and Liebig considered it to ^ 
31,62); in the peony, castor-oil plant, blue lupin, identical with the casein of milk. Dumas and 
amt many other plants. Vines found that the Gahours found that it contained less carbon and 
grains are either wholly or partially composed of more nitrogen than casein (Gerhardt, TraiU, 4, 
proteidfi.and classifies &em according to whether 491). The composition and properties of tbit 

(1) they are soluble in water, in which case they proteid have been more recently studied by 
consist of vegetable peptone or hemi-albumose, Rittbausen. 3e prepared it by extracting pul- 

(2) soluble in 10 p.o. sodium chloride solution, verised peas, beans, lentils, and vetches ^th 
t&d(8)partlallysolubleml0p.o.sodiumobloridd dilute akali> precipitating the strained li^iii4 
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with acetlo acid, washing the precipitate 
with alcohol on a filter, and finally drying over 
Bolphurio acid. It dissolves both in cold and 
boiling water; on analysis the following per¬ 
centages were obtained : From peas, lentils, 
vetches, and field beans — C 51*48 ; H 7*02; 
N 16*77 ; O 21*32 ; S 0 40. From garden 
beans—0 61*48; H 6*92; N 41*71; 0 20*35; 

B 0*45. Treated with sulphuric acid it yields 
leucine, tyrosine, glutamic, and aspartic acids. 
The legumin of almonds and lupines, called by 
liittbausen conglutin, is richer in nitrogen, more 
glutinous, and more soluble in acetic acid (Uitt- 
hausen, /. pr. 103; 05, 78, 193. 273; [‘JJ 20, 
several papers; Z, [2] iv. 528, 541; vi. 120; 
Om. xviii. 427,437). Legumin differing slightly 
in properties and composition has been prepared 
from many other sources. 

In spite, however, of the vast amount of 
work which has been done on this subject, and 
which is only briefly alluded to in the foregoing 
paragraph, the existence of this substance is 
now pretty generally denied. Fresh seeds or 
vegetable tissues and juices contain no proleids 
of the casein or albuminate group, and all the 
substances hitlierto designated plant casein aro I 
artificial products produced by the alkali used 
to extract them from the various globulins 
and albumins which exist there normally 
(Hoppe-Scyler, Plujsiol. Chemie, Theil i. 75). 
Although liittbausen defends his views {G. 0. 
1877, 5G7, 5SG) on the ground chiefly of the 
concordance of numerous elementary analyses, 
the recent work of Vines, Green, and Martin 
confirms Hoppe-Seyler’s statement. For proteids 
of oats see Osborne, Am. 13, 327, 385; 14, 212 ; 
of maize, Osborne a. Chittenden, ibid, 13, 153, ! 
529 ; 14, 20 ; of flax, Osborne, ibid. 14, No. 8. I 

Class IV.— Veoetable raoTEosKS. — These ! 
were first described by Vines (he.) in alourono 
grains, and spoken of as heini albuiuose by > 
him. They were previously regarded as pep¬ 
tones. Martin {J. Physiol. 6, 33G) has given 
the name phytalbumoso to these substances. 
In papaw juice he found two phytalbumoses : 
a - phytalbumose, with which the fcrnioiit 
papain is associated ; this resembles tlte 
proto - albumose of Kiihno a. Chittenden, but 
differs from it in the fact that copper sul¬ 
phate and saturation with sodium chloride do 
not precipitate it; fi-phytalbumose, which re¬ 
sembles hctcro-albumose, except that it is not 
precipitated by dialysing out the salts from its 
solutions, nor by copper sulpliate, nor by mer¬ 
curic chloride. Green (Pr. 40,28) has described 
an albumose in latex; and Martin has found 
another albumose—tnso/u&fe phytalbumose—in 
wheaten flour (Prit. Msd. Jour. 1886, 2,104; see 
also under Gluten). 

Class V. — Vegetable peptones, — True 
peptone does not apparently exist as sacb in 
vegetable tissue; as the result of peptic or pan¬ 
creatic digestion, however, peptones are formed 
with intermediate products (proteoses), as in 
the case of animal proteids. Some, moreover, 
are farther acted on yielding leucine and tyrosine. 
It is interesting to notice that in the digestion of 
the proteids of papaw juice by pap^, a pro- 
ieolytio ferment present in that juice, no true 
peptones, but only phytalbumoses, are formed, 
npaln, however, wUch aoti UU trypsin best in 

Vm TV 


an alkaline medlam, forms true peptones with 
animal proteids (Martin, J. Physiol. 5, 6, 

336). For fermmitB in pineapple juice see 
Chittenden, Trans. ConnscHcut Acad. 6, 1. It 
appears probable that such ferments are wide¬ 
spread in the vegetable kingdom to convert the 
protcid of the cotyledons into peptone-like sub¬ 
stances, and 80 render it available for food in the 
growing plant. 

Class VI.— Insoluble veoetable pnoTRina.— 
Gluten. This is the most import.ant of the 
vegetable prdteids which fulls under this head. 
\Vhen wheat flour is mado into a paste its 
stickiness is due to tho presence of gluten, which 
can be obtained free from stiirch by washing the 
paste with water; this is most conveniently 
done by kneading the paste iu a muslin bag 
under running water. Gluten is tenacious, 
almost tasteless, of a light browiiisli-groy colour; 
on being burnt it omits tho smell of burnt horn, 
andfOn destructive distillation yields the same 
products as animal proteids. It dissolves in 
strong acids and alkalis; it als^ dissolves, but 
very slowly, in 0*2 p.c. hydrochloric acid 
(Bouchardat, C. 11. 14, 962). Gluten has been 
stated to possess nmylolytio powers, converting 
Btarcli first into dextrin and then into dextrose. 
Taddci {Oiomale Jisica di Bru^naUUit 12, 360) 
first showed that gluten consists of two sub- 
sfancoa—one soluble, tho other insoluble in 
alcohol, llitthausen called tho part insoluble 
in alcohol vegetable fibrin, and tho port soluble 
in alcohol, and to which the stickiness of the 
gluten is due, he subdivided into two substances, 
miicedin or vegetable mucin, and glulin, gliadin 
or vegetable gelatin. I'hese aro extracted with 
boiling alcohol of 70-80 p.o. This extract 
becomes turbid on cooling, and after half tho 
alcohol has been distilled off inucedin is de¬ 
posited in flocculi. It may bo purified by re¬ 
dissolving it in hot alcohol, and ro-preoipitating 
by cooling. Tho gliadin remains in solution in 
cold alcohol. Mucedin is soluble in cold dilute 
acetic acid, but when precipitated from this 
solution by ammonia, or left in contact with or 
boiled with water or dilute alcohol, it is con¬ 
verted into an insoluble substance like fibrin. 
Gliadin forms a solution in alcohol which re¬ 
sembles varnish; on evaporating the alcohol it 
is obtained in a form resembling animal gelatin. 
It is more soluble in hut than cold water, and is 
precipitated by tannic acid, basic load acetate, 
and mercuric chloride. The analyses of crude 
gluten, and of glutin, give approximately the 
same percentage composition as other proteids 
(llitthausen, J. pr. 74,193, 384). 

Gunsberg {J. pr. 85,213) regards mueodin as 
consisting simply of fragments of suspended 
fibrin; he states that gliadin is also not a distinct 
proximate principle, for cold water extracts from 
it a brown substance containing nitrogen and 
sulphur, and the residue has nearly the same 
composition as animal gelatin. Martin {Brit, 
Med. Jour. 1886, 2,104) has shown that gluten 
does not exist in flonr as such, but is formed by 
^0 action of water (perhaps also by a ferment 
action) on the proteids pre-existent in the flour. 
The doctrine of a ferment action is supported by 
the fact that washing flour water at a iovf 
temperature (2^G.) does not lead to the forma¬ 
tion of gluten, dohanusen {Ann. Agronom. 14, 
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420) has advancad evideoM against the fennent 
theory. Gluten is insoluble in cold water, and 
in 10 to 15 p.o. sodium chloride solution. It 
dissolves partially in alcohol and in boiling water. 
Both these extracts contain the same sabstance, 
which is an albumose (insoluble phytalbumose), 
and it corresponds to Bitthausen’s muoedin and 
gUadin. The insoluble residue, which is not 
sticky, may still be called gluten fibrin, and it is 
soluble in 0*2 per cent, hydrochloric acid. Tho 
flour itself contains two proteids: (1) A myosin 
coa^lating between 65^ and 60^ precipitated by 
sodium chloride and magnesium sulphate; end 
^2) a soluble phy talbumosc. Both can be extracted 
from floor by 10-15 p.c. sodium chloride solution. 
They are considered to be the precursors of 
gluten, according to the following scheme: 

(Gluten-fibrin—precursor: myosin 
uiumi 1 ftlbumoee - precursor :eoluble albumose 


The more wheaten flour has been extracted 
with a 10 or 15 p.o. sodium chloride solution 
the less is the yield of gluten when it is subse¬ 
quently treated with water. 

The proportion of gluten in wheat flour 
varies considerably according to climate, soil, 
temperature, dc.; the best flour containing 
10-11 p.o., inferior kinds 8-9 p.o. In the 
moist state gluten weighs about three times as 
much as when dry. The flours of barley, rye, 
and oats contain only a trace of glia^n, or 
albumose, as it may cow be regarded; hence 
these flours, containing mostly gluten^fibrin or its 
precursor, cannot be made into such a sticky 
paste as can be made with wheat flour. Gliadin 
also does not exist in leguminous seeds; it is 
said to be present in the juico of the grape and 
other fniits, and is held in solution there by 
tartaric or other vegetable acids. 

Appendix A.— Proteids in urine* Kormal 
urine contains no proteid. The chief facts con* 
cerning proteids in morbid mine are treated fully 
in medical works (MacMunn’s CZtn. Chan, of 
Urine, Halliburton’s Chem. Physiol,), but may 
be here briefly summarised as follows: 

When urine contains blood (which may be 
detected by the microscope or spectroscope) or 
pus (which may be also detected mioroscopioally), 
it of necessity contains a certain amount of 
proteid derived from these contaminations. In 
paroxvsmal hemoglobinuria, the urine may con¬ 
tain hemoglobin or methemoglobin indepen¬ 
dently of the presence of blood corpuscles. In 
the various forms of Bright's disease, the un¬ 
healthy kidney allows the proteids of the blood 
to difluse into the urine, the most common 
and abundant being serum albumin. Serum 
globulin is usually also present, and is recog¬ 
nised by the fact that saturation with magnesium 
sulphate in the neutralised urine precipitates it 
(A. Ott, C* 0. 1886,54(B. A crystalline globulin 
was found in urine by Baton, Lab. Rep. B. ColU 
Phys. Edin. 4,47. 

OUnioal observers do not as a rule attempt to 
distioguiih, however, between the various forms 
of proteid that occur in urine, but speak of them 
all under the name of albumin. The most com* 
monlv applied tests for ite detection are :'~(1) To 
boil the upper part of a test tube full of urine;' 
any oloudmess produced is then seen in contrast 
to the clear urine below. If any precipitate 
ooours it if insoluble in acetic add, so £stio> 


guisfaing it from phosphates. If the nrine If 
neutral or alkaline it is necessary always to 
acidify with acetic acid either before or after 
boiling, in order to obtain a precipitate. The 
clinical method of estimating the proteid qnantl* 
tativeiy has been already described. (2) Nitrie 
acid causes a precipitate in the cold. If urine 
contains but little proteid, it may be detected by 
pouring the urine on to the surface of some 
nitric acid in a narrow test tube, the ring of 
precipitate at tho junction of the two liquid is 
then clearly seen (Heller). The difficulty of 
carrying nitric acid about has led to the adop¬ 
tion more recently of methods in which test 
papers saturated with various reagents, picric 
acid, potassio-merourio iodide, Ac., are added to 
the urine. A committee of the Clinical Society 
have recently presented a report in which the 
relative advantages of various methods of detect¬ 
ing albumin in urine are discussed {Clin. 8oc, 
Trans. 19, 339). They have investigated Hr. 
Oliver's test papers just mentioned; Dr. Pavy'g 
pellets of oitrio acid and potassium ferrocyanide; 
Dr. Johnson’s picric acid solution; Sir W. 
Boberts’s acid brine test; acetic acid and boiling 
nitric acid; and a solution of potassio-mercurio 
iodide with citric acid. The last named is the 
most delicate reagent in the list; the test papers 
and pellets are not so delicate but are more con¬ 
venient; the picric aoid test has the advantage 
of being also applicable for recognising (after the 
addition of potash) sugar as well as albumin. 

Besides albumin and globulin in urine, other 
proteids may sometimes occur; viz. (1) egg al¬ 
bumin—this occurs after a very large ingestion 
of eggs as food; (2) Bence-Jones albumin, to 
called after its first observer, has been shown to 
be a form of hemi-albumose—it occurs in cases 
of osteomalacia; (3) peptones or deutero-albu- 
mose occurs in many suppurative diseases, and 
doubtless originates from the disintegration of 
pus cells; (4) casein has been stated to occur in 
chylous urine, but there are considerable doubts 
as to the accuracy of this statement; (5) mucin 
occurs not only in suspension in the mucus from 
the urinary tract, but it appears to be occa¬ 
sionally present dissolved in the nrine—it is 
precipitable therefrom by acetio acid. It is pro¬ 
bably not true mucin, but a nuclco-albumin. 

AwendixB.— Proteids (M poisons. For effects 
on blood pressure, dto., of albumoses and peptones, 
V. Pollitzer, J. Physiol. 7,283. The poison of 
venomous snakes has also been shown to depend 
on the proteids contained therein (Weir Mitchell), 
and not to any alkaloid, ptomaine, or oobrio Mid 
(W. Blytb, An. 1, 204) Wolfenden has sepa- 
rated a globulin, albumin, syntonin, and alba- 
mose from the venom of the cobra and daboia; 
for the action of these v. J. Physiol. 7,827; see 
also Eanthack, ibid. 13, 272. The poisonons 
principle abrin of Abrus or Jequirity is also 
proteid (Martin, Pr. 42, 831). The subject of 
proteid poisons has recently risen into pro¬ 
minence, as it is found that the micro-organisms 
of many diseases produce these toxadbumoses. 
Koch’s tuberculin owes its Mtivity to similar 
substances. The poisons produced in anthrax, 
diphtheria, Ac., are also proteid in nature. For 
references see Halliburton’s Ch$m. Physiol. Ger¬ 
man translation; Martin, Brit. Med. Joumdit 
March and April 1892. On the other ha&di 
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eariain proteiii (globolint or nooleo-albtbnms) the oonTenion of bidof into leather ii brought 
are protootive and destroy miorO'Orgaalsms. about. 

They are termed alexines by Daremberg, Buob« SohUtzenberger and Bourgeois ascribe to 
ner, and Haukiu. For Eankin’s most re- gelatin the formula Hofmoister 

cent paper, see Centr. Bacteriol. 12, Nos. 22 (H. 2, 315} 0ods that by heating gelatin it loses 
and 23. water, and is converted into collagen, which he 

Appendix 0.— Albuminoids. The term ‘ah therefore considers an anhydride of gelatin; his 
buminoid’ is still used by some synonymously formula for gelatin is C|«.Jl|^,N„Og0. 
with proteid; it will be here restricted to a By the action of boiling water, gelatin loses 
number of substances which resemble protcids after 25 hours its power of gelatinising, and it is 
in many points, but which differ from them in split up into two peptono-Iike bodies, seinighttin 
others. (sparingly soluble in 70-80 p.c. alcohol and pre* 

Collagen. This is the substance of which cipitated by platinum tetrachloride) and hemi- 
the white fibres of connective tissue are com- collin (soluble in 70-80 p.c. alcoliol, not pro¬ 
posed, and which by the action of boiling water ■ cipitated by platinum tetrachloride). Similar 
is converted into gelatin. Collagen is prepared | substances are formed by the action of the 
from tendons by Rollctt’s process os follows: the \ peptic or pancreatic ferment, but ultimately 
finely-divided tissue is soaked in water to remove | true gelatin peptones (not precipitable by satura- 
protcids, and then for some days in lime water tion with ammonium sulphate), leucine, glyco- 
to dissolve the mucin-bolding cementing sub- cine, and volatile huty acids are formed. (The 
stance between the fibres. The insoluble matter foregoing account of gelatin is very largely 
is washed first with water, then with weakaoctio ! takcn*from Gamgee's Physiol* Chem*, p. 252.) 
acid, and then again with water. The residue | Many bacteria liquefy gelatine. On digestion of 
consists of collagen, mixed, however, with small ' gelatin see Chittenden, J. Physiol. 12, 23, 34. 
quantities of eiastin and nuclein. With very i Tl)o most recent work on the decomposition 
dilute acids or alkalis collagen swells and be- ' products of gelatin has been done by Bchiitzen- 
comes transparent. | berger. On lieuting gelatin at 200^^ with barium 

The organic material which composes one- i hydroxide, one-lifth of the total nitrogen is con- 
third of the substance of bone consists mainly i verted into ammonia; carbonic and oxalic acids 
of a substance identical with collagen, and which lore also formed, these products being in the 


has been termed ossein by some writers. Tlie 
organic basis of dentine (but not of the enamel 
of tooth) is also collagenous. 

Gelatin, When the wliite fibres are subjected 
to the action of boiling water, or of water heated 


ratio of the products of decomposition of urea 
and oxaaiido. The other products are amido- 
acids of the acetic series, the most important 
being glycocine, alanine, amido-butyrio acid and 
leucine, and acids of an homologous series 


under pressure, as in a Papin's digester, or to the 
long-continued action of dilute acids at the or¬ 
dinary temperature, they dissolve, and the solu¬ 
tion contains a substance called gelatin. Gelatin 
may be similarly prepared from bones. Isin¬ 
glass is gelatin prepared from the swimming 
bladder of the sturgeon; an inferior kind is 
made from fish bones. Glue is the crude pro¬ 
duct obtained by boiling down hides, bones, &g. 

M. Ure, Dictionary of Ar/s, cCc., [2] J24, 37C). 

'ure gelatin is prepared from commercial gela¬ 
tin by soaking the latter in distilled water for 
some days to remove salts; it is then dissolved 
in hot distilled water, and filtered while hot into 
90 p.c. alcohol. The gelatin separates in the 
form of white thready masses, which can be 
subsequently dried. Thus prepared it contains 
only 0*6 p.c. of ash. 

Gelatin is insoluble in cold, but soluble in hot 
water; on cooling the hot watery solution it 
seU into a Jelly (gelatinises); this property is 
poBsessed by solutions as weak as 1 p.o., it is 
lost by prolonged boiling, orinstanGyby heating 
to 140^ in sealed tubes. Gelatin is insoluble in 
idcohbl, ether, and chloroform. Aqueous solu¬ 
tions are powerfully lievorotatory, the rotatory 
power being influenced by the temperature and 
reaction of solution; at 30®[a]»- -130 (Hoppe- 
Seyier). Gelatin is not precipitated by acetic 
acid nor by a solution of lead acetate; it may be 
thus distinguished from chondrin. It is not 
precipitated by acetic acid and potassium ferro- 
cyanide, nor by the majority of metallic salts 
which precipitate proteids. Tannic acid even 
la very ^Inte solnltons precipitates it; it is on 
the formation of tb^ iast-n«med preci^tate that 


the value of n varying from 8 to 10. 
These latter acids are diflicult to isolate; at 
100°-120° they are converted into anhydrides; 
they do not yield derivatives with acetic an¬ 
hydride, but with ethyl iodide in the presence of 
au alkali they yield di-ethyl derivatives. The 
general results lead to the conclusion that 
gelatin is formed by the combination with 
elimination of water of 1 mol. urea or oxamide 
with 2 groups Cnll^xN^^O, and 4 groups 
^ being 2, 3, 4, or 6, with a mean 
value of 3*5 (v. Schutzenberger a. Bourgeois, 
C. R. 82, 2G2; Schutzenberger, C. R. 102,1296) 
Both gelatin and albumin yield on treatment 
with alcoholic hydrochloric acid a diazo- com- 
: pound CjHjN-P, (Buchner a. Curtius, 71. 19,850) 
The question of the part played by gelatin, 
I which is on casily-digestible substance in nutri- 
j tion, is very important practically, jellies es¬ 
pecially being given to invalids. The question 
was first investigated by J. Etzinger {N. R. P» 
23, 635), and subsequently by Voit {Z. B. 8, 
297). Voit’s chief result showed tliat gelatin 
will not entirely replace proteids, but that 
animals rapidly waste which are fed on it alone, 
but, in conjunction with a certain small amount 
of proteid, it is capable oi maintaining nitro¬ 
genous equilibrium as well as if the only nitro¬ 
genous food taken was proteid in nature. These 
results have been since veiy generallyconfirmed 
(v. S. Pollitzer, Pf. 37,301). Voit distinguishes 
between circulating and organic albumin *, gelatin 
^n never yield the latter, but it may replace the 
former in so far as it prevents the conversion of 
organic into circulating albumin. Gelatin also 
dimi^shes the waate of fot in the body. 
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Mueitt. This body forms the ohief con* 
sUtnent of the ground substance of connective 
tissue, the other organic constituent being a 
globulin very like serum globulin. Mucin is es¬ 
pecially abundant in the * jelly like' tissue of 
the umbilical cord, and in the vitreous humour. 
The oemcnt-substance of epithelia behaves 
similarly to microscopic reagents (especially 
silver nitrate, by which it is stained brown owing 
to a deposit of metallio silver), and is probably 
of the same chemical nature as the ground sub¬ 
stance of connective tissue; both*'are soluble in 
alkalis. Mucin forms the chief constituent of 
mucus, and gives the sliminess to the secretion 
of mucous membranes. In mucus it is suspended 
in an alkaline exudation from the blood and 
mixed with the dAbris of epithelium cells, and a 
few white blood corpuscles. The mucin itself is 
here formed by the protoplasm of curtain cells 
of the epithelium becoming laltered, so that it 
becomes swollen and brightly refracting,; the 
globule of mucin so formed is discharged, leaving 
a so-called goblet cell. In mucous glands, such 
as the submaxillary salivary gland, a very 
similar replacement of protoplasm by mucin (or 
mucigen, as it is called when inside the secreting 
cells) takes place. Mucin is also largely con¬ 
tained in the surface secretion of several inver¬ 
tebrate animals, 6 . 0 . the snail. Mucin is con¬ 
tained in submaxillary saliva; the motalbumin 
and paralbumin (g. v.) of ovarian cysts is a very 
similar substance. The substance which confers 
sliminess to tho bile and the synovial duid, 
formerly considered to be mucin, lias been shown 
to consist of a nucleo-albumin (q. v.). 

The methods of preparation of mucin from 
its various sources diilcr; from tendon (o. 
Bollett, Sitz. W. 30,308; Lobisch, H. 10,40); from 
Bubmaxillary gland (Obolensky, P/. 4,330; Ilara- 
marsten, H. 12, 103); from bile (Gautier, 
Chimie AppliquAe d la MAdccine, 2, 120 ; Paij- 
kull, a. 12, lOG). Eichwald, Hammarsten, and 
others have prepared it from snails (P/. 30,373), 
and Oiacosa {IT. 7, 40) from tho membranes of 
frog's eggs. These methods depend upon the 
fact that mucin is soluble in weak alkalis, e.g, 
lime water or dilute baryta water, and can be 
precipitated from this solution by acetic acid, in 
excess of which it is not soluble. Hammarsten 
finds, however, that submaxillary mucin is easily 
decomposed by lime water and similar weak 
alkaline fiuids; he, tlierefore, uses water to ex¬ 
tract the mucin. Hammarsten has sho\vn that 
oonaiderable differences exist in mucin according 
to its origin; this was previously suspected from 
the divergencies in elementary composition. 
Tendon mucin (0,48*3; H, 6-44; N, 11’75; 8, 
0*81 p.c., Loebisoh) and submaxillary mucin 
(C. 48-84; H, 0*8; N, 12-32; S, 0*8, Hammarsten) 
ore very much alike in elementary composition, 
but differ in their reactions; e.g. tendon mucin is 
not easily decomposed by weak alkalis, nor is 
it so easily soluble in weak bydrochlorio acid as 
submaxillary mucin. These forms of mucin 
difier still more from those obtained from Helix 
pomatia ; Hammarsten, indeed, has shown that 
two distinct varieties of mucin, from the foot 
and mantle respectively, can be obtained from 
this snail. 

Mucin gives the xanthoproteic, Millon’g, and 
the Adamkieewioz reactions; it is precipitated, 


bat not rendered Insoluble, by sainratlon with 
sodium chloride or magnesium sulphate, and by 
alcohol. It is precipitated by acetate of lead, but 
by no other metallio salt (except the submaxil¬ 
lary mucin, which is precipitated by several), 
it is not precipitated by tannic acid nor by 
boiling; acetic acid gives a characteristic stringy 
precipitate. Mucin yields, when boiled with 
strong sulphuric acid, leucine and tyrosine, 
and when boiled with caustic soda pyrocatechin 
(Obolonsky). When boiled with dilute sulphuric 
acid for a few hours, mucin yields a reducing 
sugar, but one which is not capable of the 
alcoholic fermentation, and albumin is also 
formed. Landwchr regards mucin as a com¬ 
pound of a proteid and a non-reducing carbo¬ 
hydrate (C,^H,„0*) which has most of the pro¬ 
perties of plant gum; ho calls it animal gum 
(Pf. 8V, 193). At one time this carbohydrate 
was regarded as a variety of glycogen which 
*gavo no colour with iodine (achrooglycogcn). 

Met-albumin and paralbumin. These two 
proteid-liko substances are fairly constantly 
found in tho fluids removed from ovarian cysts 
(Scherer), and occur occasionally in other oysts 
and in ascitic fluid also. Metalbumin is a form 
of mucin (pseudomucin); paralbumin differs 
from metalbumin by giving a precipitate when 
it is boiled; it is probably a mixture of pseudo¬ 
mucin with albumin, and can indeed be prepared 
by mixing these two substances. Both yield re¬ 
ducing sugars when boiled, and both contain 
animal gum (D. Hammarsten, Maly's Jahresh. 
11, 11; Landwchr, H. 8, 114; Pf. 39, 193; 
Ocrum, Maly's Jahrsb. 14, 459). 

Kuoleia. This is the name given to the sub¬ 
stance which composes the nuclei of cells. It 
was prepared by Lauder Brunton from the red 
blood corpuscles of birds and snakes; tho nuclei 
were freed from adhering stroma and haemo¬ 
globin by repeated agitation with ether and 
water (Jotim. of Anat. a^td Physiol. 2nd series, 3 
91). Nuclein resembles mucin in its solubilities. 
Plosz found, however, that it contained phos¬ 
phorus (Hoppc-Seyler, Med. Chem. Vnter- 
stichungenf Heft 4, 4C0), and considered it was 
identical with the nuclein which Miescher 
separated from the nuclei of white corpuscles 
{ibid.). Miescher separated the nuclein from 
the other constituents of the ceils by subjecting 
them to artificial gastric digestion, nuclein, like 
mucin, being indigestible by pepsin. Miescher 
ascribes to ittheforraulaCa,H,flNgP,Oa. Nuclein 
has also been separated from the brain (J^seh, 
Pf. 13, 400) to the amount of 0*14 p.o. 
(Qeoghegan, H. 1, 330),and from the liver; it is 
probably present in all parts where nucleated 
cells occur. Miescher has also described nuclein 
as occurring in the yolk of hens’ eggs; it has also 
been described in milk. A. Kossel (H. 10, 248) 
has shown that the nuclein of yolk and milk 
differ from that of cell nuclei in containing iron, 
and by not yielding guanine and hypoxanthine 
when decomposed at a high temperature by 
weak acids. Adenine OsH^N, is described by 
Kossel SB being an intermediate prodoct between 
cell nuclein and hypoxantliine. Nuclein la 
present in vegetable cells also, and adenine can 
also be obtained from this. It is present in 
feast (Hoppe-Sefier) and mildevr; in tea leaves 
(Eossel}, in poppf, earth na^ ra^ and cotton 
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dike; also !a palm snt, bnt the proportion P:N 
is different in the nuolein prepared from this 
source {Klingenberg a. A. Stutzer, B. C. 1883, 
204). Mieacher’s formula for nuclein must, 
indeed, be received with caution; there are 
eitbersevoral varieticsof nuclein—for olenicntarj 
analyses show groat discrepancies-or else, as 
Worm Miiller (Pf. 8, JOO) supposes, it is no 
definite chemical individual, but the different 
nucleins are mixtures of an organic phosphorus 
compound with varying quantities of protcids. 
Itecent work on nuclein has shown that this 
phosphorus compound is nucleic acid (Altmann, 
Arch. /. Anat. u. Fhys. 1888. 524), For arti* 
ficial nuclein mado by adding phosphoric acid 
to albumin see Liebcrmann, B. 21, 528; Pohl, 
H. 13,292; Maifatti, B. d. Natnrwiss. Med. Ver, 
Innsbruck, 1821-2; Kossel, Verh. idiysiol. Gcs. 
13orlin, Oct. 21,1822. See also numerous papers 
by Kossel, Kriigcr, and others on adenine and 
nuclein bases in last few volumes of H. For 
iron compounds of nuclein see Bunge’s Physiol. 
Chem. This hicmatogon is probably the normal 
iron-containing food. The cliromatiu and plastin 
of histologists are respectively phosphorus-rich 
and phosphorus-poor nucleins. For iron in the 
nucleus SCO Macallum, P. 49, 488. 

Kucleo-proteida. Nucleo albumin. E. Merck 
(jD, P. J. 2G1, 31C) calls nucleo-proteids sub¬ 
stances whici», when boiled with water under 
pressure or treated with acids, alkalis, or fer¬ 
ments, arc resolved into nuclein and albumin; 
for instance, vitcllin and casein {v. also Lubavin, 
Uoppo-Seyler, Med. Chem. Vnters. p. 447), Hum- 
marsten gives the name nuchio-albumin to a class 
of protcid-Uko bodies wliicli aro very like globu¬ 
lins, being precipitated froin their solutions by 
saturation with sodium chloride or magnesium 
sulphate; they are also precipitated by acetic 
acid, but, unlike mucin, are soluble in excess. 
On gastric digestion of a clear solution, an in* 
soluble phospliorus-containing substance, like 
nuclein, is formed. Many nuclco-albumiiis have 
the physical characters of mucin, and the sliiiii- 
ness of bile and synovia is due to such bodies 
(Hammorsten, II. 12, 173, on synovia; Maly's 
Jahrsber. 12,1882, on bile-mucin ; Paijkull 'i/. 
12, 19C). The chief protcid constituent of all 
protoplasm is nuclco-albumin (Halliburton’s 
Goulstonian Lectures, Brit. Med. Joum., March 
1893). Wooldridge’s tissue fibrinogens are also 
nuoleo-ttlburains (for ref. sco above lectures). 

Chondrin. This is the substance obtained 
from cartilage by boiling; the mother substance 
of chondrin in the matrix of the cartilage is 
termed chondrigen. Hot aqueous solutions of 
chondrin gelatinise on cooling like those of 
gelatin. Aqueous solutions aro precipitated by 
the same reagents that precipitate solutions of 
gelatin and of mucin. It is strongly iievorotatory; 
its rotatory power in solutions of different 
strengths has been studied by de Bary {Med. 
Ch£m. Vnters. i. 71). Very great discrepancies 
exist between the results of various analvsea 
(see table comparing analyses by Mulder, 
Fischer a. Bddecker, Schutzenberger a. Boor- 
geois, and v. Mehring in Oamgee’s Physiol. 
Chem. p. 270), hence considerable doubts have 
been entertained of its being a chemical in¬ 
dividual. It gives the reactions both of mucia 
Asd gelatin; on being boiled with dilate acids it 


yields a Isvogyrate redacing sugar, called by de 
Bary ehoudriglucose (v. also Fischer a. 
Bddecker, A, 117, 111), but is now regarded as 
identical with that obtained from mucin, Land- 
wehr considering that animal gum is contained 
in chondrin as in mucin (P/.S2, 204, 40). Moro* 
chowitz was tiio first to arrive at the conclusion 
tiiat chondrin is a mixture of gelatin and mucin 
{Verhandl.d.naturhisU mcd. Vereinszu HeideU 
berg, 1, fleft 5); mucin can be extracted from it 
with lime or Uaryta water, and pure gelatin is 
left behind. On this assumption chondrigen <» 
collagen + mucin. It must, however, bo men¬ 
tioned, in opposition to this view, that Hoppe- 
Seyler {J. 2 >r. 5(J, 122) and Otto {Z. [2] 4, 028) 
state that on treating cliondrin witii dilute sul¬ 
phuric acid it yields leucine, but no tyrosine or 
glycosine. Tho most recent work on chondrin 
shows that it is chondroitic acid rather than 
mucin which is present (C. T. Mdrner, H. 12, 
320; ’Skand, Arch. Physiol. 1,210; Krukenborg, 
^i.D. 20, 307; Schmiedeborg, Arch. exp. 

Pharm. 1891, 355), 

Blastin. Tltis subslanco is the very insoluble 
material of wliicli the elastic fibres of connective 
tissue are composed. It may bo prepared from 
the ligamcnium nnchfe by boiling it with ether 
and alcohol to remove fatty matters, then for 36 
honra witli water to remove the collagen. Tho 
residue is boiled with strong acetic acid, and 
afterwards with concentrated caustic soda till 
the fibres begin to swell; it is then treated with 
weak acetic acid, water, and lastly for 24 hours 
with iiydrochloric acid. Tho acid is removed by 
washing with water, and tho rc.siduo has still all 
the characters of fresh elastic tissue, and has tho 
following percentage composition: C, 55‘45 ; H, 
7-41; N, lG-12 ; 0.20*82 (Miiller, Zeit.f. Nat. Med. 
3,10, licft 2). For recent analyses see Chitten¬ 
den, B. 25, 308. 

Filastin is not soluble in any liquid which 
docs not decompose it. It is soluble in boiling 
concentrated caustic potash, in concentrated 
nitric and sulpliuric acids. It is digestible by 
both pepsin and trypsin; the former ferment 
being the more active (A. Ewald a. W. KUhne, 
Die Verdauung als histol. Methode). Peptones 
are ultimately formed; there are also inter- 
mediuto bodies of the nature of albumoscs 
(llorbaczQwski, C. C. 1885, 84.3). Elastiu when 
treated with sulphuric acid yields louciae but 
no tyrosine. 

Keratin. This substance replaces the proto- 
pla.sm in the cells of certain epidermal structures, 
viz. the Bupcrficial layer of the epidermis itself, 

' n.iils, horns, hoofs, feathers, and the cuticle and 
fibrous substance of hairs. It is prepared by 
successively boiling tho tissue with ether, alco¬ 
hol, water, and dilute acids; tho insoluble resi 
due is keratin. 

Subjected to the prolonged action of water 
under pressure at 150°>200° it yields a turbid 
solution. It is also dissolved by boiling with 
alkalis, and on the addition of acids to this solu¬ 
tion sulphuretted hydrogen is given off, the sul¬ 
phur in keratin, which varies considerably in 
amount, being very loosely combined. Horn 
swells in dilute acetic acid, dissolves in boiling 
glacial acetic acid, and in nitrio acid; it yields 
aspartic acid, volatile fatty acids, leucine and 
tyrosine when boiled with dOntA —J-* - 
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wbea burnt it gives off a cbaracterisUo smell. 
The following are the chief analyses that have 
been made (Hoppe-Seyier, Physiol. Chem.. Th. 
1, p. 90) j- 


- 

Hair 
(v. Laor) 

Nails 

(Mulder) 

Horn 

(Tiliiuus) 

Hoof 

(Mulder) 

0 

60-60 

61-00 

61-03 

61-41 

H 

6-36 

6-94 

6-80 

6-96 

N 

17-14 

17-51 

16-24 

17-46 

0 

20-85 

21-76 

22-51 

19-49 

s 

6-00 

2-80 

3-42 
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Heurokeratin. This is a substance which 
forms an irregular framework in the medullary 
sheath of nerve fibres, which resembles keratin 
in its general behaviour, but differs from it in 
being less easily soluble in boiling solutions of 
caustic potash (Ewald a. Kuhne, Verhandl. d. 
naturhiat. med. Vereins zu Heidelberg. Vol. i. 
Heft 6; Kiihne a. Chittenden, Z.B. 26, 291). 
This substancS is interesting, as both the epi> 
dermis and the nervous system are derived from 
the epiblast of the embryo. 

Ohitin. This substance forms the chief con* 
■tituent of the skeletal octodcrmal tissues of in* 
vertebrate animals, especially arthropoda. A 
list of situations in which it has been described 
is given in Gamgee’s Physiol, Chem. p. 299; to 
these must be added the pen of cuttlefishes (Kru* 
kenberg), the cartilages and other mesodermal 
tissues of sepia and the king-crab (Halliburton, 
Pr. 88, 76). In Crustacea it is often impreg¬ 
nated with calcareous matter, and in the odon- 
tophore of molluscs with silica. It is prepared 
from the wing-cases or shells by boiling them 
with.cauBtic soda. The ohitin remains Insoluble. 
It may be dissolved in cold concentrated hydro¬ 
chloric acid, and the solution precipitated by the 
addition of water. It is colourlQss, amorphous, 
insoluble in water, alcohol, ether, acetic acid, 
dilute mineral acids, and solutions of the alka¬ 
lis. It is dissolved by concentrated mineral 
acids. (On the solubilities of ohitin v. Kruken- 
berg, Z. B. 22,480.) 

The formula for chitin is (Led- 

derhose, H. 2, 213; 4, 139). Berthelot (0. R. 
47, 227) stated that it yields a fermentable sugar 
on boiling it with sulphuric acid; and Saiidwick 
consider^ it to be an amine derivative of a 
carbohydrate with the formula N(C,2Ha,0,o). 
Ledderhose showed, however, that the reducing 
substance is a nitrogenous body, glucosamine; 
and when ohitin is heated with acids it takes up 
the elements of water, and yields glucosamine 
and acetic acid, 

20„Ha,N,0,. + 6H,0 =* 4C«H„NO, + 2aH A- 
Olucosamiue is an amido- derivative of grape 
sugar (OgHiyOg—OH + CgH^NO,); it forms 
salts, of which the hydro^Iorido is formed by 
boiling chitin with hydrochloric acid ; tiiis is a 
crystalline substance soluble in water, and in 
solution dextrorotatory (aj,* +70-6’^). The pure 
base prepared by the action of barium hydrate 
on the sulphate of glucosamine crystallises from 
alcohol in the form of needles. It is not fer¬ 
mentable. (The foregoing account of elastin, 
keratin, and chitin is largely taken from Gam¬ 
e’s Physiol. Chem.t which see iar fttiler 


Skeletfni. This term Is applied by Krokett- 
berg {Z, B. 22, 241) to a numb^ of nitromnoue 
but sulphur-free substances,includingconimioliD, 
spongin, Ac., found in the skeletal tissues of in¬ 
vertebrates; they are probably all like chitin 
amido- derivatives of carbohydrates. The sub¬ 
stances are all very insoluble. 

Cottchiolin (CggH^NgO,,) forms the organic 
basis of the shells of mussels and snails. On 
decomposition it yields leucine, perhaps glyco- 
cine, but no tyrosine nor reducing substance. 
It does not give the xanthoproteic, Millon's, nor 
the Adamkiewicz reactions. The cementing 
substance between the eggs of various molluscs, 
whose shells and egg capsules contain conchiolin, 
is coloured red by heating with Millon’s reagent, 
and contains a body allied to keratin. Cornein 
(from corals) (CjgHgiNgO,,) differs from con¬ 
chiolin by giving a red colour with Millon’s test. 

Spon^, the organic basis of the common 
sponge, yields as decomposition products leu¬ 
cine and glycocine (Stlideler), but no tyrosine. 
It does not give any of the colour reactions men¬ 
tioned above; it also resembles conchiolin by 
yielding on digestion peptone-like substances 
which differ from true peptones and albumoses 
by not giving tho three colour reactions just 
mentioned; they thus differ from keratin, wMch 
ie not digestible. 

Fibroin, the chief constituent of insectB* 
cocoons and spiders* threads, behaves to all 
three tests like an ordinary proteid, and on de¬ 
composition yields leucine, glycocine, and tyro¬ 
sine. Fibroin is soluble when heated in sealed 
tubes in glacial, acetic, and other organic acids 
(A. Ledow, Malyhs Jahrsbcricht, 13, 32). For 
silk see Weyl, B. 21,1407,1529. 

SyaliuB and Hyalogens. The term ‘ hyalin ’ 
is applied to the chief constituent of the walls of 
hydatid cysts. Krukenberg states (Z. B. 22, 
261) that the sobstance is present in the ovst 
wall as hyalogen, an insoluble substance which 
by the action of alkalis is changed into hj^lin, 
which is easily soluble in water. Hyalogen is 
also converted into hyalin by beating with water 
(under pressure) at 150®C. (For elementary 
composition v. Lxicke, 'Virchow's Archiv. 19, 
189). By heating with sulphuric acid hyalin 
yields a sugar, probably glucose, which is dextro¬ 
rotatory and capable of the alcoholic fermenta¬ 
tion, and in this hyalin resembles mucin. 

Krukenberg has extended the terms hyalogen 
and hyalin to other similarly related bodies ob¬ 
tained from various sources. The edible Wd’s 
nest has properties very like those of mucin (v. 
J. B. Green, J. Physiol. 6, 40), and is the result 
of the activity of certain glands described by 
Bernstein (Joum. Omithologie. 1869. Ill) as 
being remarkably developed in the nest-building 
season. Krukenberg finds that it is ^iefiy com¬ 
posed of a hyalogen {neossine). which yields as 
its hyalin, neossidins. Choixdrosins is a hyalo¬ 
gen, obtained from the sponge Chondrosia 
reni/ormis. The vitreous humour from the eyes 
of oxen and pigs was found to contain a hyalo¬ 
gen, whereas the cornea did not yield one, but 
was found to consist chiefly of collagen, and a 
proteid allied to myosin. Spirographint which 
largely composes ue skeletal tissues of the 
worm Spirographis is also a hyalogen, but diffea 
from ouiers by yielding when acted oo by 
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lMtoii]j*b]rallo,q»n^a 2 )&«iin, bot also p;to- m-Methyl derivativ* 

BBteohin. The hyalogens are not acted on by 0,H,(OH)(OMe).CO^ [4:3:1). Vanaiie add. 
gastric Jnlco; some are, some are not attacked po?"). S. -13 at 14°; 2-6 at 100’. Formation 
by trypsin. W. D. H. (Tiedann, B. 8 , 509. 1123 ; 9, 62,419; 10,69, 

PB0T£IW V. FaoTxios. 202; 11,122).—1. By exposing moist powdered 

PBOTEOSBS V. PBOTE'ina. TMiillin to the air.—2. By oxidising ooniferin 

PBOTO-AIBUMOSB o. Peoteids. "H*? u KMnO..-S. From its acetyl deriva- 

PUrtTAf’ATurwTTTP APTTi r% XI * tivc, witico is got by &ctioo of K&fnOi on 
LfOHi CO »“‘y> e>ige“ol. acetyl-ferulio acid, and acetyl- 

."--^^.Together with isovanillio acid ly 


C,H.(OH)j.CO^[4:3:l]. Mol. w. 154. 


. rifidOi /x> lU o 1 •Ja Ti wwvowa.— ». xuKOUltir WIUI muvailliUQ acia OJ 

iffiSl q heating C,H,(OMe),CO,H with HClAq at 140°. 

'*•* Needles (from water), T. e. aoL 

S.T'’»''<>hol, m. sol. ether. Has no smell. May be 


eium religiosum (Eykman, B. T. C. 4, 47). 


I sublimed. Gives no colour with FeCl,. Beat- 


Foromfion.-!. By potash-fusion from piperio tions.—l. Split up by HClAq (S.Q. 1-1) at 160° 
acid (Strecker, A. 118, 280), eatechin (Kraut, into protooatechuio acid and Mel.—2. Potash- 
A. 128,285), maclurin (Hlasiwetz a. Pfaundler, /usion yields protooatechuio acid.—3. By heating 
A. 127, 351), guaiac resin (Hlasiwetz a. Barth, with Mel (2 mols.) and KOH (2 mols.) it is oon- 
.1.130, 340), kino (Stenhouse.C.J. 28,6), oaffeio verted into 0,H,(OMe),.CO,Me.—4. Yioldsguaia- 
acid (Hlasiwetz, A. 142, 219), cinchona-red col on distillation with lime.— 6 . The Ca salt 
(Bembold, A. 143, 273), asafoetida (Hlasiwetz a. yields Tanillin on distilling with calcium formate. 
Barth, A. 138, 61), angelica-resin (Briinncr, itethyl ether ot the m-Methyl deriva- 
N. B, P. 24, 641), many other resins, the five MeA’. [03°]. (286°). 
methyl, derivative of sulpho-p-oxy-benzoic acid Fthyl ether ot the m-Methyl deriva- 
(Malin, A. 152, 109), sulpho-m- and sulpho- (»o« EtA'. [44°]. (292°). 
p-oxy-benzoio acids (Barth, 0. J. 24, 829), Acetyl derivative of the m-Methyl 
and iodo-p-oxy-bcnzoio aldehyde (Tiemann a. derivative C„H,(OAo)(OMe).CO,H. [142°]. 
Herzfeld, B. 10, 213).—2. By heating pipero- Needles (from dilute alcohol), 
nylio acid with HClAq at 160° (Fittig a. Item- Benzoyl derivative ot the m-Methyl 
sen, A. 169, 129).—3. By the action of Br and derivative. [178°] (Tiemann, B. 16, 2068). 
water on quinic acid (Hesse, A. 112, 62; 122, p-Methyl derivative 
221 i Fittig, A. 168, lll).-4. By heating pyro- CA(OMe)(OH).CO,n [4:3:1]. Isovanillio add.' 
eatechin with water and ammonium carbonate [250°]. S. -06 at 16°; '7 at 100°. Formed with 


at 140° (Miller, C. J. 41, 400). 


other products by heating protooatechuio acid 


Properties.—loBe ot monoolinio needles 1 with Mel and KOH at 150°. Got also by heating 
(containing aq), sol. water, alcohol, and ether, j hemipio acid with HClAq (Matthiessen a.Foster, 
nearly insol. boiling benzene. FeCl, colours its j A. Suppl. 2, 378), and, together with vanillic 
aqueous solution bluish-green, the colour chan- i acid, by digesting C,H,(OMe),CO.jH with dilute 
ging to rod on addition of alkalis. FeSO, colours j HClAq at 140° (Tiemann). The acetyl deriva- 
Bolutions of its salts violet. Pb(OAo )2 gives a [ tive is got by oxidation of the acetyl derivative 
pp., sol. acetic acid. Crystallises with p osy- ! of isoferulio acid (hesperetio acid) by EMnO. 
benzoic acid a 3 ( 0 ,H, 0 ,)C,H, 0 , 2 aq, which yields j (Tiemann a. Will, B. 14, 963), and likewise by 
PbC,,H„0, 2aq (Hlasiwetz, A. 134, 276). Re- 1 oxidation of the acetyl derivative of betelphenol 
duces aqueous AgNO, on heating or on adding ; C.H,(0M6)(0H).C,Hj [4:3:1] (Bertram a. Gilde- 
NH,Aq. Does not reduce Fehling’s solution. j meister, J. pr. [2] 89,349). Prisms, v, sol. aloo- 
^ Beactions, —1. Split up ^ by dry distillation ^ hoi and ether. May be sublimed. Its aqueous 
into CO 3 and pyrocatechin.—2. Soda-fusion • solution is not coloured by FeCl,. Yields a 
gives 65 p.o. of the theoretical amount of pyro- nilro- derivative [173°] and an acetyl deriva- 
catechin.—3. Bromine in the cold forms bromo- tive C^,(OMc)(OAc).COjH [207°). 
protooatechuio acid. Br at 100° yields tetra- Di-methyl derivative C,H,(OMe)„COJJ. 
bromo-pyrocatechin.-4. N^O, passed into the Veratric acid. [174°] (T.); [181^ (G.). S. -OS 
ethereal solution forms oxalic acid (16*5 p.o.), at 14°; *6 at 100°. Occurs in small quantity in 


benzoic acid (1 p.c.) (Gruber, B. 12, 614).— (K6lle. A. 169,241). Produced also by oxidation 
6. HjSO, (26 pts.) at 140° forms a very small of C,H,Me(OMe)j (Tiemann, B. 8, 1138), of 
quantity of tetra-oiy-anthraquinone (rufiopin) methyl-eugenol (Graebe, A. 168, 282), of papa- 
(Nslting, Bl. [2] 37, 395).—6. Heating with verine (Goldschmidt, M. 6, 878), and ot di- 
ASjO, atl60° or exposing a solution in Na,GO,Aq methyl-oaffeio acid (Tiemann a. Will, S. 14, 
to the air forms catellagio acid C„H„0, ? which 962). Formed also V ssponifying its amide, 
resembles ellagio acid and forms an orange solu- which is made by the action of C1.CONE, on 
tion in nitric acid. 0,H,(OMe), in CS, in the presence of AlOL 

Salts — BaA', 6aq.— Ba,(0,H,0,), (dried at (Gattermann, A. 244, 71). Veratrio aoii ia a 
130°) (Barth, A. 142, 246).— CaA', 4aq.— product of toe action of alcoholic soda on 

CaA,3aq.—PbAjO, — PbA',2aq. pseudaconitine, on veratrine (Wright a. Luff, 

Acetyl derivative O^OAe)rCOM. 0./. 83,160,353), and on hexa-metoyUusrcetin 
[168°]. Crystali (Herzig, M. 6, 872). (Herzig, if. 6, 83), and of fused potash on papa- 

Kefavi ether HeA'. [184*6°]. Needles, veraldine (Goldschmidt, if. 7, 493). Veratrio 
Df Apt sfbsr EtA'. [184° atnr.}. Prisms aoid is also got by toe action of KOH on pseudo- 

B 11 MUk\ _ : _i_iJ /vtr ^ 2 _ ^ -r eeJS «A/ssaa 


(Matsnoto, A 11,198). 


opianifl aoid (W. E. Parkin, jun., C. /• 67,1068). 
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JIlOTOCAfECHtlO ACtl). 


PropertidS,—Slender needles (containing aq). 
From hot solutions (above 60°) it separates in 
anhydrous crystals. V. e. sol. alcohol and other. 
FeCl, gives no colour. Distillation with lime 
forms C^H,(OMc) 2 . Potash-fusion yields proto* 
catechuic acid. HIAq at 1C0° forms Mcl and 
protocatcchuic acid. HClAq forms vanillic and 
also iso*vanillic acids.—S a 11 s.—NaA' ‘2aq.— 
BaA'jGaq. — AgA'. —Kthors. —MeA'[C0°j (c. 
800°).-EtA'. [U°]. (296°). 

Bi-ethyl derivative CrtH.,(OEt)a.COaH. 
[166°]. Formed by saponifying its ether, which 
is made from protocatcchuic acid, alcoholic 
potash, and £tl (Kdlle, A. 159, 240). Got also 
by heating heza*cthyl*qucrcctin with alcoholic 
potash at 150° (Herzig, M. 5, 78). Neodlcs 
(from alcohol).—KA' !aq.—IhiA'jSaq.—AgA'.— 
Ethyl ether EtA'. "[57°]. Crystals. 

Methyl-ethyl derivative 
CBH 3 {OMe)(OEt).CO,n [.3:4:1].' [194°]. Formed 
by oxidation of cthyl-vanlllin (Ticinann, i>. 8, 
1130), of ethyl-eugcnol (Wassormann, A. 179, 
879; Balbiano, 0. 11, 416), and of di*cthyl-cur* 
cumin (Jackson a. Mcncke, Am. 4,00). Eecdles, 
almost insol. cold water.—BaA'j 4aq: needles. 

Methyl-propyl derivative 
CflHa(OMe)(OPr).CO.^H [.3:4:1]. Formed by oxi¬ 
dation of the propyl derivative of cugcnol (Cu* 
hours, Bl. [2] 28, 814). N<‘cdlcs. 

M ethyl-car hoxy methyl derivative 
0«H,(OMo)(O.CH..CO,H).CO..H [3:4:1]. [256°J. 

Formed from C,H,{OMo)(O.CHj.CO,H).CHO by 
oxidation (Kikan, B. 19, 3056). yields GuA" as 
a green insoluble pp. 

Methylene derivative 
CH 2 : 0 a:C„Ha.C 02 n. Piperonylic acid. [228°]. 
Occurs in para-coto bark (Hesse a. Jobst, A. 190, 
08). Prepared by oxidation of piporoaal (Filtig 
a. Mieick, A. 152, 40). Got by boating proto* 
catechuic acid with potash and CHAj (Fittig a. 
Bemsen, A. 168, 94). Piporonytlc acid is also 
formed by the action of KMnO^ on cubebin, on 
methystio acid (Pomeranz, M. 8, 468; 10, 790), 
on safrolo (Eykman, li. T. G. 4, 39; Poleck, B. 
19, 1090), and on the (a}-dihydride of i)iperic 
acid (Begel, B. 20,415). Needles (from aluolml). 
May be sublimed. Nearly insol. cold water, 
m. sol. boiling alcohol. Fed, gives a brown 
pp. in neutral solutions. Dilute HClAq at 
170° forms protocatcchuic acid. HNO, forms 
nitro-piperonylic acid [172°]. Salts.—NaA' aq. 
—KA' aq.—^DaA'^ aq.—CaA'o 3aq. S. *625 at 16°. 
—PbA'jaq.—Cu.V,aq.—AgA'. Quinine salt 
Cj^;,^N.P 5 {HA'aq: needles, sol. hot w'ater. Ciu* 
chonidinosalt 0,ftH.„,NaOH A': need les (Hesse, 
A. 243, 147). —Ethyl other EtA'. Oil— 
Nitrile CHA:CJI,.CN. [95°]. Formed from 
the oxim of piperonal and Ac.O (Marcus, B. 24, 

. 8666). Needles, v. sol. alcohol. Alcoholic hy* 
drozylamine at G0° forms the amidoxim 
CHA:ChHs.C(NH,):NOH [151°] which yields 
B'HCl [193°], and is converted by AOjO into 

CHA:0,H,.C<^>CMe [110“]. 

Bthylene derivative C.^H,0;:CaH(.COH. 
[184°]. Formed by heating protocateobuio acid 
with ethylene bromide and KOH (Fittig, [2] 
7,289; A, 168,99). Needles (from hot water). 
May be sublimed. PClj yields a product whence 
Mt6i reproduces etbylene^protocateohoio acid. 


POI, at 130° followed by water yields the 
acid 0,H^C1^0,:0,H3.C0,H [121°].—BaA', 2aq.— 
CaA' 22 aq: monoolinio crystals.-Ethyl ether 
EtA'. Oil. 

Bi-meihyl-ethylene ether 
C.Jl^(O.C^Il.j(OMe).CO.M).j. Formed by oxidising 
the ethylene ether of eugenol with KMnO^ (Ca- 
hours, Bl. [2] 29, 270). Amorphous. 

Reference. —Nituo-protocatkchuic acid. 

Homo-protocatechnio acid u. Di*ozt*phsntl> 

iCETZe ACID. 

Diprotocatechuio acid C|.,TT,(OH),{CO,iH).., 
Formed by potash-fusion from divanillin (Tio- 
maun, B. 18, 3194). Amorphous, si. sol. water 
and alcohol. Coloured bluish-green by FeCl,. 

PROTOCATECHtriC ALDEHYDE C,H„0,t.«. 
0,H,(OH).,.CHO [4:3:1]. Mol. w. 138. [150°]. 

Formation. 1. From piperonal by successive 
treatment with PCI, and water at 100° (Fittig a. 
Bemsen, Z. [2] 7,100; A. 159, 148; 108, 97). - 
2. By lioating piperonal with dilute HClAq at 
200° (P. a. B.).—3. By heating a solution of 
pyrocatcohin in dilute NaOH with chloroform 
(Tiemnnn, D. 9,1209; 14, 2020).—4. By heating 
vanillin with dilute HCl at 200° (Tieraann, B. 
7, 020).—5. By heating opianic acid with dilute 
IICl at 170° (Wegseheider, M. 3, 792). 

Properties. —Flat needles (from water), v.sol. 
aldohol, ether, and hot water. FcCl, colours the 
; aqueous solution green, changing to red on addi* 

■ tion of NaDO,. Oxidised by KMnO, and by 
I potash-fusion to protocatcchuic acid. Gives a 
mirror with ammoniacal AgNOj. Combines with 
NaHSO,. 

in- Methyl derivative, C„H„0, i.e, 
C«H..(OMq)(OH).CIIO. Vanillin. Mol. w. 152. 

. [Hl°]. (285°). S. 1 at 14° ; 5 at 80° (Tiemaun 
; a. Nagai, B. 10, 211). The fragrant constituent 
I of tlio pods of Vanilla aromaiica (Gobley, <7. 
1858, 534; Stokkebye, J. 1861, 612). Occurs 
also in the seeds of Lui>inus alhus (Campani a. 
Grimaldi, 0. 17, 515), in raw beet-root sugar 
(Wegcr, D. P. J. 237, 146; Scheibler, B. 13. 
335; Lippmann, B, 13, 662), in gum benzoin 
from Siam (Jannasch a. Bump, B. 11,1635), and 
in small quantity in wood (Singer, M. 3, 409). 
Formation. —1, Together with isovanillin, by 
heating guaiacol with chloroform and NaOIIAq 
j (Beimer, B. 9, 424; Tiemann, B. 14, 2023).— 

I 2. By oxidation of coniferin or coniferyl alcohol 
with chromic acid mixture (Tieraann, B. 7,613).— 
|.3. By oxidation of eugenol by K^InO^ (Erlen* 
meyer, D. 9,273).—4. By heating calcium vanillate 
with calcium formate (Tiemann, D. 8,1124).— 
6. By the action of chloroform and potash on 
vanillio acid (Tiemann, B. 9,1280).—6. By the 
action of eraulsin or of boiling dilute acids on 
glucovanillin (Haarmann a. Beimer, C. J. 46, 

, 1343). -7. From C,H 3 (OMe)(NO,).CHO by reduc¬ 
tion followed by the diazo* reaction (Ulrich, B. 
18, 2573). Properties. —Monoclinio needles, v. 
sol. alcohol, other, CHClj, and CS,; v. si. sol. 
cold, v. so), hot, ligroin. Smells and tastes like 
vanilla. May be sublimed. Acid in reactiozi, 

I and decomposes carbonates. FoCl, gives a blue 
j colour. Boiling aqueous HgCl, containing £NO| 
gives a violet colour (Nickel, Fr. 28,247). Be- 
duces silver solution. Oxidised by moist air to 
vanillic acid G^HhOi. Reactiom. —1. Bromine 
forffl8 0«H,BrO.[161^.—2. Dilate HOUt 199° 
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yields MeO and protooateohnio aldehyde.— FeCI, does not eoloar the aqueous solntioiL 

8. Fotash-fmion gives protocatecbuio acid.— Kcduces boiling ammoniaoal AgNO,. Forms a 

4. Sodium-amalgam reduces it in alooholio very soluble compound with NaHSO,. 

solution to vanillyl alcohol CgH,oO| as a yel* Di-methyl derivative 

lowish oil, and also hydrovanillo'm C,gH,sO| Methyl-vanillin. [43®]. (c. 283^. Formed 

[ 0 . 225®] (Tiemann, B. 8, 1123).—5. By heat* from potassium Tanillin and Mel (Tiemann, B. 

ing with di-methyl-anilinc and 2nCl;^ it is 8,1135), and also by distilling opianio acid with 

converted into [130^] (Fischer a. soda-lime (Beckett a. Wright, C. J. 29, 164). 

Schmidt, B. 17, 1895)—6. Vanillin (1 mol.) Needles, v. si. sol. hot water, v, sol. alcohol and 

mixed with pyrogallol (2 mols.) is converted by ether. Smells like vanilla. 

cone. flClAq into ‘pyrogallo-vanillein’ Methyl-ethyl derivative 

which forms colourless crystals, insol. water, v. CaHj(OMe)(t)Et).CHO. [66®]. Formed by boil- 

sol, alcohol, giving isomeric bluish-violet crystals ing potassium-vanillin with £tl and alcohol 

by the further action of HCl (Etti, ilf.3, 637).— (Tiemann, B. 8. 1129). Prisms, v. si. sol. hot 

7. Vanillin (1 pt.) boiled with diacelonamine acid water. Smells like vanilla. 

ojfl/a/c (1 pt.) forms the oxalate of vauillodiaco- Methylene derivative CJI^O, i.e, 

tonamine C„H,pNOj (v. vol. i.p. 28).—8. Heating CILOj:CjH;,.CHO. Pipcronal. Mol. w. 150. 
with Ac.^0 forms the acetyl derivative of vanillin, [37 ]. (2(53°). S. *2 in the cold. Formed by 
and also 0,.H3(OMe)(OAc).CII(0.\c)..[89°]crystal- oxidation of piperio acid in neutral solution by 
lising in six-sided tables (Tiemann a. Nagai, B. KMnO, (Fittig i. Mielck, A. 162, 35). Formed 

8, 114.3).—9. Boiling aqueous FeCl, forms di- alsn by oxidation of tho (a)-dihydridG of piperio 

vanillin C,J1,,0^ [304°], whence NaOEt and Mel acid by alkaline KMnO< (Begol, B. 20, 415). 
form C^H.(OMe) 2 (CHO).CJIs(OMe).(CHO) [138°] Transparent prisms (from wa^er), m. sol. hot 
(Tiemann*, B. 18, 3493).—10* CJiloro-acelic acid water, v. sol. alcohol and ether. Smclla much 
andKOHAq form CBH 3 (OMe)(OCH.CO.JI).CII() like coumarin. Forms a crystalline compound 
[188°](Klknn,Ji. 10,3055). Suits.—’‘CHlIjNaO,. with NaHSOj. Not affected by aqueous alkalis. 
Needles (from alcohol), si. sol. NaOIlAq.— licactions. —1. By oxidation^ or by boiling 
Hg( 0 JI, 03 ) 3 : crystals, si. sol. cold water, insol. witli alcoholic potash, it is converted into piper- 
alcohol.—Zn(C„II,Oa).. : crystalline ])p. Bsti- onylic acid CUaO^iCuHj.COaH.—2. lleducoa by 
nmfion.—Vanilla pods are extracted with ether, water and sodium-amalgam to piperonyl alcohol 
the extract sliakcn with a nearly saturated CgH^Oa, hydropiperoin C,oH,,Og [202 ’], and iso*- 
solution of NallSOj, the aqueous layer docom- hydropiperoin [138°]. AcCl converta the hydro- 
posed by H S(.)„ tho vanillin thence extracted piperohis into [198°] (Bemsen 

by ether, ami the extract evaporated (Tiemann a. Fittig, Z. [2] 6,97; /1.159,129).—3. An aloo- 
llaarmann, 7J. 8,11L5). liolic solution of KCy forms piporonyloi'n 

Acetyl derivative of vanillin CII,0,;C«H...C11(011).C0.C,H,:0,CH, [120°], se- 
C5ll,(OMc)(OAc).G110. [77°]- Formed slowly parating from alcohol in yellow crystals (F. M. 
by tiie action of an ethereal soluiion of Ac^ on rcvkiii, C, J. 69, 164).—4. Very dilute HCIAq 
sodium-vanillin in the cold (Tiemann a Nagai, at 200° forms protocatecbuio aldehyde.—6. PCI. 
6 . 11, 646). Flat needles. Combines with bi- forms liquid CH^O.iCJlj.CHCl.^ (c. 236°) and 
sulpliites. whence cold water forms dicbloro- 

Oxim of vanillin pipcronal CaH^Cl.O, [90°].—6. Oaseous HCl, 

CsH 3 (OMe)(On).CII:NOII. [122'] (Tiemann a. passed into a mixture of phenyl mercaptan 
Kees, B. 18, 16(51; c/. Lach, 77.16,178(5), and piperonal, forms CIl 303 :C„H 8 .CH(SPh)j 

Phenyl-hydrazide of vanillin [48’] (Baumann, B. 18,886).—7. Alcoholic am- 

C,jH 3 (O.Me)(OH).CH:NJIJ*h. [105°]. Plates. vionia, in presence of some HCy, forms 
Olucoside of vanillin C...JI,„N 30 „ crystallising in prisms [213°], insol. 

OJI,(OMe)(OC^H,,0.,).CHO. Glucovanillin. alcohol and etlier. Piperonal, heated with alco- 
[192°]. [a] 0 *-88-63 at 20°. Prepared by hoi ic NHj at 70°, forms an isomeric body [172°], 

slovvly adding CrOj (8 pts.) in water (100 pts.) to crystallising in yellow needles, sol. hot alcohol, 
coniferin (10 pts.) dissolved in water (200 pts.), insol. water and ether (liorenco, B. 14, 791).— 
and leaving the mixture to stand for 5 days (Tic* 8. Aqueous HCy at 65° forms a compound 
maun, B. 18, 1596, 1661). Colourless necdle.s whence an'alcoholic solution of NU, yields 
(containing 2aq), v. sol. water, m. sol. alcohol, ' CIFOi;:C.,H,.CH{Nll).CN, converted by boiling 
insol. ether. Itcadily split up by dilute ll.S(), ' HC!Aq into CuH^Oj.—9. Aw/Bwe forms, on heat¬ 
er by emulsin into vanillin and glucose. Does ' ing, C,,H,,NO,, crystallising in colourless needles 
not reduce Fehling’s solution in the cold. Yields ' [65°] (L.).—10. p-Phenylcne-di-methyl-diamine 
G,H,(OMe)(OC„H„OJ.CH:N.HPh [c. 195°] and a gives CJl3{0.,CH,).CU:N.C,U,NMe3 [110°] (Nuth, 
Itevorotatory oxim [152°], crystallising in slender • B. 18, 575). 

yellow needles (containing aq). Oxim of piperonal CII,0.,:CaH3.CH:NOH. 

p-Methyl-dcrivative [110°]. Needles, v. sol. alcohol (Marcus, B. 24, 

C,H,(OMe)(OH).CHO[4:3:l]. Isovanillin. [116°].' 3056). 

Formed by oxidising acetyl-isoferuHc acid with j Phenyl-hydrazide of piperonal 

KMnO, and saponifying the resulting acetyl CnA:C,H 3 .CH:N.JlPh. [100°] (M.); [103°] 
derivative (Tiemann a. Will. B. 14,968). Formed I (Eudolph, i. 248,‘l0^. Yellow needles, 
also by heating opianio acid (4* pts.) with water | PKOTOPINE C„H„NO,. [202°]. An alka- 
f30 pts.) and HCIAq (8 pts. of S.G. 1*17) \ loid occurring in very small quantity in opium, 
(Wegseheider, lf.3,789). Monoolinio pyramids, and obtained from the mother-liquors after the 
8l.sol. cold water, T. sol. alcohol and ether. May | separation of morphine by Gregory’s process 
be sublimed. When Warm it smells somewhat (Hesse, Z. [2] 7, 653; A. Suppl. 8,318). Sepa- 
tike yaolUin. Its alkaline solutbxu are yellow, j rated from czyptopina by ppn. of the solution oi 
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Ihe mixtd h^droohlorides with oono, HOlAq, the 
proiopine salt adhering to the sides of the 
veiseL Crystalline powder (from alcohol), insol. 
water, si. sol. hot ^cohol, m. sol. chloroform. 
The dooholio solution is alkaline in reaction. 
SI sol. ether, separating in spherical groups of 
prisms. Sl.soI.KOHAqandNH,Aq. FeCl, gives 
no colour. HNO, forms a colourless solution, 
which turns yellow on warming. H^SO^ con* 
taining ferric sulphate gives a dark*violct solu¬ 
tion, turned dirty brownish-green at The 

salts have a bitter taste, and do not gelatinise.— 
B'jHjPtCl, 2aq; yellow crystalline pp. 

PBUS81AK BLUE v. Ferbio rKBnocYANmE, 
vol. ii. p. 834; and Potassiuu-febrous ferki- 
OYAMIPB, Tol. ii. p. 839. 

FBBSSIO ACID v, CYAMHTnnic agio, toI. ii. 
p. 800. 

F8ATTBIK v. Harhn. 

PSOBOMIC AlfHYDEIDE a«H,,0„? [204°]. 
Occurs in Psoroma crassa, a liclicn growing, in 
Sicily fSpica, 0, 12, 431). Needles, sol. alcohol 
and ether, insol.^^benzene. Yields C.^U,;^AgOio 
as a fiocoulent pp. 

F8YCHOSINE. A substance got, according 
to Thndichum (J.pr. [2] 25,19), from brain. 

PTBBOCABmCjoH^O.. [152°]. [a],= -211° 
in 4*6 p.o. chloroform solution. Obtained by 
mixing powdered sandal wood (Pterocarpus sail- 
talintis) with slaked lime, and extracting with 
ether. The residue is crystallised from alcohol, 
and the homopterocarpino dissolved in GS^., 
which leaves the ptorocarpine (Cazcncuve a. 
Hugounenq, A. Ch. [C] 17,115). Square tables 
(from GHClj), insol. water, m. sol. hot alcohol 
and hot CS,. Insol. acids and cone. EOllAq, 
even on boiling. Bromine forms C^oHj^BrO,,, 
crystallising in yellowish needles. 

Homopterocarpitt [82°-86°]. 

[a]ja—199°. Obtained as above (G. a. H.). 
Long needles (from boiling alcoliol), insul. water, 
sol. ether, t. si. sol. cold alcohol. 

Reactions,—!. Bromine gives C-^^HosBrOa 
and 034 H,«Br„ 0 s [270°].—2. On distillation it is 
largely split up into phenols resembling creosote, 
and a small quantity of pyrocatechiu.—3. Dis¬ 
tillation over zinc-dust gives benzene, toluene, 
ethylene, and CO.—4. IICI gives MeCl and a 
resin.— 6 . HI givesMoL— 6 . Potash-fusion gives 
phloroglucin. - 7. Fuming HNO, gives oxalic 
acid and tri-nitro-orcin [162°]. Not acted upon by 
sodium-amalgam, phenyl-hydrazine, and Acp. 

PTOMAINES. The name 'ptomaines’ was 
first applied to poisonous organic bases obtained 
from dead bodies (irru/ia, a corpse), but is now 
usually given to poisonous organic bases formed 
in the putrefaction of any kind of animal matter. 
In extracting ptomaines no reagents that would 
decompose proteida may be used. The bases 
mav be extracted by alcohol, and purified by ppn. 
with phosphomolybdio acid. In presence of a 
little HCl the ptomaines are fairly stable, and 
the solution can then be evaporated and the 
hydrochlorides extracted from the syrupy residue 
by absolute alcohol. By this method neuridino 
hydrochloride can readily be obtained. By the 
putrefaction of proteids Brieger (Two mono* 
graphs: Ueher Ptomaine, Berlin, 1685; cf. 
Gautier, Bl, [2] 48, 10) obtained tri-methyl- 
vinyl-ammoniom hydroxide (neurin^ O^Hi^NO 
gr C^^NMe,.OH, muscarine or 


CH(0:^,.CH^NMe,OH (toI. iil. p. 444), a hut 
isomeric with ethylene-diamine, neuridine 
OjH, 4 N„ gadinine O^H^NO,, trlethylamine, di- 
methylamine, and trimetbylamine. Garcia (B. 
17, 543) got hexamethylene-diamine OsH,eN,. 
Herring-pickle contains choline, NMe„ and 
NH^Me. By the putrefaction of the herring NMe„ 
NH^Me, cadaverine CjH„Nj, putrescine C.HjjN,, 
and gadinine CiH^NO, are formed (Bocklisch, 
B. 18,1922). Gautier and Etard (C. k 94,1600) 
from putrid mackerel and putrid horse-fiesh 
obtained a collidine dihydride GsH„N, parvoUne 
CgHijN, and a base In the putrefaction 

of proteids poisonous bases are formed in the first 
five or six days, and are destroyed by farther 
progress of putrefaction. The highly poisonous 
methyl-guanidine is formed by the action of 
putrefactive bacteria on beef-broth at 38° (Book- 
lisch, B, 20,1441). From human corpses Brieger 
obtained tri-metbyi-oxyethyl-ammonium hy¬ 
droxide C.H.^NOj or CH,(OH).CH^NM<^.OH 
(choline or neiirino, toI. iii. p. 498), neuridine 
CjHnN.^ cadaverine CsHiBN^jputrescmc G^HuN,, 
sapriiie G^H^N,, trimetbylamine, methyl-guan¬ 
idine, tetanine C,jH^N.^ 04 , mydino G„H,,NO, 
mydatoxin G^^H^NO^, and mydaleine (Brieger, 
loc. cU .; cf. Selmi, Rend. Accad. Sci. Bologna, 
1872; Schwanert, B. 7, 1332; Guareschi a. 
Mosso, J. pr. [2] 27, 428; 28, 504 ; Q. 13, 493; 
Bockurts, Ar. Ph. [3] 14,1041). Ptomaines are 
often produced in animal bodies which, after 
brief exposure, have been excluded from the air: 
e.g. corpses, sausages, and tinned meat. A crys¬ 
talline ptomaine can be obtained from the body 
after arsenical poisoning (Husemann, Ar. Ph. 
[3] 16,169; 19, 415). The alcoholic solution of 
hydrochlorides of ptomaines may be ppd. by an 
alcoholic solution of HgGl^; after twenty-four 
hours’ standing, the pp. is boiled with a large 
quantity of hot water, which leaves the com¬ 
pounds of peptones and albuminates undissolved. 
The hot filtrate deposits the mercury double salt 
of choline (neurine) while the mother-liquor con¬ 
tains the remaining bases. Picric acid added to 
an aqueous solution of the hydrochlorides ppts. 
neuridine picrate, while the mother-liquor de¬ 
posits, on evaporation, broad needles of choline 
picrate C,H,3N0C„H.;(N02):,0H. Cadaverine and 
putrescine can be separated by means of their 
aurochlorides. Saprine is isolated by means of 
its platinochloride. To distinguish a ptomaine 
from a vegetable alkaloid, Bmuardel a. Boutmy 
(C. R. 92, 1056; cf. Tanret, C. R. 92, 1163) 
add a few drops of the solution of the sulphate 
of the alkaloid to potassium ferricyanide mixed 
with FcGla: a dark-blue pp. is formed if a pto¬ 
maine be present, while the vegetable alkaloids 
(except morphine, veratrine, eserine, aconitine; 
and ergotiniue) have no action. The test is, of 
course, given by many other reducing agents. 
This ptomaine reaction is given (slowly) by 
a poisonous liquid alkaloid extracted by Stas's 
method from the intestines of persons who died 
of cholera (Villiers, C. R. 100, 91). Pouchet 
(C. R. 97, 1560; cf. Gautier, B. C. 1882, 710; 
B^champ, 0. R. 94, 973) obtained from urine 
and fffices some alkaloids closely resembi^ 
the ptomaines got by putrefaction of proteids 
out of contact of air. He separated them by 
decomposing their tannates with Pb(OH)| ia 
presence of alcohol, the lead being fi&tl^ ra* 
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JttOTed by H,S, and the liquid dialysed. C|H,NOa 
U liquid and dialyses with difficulty; it exhibits 
the alkaloida! reactions, is resinified by HCl, and 
reduces platinio chloride. The base CyH^N^Oa 
or OrH, 4 N 40 a is crystalline, and passes through 
the membrane; it is insol. ether, nearly insol. 
alcohol, is feebly alkaline and yields crystalline 
salts. From the dialysste the platinochloridca 
of two crystalline unstable bases and 

OjHigNpf can be got. Urine which had a ten¬ 
dency to deposit cystin and the feces of the 
same patient contained cadaverine and putres* 
cine (Baumann, H. 13, 5C2 ; cf. Dupr6 a. Bence* 
Jones, Pr. 16, 73; Stadthagen a. Briegcr, Ar. 
pathol. Anat. 115, pt. 3). These diamines appear 
to be absent from normal urine, but present in 
cholera. 

Cadaverine is Fshtauethtleme-diamine, voI. 
Hi. p. 805. 

Fntreseine is TETnAMErnYLENR-nrAMrNE., 

tfydale'me is extremely poisonous, while 
gadlnine is not poisonous. 

Mydine OJliiNO. Occurs in putrid corpses 
(Brieger, Ptomaine, iii. 25). Has an ammonincal 
odour and reduces gold chloride. Not poisonous. 
—B'0,H,N,0,. [105"]. Broad prisms. 

Base C;H„NO;^. Occurs in decaying horse¬ 
flesh, four montlis old (Brieger). Acid in reac* 
tion. Poisonous. Does not form a picrato.— 
B'HAuCl,. [176"]. Needles or plates. 

T 3 rphotoxin C,n,,NOy Formed by the action 
of the typhus bacillus on muscle (Brieger, P/o- 
ma'ine, iii. BO). Poisonous base.—B'HAiiCl 4 . 
[176®]. Prisms. 

Mydatoxin C^H,,NO;p Occurs in decaying 
horse*fleshandcorpscs(B.). Poisonous. Strongly 
alkaline.—B',H.,PtCl„. [193"]. V. e. sol. water. 

Tetanine CuH^jN^O*. Occurs in decaying 
corpses (Brieger, B. io, 3120), and is formed by 
the action of the tetanus bacillus on beef. Very 
poisonous base.—B'H^HCl^. Plates. 

Base C^HjiN. (c. 100"). Accompanies te- 
tanine, and also produces convulsions (B.). Vola¬ 
tile liquid. Its hydrochloride is crystalline 
[205®].—B'HAuCl*. [130®].—B',H,PtCl 4 . Plates, 
decomposed at 240®. 

Base C:qH„N. Oily ptomaine, smelling like 
hawthorn (Deiezinier, BL [3] 1, 178). In pre¬ 
sence of air it acts chemically and physiologi¬ 
cally like reratrino. Insol. water, sol. alcohol 
and ether. Its salts are deliquescent. 

Base CjH„NOy [156®]. Occurs in putrid 
flesh and putrid fibrin (B. a. H. Salkowski, IJ. 
16,1192). Crystalline powder, v. e. soi. water. 
Not poisonous.—B'HGl; crystals, ?. e. sol. water. 
—B'HAuCl 4 aq: yellow crystals. 

Bate OjjHjjNOy Erysipeline. Occurs in 
orine in erysipelas (Griffiths, O'. B, 116, 667). 
Prisms, sol. water. Very poisonous. 

Base 0„H„NOy Occurs in urine in puer¬ 
peral fever ^.). Crystalline and poisonous. 

Base G,^i,N. A product of the decomposi¬ 
tion of albumen by Bacterium allii, which la 
found in decaying onions (A. B. Griffiths, C. B. 
110, 416). Minute deliquescent needles (from 
water), smelling like hawthorn.—B',H^tCl«: 
erystalline, sol. hot water. 

Base Occurs in urine of victims 

to |landers (A. B. Griffiths, C. 114,1882). 
White orystala. Poisonous. Forms OTstalline 


I Bate Occurs in urine in oases of 

pneumonia (G.). Minute needles, forming an 
alkaline aqueous solution [a]o « 23*5®. 

BaBeC.H„N. (202®). S.G. 8 *9865. Extracted, 
together with a base 0,eH,^N from putrid cuttle¬ 
fish (De Coninck, 0, B, 106, 858,1604; 108, 68, 
809; 110, 1339; 112, 584). Mobile, strongly- 
smelling liquid, V. sol. water, alcohol, and ether. 

! Turns brown in air. Appears to be a propyl- 
! pyridine, as it yields nicotinic acid on oxidation 
I by dilute KMnO* at 90\—B'lICl: deliquescent 
: radiating flinss.—B'JU’tCl^. Converted by hot 
I water into iVIHCl,, a nearly insoluble brown 
! powder.—B'HAuCl,. — B'HBr. — B'^HJlgCli.— 
B'gHjHgjCls. - B'McI. Needles, v. e. sol. alcohol. 

Base C|nH,jN. (230®). Formed as above* 
Liquid, smelling like furze. Rcsinifiod by air.— 
B'HBr. White deliquescent needles.—B'HCl.— 
B',n,PtCl4. — B'^nev [206']. — B'HAuCI, : 
yellow pp., deeomposed by hot water. 

« Base G,„H,jN. (200®). Extracted by Stas’s 
method from fibrin that has putrefied for two 
months (Guarcsebi a. Mosso. J. pr. [2J 27, 428; 
J. Th. 1887, 487). Yields tTie alkaloidal reac¬ 
tions. Smells like pyridine. Acts physiologi¬ 
cally like curare.—B'glLPtCl,: rose-red crystals. 

Base C^HjoNG,. [250®]. Formed in the 
putrefaction of fibrin, from which it can be ex¬ 
tracted, together with the liquid alkaloid C,aH„N, 
by chloroform and ether (Guurcsohi, 0, 17,509). 
Tables (from alcohol), sol. water and alcohol, v. 
si. sol. chloroform. Its Oiiueous solution is 
neiitral. Grilliths {Bl. [2] 7, 260; 0. H. 113, 
656) got, from urine of patients suffering from 
erysipelas, a crystalline ptomaine * erysipeline' 
i C,,K|;<NO„ sol. water, and very poisonous. It 
i gives the alkaloidal reactions. 

I 'The term loucomaines (Ac^KWjua, white of « 
egg) is applied by Gautier {Sur les AlcaloXdei 
: dcs 'Pissus A7iintaux, Paris, 1886) to alkaloids oo- 
j curring in the tissues of living animals. From 
I fresh beef and Liebig’s extract of beef he ob- 
I tained xanthocreatinine C^H,oN 40 , crysocrea- 
; tinioe C^H^N^O, amphicreatinine C<,U,gN, 04 , 

I pseudoxanthino 0,H^N^O, and two feeble bases 
I C„H.^,N,oOj and OiaH^NnO*, both crystallising 
in tables. 

Xanthocreatinine CjHiflN*©. Thin sulphur- 
^ yellow tables, v. e. sol. water, sol. boiling aico- 
I hoi. Gives an odour of roast meat when heated. 

I Kesembles creatinine. 

Chrysooreatinine C^H^N^O. Orange crystals, 
with feebly alkaline reaction. Bl. sol. water, 
ItesembJes creatinine. 

Amphicreatinine CgH„N, 04 . Yellow prisms, 
si. sol. water. A weak base, resembling crea¬ 
tinine. 

Psendozanthine C 4 H 4 NgO. Yellow crystal¬ 
line powder, si. sol. cold water, sol. HCSAq and 
NaOHAq. Beacts with HNOg and EOH Uk« 
xanthine. 

Carnine v. vol. i. p. 710. 

PTYALINv. vol. ii.p.546. 

FTYCHOTI8 OIL. The essential oil got from 
the seeds of PtychotU ajoioan, an umbelliferous 
plant growing in Central India, contains thymol 
and a terpene 0,oH„ (172®) 8.G. U -864 (Sten- 
house, C. J. 9,234; cf. Haines, C. 8, 289). 

PULSOIFM OIL. The essential oil of 
ffium micranthum, growing oo the Steppes of 
Boatbem Bussia, contains oilj OJBJ) (227^ 
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B. G. H-932 {Bntlerow, X 1854, BM|. It yields 
Metis and valerio acid when fused with potash. 
The oil of Mentha pulegiwn is described under 
PaNNITEOYAL. 

mTIC ACID C„H,A ».e. 
OO.JB.CPh:C<g<^”)’g{^*‘ . [215”]. Prepared 

by the action of cold NaOHAq on a solution of 
the anhydride in acetone, and also by boiling vul- 
pic acid with milk of lime (Spiegel, B. 13,1030, 
2219; 14.1686; 15,1550; A. 219,1). Orange 
crystals or yellow plates (containirfg EtOII), 
sol. alcohol and ether, si. sol. water. Decom* 
posed by baryta-water into phcnyl-acetic and 
ozalic acids. Alkaline KMnO^ oxidises it to 
phenyl-glyoxylic and oxalic acids. On reduction 
by zino-dust and NH-jAq it gives a mixture of 
carbozy-cornicularic acid (C,,H,,0,,), corniculario 
acid (Cj^HjhOj,), and the two dihydrides of cornU 
cularic acid (O^H.^Oa). *- 

Salts.—BaA"a^aq : golden plates.—AgHA''; 
small prisms.—AgjA'^ aq: long needles. 

Methyl cfher v. Vulpic acid. 

Ethyl ether EtA'. [128®]. Prepared by 
dissolving the anhydride in alcoholic potash. 

Methyl derivative of the methyl ether 
0„H„Me,Oj. [139®]. Colourless needles. 

Anhydride i.e. 

CPh®;o!o^’'>CO. [221”]. Formed, togctlicr 

with MeOH, by heating vulpic acid at 200°. 
Colourless needles, si. sol. alcohol, insol. water. 
Converted by ammonia into C,8H„(NIL;)04 
[220®] crystallising in yellow prisms. 

PUNICIN. The purple of the ajicicnfs. Ex¬ 
tracted from Purptira capillus and other shell¬ 
fish which yield a colourless secretion which 
becomes purple on exposure to sunlight (Scliunck, 

C. (T. 35. 589; 37, 613). Obtained in Central 
America from Pwrpifra paitila. Yarn dyed by 
the Indians is warmed with HCl and then with 
ether. The colouring matter is then extracted 
with aniline, which on cooling deposits punicin 
as a crystalline powder, insol. boiling alcohol 
and other, si. sol. benzene and HOAc. Its solu¬ 
tion in aniline shows an absorption band be¬ 
tween 0 and D, with a sharp edge towards C. 
The band resembles that of indigo, but it dis¬ 
appears sooner on standing. In phenol it forms 
a sky-blue solution. Its solution in cone. a-SO, 
shows an absorption band between D and* E; 
this disappears on standing, tlie liquid becoming 
bright green. Water precipitates the purple 
from this solution, so that a sulphonic acid 
18 not formed. Punicin begins to sublime at 
190°. It is hardly attacked by HNO, (S.G. 1*2) 
or by aqueous CrO,. With bromine it reacts, 
forming a body which crystallises from alcohol 
in yellow needles. Punicin dissolves in aqueous 
SnClf, but is deposited again on exposing the 
solution to air. 

PlfltPLE OP CASSIUS. A purple-coloured 
solid, obtained by adding SnClAq to AuCI^Aq 
in presence of a reducing agent; v. Tin, oxides 
or, in this volume. 

POBPORIC ACID C.H,N A” Not known in 
the free state. 

Salta. — (KH^IHA" aq. Murexido. 
Formed by heating ammonium dialurate; by oxi¬ 
dising uronil with HgO; and by adding ammo¬ 
nia or ammoniuiQ carbonate to a mizton of 


alloxan and alloxantm (Proot, A, Ch. 11, 4dt 
Kodweifls, P. 19. 12; Liebig a. Wohler, A. 26, 
319; Fritzsche. J". pr. 16,380; 17,47; Beilstein, 
A. 107,176; Laurent, C. B. 35, 629; Gregory, 
A. 33,334). Garnet-red four-sided prisms with 
golden-green lustre; when dried m vacuo it forms 
a brown powder. M. sol. hot water, forming a 
purple solution, insol. alcohol and ether. De¬ 
composed by acids with formation of uranil 
and alloxan. The absorption spectrum has been 
Btudied by Hartley (C. J. 51, 199).—KHA". 
Crystals resembling murexide, forming in cold 
KOHAq a blue solution decolourised by heat.— 
NaHA".--BaA" 3aq; dark-green powder.— 
AgllA" IJaq: brownish-red powder.—Ag.^". 

Isopurparic acid v. Tbi-nitbo-phenol, Pc- 
action 5. 

Hetapurpurio acid v. (a)-Di-NrrRO-pnENOL, 
Beaction 2. 

PURPUEEO-CHEOMHIM SALTS v. Cniiou- 

AMMONIUM SALTS, VOl. ii. 169-60. 

PURPUREO-COBALT SALTS v. Cobalt- 
amines, vol. ii. pp. 227-8. 

PURPUREO-RHODIUM SALTS v. Kuo- 

DIUM-AMMONIUM COMPOUNDS. 

PURPURIN V. Thi-oxy-anthraquinone. 

PBRPUROGALLIN C,„II,,0„. Pyrogallo- 
gnino7tc. [256®]. Formed by the slow oxida¬ 
tion of pyrogallol (Struve, A, 1C3, 162 ; Girard, 
if. 1870, 86; Wichelhaus, B. 6, 848; De Cler¬ 
mont a. Chautard, C. B. 94, 13G2; 102, 1072; 
Nietzki a. Steinmann, B. 20,1277; Loew, J.pr. 
[2] 15, 322). I'ormed also by the action of 
aqueous KNO^ on gallic acid (Hooker, B. 20, 
3259). Obtained also from pyrogallol and quin- 
one (Wichelhaus, B. 6, 847; Nietzki, B. 18, 
1278). Prepared by adding a solution of 
KjFeCya (87 g.) in water (330 c.c.) to pyrogallol 
(20 g.) dissolved in cold water (330 c.c.), and 
filtering after half an hour; the yield is small 
(3 g.). Dark-brown needles (from alcohol). 
May be sublimed. V. si. sol. water, si. sol. alco¬ 
hol, m. sol. ether. Reduces AgNOj and Fehling’s 
solutions. H.SO, forms a crimson solution 
! changed to violet by HNO^. Ammonia forms a 
j blue solution, changing through green to dark 
; yellow. Yields naphthalene on distillation with 
I zinc-dust. According to De Clermont and 
' Cliautard purpurogallin yields Na,A'’ orystal- 
lising in deliquescent needles, Ba^A*’ as crystal- 
I lino plates, OgoHi-^BrA as red needles [204°] and 
C.^H,.Ac,Ob [186®]. By heating with H^SO^ 

I these chemists obtained SO^and Cjt„H,.Ao. which 
' crystallised in brown needles forming a blue 
solution in KOHAq. 

PURPBROXANTHIK v, w-Di-oxy-anthra- 

QUINONB. 

PDRREIC acid V. Euxantbio acid* 

PUTREFACTION v. Fermentation. 

PUTREFACTIVE ALKALOIDS v. Ptomaines. 

PUTRE8C1NE v. Tetra-mbtiiylkne-diaminb, 

PYKNOMETEB. This name is sometimes 
given to various forms of the specific gravity 
bottle, for determining the relative densities of 
liquids (c/. Densities, nELATiYB, vol. ii. p. 373). 

PYRANIL-PYROIC ACID C„H„NO(CO,H). 
[165®]. Formed by beating phenyl-amido-pyro- 
tartaricacid CO.^.CH,.OMe(NHPh).CO,H aiittle 
above its melting-point for some time (Beisserl 
a. Tiemann, B. 19, 622; 21, 1942, 3267; 22, 
2281; 24, 314). Cryst^ne powder, iL mJ, 
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w&ter, ftlcoliol, and athar. Oonveried by beating 
•trongly into the phenyl-imides of citraconio 
acid and of pbenyl>aniido>pyrotartaric acid. 
According to Anschutz (J3. 21, 8252: 22. 731: 
23,895,2979 ; A, 246,115; 248, 269), pyranil- 
pjrrolo acid is the mouo-anilido of mesuconio 
acid. 

PYEAZINE. This name is used to denote 
the ring N<®H:CH>N. 

Pjrraeine hexahydride i.e. 

Di-et/ii/lene- 

diamine. [104°-107°]. (137=" uncor.). Formed 
from ammonia and ethylene bromide (Cloez, 
Instil. 1843,213) or ethylene chloride (Natnnson, 
A. 92, 48; 98, 291; Hofmann, Pr. 10, 224; 11, , 
278; J3. 23, 3297). Formed also by boiling | 

NO.C.H..N<®^'-^®p,N.C.H..NO with alco- 

holio potash (Bischler, B. 24, 717). According 
to Majei t a. Scliniidt (jQ. 24, 241), it is not iden¬ 
tical with spermine. Glittering tables (from 
water). May be snhlimed. Strongly alkalino 
and absorbs COj from the air. 

Reactions.—!. Aqueous NaOCl, saturated 
with Cl, forms [71°], crys- 

tallisiug in prism.s, v. si. sol. water, v. sol. alco- 
hol (Schmfdt a. Wiclimann, B. 24, 3243). Tins 
body explodes at 80°-85^. Bromine water forms 
the oonesponding di-bromo pipcrazinc, which is 
very unstable.—2, Diazobenzene chloride, and 
NaOHAq form rh.N,.N:C,H„:N.N.^rii [129"J (8. 
a. W.).—3. Benzoic aldehyde yields the ct'iii- 
pound (N:C,H,:N):CHPh [247"] (Schmidt a. 
Wichmann, B. 24, 32J2).—4. Quino 7 ie forms an 
amorphous violet-brown body, almost insol. alco¬ 
hol. -5. Ihjdroquimne in alcoholic soluliou 
forms C,H,oN.^C,JIyO.,., crystallising in noodics 
[J95®J.--6. Phenol forms C,H,oN^,2rhOIi [lOl^J, 

crystallising from spirit in prisms, v. sol. water._ 

7. Oxalic ether at 110® reacts forming the etlier 

COjEt.CO.N:C,H,:N.CO.CO,Et [124®] crystallis- i 
ing in broad needles (S. a. W.).—8. p-Chloro- ' 
150° gives the compound ' 
hO,jC„Il,.N;C,H,:N.C,H,.NO, [248°J (Schmidt a. 
Wichmann, B. 24, 3240). 

• ''^edles.T.aoI.water.— 
811.^101 -B"2IIAuCl,.-B"H,;HgCl,; stellate 
groups of needles (Sieber, B. 23, 32C).—- 
B"C^H,.(N 02 )^ 0 H : yeUow needles.—Carbon- 
ate: [lfi2“-165“].—Urate: B"CjH,N,0,. The 
phosphate and the bismutho-iodide arc 
crystalline. 

». derivative C,H,NAm. 
[138'o ]. (above 310°). Formed from piperazine 
ana ACjO. Beedles, v. e. sol. water and alcohol. 

Nilrosamine NO.N:C,H,;N.NO. ri.W°l 
(Udenburg, B. 24. 2C40; Schmidt, B. 24.8246; 

b9222), Beduced by zinc-dust and 
HOAo to NHrN|CJI,:N.NHj, which crystallises 
V « C«- J (228°). and yields B'HCI. 
an amorphous di-benzoyl deriva- 
benzoic aldehyde, forminu 
[205'-’J, which crys- 

talhzes in pearly plates. 

PYSAZOIB [70°]. 

(187°). Formed by heating the tri-carboxyU« 
•cut produced by saponification of tha product 
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I of diract addition o( diazoacetio ether and 
acetylene dicarboxylio ether (Buchner, B. 22, 
p65). Formed also by heating hydrazine 
hydrate (lO'Sg.) with epichlorhydrin (10 g.) and 
ZnClj (11 g.) (Balbiano, B. 23, 1183). Needles, 
V. sol. cold water, forming a neutral solution, 
sol. alcohol and ether. Gives a white pp. with 
UgCI.., and also with aramoniaoal AgNO,. 

T,, Hygroscopic prisms.— 

B .^.UjPtCI^ 2aq. At 210® it is split up into HCI 
and (CjH 3 N.^).^PtCL, a liglit-ycllow powder. — 
Ag(^H,N,.:p si. sol. water.—B'C^HjNjO,. [160°!. 

PYRAZOLE BLUE t a. ^ ^ 

N.NPh.gOCO.NPh.N "J* ^ 

CzMe —C=C_C^fo* by oxidation 


of di-oxy-di-phonyl-di-methyl-dipyrazyl (Knorr. 

238,172; It. 25,765). Sol. chloroform, cono. 
II^SO, and ilOAc. Its spectrum resembles that 
! indigo group. Decomposes 

about 230 . It| sulplionio acid, got by tlie action 
0? on di-oxy-di-phenyl-di-methyl-dipyrazyl 
disulplionic acid, is destroyed by excess of 
bromine (z\f(ilI(*nliofT, B. 25,1919). 

rn ■"*“ C,.H,N,0, i.e. 

(:?H;'cII>N-C.H..CO,H. [130° cor.]. Formed 
by oxidising o-tolyl pyrazolo with KlfnO, (Bal¬ 
biano, Q. 10, 123), Yellow needles (from dilute 
alcohol).—Ba.A'.,. 

illhyl ether EtA'. (309° i.V.). 
p-Pyrazyl-benzoic acid. [206°). Got in tike 
manner from p-tolyl.pyrazole.—NaA'.- BaA'„ 
Ethyl ether EtA'. [02°]. Tables. 
PYEENE C„H,. i.e. 
yClECa. 

„cir.c/ >:CH. 

™<c,.:c> °-° Cca)'”’ 

\CH:CIK 

202. [149°]. (above 300°). S. (alcohol) 1-87 
^8°; S. (toluene) 10-6 at 18° 

Tru’-SkP'I?’***' ®°‘‘'*"(Groebe, 

A. lo8.28u). Monocimic tables (Fittig a. Hintz, 

B. 10, 2143), V. e. sol. CS, and ether. Yields 
pyreno-qumone and pyrenio acid on oxidation. 
SbCl, at 300° forms CC1„ 0,.Cl,, [above 800 1, - 

«r‘wu bodies (Merz a. 

Weith B. 10 2880) Bromine forma crystalline 
Gi.H.Br, and C,.H,Br, (Graebc). 

“““pound C,.H„0.H,N,O,. 
[222 ]. Bed needles (irom alcohol), v. tl, sol 
cold alcohol, m. sol. etlier, v. sol. benzene. 

Ilexahydride C,.1I„. [127“J. Formed 

by heating pyrene with HIAq and P at 200°. 
Needles, v. e. sol. ether and boiling aioohol. Its 
alcoholic solution is not ppd. by picric acid 
Chloropyrenes. The following chloro-pyrenes 
are formed by passing Cl into a solution ol 
pyrene in chloroform. They are separated by 
fractional crystallisation from alcohol, chloro¬ 
form. and xylene (GoJdsch..iiedt a. Wogseheider, 

3i. 4, 237). 

• Golden needles, forming 

m HjbO, a solution with violet fluoreioenoa 
Yields C„H,CIC,H,N,0,. [177°]. 

di-ohloro-pyrenes [156®] and 

[lyU J. 

n-f’S!’- White needles. 

GqtH.CI,, [above 830°], Needles. 

Hitropyrene C,.H,NOr [160°). Formed hr 
slowly adding H,SO, to aqueous ENO, under «a' 
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ctiund wliiiioii of pyrene {Goiaeohmieat, M. 

S, 680). Yellow needles ((rom alcohol), el. soL 
o^aioobol _ , , 

IH-nitro-pyrene 0„H,(N0Ja. Formed from 
pyrene and HNO, (S.G. 1’46). Yellow needles 
(from HOAo). Beduced by tin and HOI to di- 
amido-pyrene (Jahoda, M. 8, 449). 

letra-nitro-pyrene C|,H,(NOj),. [above 
800°]. Yellow needles (from HOAo), nearly 

insol. alcohol. _ „ , , 

Amldo-pyrene 0„H,.NH,. [118 ]. Got by 

reducing nitropyrene. Needles, si. sel. water.— 
B',Hj80, (dried at 100°).—B'HCl. Its solution 
dyes fir-wood red. 

FYBENB OAKBOXYLIC ACID C,,H„.CO.,H. 
[267°]. Formed by fusing its nitrile with potash 
(Goldsobmicdt a. Wegschcider, M. 4, 258). 
Needles, si. sol. water. Resolved by heat into 
pyrene and CO,—CaA', eg.—BaA'.,2.Jaq. 

Nitrile C,.H,.CN. [ISO”], Formed, to¬ 

gether with the nitrile of the dicarboxylio acid, 
by heating potassium pyrene disulphonate with 
KCy or K,FeCy,Needles (from alcohol). The 
solutions of thislibdy show green fluorescence.— 
(0„H,^),AH»N,0,. [134°]. Red needles, de- 
oomposed by alcohol. 

Pyrene dicarboxylio acid C|,H,(C0,H).,. 
[above 800°]. 

Aftfrifc [above 300°]. C„H,(CN), Formed 
as above. Yellow powder. Its solutions show 
green fiuorescence. 

PYBEHE-KETONE 0„H,0 i.e. 

[iiiT o,a<oh>‘^°- 

distilling pyrenic acid with slaked lime (Bam¬ 
berger a. Philip, B. 19,1996, 3040; 20, 371; A. 
240,178). Golden tables (from dilute alcohol), 
volatile with steam. Reduced by zinc and HUl 
to C.jH.CGH.OU). Oxidised by KMnO, to naph¬ 
thalene (l,l')-dicarboxylic acid. 
PYEEHE-aDINONE C„H,0, i-e. 

..CII.CH,. 

,CH.CC ^C.CH. 
co/i >C=C< I >00 

(Bamberger a. Philip, B. 20, 369; A. 240,160). 
[o. 282^. Formed by oxidation of pyrene by 
chromic aoid mixture (Graebe, A. l.lb, 296; 
Goldschmiedt, M. 4, 809). Red needles (from 
HOAo), sol. aqueous NaHSO,, v. si. sol. alcohol 
and ether. Yields pyrene on distillation with 
aino.dust. Bromine forma C„H„Br,0., and 
0,.H3r-Oj. Its alcoholic solution is turned 
claret-colour by a little NaOH. Reduced by 
slno-dust and ammonia to hydropyreno- 
quiuone or pyrene-hydroquinono 
0 H.„0., which forms golden crystals exhibiting 
a darfc-blue fluorescence in alcoholic solution, and 
yielding 0|,H.Ao,Oj [167°]. 

PYEEHE SDLPHONIC AOID 0„H,SO,H. 
Got by fusing the disul phonic acid with potash 
(Goldschmiedt a. Wegschcider, M. 4, 242).— 
KA'aq; minute needles (from dilute alcohol). 

PYEENE DISDLPHOSIC AOID 
0,A(80,H), Formed by heating pyrene with 
W Rf>, Sticky mass, v. sol. water, si. sol. alco¬ 
hol, insol. other.—K^"2iaq.—BaA"8iaq.— 
0aA"28q: yellow powdW. 


PYEENIO AOID 0,.H,0. U 
CO<l > 

Formed by the oxidation of pyrene or pyrene- 
quinone by chromio acid (Bamberger a. Philip, 
B. 19,1427,1996, 3036; 20, 369; A. 240, 168). 
Pale-yellow plates, blackened above 250°. V. si. 
sol. alcohol. Il,SO, forms an orange solution. 
Oxidised by KMnO, to naphthalene tetra-carb- 
oxylio acid. Reacts with hydroxylamine. 
Phenyl-hydrazine forms C„HsO,(N.,HPh) 2aq, 
crystallising in yellow prisms. — BaA" aq.— 
Ag.,A'': amber-yellow pp. 

Anhydride C,aH,0<^QQ^O. Yellow 
needles, formed by boiling the aoid with HOAo. 
Iwiide C,jH,0<co>™- Yellow plates, 

got by dissolving the acid in NH;,Aq. 

PYEENOLIKE [153°J. Formed by 

heating amido-pyrene hydrochloride with nitro* 
benzene, glycerin, and (Jahoda, M. 8, 

442). Golden scales (from alcoliol), v. sol. water, 
forming solutions which exhibit green fluor* 
esccnco.-B'HCl. [270°].-B'.^^nCV [above 
290^]. - B'H.,S04aq. [246®]. - B'C,H,N,0,. 
Decomposes at 260 .—B'Mel. [212®]. 

PYRIDANTHEILIC ACID i.e. 

[2:1]C02H.CJI,.NH.C0.C,H^(C0,II)*. [265®]. 

Formed by the action of alkaline KMn 04 on 
cyclotliraustio acid derived from o-diquinoline 
(Weidel a. Straohe.AI. 7,289; 8,197). Mioaoeous 
plates, si. sol. hot water. Yields isocinchome- 
ronie and anthranilic acids on oxidation, 

PYEIDAZINE. The ring CH'^^l^g^CH 


(Ach, A. 253,46; cf. Knorr, A. 236, 295). 

' r . y PH.PFT 

PYEIDINE C,H,N i.e. 

Mol. w. 79. (116°) (Schift, B. 19, 566); (114°) 
(Ladenburg, A. 247, 4); (116-6°) (Perkin, 0. f. 
65, 701). S.G. 5 1-0033 (B.); -9866; -9778 

(P.). M.M. 8-761. H.F.p. -19,370 (Thomsen); 
7,117 (Ramsay, C. J. 35, 696). H.F.T. -20,530 
(Thomsen, Th.]. S.H. -418 (Colson, A, Ch. [6] 
19, 408). S.V. 89-4 (Sohifl); 91-6 (Ramsay). 
Oocurs in bone oil, in coal • tar, and in tar 
got by distilling bituminous shale and peat 
(Anderson, Tr. 16, 4; 20 [2] 247 ; F. M. [4] 
2, 257; A. 80, 65; 96.200; 106,335; Greville 
Williams, P. M. [4] 8,24; Church a. Owen, 0. N. 
2,146; P. M. [4] 20,110; Schulze, B. 20, 409). 
Occurs also in tobacco emoke, and, in small 
quantity, in fusel oil (Haitinger, M. 3, 688). 

Formation.—1. By heating isoamyl nitrate 
with P,0, (Chapman a. Smith, A. Suppl.6, 329). 

2. By distilling its csrboxylio acids with lime.— 

3. By distilling oxytrialdine and oxytetraldme 
with soda-lime (Schiff, A. Suppl. 6,21).—4. With 
other bases by heating glycerin with ammonium 
phosphate (StShr, J. pr. [2] 45, 23), ®y 
passing ethyl-allyl-amine over PbO at 450 
(Koenigs, B. 12. 2344).-6. By heating piper¬ 
idine with H,,SO, at 300° (K.), with nitro-benzene 
(4,1 pts.) at 260° (Lellmaim a. Qeller, B. 21,1921), 
or with AgOAc and 10 p.o. HOAo at 180° (Taf^ 
B. 26, 1621).—7. TogeUier with mono- and di- 
aubstitution produots by th« action of Bi 00 
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iMtjl-pIperidine .(Hofmann, B, 16, SST).--^. By 
healing sodium-pyrrole with NsOMe and CH,l, 
in waled tubes at 200° (Dennstedt a. Zimmer- 
masn, B. 18, 8316).—9. From anhydroeogonine, 
by treatment with oono. HCl and distillation of 
the product with zino-dust (Einhom, B. 22, 
1865). 

Purification. —By ppg. the crude base (20 g.) 
dissolved in (100 g. of) a 10 p.o. solution of 
HCl by adding HgClj (135 g.) dissolved in hot 
water (1,000 g.). The crystalline double salt is 
distilled with NaOHAq (Ladenburg, A. 247,4). 

Properties. —Colourless liquid with powerful 
odour, miscible with water. Fumes with HCl. 
Strong poison. Should not be inhaled (Marcus 
a. Oechsner, Bl. [2] 88, 97; ef. Kendrick a. 
Dewar,Pr.22,432; 23,290). Formsa hydrate 
B'3aq, (93°), S.G. 1-0219, V.D. 1-17, which is a 
colourle'^s liquid (Goldschmidt a. Constam, B. 
16, 2976). Not attacked by boiling HNO, or 
CrOj. Pyridine ppts. the hydroxides of Fe, Al, 
and Cr from their salts. With CuSO, it gives a 
pale-blue pp. dissolving in excess, foriuing a 
deep-blue liquid. Pyridine passes unchanged 
into the urine p. de Coninck, Compt. rend. Soc. 
Biol. 4, 755). Pyridine does not mix with liquid 
CO-j (Ditte, C. li. 105, 012). It gives no reaction 
with hot alkaline NaOBr (Denigds, 0. B. 107, 
662). 

Reactuyns.—l. Dry chlorine forms di-chloro- 
pyridine [72'^]. Chlorine passed into a solution 
of pyridine in CHClj forms 13'Cl,^, a white 
powder (Bally, B. 21, 1772). Chlorine-water 
ppts. a white powder. KOCl completely decom¬ 
poses pyridine, forming N, CO,, CHClj, and 
chloro-acciic acid (Keiscr, Am, 8, 308). — 2. 
Bromine added to a solution of the hydro¬ 
chloride ppts. CjH .NBr,;, which is split up by heat 
into pyridine and bromine. Bromine acting 
in the cold on pyridine and water gives rise to 
(C,H»NBrJ,HBr [126°J (Orimaux, Bf. [2] 38, 
127). Pyridine hydrochloride heated with Br 
at 200° forms mono- and di-bromo-pyridine.~*3. 
HlAq at 800° yields n-j<entane and NH;, (Hof¬ 
mann, B. 16, 590).—4. Sodium at 80° yields 
('y)-dipyridyl C^H^N,, dipyridine C^HioN^ iso¬ 
nicotine CijH^N,, and two nitrogenous oils 
(240°-2G0°) and (300°-310°) (Weidel a. Russo, 
if. 3, 884).—6. lie alkylo-iodides are converted 
by distillation with solid EOH into volatile 


bases.—6. Excess of AcCl forms dohydracetic 
acid (Dennstedt a. Zimmermann, B. 19, 75).—7. 
Unites with CH;jGLOH (the product of the 
union of formic aldehyde and HCl), and the pro¬ 
duct in aqueous solution gives with HgCl, a pp. 
of ( 04 H,N)(CHaCl 0 H)HgCl, [162°], with platinio 
chloride a pp. of ( 04 H 4 N),(CH,C 10 H),PtCl 4 
[216°], and with picric acid the command 
(O,H*N)CH,(OH).0,H,(NO,),O [c. 200°]. Treat¬ 
ment with AgNO, forms (C4HsN)CH,(0H)N0, 
crystallising from aloohol-ether in prisms (Hem- 
melmayr, M. 12,633), —8. Alloxan and aqueous 


881). Glycerin chlorhydrin reacts with forma¬ 
tion of O^H^NCLCaH^^OH), [107°] separating 
from alcohol in hexagonal orystals and yielding 


[202°] which may be viewed as the hydrochloride 
of ‘pjridlna-botmne* OAN<®q<>00 

(ron Oeriohten.B.lS, 1253; Kriiger, B. 23,2609; 
J. pr. [2] 43, 279, 297 ; 44,136). The pyridine- 
betaine hydroohlaride is also got by oxidising 
C,H,NCl.CH,.CH{OH).CH,OH with ohromio 
acid and is decomposed at 240° into CO„ MeCl, 
and pyridine. Pyridine betaine C,H,NO„ got 
by the action of moist Ag.fi on the hydro¬ 
chloride, forms hygro.scopio tables (containing 
aq) and yields the salts lj'.jH,PtCl, [211°], B'HCl 
[202’], B'jHClaq [160°], B'jHIIgCl.aq [134°], 
B'jHBraq, an aiiro-chlorido B'HAuCl, [165°] 
(Jahns, B. 20, 2841), B'HBr, [200°], BUNO,, 
[145°], B',a,SO, [173°], B'CrO, (o. 106°], 
B'O.II,N,0, [143°], B'AgNO, [171-6°], and 
B'HBiI,2aq. On reduction by sodium-amalgam, 
pyridine-betaine yields CjHjNCl.CII..CHjOH. 
—11. Chloro-aaitie ether yields the compound 
C,HiNCi.CH,.CO.,Et, a crystalline powder [100°] 
(Kruger, J. pr. [2] 43, 274). This ether, 
C,H,„NO,Cl, forms the salts B',rtCl, [213°], 
B'AuCl, [117°], B'HgCl. [Pia’f, B'CdCl, [141°], 
and B'.CdCl, [107°]. 

Saits. — B'HCl. Deliquescent mass.— 
B'.,H,PtClr [242°]. Orangotriolinioprisms. The 
aqueous solution is converted by long boiling 
into crystalline B',Il,Cl,2PlCl, and B',PtCl,, a 
yellow insoluble powder.—B',PtCl,. Yellow tables, 
almost insol. cold water [Jorgensen, J, pr. [2] 
33, sot). An isomcrido crystallises in needles. 
-B'.PtCI.. 3aq.—B',l’t,Cl.. — B',[NH,).PtCl,. — 
B'(NU,}PtClr—B',(NH,),Pt,Cl,.-B'[NH.)PtCl.. 
-B',(NH,)PtCl,.-B'.,(NH,),Pt01, aq. Minute 
colourless prisms,-B’HHg,Cli. [178°]. Needlss 
[from ,wator).-B',3HgCl„-B'HAaCl,. [286°]. 
Prisms, si. sol. water.—B'C,H,N,0,. [162°] 
Needles, el. sol. water.—B',ZnGI,; short prisms, 
very soluble in cold water [Lang, B. 21, 
1678).—B'.,ZnCl 3 2aq [Lachovitch, M. 9, 616).— 
B'jZnBr,: prisms, v. sol. pyridine.—B'JBjZnOl,. 

— B'jCuCl, [180°-190°]. — B'CuSO, 8aq. — 
B',Cu.,Clj.—B'„CujOl 2 . — B'.CnBr,.—B',C u4j. — 
B'.Cu-Cyy — B'.,H.,CuCl,. — B'.,CdClj: needles, 
almost insol. alcohol, sol. water.—B’^CdBr^— 
B'.CdI,,.-B'CdI, [Monari, J. 1884, 629). - 
B'ilgClr—B'jHgCyj.—B'jCaCl,: white powder.— 
B',NiBry—B'AgBr: white needles, eel. cold 
pyridine.—B'Agl.—B'AgCy ; prisms (Varet, Bl. 
[3] 6, 843).—B'^CuCy: yellow lomello;, r. sol. 
warm pyridine (Varet, C. B. 112, 391). Loses 
pyridine on'warming.—B'H,SO,: deliquescent 
mass.—B'HI: tables, v. sol. water, but not deli¬ 
quescent. — B'HI,. [8‘J°]. Green oryatalline 
powder [Dafert, Af. 4, 608). - B'HBr. DeU- 
quescent needles. — B'„HBr,. [126°]. Bed 
tables.—B'jCl,. Waxy mass [Keiscr, Am. 8,312).' 
-B'HNO,.-B'.,AgNO,. [87°] (Jorgensen, J'.or.p] 
33, 502).—B',AgNO,.—B',CuSO,.—B'CuSO, 6aq. 

— B',CuS,0,.—B'jSiCl,. Amorphous [Harden, 
C. J. 61, 47).—B',SiF, [Corneya. Smith, Am. 10, 
294).—B',2SiP,.—B'jH,FeCy, 2aq : monoclinio 
prisms [Mohler, B. 21, 1016).-B'ia [182°]. 
Needles [Pictet a. Krafft, Bl. [8] 7, 72).— 
B'lCIHCI. [180°]. Long yellow needles (from 
water).—B'JRhCl,HCl 2eq (Jargensen, J. nr. [2] 
27.478).-B',RhCl,-B',3h,PtCl,r-B',KhClBr. 
—B',KhCl,[NOJ [dried at 100°).-B',Rh,01,80, 
[dried at 100°). 

Acetate B'^HOAo. (140°). Miscible with 
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water, forming an aoi4 solution (Gardner, B. 33,! 
1688).-Formate B'SCHA- 
T. sol. water.—Propionate B'SC^.O, (149 ). 
Liquid. — Cupric oxalate compouDd 
B^CuC-^g: minute prisms (Seubert a. Bauter, 

B. 26, 2826); 

MtthylO'ChloridQ B'MeCl. White 
needles (Ostermeyer, B. 18, 691). Converted by 
a hot aqueous solution of picric acid into 
B'MeOC,H,(NO.j 3 7 >q, which crystallises in 
greenish-yellow explosive needles [34®]. — 
B'jMe^CL. [188®J (0.); [207®] (B.).— 

B'MeAuCL. [253®].—B'MeClTGl. [82®J (0.); 
[90®] (B.). Yellow plates. - B'MeClICl,. [180®]. 
Unstable yellow crystals (Bally, B, 21,1774). 
Methylo-^erbroviide B'MeBrj, [48®]. 
Methylo-iodide B'Mel. Converted at 
290® into methyl-pyridine hydriodidcs. On heat¬ 
ing with alcoholic potash at 45® it yields a brown 
resin, forming a deep-rod solution in alcohol, 
turned bright-red by HCl, orange-rod by acetic 
acid, and ruby-red by ammonia (0. de Coninck, 
0. B. 102,1479). Chlorine forms B'MelCl^ [90®] 
(v. stip'd). Oxidised by alkaline KaFeCyg to 
oxy • methyl • pyridine or y • methyl • pyridone 

CH<^g:^^>NMo (250®). a liquid miscible 

with water (Decker, J.pr. [2] 47, 28; c/. Pcch- 
mann, B. 24, 3144). 

Ethylo^iodide B'Etl. Silvery tallies 
(Anderson, A. 94. 364). At 300° it yields pyr- 
idine, NH„ (o) and (y)- ethyl-pyridmo, and di- 
ethyl.pyridiue (Ladenburg, B. 16, 2059; 18, 
2961). Yields B'^lPtClj. Oxidised by alkaline 

K^e0y.toCH<C»;“>NEt(250°). 

Ethyleno-iodide B'C.Jlgl^. Prisms 
(Coppola, G. 15, 332). Ag.O yields a base 
C.I^NO. By heating pyridine with ethylene 
bromide and some alcohol at 100® there is found 
B^O^gBr,, which yields B',C.BgPtC4 (Davidson, 

jB0ttzylo*chloftd6 B^PhCH-^CI. Reduced 
bv sodium-amalgam to the unstable C 2 ,H.j 4 N 2 
(Hofmann, B. 14,1503).-(B;PhCH,Cl)^tClg. 

NiirO’beneylo-chlorides 

B'0gH4(N02).CH«Cl. 0 [0.76®], m [70®-100/}, p 
r90®-100®}. These bodies are reduced by tin 
and HClAq to B'C«H,(NH,C1).CH.,Cl. which are 
split up by heat into pyridine hydrochloride and 

* (Lollmann a. Pokrun, A. 259, 64). 

Phtnctcylo-bTOftiide B^BzCn.^Br. Prisms 
(Bamberger, B, 20, 3344).—B a(BzCH.;).gCraO,. 

References.— Celoro-, Oxy-amido-, 
and Oxy- pyridine. 

Dlpyrldine C,„H,oNj v. Dipybidyl dihydridb. 
D&ne CX4 (275®). S.G. 1^ l-m. 
Is probably a dipyridyl dihydride. Formed by 
heating nicotine with KOH and K,FoCy„ and 
also by heating the product of the action 
of S on nicotine at 160® with finely-divided 
copper (Cahours a. Etard, Bl. [2] 34, 452). 
Inactive liquid.—^B'HHgCl,.—B'.^PtClg 2aq.— 
B'jaj'cCy‘iaq: brownish-green tables. 
(tt).PY&IDINE CARBOXYLIC ACID 

C,H,N0. ».e. 

[136°]. Formed by oxidation of (e)-methyl- 
pyridine with KMnO, (Woidel, B. 12,1994), and 
by oxidation of (a)-phenyl-pytidine (Skianp, if. 


4, 477). Obtained also, ^ether with its hsM- 
hydride, from comenamio acid by successive 
treatment with PCI, and H,SO„ the resulting 
cU-ohloro-picolinio acid being reduced by heating 
for three days at 165° with HI dissolved in 
HOAo (Ost, J.pn [2] 27,285). 

Preparation.—The three acids got by oxida¬ 
tion of crude methyl-pyridine from animal oil 
are converted into copper salts. Cupric pyridine 
(a)-carboxylate is extracted by hot water. The 
residue is treated with H._,S, and the diflicultly- 
Eoluble (y). acid separated from the (3)- acid (Ost, 
J.pr. [2) 27, 286). 

Properties.—Needles, v. sol. water and alco¬ 
hol, almost insol. ether, benzene, CHCl,, and 
CS,„ May be sublimed. FeSO, gives a red 
colouration with picolinic acid and with all the 
carboxylic acids of pyridine that contain CO-^H 
in the (s)-position (Sktanp, M. 7, 210). The 
absorption of tlie ultra-violet spectrum hae been 
studied by Hartley (C. J. 41, 45). 

Reactions.—1. Yields pyridine on distillation 
with Urne or with alcoholic potash at 240°. The 
Cu salt on distillation gives pyridine and («)- 
dipyridyl [70°] (Blau, M. 10, 375; B. 21, 1077). 
—2. Sodium-amalgam forms S-oxy-adipio acid 
(Weidcl, M. 11, 622). 3. Fuming HI at 170° 
forma (a).methyl pyridino and piperidine (Seyf- 
ferth, J. pr. [2] 34, 241).—4. Zuve-dust and 
HOAo reduce it to (a)-methyl-pyridine. 

Constilulwm.—TAds may be deduced from its 
formation from (3)-nnphthoquinolino vid (3)- 
phonyl-pyridine oarboxylie aeid (Skraup a. Co- 
benzl, if. 4,436). 

Salts. — HA'HCl: unstable oryatols.— 
HA'jH,PtCl,2aq: orange-red crystals.—NH,A': 
triclinio tables.—KA'.—BaA^^aq.—CaA j aq. 
MgAt.2aq. _ ^ 

Bexahydride C,H,,N.CO.^H. Ptperidins 
taj-carboxylic acid. The chief product of the 
action of HI at 160“ on mono- or di- ohloro- 
picoUnic acid (Ost, J. pr. (2)27,287). Got also 
by reducing picolinic acid (Ladenburg, B. 24, 
040). Syrup, v. eol. water. Salts.—B'HCl. 
[204°]. Nodulea.-B',,R,PtCl.. [184°] (L.).- 
B'jljPtCl,2aq.—B'MeCl. [191°]. Needles. 

Pyridine (3)-carboxyUe acid 

Nicotinic add. [230°]. 

CH: N .CH . . 

Formation.—1. By oxidising nicotine with 
HNO, (Weidel, A. 165, 3.30), CrO, (Huber, A. 
141, 271; B. 3, 849), or KMnO, (Laiblin, A. 
190,129).—2. A product of oxidation of coal-tar 
bases (Weidel; Mohier, B. 21, 1009), 3. By 
heating quinolinio acid at 160° or with HCl at 
180° (Ost, J. pr. [2] 27, 286; Lippmann a. 
Fleissnot, if. 8, 315).—4. By oxidation of (3)- 
methyl-pyridine (Woidel, B. 12,2004), (3)-ethyl- 
pyridine (Stoohr, J.pr. [2] 43,155) or (3)-phenyl- 
pyridine (Skraup, if. 4, 453).—6. By sapomaca- 
tion of its-nitrile, which is got by distilling 
sodium-pyridine sulphonate with KCy (Fischer, 
B. 15, 63).- 6. By healing three of the pyridine 
dioarboxylio acids (Hoogeweril a. Van Doiy, 
B T G. 1, 1, 107; A. 204, 117; 207, 226; 
Woidel a. Herzig, if. 1, 16).—7. By heating 
berberonio acid at 216° (Fiirth, if. 2, 420).-- 8. 
By the action of Zn and HClAq on ohloro-nico- 
tinio acid (Peohmann a. Weleh, C. J. 47,146). 

jPrcperlMs.— Needles, sir sol. cold water, sol 
alcobol,nearly insol. ether. May be sublimed. 
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BsaeUym,-^!* Yields pyridine cm distilUtioa 
vith lime.—2. Sodium-amalgam yields » mix¬ 
ture of d-ozy*a-methyl-g)utario acid and its lao. 
tone, which, on treatment with alcohol and HCl, 
yiel^ a mixture of two ethers. One of these, 
C,oH„C 104, is converted by sodium-amalgam 
into a-methyl-glutario acid, and the other, 
C.HiiO,, is also converted by successive treat¬ 
ment with PI, and with Zn and dilute H^SO^ into 
a<metbyl«gIutario acid (Weidel, M. 11, 502).-> 
S. Bromine and water at 120® yield CO„ pyridine, 
and bromoform.—4. The K salt heated with 
Mel at 150^ forms C,Il,NMeI.CO,Mo, which on 
saponification yields OjH4NMe{OH).CO,H [130®], 

converted at 100® into trigonellin 

[218®], which occum in the seeds of Trigonclla 
feenum grtccum (Jahns, D. 18, 2521; llantzsch, 

B. 19, 31). This anhydride forms the salts 

C, H,NO,HCI, BUMHCl^aq, B'HAuCl^ [198®], 
and B',3HAuCl4 [180®]. 

Conslitution. —This may be deduced from 
its formation from (a)-naphlhaquinoline vid (a)- 
phenyl-pyridino carboxylic acid. 

Salts.HA'HCl. Colourless prisms.— 

H, A',H,PtCI« 2a^.—B',H,AuCl,.—B'HNO,aq.— 
Nil, A'; needles.—KA'.—MgA',: needles.— 
CaA', 5aq: monoclinio crystals; a:b:c^ 
1-537;1:-029; 8-62® 60'. — Cu(OH)A' (De 
Coninck, BL [2] 42,100).—AgA': needles (from 
hot water). 

iVifrife OjH^N.Cy. [49®]. Formed by dis¬ 
tilling sodium pyridine sulphonate with KCy 
(Fischer, B. 15, 63). Needles or prisms, sol. 
water. — B'FICl.—B',H ,PtCl,; yellow soluble 
needles. Tables (by sublimation). Converted 
by means of hydroxylamine into the amidoxim 
C,H,N.C(NHJ:NOH [12H®], which yields an 
acetyl derivative [143®] and a benzoyl derivative 
[100®], and is converted by phenyl cyanate into 
C,H4N.C(NOH).NH.CO.NnPh [167°], by phenyl 

thiocarbimide into O.H,N.C.^^®^C.NHPh 
[241®], and by succinic anhydride at 100® into 
C,H,N<^®>C.CH,.CH,.CO,^ [178°]. The 
acetyl and benzoyl derivatives are converted by 
heating into [109®] and 

OjH^N<^^^^CPh [139®3 respectively (Mi* 
ohaelia, B. 24, 3439). 

Hexahydride 0,H|,N(CO,H). Nipecoiinie 
add. [2,'iO°J. Got by reducing nicotiiiio acid 
in alcoholic aolution by Na (Ladonburg, D. 25, 
2763). Crystals, t. e. sol. water, insol. alcohol 
and ether.- HA'HCl. pdO^j.-H^WtCl,. 
[213° cor.]. — HA'HAuCl,. [197° cor.],— 
HA'HClSHgCl, (231°].-MeA'HCl [208°].— 
Me^'jH^lCl, — Nitrosamino CiH„N,0. 
[112°]. ^» r 

Pyridine ('y).earboxyUc acid 
N^Qy;gg^O.COjH. Isonkotinie add. [305°] 

(S.) i [806°] (B. a. H.)! r309-5°] (W. a. H.). 

Formation.—1. By heating pyridine s-tri- 
earbozylio acid (Skranp, B. 12, 2331) and three 
o{ the pyridine to-oarbozylio acids (HoogewerS 
a. Van ^rp, A. 204,112; Weidel a. Herzig, it, 

I, 28 i Bdttinger, B. M, 68).—2. By the action 
of EUnO, on (y)riiteth/I-pyridiQe (Behniwan b 

Yob !V. 


Hofmann, B. 17, 2896; Ladenburg, B. 21, 387). 
8 . By heating di-ohloro-pyridina oarboxylio acid 
[210°] with HI (B. a. H.). 

Properties. —Needles, si. sol. cold water, in- 
sol. alcohol. Tiolds pyridine on distilling with 
lime and J-oxy-ethyl-siicciiiio acid on reduolion 
with sodium-amalgam (Weidel, M. 11, 517). 

Salts.—Nil,A': needles.—CaA',4sq: silky 
needles, m. sol. water. - HA'HCl: raonoolinio 
prisms.—ITA'^II^PtCI, 2aq: monoclinio crystals. 

Hexahydride C,H|„N(CO,H). Got by re¬ 
ducing the acid in alcoholic solution by Ns 
(Ijadenburg, B. 25, 2773). Branching groups of 
needles, v. e. sol. water, insol. alcohol. Blackeni 
at 300°, but is not melted at 320’.—HA'HCl. 
[228’]. Trimetrio crystals; a:b:c • •922:1:-979. 
—HA'JIjPtCI,. [239°]. — Anroohloride: 
[197°]. Nitrosamino C.H,.NjO,. [101°]. 

Pyridine (aa)-dicerboxylio acid 

[ 22 ®°] 

(L. a. R.: 8.); [‘2W°] (E.); [230° cot.) (Collie, 
C. J. 59,179). Formed by oxidation of (aa).di- 
methyl-pyridino [145®] (derived from aoeto* 
acetic ether or from coal-tar) by KMnO« (EpKtein, 
w4. 231, 26; Ladonburg a. Both, 1?. 18, 52; 19, 
790; 20,130; A. 247, 32; Lange a. Itoscnlmrg, 
B. 20. 132; c/. Dewar. C. N. 23. 18). dot also 
by oxidatioD of (a)-mf'thyl-{a)-cthyl-pyridine by 
dilute (2 p.c.) KMnO, (Schultz, B. 20, 2724). 

Properties. —Hair-liko needles (containing 
l^aq) or anhydrous scales; si. sol. cold alcohol, 
water, and ether. On heating at 245® in a cor* 
rent of H it yields pyridine and pyridine (a)- 
carboxylic acid. PCI* forms a chloride [61®], 
(284®). FeSO^ gives a reddish-yellow colour. 

Salts. — CaA" 2aq: minute prisms. 
CuA"2aq: dark-blue prisms. 

Pyridine (a8)-dicarboxyUo acid 

CU^ClScilM- Q'tindink add. [281°]. 
8. *55 at 6 5®. Formed by the oxidising action 
of KMnO,on quinoline (Hoogewerff a. van Dorp, 
B. 12. 747; n. T.C. 1. 107; A. 204, U7), on 
cinchonine (II. a. D.), on o- and p- methyl* 
quinoline (Skraup, M. 2, 157), on o-oxy-quino- 
lino, on quinoline o-sulphonic acid (0. Fischer 
a. Itonouf, B. 17, 755), and on (a)-oxy-quinolin6 
carboxylic acid (La Costo a. Valeur, B, 20, 103). 

Properties. — Monoclinic needles, a‘.b:C"» 
*542:1;-607; 0 = 64® 54'; si. sol. water and alco¬ 
hol, insol. ether. Begins to decompose at 140®, 
and forms nicittinic acid. Yields pyridine when 
distilled withlimo. Deduced by sodium-amalgam 
to the S-Iactonc of butane o^y-tricarboxylio acid 

"oHicaS M. 13. 840). 

Salts.—EHA"2aq: triclinio plates (Iiipp- 
mann a. Pleissner, M. 8, 811).—KjA"2aq.— 
BaA"aq.—Ag^": crystalline.—AgHA" aq. 

Anhydride C.H,N<^g>0. [185°]. Got 

from the acid and Ae,0 (Bernthsen a. Metto- 
gang, B. 20, 1208). Prisms. Converted by 
benzene and AlCl, into C.U,BzN.CO,H [147°], 
converted by heat into the ketone C,H,BzN 
(307° unoor.), which yields a erystallino pbenyl- 
hydrazide [143'5°]. 

Pyridine (aT).(Uearbozylie acid 

iMidinki add. 

AA 
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[240^ (V.); [285“] (B.; L. a. B.). Formed by 
the oxMising action of KMnO, on (e 7 )-di- 
metbyl'pyridine (Kamsay, P. M, [5] 4, 241; 6 , 
19 i Weidel a. Horzig, M. 1, 20; Ladenburg a. 
Both, B. 18, 915: A. 247, 87), on (a)-melhyl- 
( 7 )-ethyl-pyridine (Schultz, B. 20, 2720), on di- 
ethyl-pyridino, on {oa)-di-methyl-dipyridyl(Heu- 
eer a. Stoehr, J. pr. [2] 44, 409), and on the 
metliyl-pyridine carboxylic acid obtained from 
uvitonic acid (Bdttingcr, 14,68; 17,98; Voigt, 

228,54). 

Properties, —Needles (containing aq), m. eol. 
cold water, sol. alcohol, insol. ether. Gives a 
blood-red colour with FeSO,. Yields pyridina 
on dislillation with lime. Converted by heat 
into CO.J and isonicotinio acid. PCI, yields a 
thloride [OOS”]. 

Salts.—KHA"Jaq. Crystals.—(NH,).A"-— 
(NH,)HA"aq: hygroscopic needles.-CaA" 3aq. 
CaA" aq.—CaA" iaq.—CaII.,AI'-j 2 aq.—liaA" aq. 
—BaA" liaq (B.). — BaA" 8 aq. — CdA" 4aq 
(Waage, M. 4, 727).-MgA''5aq.—CaA" 8 aq.- 
CuA" 4aq (B.).—Ag,,A'' 2aq: white pp. 

Pyridine (d 8 ')-dicsrboxylic acid 

Isocinclwmermic acid. 

[236°].' 

Formation. —1. By oxidation of lutidine 
(160°-170‘’) with KMnO, (llarasay, P. U. [5] 4, 
240; Weidel a. Herzig, M. 1, 1; Lange a. 
Rosenherg, B. 20, 185).—2. By oxidising ( 8 ')- 
methyl-(a)-ethyl-pyridine (Ladenburg, A. 247, 
44).— 8 . By oxidation of quinine (Eamsay a. 
Bobbie, C.J. 33,102; B. 11, 324).-f By heat¬ 
ing the dihydride of potassium pyridine tricarb- 
oxylate (Weiss, B, 19, 1311).—5. By the action 
of alkaline KMnO, on cyclothraustio acid and 
on pyridantbrilic acid (Weidel a. Strache, M, 7, 
290).-6. By oxidising ( 8 )-ethyl-(a)-stilbazolo 
(Plath, B. 22,1062). 

Properties.-Small prisms (containing aq), 
almost insol. cold water, alcohol, and benzene, 
sol. hot HCIAq. On heating with HOAc at 220° 
it is split up into CO., and nicotinic acid [230°]. 
On heating with lime it gives pyridine. PCI, 
yields a chloride [61°J converted by NH, 
into an amide [297°]. FoSO, gives a reddish 
colour. 

Salts.-(NH,)HA"aq. [253°]. Triolinio 
prisms, si. sol. cold water.—(NH,)A”-— 
KHA" laq: needles.—K,A" aq.—CaA" 2aq.— 
Ca(HA").. 3aq.—MgA" 6 aq.—Cu A" aq.—AgA"- 

Methyl ether MeA". [117'5°] (B.). 

Pyridine ( 88 ')-dicarboxylic acid 

®®<clcO^H);CH>^- [822°]- 

Formed by heating pyridine (2,3,5)-trl-carboxylio 
acid and pyridine (2,3,6,0)-tetra-carboxylic acid 
(Biedel, B. 16,1613; Hantzscha. Weiss, B. 19, 
286; Weber, A. 241,12). Formed also by heat¬ 
ing di-chloro-pyridine di-carboxylic acid with 
cone. HIAq at 180° (Guthzeit, A. 262,130). 

Properties. —Small prisma (from HOAc), 
split np by heat into CO., and nicotinic acid. 

Salts.— PbA" 2aq.—Ag.A"aq.—Ag,A" 1 Jaq. 
—HA'HC12aq: needles, decomposed by water. 
—:^',H,PtCl,: orange-red needles. 

iodine (gyl.dicarboxylic acid 

0O,H.0^ggW^|>N. Cinchomnmie 
odd . [259°]. 


Fomation,^!. By oxidation of elnehonine 
or cinchonidine by HNO, of S.O. 1*4 (Weidet, 
A. 173,76).—2. By oxidation of quinine by HNO„ 
the yield being 28 p.c. (Weidel a. Schmidt, B, 

12, 1146).—3. By heating apophylienic ncid 
with cone. HCIAq at 240° (Von Oeriebten, B. 

13, 1635).—4. By heating pyridine tricarboxylie 
acid (formed from cinchonio acid) at 100 ° 
(Hoogewerff a. van Dorp, B. 13, 61; Skraop, M, 
1, 184; Weidel a. Brix, M. 3, 604).—6. By the 
action of KMnOi on methyl-pyridine carboxylic 
acid and on isoquinotine (Hoogewerff a. van 
Dorp, B. T. G. 2, 23; 4, 285).-6. By heating 
pyridine pentacarboxylio acid (Weber, A. 241, 

By oxidation of methyl-nicotinic acid, 
derived from (j3)-collidino (Oechsner de Coninck, 
Bl. [2] 43, lOG). - 8 . By boiling berberonio acid 
with HOAc (2 pts.) and Ac.^0 (1 pt.) for six 
hours (Mayer, M. 13, 344; cf. Fiirth, M. 2, 426), 

Properties. —Prisms (from HCIAq), v. si. sol. 
water and ether, si. sol. alcohol. Yields iso- 
nicotinic and some nicotinic acid on heating 
(Hoogewerff a. van Dorp, A. 207, 217). Gives 
pyridine on distillation with lime. Sodium- 
amalgam yields NKjand cinchonic acid C,H„0„ 

U. CO,H.CH<pg“gg^O (Weidel a. Hoff, M. 

I 

co.,n 

13, 578). Cinchonic acid [169°] forms mono* 
clinic crystals, v. sol. hot water and alcohol, 
and yields BaCjHuO, 3aq, Baa(C,H,0,), 3aq, 
CaA" 2aq, Ca.,(C,H,Oy).., (dried at 190 ), and oily 
j EtjA", whence PCl^, followed by alcohol, yields 
I CO,K 4 t.CH{CH.^CI).ClI(CO.^t).CH^.CO.^Et, which 
I is a heavy oil. Cinchonic acid is reduced by HI 
to butane tricarboxylic acid [184°], 

whence CajA'"j, 8 aq, accompanied by an isomeric 
butane tricarboxylic acid [133°]. FeSO^ gives 
no colour. 

Salts.—Na 2 A" 2 aq: tables.—NaHA".— 

BaA"liaq: needles, sol. water.—CaA" S.^aq: 
prisms. — CaA"3aq. — CuA"3.jaq; small 
blue crystals.—AgA" : white pp.—AgHA".— 
HA'nCl: monoclinic prisms, decomposed by 
water.—H^'jE^PtCl,,: golden prisms. 

Anhydride {C.llMfi-A- Formed 

by boiling the acid with Aa^O (Goldsohmiedt a. 
Strache, M. 10,156). Plates. May be sublimed. Con¬ 
verted by NH, gas into C,H 3 N(CO,NH 4 ).CONH, 
[229°], which is converted by heat into a yellow 
powder [130°], and which yields the amio acid 
C,H,N{CO,H).CONH, [2.37°], crystallising in 
needles. 

Mono-ethyl sfAsrHEtA". [133°]. Formed 
from the anhydride and EtOH. Plates (from 
benzene).—AgEtA": long needles. 

Mono-methyl ether HMeA". [164°]. 

Anhydride of the Methylo-hydroxide 

C.H,NMc(COjH)<Q®. Apophyl- 

lenic acid [242°]. Formed by oxidation of 
cotarnine by HNOj (Wohler, A. 60, 24; Ander¬ 
son, TV. E. 23, 347; 0. J. 6,257; Oeriebten, B. 
13,1635). Formed also by heating oinohome- 
tonio acid with Mel and MeOH at 100° (Boser, 
A. 234, 116). Needles (anhydrous) or ootahedra 
(containing aq), sol. hot water, insol. alcohol and 
ether. HCIAq at 260° decomposes it, forming 
oinohomeronio acid and MeCh — BaA, — 
AgA'.-AgA'(NOJ.-BA'.H,P‘ffl. 
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Bromo-apophyllenio «oid 

C. H.BrNOjSaq. [205^. Formed by ozidatioD 
of bromo-tarconine. Fields BaA',3aq and 

(Geriohten, A. 210, 91j. 

Pyridine (aa'fl)-tricarboxylio acid 

Formoibyoxidis. 

ing (li-inethyl*nicotinic acid with KMnO< (Woisa, 
B. 19,1809). Crystallises from alcohol in plates 
(containing 2aq), v. e. sol. water. Deemnposos 
at IGO^ into CO, and isocincliomcronic acid. 
FeSO, colours its neutral solution red. — 
Kn„A'",5aq: needles.—CaaA'"o4aq.—rb,A'",5aii. 
Pyridine (aa' 7 )<tricarboxylio acid 

CO,H.C-^Qy; 0 (QQ*Jjj^N. Trif/icsUic acid. 

CarhohUidinic acid, [244®]. Formed by oxida¬ 
tion of uvitonic acid (Boltinger, B. 13, 204B; 
14, G9), and by oxidation of tho tri-mctliyl- 
pyridine obtained from acetoacetic ether and 
aldehyde-ammonia (Voigt, 4.228,31). Tables 
or spheroidal groups of needles (containing 2 nq), 
sol. hot water, si. sol. alcohol and ether. Yields 
isonicolinic acid on sublimation. FCSO 4 gives a 
violet-red colour. 

SaltsK:,A'"5aq: needles.—Ca,A"',4aq.— 
Ba;,A"Vm(i. — 13 aH,A"' 24 aq. —MgjA'",12aq.— 
Cu,A'"..12uq. AgsA"'l.iaq. 

Ethyl ether Kt,A'". [127‘5®]. 

Amide, (above 280®]. 

Pyridine {a/9i8').tri-carboxylic acid 

Carhodinicotinie 

acid. Formed by oxidation of quino¬ 

line {Py. 2)-carboxylio acid (Riedel, D. IG, IGla), 
of methyl-pyridine (;3iS )*dicarboxylic acid 
(Weber, A. 2 U, 11), and of tlie parvoHno got 
by heating propionic aldeliydc ammonia with 
propionic aldehyde at 200® (Diirkopf, 21,832, 
2707; 23, G89). Splierical aggregates (conlain- 
ing l.;a<i), V. Bol. hot water. At IbG® it is 
8 i)lit up into CO. and dinicotinic acid,— 
BajA'". "»aq.--Ag 2 HA'"l 'aq : rosettes of plates. 
Pyridine (ai 87 ).tri-carboxylic acid 

[250'-'] (H. a. 

D. ; S.); [if.?"] (D. a. It.). S. 1'2 .it 1.5°. 
PurmatioK.—l, By the action of KMnO^ on 

quinine, cinchonine, cinchonidine, quinoi'dine, 
and cinchonic acid (Dobbie a. Ramsay, 0. /. 35, 
189; iloogowerll a. van Dorp, B. 12, 158; 13, 
152; A. 201, 84; Skraup, A. 201,312; Strache, i 
M. 10, G42).--2. By oxidation of cinchonine by i 
HNO, (Woidel, A. 173,101; B. 12, 415).--3. By 
oxidation of methyl-pyridino (fl/3)-dicarboxylio 
acid (Hoogewerff a. van Dorp, It. T. C. 2.18), of 
di-methyl-pyridino carboxylic acid (Michael, B. 
18, 2027), of (o)-oxy-cinchonic acid (Weidel a. 
Cobenzl, M. 3, 8G5).—4. By oxidation of papa¬ 
verine fGoldsohmiedt, il/. G, 397). Trimetric 
plates (containing l^aq), v. sol. hot water, m. 
sol. alcohol, nearly fnsol. ether. Blaekcns at 
200 ®. FeSO| gives a reddish colour. H^S forms 
• rod amorphous body (D. a. B.). Decomposed 
by long heating at 180®, or by boiling with 
HOAo into CO, and cincbomeronic acid. Yields 
pyridine on distilling with lime. Mel and 
MeOU at 100® form CO, and apophyllento acid. 
Sodium-amalgam gives NH, and omchonio acid. 
PCI. forms a chloride (206® at 40 mm.}. 

SalU- - V"'3aq. - Ba,A'",16aq. — 


12aq. — Oa^% Waq. - Ca^A'", ISaq.- 
CaHA'^' 2jaq. — OujA'", 9aq: light-blue pp.— 
OuHA'^'S^aq; hexagonal prisms. - CuHtA"', 2 aq. 
—Cd,A"',*Gaq. —Ag,HA'"aq.—Ag*A'"2aq; amor¬ 
phous pp.—AgnjA '".2 2 iaq.—H,A'"HCl: crystal¬ 
line powder (Roscr, A. 234, 125), 

Pyridine (a^' 7 )-tricarboxyUc acid 

Ba-beronie acid. 

[213°]. Formed hy oxidising berberine with 
nitric acid {Weidol, B. 12. 410; P'iirtb, 3f. 2, 
41G). Triclinio prisms (containing 2aq), sol. hot 
water, v. si. sol. Iiot alcohol, insol. other. Yields 
pyridine on distillation vvitli lime. FeSO, gives 
a rod colour. At 215® it is split up into CO^ 
and nicotinic acid; above 243® it yields isonioo- 
tinic acid. 

Salts. — KsA"'4.Uq. — K.;HA"'3aq. — 
KILA'^l.^aq. — CajA'".j 8 aq. —Cd,A'"j4aq.— 
AgyA'": white pp., insoL water. 

Pyridine (/ 88 'f)-tricarboxylic acid 

CO,II.C<®j^®^|;^”>N. (6). Carbocincho- 

vieronic acid. [2G1°]. Formed by heating di- 
polassium pyridine pentacarboxylate at 220 ° 
(Weber, A. 241,17). Plates (containing 3aq), v. 
sol. hot water. Yields oinchumcronic acid when 
heated. Gives no colour with FeS 04 . — 
CujJI.^A '"4 24aq.—AgiA'"2aq: crystalline pp. 
Pyridine (aj 8 ^' 7 )-tetra-carboxyUo acid 

c.n,NO, «. 

Formed hy oxidising (a 7 )-di-mcthyl-pyridine 
(j 88 ')-dicarboxylio acid (Weber, A. 241, 23). 
I’risms (containing 2aq or 3aq). At 120° it 
loses CO. 4 , forming (j 8 )'carbocincliomeronio acid. 
FeSO, gives a dark-red colour.—Ba. 4 A** 4aq.— 
AgjlIA*'’, aq: crystalline. 

Pyridine (aa'i3/3')-tetraoarboxyIio acid 


C“<c, 


C(CO,H).C(CO,H)^ 


■C(C(),H);C(C0:,H)M- 


Formed by oxidis¬ 


ing di-methyl-pvridine dicarboxyiio acid 
(Hantzsch, B. 19, 280; Weoer. A. 241, 4). 
Ne(‘dlos (containing 2aq),v. sol. water. Decom- 
posrs at 1.50® into CO» and dinicotinic acid.— 
CaiLA‘’' 2 aq: needles, v. sol. water.—Cu^^A*^ 6 aq. 
— Ag.A*'' 2 aq : bulky pp. 

Pyridine (aa'^'yj-tetra-carboxylic acid 

Formed by 

oxidation of tri-metliyl-pyridine carboxylic acid 
and of di-methyl-pyridino di-carboxylio acid 
(Michael, A. 225, 142). Foimcd also by oxida¬ 
tion of flavetTol by alkaline KMnO, (Fischer a« 
Tauber, B. 17,2927). Slender needles (contain¬ 
ing 2uq), V. sol. water, v. si. sol. alcohol and 
otiier. Not dceomposed at 150°. FeSO, gives ft 
brownisb-red coIour.-^-BajA*’' 2 ^aq.—Ba^A*’ aq. 
—CUjA" 2^aq.—Ag.A*’ aq. 

Pyjidine penta-carboxylio acid NC.ICO^Hh. 
Formed from potassium tri-methyl-pyridine ai- 
carbozylate and KMn 04 (Hantzsch, A. 215, 62; 
Weber, A. 241,15). Crystalline mass of minute 
needles (containing 2 aq), extremely sol. water, 
V. si. sol. ether. Acid to litmus and to taste. 
Loses 2aq at 120® and deebmposes, without hav¬ 
ing melted, at 220°. The neutral alkaline salts 
are very soluble, but the acid alkaline salts are 
si. sol. water. The acid does not combine ivith 
HCl. Distilled with lime it gives pyridine. FehO^ 
gives a dark-red colour. 
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water, torming an acid solntion (Gardner, B. 23, 
1588).—Formate B'3CH,Oy (149°). Liquid, 
▼. sol. water.—Propionate B'3C^,Oj. (149°). 
Liquid. — Cuprie oxalate compound 
B'jCuCjO,: minute prisms (Seubert a. Banter, 

B. 25, 2825). 

Methylo-chloride B'MeCl. White 
needles (Ostermeyer, B. 18, 691). Converted by 
a hot aqueous solution of picric acid into 
B'MoOC,Hj(NOJ,.iaq, which crystallises in 
greenish-yellow explosive needles [34°]. — 
B',Me,d°tCl.. [188°J (0.); [2W°] (B.).— 

B’MeAuCl,. [263°].—B'McClICl. [82°j (0.); 
[90°](B.). YeUow plates. B'MeClIOl,. [180°]. 
Unstable yellow crystals (Bally, D. 21, 1774). 
Methylo-perbromide B'MeBr,. [48°]. 
Meihylo-iodide B'Mel. Converted at 
290° into methyl-pyridine hydriodidcs. On heat¬ 
ing with alcoholic potash at 46° it yields a brown 
resin, forming a deep-red solfition in alcohol, 
turned bright-red by HCl, orange-red by acetic 
acid, and ruby-red by ammonia (0. de Coninok, 
0. R. 102,1479),. Chlorine forms B'MelCl, [90°] 
(w. supra). Oxidised by alkaline KjI'eCy, to 
oxy. methyl-pyridine or v-methyl-pyridone 

® miscible 

with water (Decker, J. pr. [2] 47, 28; cf. Pech- 
mann, B. 24, 3144). 

Ethylo-iodide B'Etl. Silvery tables 
(Anderson, A. 94, 364). At 300° it yields pyr¬ 
idine, NH„ (o) and (y)- ethyl-pyridine, and di¬ 
ethyl-pyridine (Ladenburg, B, 16, 2069 j 18, 
2961). Yields B'.^t,PtCl„. Oxidised by alkaline 

K^PeCy, to >NEt (260°). 

EthyUno-iodide B'C.H,!,. Prisms 
(Coppola, 0. 16, 332). Agjo yields a base 

C, H„N0. By heating pyridine with ethylene 
bromide and some alcohol at 100° there is found 
B',0jH,Br.,, which yields B'-^CjIiiPtCl, (Davidson, 
A. 121, 264). 

Bensylo-ehloride B'PhCHjCl. Reduced 
by sodium-amalgam to the unstable C,,Hj,Nj 
(Hofmann, B. 14,1503).- (B'PhCH,Cl)/tCl,. 

Nitrd-beneylo-chlorides 
B'O.H,(NOj).CH,Cl. 0 [ 0 . 76°], m [70°-100°], p 
[90°-100°]. These bodies are reduced by tin 
and HClAq to B'C,H,(NH,Cl).CHjCl, which are 
split up by heat into p^idine hydrochloride and 

(Lellmann a. Pekrun, A. 259, 64). 

Phenaeylo-bromids B'BzCHjBr. Prisms 
(Bamberger, B. 20, S344).-B'.,(BzCHJ,Cr,0,. 

References.—Baouo-, Chlobo-, Oxt-amido-, 
and Oxv- pvbidine. 

Dipyridine C,„H|,Nj v. Dipvbidvl nravDitiDE. 
Dipyridino C„H„N,. (276°). S.G. M 1.124. 
Is probably a dipyridyl dihydride. Formed by 
heating nicotine with KOH and K^FeCy^, and 
also by heating the product of the action 
of S on nicotine at 160° with finely-divided 
copper (Cahours a. Etard, Bl. [2] 34, 452). 
Inactive liquid.—B'HHgClj.—B'jHPtClj 2aq.— 
B',H,FeCy,2aq: brownish-green tables. 
(a)-PYBlDIN£ CABBOXTLIC ACID 

CANO, i.e. ^h-Ch'S 

[186°]. Formed by oxidation of (a)-methyl- 
pyridine with KMnO, (Wcidel, B. 12,1994), and 
by oxidation of (a}-phcnyl-pyridine (Skraup, M. 


4,477). Obtained also, together with Us heu- 
hydride, from comenamic acid by successive 
treatment with PCI, and H,SO„ the resulting 
di-chloro-picolinic acid being reduced by heating 
for three days at 165° with Hi dissolved in 
HOAc (Ost, J.pr. [2] 27, 285). 

Preparation.—Iho three acids got by oxida¬ 
tion of crude methyl-pyridine from animal oil 
are converted into copper salts. Cupric pyridine 
(a)-oarboxylate is extracted by hot water. The 
residue is treated with H,8, and the difficultly- 
soluble (y)- acid separated from the (8)-acid (Oat, 
J.pr. [2] 27,286). 

Properties. —Needles, v. sol. water and alco¬ 
hol, almost insol. ether, benzene, CHC1„ and 
CSj. May be sublimed. FeSO, gives a red 
colouration with picolinic acid and with all the 
carboxyUc acids of pyridine that contain CO.^H 
in the (»)• position (Skraup, M. 7, 210). The 
absorption of the ultra-violet spectrum has been 
Studied by Hartley (C. J. 41, 45). 

Reactions. —1. Yields pyridine on distillation 
with lime or with alcoholic potash at 240°. The 
Cu salt on distillation gives pyridine and (a)- 
dipyridyl [70°] (Blau, M. 10, 375; B. 21, 1077). 
—2. Sodium-amalgam forms 5-oxy-adipio acid 
(Weidel, M. 11, 622).-3. Fuming HI at 170° 
forms (a)-methyl-pyridino and piperidine (Seyf- 
ferth, J. pr. [2] 34, 241).—4. Zinc-dust and 
IIOAc reduce it to (oj-mcthyl-pyridine. 

Constitution.—Bhia may be deduced from its 
formation from (8)-naphthoquinoline vid (8)- 
phenyl-pyridino carboxylic acid (Skraup a. Co- 
benzl, M. 4, 436). 

Salts. — HATHCl: unstable crystals.— 
HA'A'^tCl,2aq: orange-red crystals.—NH,A': 
triclinio tables.—KA'.—BaA'j jaq.—CaA', a^- 
MgA',2aq. 

Hexahydride C,H,„N.CO,H. Piperidine 
(a).carboxylie acid. The chief product of the 
action of HI at 160° on mono- or di- chloro- 
picolinic acid (Ost, J. pr. [2] 27,287). Got also 
by reducing picolinic acid (Ladenburg, B. 24, 
640). Syrup, v. sol. water. Balts.—B'HCl. 
[264°]. Nodules.—B'APtCl,. [184°] (L.).— 
B',jH.,PtCl,2aq.—B'MeCl. [191°]. Needles. 

Pyridine (8)-carbozylio acid 

CH-*1?'CH^'^' ificotinicadd. [230°]. 

Formation. —1. By oxidising nicotine with 
HNO, (Weidel, A. 165, 330), CrO, (Huber, A. 
141, 271; B. 3, 849), or KMnO, (Laiblin, A. 
196, 129).—2. A product of oxidation of coal-tar 
bases (Weidel; Mohler, B. 21, 10091.-3. By 
heating quinolinic acid at 160° or with HCl at 
180° (Ost, J. pr. [2] 27, 286; Lippmann a. 
Fleissnor, M. 8, 316).—4. By oxidation of (8j- 
methyl-pyrldine (Wcidel, B. 12,2004), (8)-ethyl. 
pyridine (Stoehr, J.pr. [2] 43,155) or (8)-phenyl- 
pyridine (Skraup, M. 4, 463).—5. By saponifica¬ 
tion of its -nitrile, which is got by distilling 
sodium-pyridine sulphonate with KCy (Fischer, 
B. 16, 63). - 6. By heating three of the pyridine 
dicarboxylic acids (Hoogewerft a. Van Dorp, 
R. T. 0. 1, 1, 107: 4- 204, 117 : 207, 226-, 
Weidel a. Herzig, lif. 1, 16).—7. By heating 
berberonio acid at 216° (Fiirth, M. 2, 420).— 8. 
By the action of Zn and HCLAq on chloro-nico- 
tinic acid (Pechmann a. Welsh, 0. J. 47,146). • 

Properties. —Needles, si? sol. cold water, soL 
alcohcd, nearly insol. ether. May be sublimed. 




ITBIDINE CARBOXYLIC ACID. 


m 


Staetijiu.—l.YidiBpjTi^eondiBtiUaUon 
urith lime.—3. Sodium-amalgam yields a mii- 
iare of t-oxy-a-methy1-gIatario acid end its lac¬ 
tone, which, on treatment with alcohol and HOI, 
yields a mixture of two ethers. One of these, 
0„H„C10„ is converted by . sodium-amalgam 
into a-methyl-glutario acid, and the other, 
0,HuO(, is also converted by successive treat¬ 
ment with FI 2 and with Zn and dilute H^SO, into 
o-methyl-glutario acid (VVeidcl, if. 11, 602).— 
S. Bromine and water at 120° yield CO^, pyridine, 
and broraoform.—4. The K salt heated with 
Mel at 150’ forms OjHiNMel.COjMe, which on 
saponilipationyields 0,H,NMe(0H).C0.jH [130°], 

converted at 100° into trigonellin C,n,NMe<^^^ 

[318°], which occurs in the seeds of Trigonella 
fantim gracwn (Johns, B. 18, 2521; Ilantzsch, 

B, 19, 31). This anhydride forms the salts 
0,H,N0^HC1, B'.^,PtCl, aq, B'HAuClj [198°], 
and B',3HAuOI, [186°]. 

Constitution. —This may be deduced from 
its formation from (<i)-naphthaqainoline vtd (a)- 
phenyl-pyridino carboxylic aeid. 

Salts. — HA'HCl. Colourless prisms.— 
HA',H^tCl. 2aq.—B'.,H,AuCli.—B'HNOj aq.— 
NH|A': needles.—KA'.—MgA'j: needles.— 
CaA'j 6aq; monoclinic crystals; a\b:c — 
l-637;l:-029i 8 = 62° 60'. — Cu(OH)A' (De 
Coninck, HZ. [2] 42,100).—AgA': needles (from 
hot water). 

Aftfrile CjHjN.Cy. [49°]. Formed by dis¬ 
tilling sodium pyridine sulphonate with KOy 
(Fischer, B. 15, 63). Needles or prisms, sol. 
water. — B'HCl. — B'.^,PtCl,: yellow soluble 
needles. Tables (by sublimation). Converted 
by means of hydroxylamine into the amidoxim 

C, H,N.C(NHJ:NOH [128°], which yields an 
acetyl derivative [143°] and a benzoyl derivative 
[190°], and is converted by phenyl cyanate into 
C,H,N.C(NOH).NH.CO.NHPh [167°], by phenyl 

thiocarbimido into 0,H,N.0^^®^0.NHPh 
[241°], and by succinic anhydride at 100° into 
0,H.N<^jJ®^O.CH,.Cnj.CO,H [178°]. The 
acetyl and benzoyl derivatives are converted by 
heating into CjH,N.^’^j^®^CMe [109°] and 

CjH.N^^^^CPh [139°] respectively (Mi- 
ehoelis, B. 24, 3439). 

Hexahydride C,H|,N(COjH). Nipecotinic 
acid. [250^. Qot by reducing nicotinic acid 
in alcoholic solution by Na (Ladenburg, B. 25, 
2768). Crystals, v. e. sol. water, Insol. alcohol 
and ether.-HA'HCl. [240°].-H.^'^-PtCl.. 
[213° cor.]. — HA'HAuCl,. [197° cor.].- 
HA'HClSHgCl, [231°].—MeA'HCl [208°].— 
McjA'jH^tCl,. — Nitrosamine O.HuN,0.. 
[ 112 °]. 

Pyridine (‘y)-carbozyUa aeid 
N^pglp^^O.COiH. laonicotinio add. [305°] 

(S.)! [306°] (B. a. HJ: [309-5°] (W. a. H.). 

formation .—1, By beating pyridine s-tri- 
carboxylic acid (Skraup, B. 12, 2331) and three 
of the pyridine di-oarboxylic acids (HoogewerCf 
s. Von Dorp, A. 204,112; Weidel a. Herzig, U. 
1, 28; BSttinger, B. H, 68).—2. By the action 
of KMnO, on ('y).ineth; 7 l-pyndine (Behnnann a, 

Voji. lY. 


Hofmann, B. 17, 2696; Ladenburg, S. 21, 287). 
8. By heating di-ohloro-pyridine carboxylic acid 
[210°] with HI (B. a. H.). 

Properfies.-Needles, si. sol. cold water, in- 
ral. alcohol. Yields pyridine on distilling with 
lime and S-oxy-ethyl-succinic acid on reduction 
with sodium-amalgam (Weidel, ilf. 11, 617). 

Salts.—NH,A'; needles.—CaA',4aq : silky 
needles, m. sol. water.—HA'HCl: monoclinic 
prisms.—HjA'.jH,PtCl, 2aq: monoclinic crystals. 

Hexahydride C,H|,N(COjH). Got by re¬ 
ducing the ucid in alcoholic solution by Na 
(Ladenburg, B. 25, 2773). Branching groups of 
needles, v. e. sol. water, insol. alcohol. Blackens 
at 300°, but is not melted at 320’.—HA'HCl. 
[228’]. Trimctric crystals; a-.b:c --OO-J;!: 079. 
—H,A'jHjPtCI,. [239°]. — Aurochloride: 

[197°]. Nitrosamine CjH|,N,0,. [101°]. 
Pyridine (aa)-dicarboxylio acid 

Dipicolinic acid. [226°] 

(L. a. E.; k);''[237°] (E.); [230° cor.] (Collie, 
0. J. 69,179). Formed by oxidation of (aa)-di- 
methyl.pyridino [145°] (derived from aoeto- 
acctic ether or from coal-tar) by KMnO, (Epstein, 

A. 231, 26; Ladenburg a. Roth, B. 18, 62; 19, 
790; 20,130; A. 247, 32; Lange a. Rosenberg, 

B. 20, 132; cf. Dewar, C. N. 23,18). Got also 
by oxidation of (a)-mclhyl-(o)-cthyl-pyridins by 
dilate (2 p.c.) KMnO, (Schultz, B. 20, 2724). 

Properties. —Hair-like needles (containing 
IJaq) or anhydrous scales; si. sol. cold alcohol, 
water, and ether. On heating at 245° in a cur¬ 
rent of H it yields pyridine and pyridine (a)- 
carboxylic acid. PCI, forma a chloride [01°], 
(284°). FeSO, gives a reddish-yellow colour. 

Salts. — CaA" 2aq; minute prisms. — 
CaA"2aq: dark-blue prisms. 

Pyridine (a8)-dicarbozylio acid 

g(C^).C^O,^^j,_ quinolinic acid. [231°]. 

S. *65 at G*5^. Formed by the oxidising action 
of KMnO^on quinoline (Hoogeweri! a. van Dorp, 
B, 12, 747 ; ii. T. 0.1, 107; 204, 117), on 

cinchonine (H. a. D.), on o> and p- methyl^ 
quinoline (Skraup, M. 2, 167), on o-oxy-quino- 
line, on quinoline o-sulphonic acid (0. Fischer 
a. Renouf, B. 17, 756), and on (a)-oxy*quinoUne 
carboxylic acid (La Coste a. Valeur, B, 20, 103). 

Properties. — Monoclinic needles, aib:o"> 
*542:1: *007 ; 0 04*^ 54'; si. sol. water and alco> 
hoi, insol. ether. Begins to decompose at 140°, 
and forms nicotinic acid. Yields pyridine when 
distilled with lime. Reduced by sodium-amalgam 
to the 5-lactone of butane aiSy-tricarbozylic acid 

c?^™*:cH:co:i aiO). 

Salts.—KHA"2aq: triclinio plates (Lipp- 
mann a. Fleissner, M. 8, 311).—KjA"2aq.— 
BaA"aq.—AgjA": crystalline.—AgHA" aq. 

Anhydride C,H.N<^q> 0. [135°]. Got 

from the acid and Ac,0 (Bernthsen a. Mettc- 
gang, B. 20, 1208). Prism... Converted by 
benzene and AlCl, into C.H,BzN.CO,H [147°], 
converted by beat into the ketone C,H,BzN 
(307° unoor.), which yields a orystallino phenyl- 
bydrazide [143-6°]. 

Pyridine (a-y)-dicarbazyUc aeid 

Lutidinic acid. 

AA 



PYRIDINE OAEBOXYLIO ACID. 


[240“] (V.) ; [286°] (B.; L. a. EJ. Formed ^ 
the oxidising' action of KMnO, on (o^j-di- 
methyl-pyridine (llanisoy, P. M. [5] 4, 241; 6 , 
19 ; Weidel a. Herzig, M, 1, 20; Ladenburg a. 
Both, B. 18, 916; A. 247, 87), on (o)-methyl. 
( 7 )-ethyl-pyridine (Schultz, B, 20, 2726), on di¬ 
ethyl-pyridine, on (oa).di-methyl-dipyridyl (Heu- 
ser a. Stoehr, J. pr. [2] 44, 409), and on the 
methyl-pyridine carboxylic acid obtained from 
uvitonic acid (Bdttinger, B. 14, 68 ; 17,93; Voigt, 
4.228,54). . . 

Properties. —Needles (containing aq), m. sol. 
cold water, sol. alcohol, insol. ether. Gives a 
blood-red colour with FeSO,. Yields pyridine 
on distillation with lime. Converted by heat 
into OOj and isoniootinic acid. PCI, yields a 
chloride [203°]. 

SaltB.-KHA" Jaq. Crystals.—(Nn,),A''.— 
(NHJHV' aq: hygroscopic needles.— O&k" 3aq. 
CaA" aq.-CaA" iaq.-CaH.,A,", 2aq.—BaA" aq. 
—BaA" lUq (B.). — BaA" 3aq. — CdA" 4aq 
(Waage, M. 4, 727 ).—MgA"6aq.—CuA"3aq.— 
CuA" 4aq (B.).—Ag,A'' 2aq: white pp. 

Pyridine (a'^')-dicarboxylic acid 

Isocmclionurmic acid. 

[236°].' 

Formation. —1. By oxidation of lutidine 
{150°-170°) with KMnO, (Bamsay, P. M. [5] 4, 
246; Weidel a. Herzig, M. 1, 1; Lange a. 
Eosenberg, B. 20, 135).—2. By oxidising (S')- 
methyl-(a)-ethyl-pyridino (Ladenburg, A. 247, 
44).-^. 13y oxidation of quinine (Bamsay a. 
Bobbie, C.J. 33,102; B. 11, 324).—4. By heat¬ 
ing the dihydride of potassium pyridine tricarb- 
oxylate (Weiss, B. 19, 1311).—6. By the action 
of alkaline KMnO, on cyclothraustio acid and 
on pyridanthrilic acid (Weidel a. Strache, M. 7, 
290).-6. By oxidising ( 8 )-ethyl-(a)-slilbazole 
(Plath, B. 22,1062). 

Properfics.—Small prisms (containing aq), 
almost insol. cold water, alcohol, and benzene, 
sol. hot HClAq. On heating with HOAc at 220° 
it is split up into CO, and nicotinic acid [230°]. 
On heating with lime it gives pyridine. PCI, 
yields a chloride [61°J converted by NH, 
into an amide [297°]. FoSO, gives a reddish 
colour. 

Salts.—(NH,)HA"aq. [253°]. Triolinio 
prisms, si. sol. cold water.—(NH,),A".— 
KH A" laq: needles.—K,A" aq.—CaA" 2aq.— 
Ca(HA”).,3aq.—MgA" 6 aq.—CuA" aq.—Ag,A''. 

Methyl ether Ue,A.". [117-5°] (B.). 

Pyridine ( 88 ')-dioarboxylio acid 

^^^oIcO^hI’cH^^’ [® 22 °]. 

Formed by heating pyridine (2,3,5)-tri-oarboxylio 
acid and pyridine (2,3,5,6)-tetra-oarboxylio acid 
(Eiedel, B. 16,1613; Hantzsch a. Weiss, B. 19, 
286; Weber, A. 241,12). Formed also by heat¬ 
ing di-chloro-pyridine di-carboxylic acid with 
cone. HIAq at 180° (Guthzcit, A. 262,130). 

Properties. —Small prisms (from HOAc), 
split up by heat into CO, and nicotinic acid. 

S alts.—PbA" 2aq.—Ag,A" aq.—Ag,,A" l^aq. 
—HA'HC12aq; needles, decomposed by water. 
—H-A',H.,PtCl,: orange-red needles. 

^idine ( 87 )-dicarboxylic acid 

00,H.0'^^^?!^^g>N. Cinchomtrtmie 
add. [258°]. 


Formation. —1. By oxidation ol cinchonlns 
or cinchonidine by HNO, ol 8.G. 1'4 (Weidel, 
A. 173,76).—2. By oxidation of quinine by HNO„ 
the yield being 28 p.c. (Weidel a. Schmidt, B. 

12, 1146).—3. By heating apophyllenic acid 
with cone. HClAq at 240° (Von Gerichten, B. 

13, 1635).—4. By heating pyridine tricarboxylic 
acid (formed from cinchonio acid) at 190° 
(Hoogewerft a. van Dorp, S. 13, 61; Skraup, M. 
1, 184; Weidel a. Brix, if. 3, 604).—6. By the 
action of KMnO, on methyl-pyridine carboxylic 
acid and on isoquinoline (Iloogowerll a. van 
Dorp, R. T. C. 2, 23; 4, 285).—6. By heating 
pyridine pentacarboxylio acid (Weber, A. 241, 
16).—7. By oxidation of methyl-nicotinio acid, 
derived from (8)-collidine (Oechsner dc Coninck, 
Bl. [2] 43, 106). ~8. By boiling berberonic acid 
with HOAc (2 pts.) and Ao.,0 (1 pt.) lor six 
hours (Mayer, M. 13, 344; cf. Furth, M. 2, 426). 

Properties. —Prisms (from HClAq), v. si. sol. 
water and ether, si, sol. alcohol, ' Yields iso- 
nicotinic and some nicotinic acid on heating 
(Hoogewerft a. van Dorp, A. 207, 217). Gives 
pyridine on distillation with time. Sodium- 
amalgam yields NH, and cinchonio acid C,H,0„ 

i.e. C0,H.CH<^2'C^^O (Weidel a. HoB, M. 

I 

co.,n 

13, 678). Cinohonic acid [169°] forms mono¬ 
clinic crystals, v. sol. hot water and alcohol, 
and yields BaC,H,0, 3aq, Baj(C,H,0,), 3nq, 
CaA” 2aq. Ca,(C,H,0,), (dried at 190 ), and oily 
Et.A", whence PCI,, followed by alcohol, yields 
CO',Et.CH(CH.,Cl).CH(CO.,Et).C^.CO,F,t, which 
is a heavy oil. Cinchonio acid is reduced by HI 
to butane tricarboxylic acid C,H|„0, [184°], 
whence CajA^j 8aq, accompanied by an isomeric 
butane tricarboxylic acid [133°]. FeSO, gives 
no colour. 

Salts.—Na-A"2aq: tables.—NaHA".— 

BaA"liaq: needles, ti. sol. water.—CaA". 3iaq: 
prisma. — CaA" 3aq. — CuA"3iaq: small 

blue crystals.-Ag-A": white pp.—AgHA".— 
HA'HCl: monoolinic prisms, decomposed by 
water.—H,A',H,PtCl,: golden prisms. 

Anhydride (0,,H,N),C,A. [77°). Formed 
by boiling the acid with Ac,0 (Goldschmiedt a, 
Strache, M. 10,156). Plates. May be sublimed. Con¬ 
verted by NH, gas into C,H3N(C0,NH,),C0NH, 
[229°], which is converted by heat into a yellow 
powder [130°], and which yields the araic acid 
C,H,N(CO,H).CONH, [2,37°], oryotallising in 
needles. 

Mono-ethyl cfAsrHEtA". [133°]. Formed 
from the anhydride and EtOH. Plates (from 
benzene).—AgEtA": long needles. 

Mono-methyl ether HMeA". [164°]. 

Anhydride of theMethylo-hydroxide 

C,H,NO,i.«. C.H,NMe(CO,H)<^®. Apophyl¬ 
lenic acid [242°]. Formed by oxidation ol 
cotarnine by HNO, (Wohler, A. 60, 24; Ander¬ 
son, TV. E. 23, 347; 0. J. 6, 267; Gerichten, B. 
13,1635). Formed also by heating cinchome- 
ronic acid with Mel and MeOH at 100° (Eoser, 
A. 234, 116). Needles (anhydrous) or ootahedra 
(containing aq), sol. hot water, insol. alcohol and 
ether. HClAq at 260° decomposes it, forming 
cinohomeronio acid and MeOl. — BaA',. — 
AgA'.-AgA'(NOJ.-BA'»H,et01, aq. 



l^mDlNB OARBOXYLIO ACID. 


Bromo-kpophyllenio acid , 

C, H,BrNOj 2aq. [206®]. Formed by oxidation 
of bromo-tarconine. Yields BaA', 3aq and 
HjA’^itCl. (Gerichten, A. 210, 91). 

Pyridine (aa'i3)-triearboxylie acid 

CH <CH *^C(CO.^h|M- '>? 

ing di-metbyl-niootinio acid with KMnO, (Weiss, 
B. 19,1309). Crystallises from alcohol in plates 
(containing 2aq), v. e. sol. water. Decomposes 
at IGO® into CO, and isocinchomoronio acid. 
FcSO, colours its neutral solution red. — 
K.H,A"', 5aq: needles.—Ca 3 A"'., 4 aq.—Pb,A"', 5 aq. 
Pyridine (aa' 7 )-tricarbo«ylio acid 

CO,H.C<py;p!pQ;-gj^N. Trimcsitic acid. 

Carholutidinic acid. [2-14®]. Formed by oxida¬ 
tion of uvitonio acid (Bottinger, B. 13, 2048; 
14, 09), and by oxidation of the tri-methyl- 
pyridine obtained from acetoacetic ether and 
aldehyde-ammonia (Voigt, A. 228, 31). Tables 
or spheroidal groups of needles (containing 2 aq), 
Bol. hot water, si. sol. alcohol and ether. Yields 
isonicotinic acid on sublimation. FeSOf gives a 
violet-red colour. 

Salts.—KxA'"5aq: needIe3.~CasA"'j4aq.— 
BajA'^jOaq. — BaH,A"'j4aq. —MgjA"' 3 l 2 aq.— 
Cu 3 A" 2 l 2 aq. -Ag3A"'l.Uq. 

Ethyl ether KtsA'". [127’6®]. 

Amide, [above 280®]. 

Pyridine (a3i3')-tri-carbozylio acid 

°“^C(Co'h)'^CH>^' Carbodinkotmic 
acid. [323']. Formed by oxidation of quino¬ 
line {Py. 2) carboxylio acid (Bicdel, B. 16, IGlo), 
of mothyl-pyridino (/3/3')-dicarboxylio acid 
(Weber, A. 241, 11), and of the parvolino got 
by heating propionio aldohyde ammouia with 
propionic aldehyde at 200® (Durkopf, 13.21,832, 
2707; 23, G80). Spherical aggregates (contain¬ 
ing IJaq), V. sol. hot water. At 155“ it is 
split up into CO, and diniootinio acid.— 
Ba,A'",j5aq.—Ag,HA"'llaq: rosettes of plates. 
Pyridine (a; 37 )-tri-ca'rhoxylio acid 

[250“] (H. a. 

D. I S.) j [257“] (D. a. R.). S. 1-2 at 15“. 
Formation.—1. By tlio action of KMnO, on 

quinine, cinchonine, oinchonidine, quinoidine, 
and cinchonic acid (Dobbie a. Ramsay, G. J. 35, 
189 i Hoogewerll a. van Dorp, B. 12, 158; 13, 
152; A. 201, 84; Skraup, A. 201,312; Strache, 
M. 10, G42).—2. Ry oxidation of cinohonino by 
HNO, (Weidol, A. 173,101; B. 12, 415).—3. By 
oxidation of inethyl-pyridino (afl)-dioarboxylio 
acid (Hoogewerff a. van Dorp, II. T. C. 2,18), of 
di-raethyl-pyridino carboxylic acid (Michael, J5. 
18, 2027), of (a) oxy-oinchonio acid (Weidel a. 
Cobenzl, M. 1, 865).—4. By oxidation of papa¬ 
verine (Goldsohmiedt, M. 6 , 397). Trimetrio 
plates (containing l.[aq), v. sol. hot water, in. 
sol. alcohol, nearly insol. ether. Blackens at 
200“. FeSO, gives a reddish colour. II,S forma 
a red amorphous body (D. a. R.). Deoompoeed 
by long heating at 180“, or by boiling with 
HOAo into CO., and oinchomeronio acid. Yields 
pyridine on distilling with lime. Mel and 
MeOH at 100“ form CO., and apophyllenio aoid. 
Sodium-amalgam gives NH, and cinchonio aoid. 
PCI, forms a chloride (206“ at 40 mm.). 

Salt*. — K^"'3aq. — Ba,A"',16aq. — 


s« 

Ba,A'",12aq. - OatA^Maq. - Ca:A'".Maq-- 
CaHA'’'2Jaq. — Cu,A’",9aq: light-blue pp.- 
OuHA"'3)aq: hexagonal prisms.—CuH,A"', 2aq. 
—Od,A"', 6 aq.—Ag,HA"'aq.—Ag,A"' 2aq; amor¬ 
phous pp.—AgH,A'",2}aq.—H,A"'HCl: crystal¬ 
line powder (Roser, A. 234, 125). 

Pyridine (a 3 ' 7 )-tricarboxylio aoid 

CO,H.C<°|^°(®®'^^^N. Berbcronic add. 

[243®]. Formed by oxidising berberine with 
nitric aoid (WcidoI, B. 12, 410; Ftirth, ilf. 2, 
410). Tricligic prisms (containing 2aq), sol. hot 
water, v. si. sol. hot alcohol, insol, ether. Yields 
pyridine on distillation with limo. FeSO, gives 
a red colour. At 21a® it is split up into CO, 
and nicotinic acid; above 243® it yields isonico¬ 
tinic acid. 

Salts. — KaA'^d.^aq. — K,HA'"3aq. — 
KH.,A"'lJaq. — CajA^'^Saq. — Cd^A’^jdaq.— 
Ag^A'": white pp., insol. water. 

Pyridine (/38'f)-tricarboxylic acid 

(8) . Carbocincho- 

vteronic acid. [261®]. Formed* by heating di- 
potassium pyridine pentacurboxylate at 220 ® 
(Weber, A. 241,17). Plates (containing 3aq), v. 
sol. hot water. Yields cinchumeronic acid when 
heated. Gives no colour with FeSO,. — 
Cu3H,A'",24aq.—Ag 3 A"' 2 aq: crystalline pp. 

Pyridine (a^/ 3 ' 7 )-tetra.carboxylio acid 

C,H,NO. ».e. CO,H.C<C(CO,fl).^^HJ^j,_ 

Formed by oxidising (a‘y)-di-methyl-pyridino 
(/30')-dicarboxylic acid (Weber, A. 241, 23). 
Prisms (containing 2aq or 3aq). At 120® it 
loses CO 3 . forming (/3)-carbocinchoraeronio acid. 
FeSO, gives a dark-red colour.~Ba.^A^’ 4aq.— 
Ag,HA‘''j aq: crystalline. 

Pyridine (aa'j3j8')-tetraoarbozylio aoid 

CH<clco:H!;C(wfHiM. Formed byoxidia- 
ing di-niethyl-pyridino dicarboxylio acid 
(Hantzsch, B. 19, 286; Weber, A. 241, 4). 
Needles (containing 2aq), v. sol. water. Decom¬ 
poses at 150® into CO.^ and dinicotinic acid.— 
CalljA*’ 2 aq: needles, v. sol. water.—Cu.A^^ 6 aq. 
—Ag,A‘^ 2 aq: bulky pp. 

Pyridine (aa'/S'yJ-tetra-carboxylic acid 



oxidation of tri-mcthyl-pyridine carboxylic acid 
and of di-methyl-pyridino di-carboxylic acid 
(Michael, A. 225, 142). Formed also by oxida¬ 
tion of flaveu*ol by alkaline KMnO, (Fischer a. 
Tiiuber, B. 17,2927). Slender needles (contain¬ 
ing 2aq), V. sol. water, v. si. sol. alcohol and 
ether. Not decomposed at 150®. FeSO, gives a 
brownish-red colour.—Ba^A*'’ 2 Jaq.—Ba^A*'' aq. 
—CU. 3 A" 2 ^aq.—Ag,A>^ aq. 

Pyridine penta-carboxylic acid NC^jCO.^Hh. 
Formed from potassium tri-methyl-pyridine ai- 
carboxylate and KMnO, (Hantzsch, A. 215, 62; 
Weber, A. 241,15). Crystalline mass of minute 
needles (containing 2 aq), extremely sol. water, 
V. si. sol. ether. Acid to litmus and to taste. 
Loses 2aq at 120® and decbmposes, without hav¬ 
ing melted, at 220®. The neutral alkaline salts 
are very soluble, bui the acid alkaline salts are 
si. sol. water. The acid does not combine with 
HOI. Distilledwithlimeit gives pyridine. Fe80| 
gives a dark-red colour* 



see 

Salts.—KH^A» 2 or Saq. When heated 
swells up like Pharaoh’s serpent—8Jaq. 
— K>». — Bs^r.llaq. — CajA”, 12aq. — 
CaH^’iaq.—MgjAT, 12aq.-Ca,(NHJA’'5aq.— 
AgjHAr2aq. 

Boable salt with oxalio acid 
KHiA’ICHCA 6aq. 

Iteferences.—TifXMQ- and Oxt-ptbidikb oabb- 
OXXLIC ACID. 

PYEIDIKE TETEAHYDEIDE CjH,N ».«. 

Piperidein. Formed by 

heating amido-valerio aldehyde with solid KOH 
(Wolffenstein, B. 26, 2782).-B'HAuCl,. [111°]. 
—Bj'^tCl,.—B'HCl. PSO”].—B'HBr. [178°]. 

Pyridine hezahydiide v . Pipeiudisb. 

PYEIDIKE (@)-8DLPH0NIC ACID 
0,H,N.SO,H. Formed by heating pyridine (I pt) 
with H,SO, (3 pts.) at 320“ (0. Fischer, B. 15, 
62'j 16, 1183). Small necdlOs or plates, sol. 
water, el. sol. alcohol, insol. ether. Br added to 
its boiling aqueous solution forms dibromo- 
pyridine. PotRsh-fusion gives oxy-pyridine 
[123“]. On distillation with KCy it yields the 
nitrile of nicotinic acid. The K salt, heated with 

Mel at 150“ forms crystalline CjH,NMe<^^®’‘ 

(Hantzsoh, B. 19, 86).—BaA '2 4aq : needles. 

Pyridine sulphonic acid? CjHjNSOg. 
[156“]. Formed from pyridine and ClSOjH 
(Wagner, B. 19,1157). Crystalline, decomposed 
by water into pyridine and H^SO,. 

Pyridine disnlphonic acid CjHjN(SO,H) 2 . 
Formed'by heating piperidine (1 pt.) with H^SOi 
(10 pts.) (Konigs, B. 16,736; 17,592). Needles 
(from HOAc), v. sol. water, nearly insol. alcohol 
and ether. PCI, at 200“ forma tri-ohloro- 
pyridine [48°]. — NajA" 4aq. — KjA" 3aq. — 
PbA" 4Jaq. 

PYEIDOKE V. OxT-PYnirasE. 

(aa)-DlPYEIDYL C,.H,N2 i.e. 0,H,N.C,H,N. 
[70“]. (272-6“). V.D. 6-6. Formed by distilling 
ouprio picolinate (Blau, B. 21, 1077; M, 10, 
876). Crystals (from water), m. sol. water, v. 
.sol. alcohol. Not hygroscopic. Strong base. 
FeSO, colours its aqueous solution red. Oxidised 
by EMnO, to picolinic acid.—B"HJ’tCl|;.— 
B’'H,FeCyr—B"C,H,N,,0,. [166-6“]. Needles 

Hexahydride. Formed by reducing the 
base with zinc and HClAq. Alkaline oil. 

Dodeeahydride CioHjoN,. Dipiperidyl. 
(269° cor.). Formed by reducing *he base, dis¬ 
solved in isoamyl alcohol, by Na. Powerful base. 
Very deliquescent. Not poisonous. Forma with 
OS, a compound [93°], and yields a nitiosamine 
[159“].—B%,PtCl, 2Jaq. 

(63).Dipyridyl 0,.H,Nr [68“]. (287“) (L. 
a.0.); (292“ at 736 mm.) (S. a. V.). Formed 
by distilling its dicarboxylic acid with EOH 
(Skraup a. Vortmann, M. 4, 691), and by the 
dry distillation of pyridine disulphonio acid 
(Leone a. Oliveri, 0. 16, 276). Extremely deli¬ 
quescent needles, miscible with water and alco¬ 
hol, si. sol. ether. Yields nicotinic acid on oxi- 
daUon.-B",H,PtClr—B"2C.H,N,0,. [232“]. 

Hexahydride C|„H„Nr Nicotidine, 
(288“). Got by warming the base with tin and 
gone. HOlAq. Poisonous oil, v. e. sol. water and 
alcohol, m. sol. ether.—B'',H,FtCl,: orange-red 
pp.— Piorate: [202°]. 
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(ryl-Wpyridyl 0,^^, PW®]- (308® ew-V 
VJ). 6’9 (calc. 6'6). Formed by boiling pyridine 
with sodium (Anderson, A. 164, 274; Weidel a. 
Busso, U. 8,854). Formed also by heating its 
(oa)-dicarboxylic acid with HOAc at 180“ (Heuser 
a. Stoehr, J. pr. [2] 44, 407), Tables, si. sol. 
cold water, v. sol. alcohol. Crystallises from 
water in tables (containing 2aq). [73°]. Tastes 
bitter. Yields isonicotinio acid on oxidation. 
Br forms C„H„Br,N, crystallising from alcohol 
in needles. Mel and EtI form crystalline 
B"2MeI and B"2EtI respectively. 

Salts _B"H,Clr Monoclinic crystals; 

a:5:c=1064;l:-OgO. 8 = 112“ 33'.—B"H,ZnCl,. 
— B''H,HgCl,. Monoclinic tables' ; a:b:e 
= •673:1: •341; 8 =.91“ 3'. — B''H.,PtCl,.— 

B"2HNO,. [256°]. Trimetric prisms; a;h:a 
= •841:1: -397. - B''HNO,AgNO,.—B''H,SO, 2aq. 

Dihydride CioH.oN,. Dipyridine. (290“) 
at 735 mm. V.D. fl^O (calc. 5^5). Formed by the 
action of Na on pyridine (Anderson, 0. J. 22, 
406; Weidel, M. 3,879). Liquid, sol. water and 
alcohol.—B''H,PtCl,. - B"2MeI. — B"Me,PtCl, 
(Kamsay, 0. J. 36,264). 

Hexahydride C„HuN,. IsonicoHne. [78“], 
(above 260“). Formed by reducing (•y 7 )-dipyridyl 
with tin and HClAq (W. a. E.l. Deliquescent 
needles, sol. water, alcohol, and benzene. Has 
hardly any smell. Strongly alkaline and caustic. 
Poisonous, noting somewhat like curari. Its 
salts are much less poisonous. Oxidised by KMnO. 
to isonicotinio acid.-B"2HNO,,. Deliquescent 
needles. — B''HPtCl.aq. - B''.,H,Hg,Cl„. — 
B''2MeI: triclinio prisms (from MeOH). 

Dodeeahydride 0|„H.„N,. [122°]. Formed 
by reducing (r 7 )-dipyridyl in alcohol by Na 
(Ahrens, B. 21, 2929). Needles, insol. water, v, 
sol. alcohol and ether.—B"H,PtCl,.—B''HAuCl 4 . 
P i c r a t e: needles, blackening when heated. 

Dipyridyl C,„H,Nr (281“). Formed by 
passing pyridine vapour through a red-hot tube 
(Both, B. 19,360). Oil.—B''2HC1; hygroscopic 
needles.-B"H,,PtCl,.-P i c r a t e: [208“]. 

(o8)-Dipyridyl CioHjN,. (‘296° cor.). Formed 
by beating its carboxylic acid with lime (Skraup 
a. Vortmann, U. 3, 699; Blau, B. 24,326). Oil, 
sol. alcohol and ether. — B''H..,PtCl, Jaq. — 
B"C,HjN,0,. [149'6“]. Yellow needles. 

Dodeeahydride C|jH„N,. [69“]. (269° 
cor.). Formed by reducing the base with isoamyl 
alcohol and Na (Blau, Af. 13,332). Hygroscopic 
ciystalline mass. Not identical with nicotine 
hexahydride. Strongly alkaline, absorbing CO, 
from tlio air. V. e. sol. water, but much water 
gives a turbidity, V. sol. alcohol, m. sol. ether. 
CS, forms a compound [205“].—B''H^Clr V. e. sol. 
water, si. sol. alcohol and ether.—B"HPtCl,2aq. 
[238“], — B''2HAuCl,. [212“]. — B"2C,H,N,0,. 
[216°]- 

Beneene sulphonyl derivative. [157°]. 

Nitrosamine C,,H„N,(NO)y [88“]. 

Dipyridyl dodecahydridel 0,„H„N,7 
(261°). S.G. 4 •966. Is perhaps (a8)-dipyridyl 
hexa-hydride (Blau). Formed by the action of Na 
on nicotine in alcoholic solution (Liebrecht, B. 
18,2970; 19,2690). Lssvorotatory liquid, v. soL 
water, alcohol, and ether. Alkaline in reaction. 
Smells like piperidine. Beadily unites with OSp 
Forms an oBy nitrosamine and an oily di-acetyl 
derivative (o. 405°),—B"2HOL Sol. alcohol.— 
P"^tC!l, [ 202 °].—B"HAi brown needles,— 
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B^HAn0l,.n«3^.—B'^g,01~-B"Me;PtCar 

—0,;H|,MeN,MejPtClr Blau (M. 18, 841) by 
teduoing nicotine obtained a mixture of bases 
(28S°-265°) 3rielding a sparingly soluble platino- 
chloride [218°], which gave a base (244°), pos- 
(ibly methyl-nicotine hexahydride 0„H2,Nr 
(c).PYEIDYt.AOBYUO ACID 0,H,N0, i.e. 
C,H,N.OH:CH.CO^. [203°]. Formed by heat¬ 
ing o-oxy-tri-o>-ohloro-propyl-pyridine with alco- 
holid potash (Einborn, B. 20, 1593; 23, 220; 
A. 2(15, 216). Got also by heating a-oxy-pyridyl- 
propionic acid. Small transparent needles, v. si. 
col. cold water, v. sol. alcohol. 

Reaclions. — 1. Br in HOAc forms 
0,H,N.CHBr.CHBr.CO,H [127°], which melts 
at 146'6° when containing HOAc of crystallisa¬ 
tion.—2. Hydrogen bromide in HOAc forma 
(C,H,N.CH13r.CH^CO.,H)HBr [104°], crystalli¬ 
sing in needles.—3. Mel yields HA'Mel [220°] 
converted by AgBr into IIA'MeBr [242°]. 

Salts.- HA'HCl. [220°].—H,A',H,PtCV 
[210°]. Bed prisms. —HA'HAuCl,. [196°].— 
HA'HBr. [223°].—CaA'j.—AgA': needles. 

Methyl ether MeA'.—MeA'HCl. [186°].— 
MeA'HBr. [242°]. MeA'HI. [220°]. 

Ethyl etherEtA'. Needles. 
(«)-PYRIDYL-BlITYLENE C,H„N i.e. 
C,H,N.CH:CHEt. (148°at76mm.). BydistUling 
oxybutyl-pyridine CjH4N.CH;.CH(OH).OjH, with 
KOH in vacuo or by heating it with HOlAq at 
105° (Matzdoril, B. 23, 2711). Colourless oil, 
smelling like conyrin, — Platinochloride: 
[140°].—B'HAuCl,. [130°]. Small needles. 

(aS).DIFYBIOYL (8).CABB0XYL1C . ACID 
0„H,N,0, t.e. CjHiN.CiHjN.CO,^. [183°]. 
Formed by heating the dicarboxylio acid at 200° 
(Skraup, B. 15, 896; U. 3, 597). Needles (con¬ 
taining IJaq), si. sol. cold water and alcohol. 
Gives a yellow colour with FoClj.—CaA', 2aq.— 
AgA' )aq: prismatic needles. 

(ai8)-Dipyridyl (g^j-dicarboxylic acid 

[216°]. Formed by oxidation of phenanthroline 
by KMnO, (Skraup a. Vortmann, B. 15, 896; M. 
8, 687). Triclinio prisms (containing 2aq), el. 
sol. cold water, v. sol. alcohol. FeSO, colours 
its aqueous solution red. Salts.—KHA" Jaq.— 
CaA" 8aq.—CuA" 3aq.—BaA" 1 Jaq. Crystals.— 
AgHA" 4aq.-H,A" 2HC1.—H^A'-H^PtCl, 3aq.— 
(HjA"),H.4PtCl, 6aq: golden prisms. 

(88)-Dipyrldyl (aa).dioarbozylic acid 
0„H|N.404. [213°]. Formed by oxidation of 
pseudo-phenanthroline by KMnO, (Skraup a. 
Vortmann, df. 4,683). Thick prisms (contain, 
ing haq), si. sol. cold water, alcohol, and ether. 
FeSO, gives an orange-yellow colour.—KjA"6aq. 
— KHA"2aq. — CoA''6aq. - CuA"3Jaq. — 
AgjA" Jaq.--AgiA"AgNO,.—H.,A"HCl aq. Mono- 
cILduc prisma; a;b:o = 1'27:1:2'29; 8 = 110° 16'^ 
H^ 'H^tCl,8aq; orange crystalline pp. 

(77) .Dipyridyl(aa)-dicarboxylio acid. [247‘6°]. 
Formed by oxidising (aa)-di-methyl-dipyridyl 
by KMnO, (Heuser a. Stoehr, J.pr. [2] 44, 406). 
Needles, v. si. sol. water and alcohol. FeSO, 
gives a reddish-yellow colour. AcOH at 180° 
gives (7y)-dipyridyl. 

Dipyridyl tetrsoarbozylie acid ! [96°]. Got 

S f oxidising diqninolyl (Claus, B. 14, 1942). 
eedles (fnm hot water).—PbfAtV-Ag^A'r. 


PYBIDYIB]rB.PHB]m8SB-XBtORX 

PnENTLEin! rxBinTL XKTOira. 

Fyridykne-phenylene-ketone sulphonic acid 

[3j]c.H.(SO,H)<g^gN-gH by 

oxidising (8)-naphthoqoinoline sulphonate with 
alkaline KMnO, (Immerheiser, B, 22, 408). 
Yellow plates (from water), v. si. sol. alcohol 
and ether. Yields an oxim crystallising in 
yellow Oakes and a phcnyl-hydraxide crystal¬ 
lising in minute orange needles.—EA'aq.— 
BaA'., 2aq.—PbA’, 3aq.— AgA' aq. 

PYBIDYl-ETHYLENE 0,H,N.CH;OH^ 
(160°). Formed by the action of NaOHAq on 
the hydrochloride of 8-bromo-8-pyridyl-pro- 
pionic acid (Einhorn, B. 23, 221; A. 265, 229). 
Liquid.—B'HAuCl,. [144°]. Yellow needles. 

(aj-PYBIDYl ETHYL KETONE C,H,NO M. 
CjHjN.CO.CjII,. (206°). Formed by distilling 
calcium picolinaA with calcium propionate 
(Engler a. Bauer, B, 24,2630). Oil, sol. alcohol. 
Sodium-amalgam forms a pinacone [136°]. 
Phenyl-hydrazine sulphonic acid^ields a crystal¬ 
line compound [268°].—B'HgCl,: crystalline.— 
B'Etl. [160°]. 

OxUn C,H,N.C(NOH).C,H.. [106°]. 
Needles. Yields an acetyl derivative [46°] and 
a benzoyl derivative [69°]. 

I (8)-Pyridyl ethyl ketone C,H,N.CO.C,H,. 

! Formed by distilling calcium nicotinate with 
j calcium propionate (Engler, B. 24,2539). Yields 
a phenyl hydrazide [145°] and a phonyl-hydraz- 
ide sulphonate [236°] which forms B',H.,PtCl,. 
B'C,H,N.O„ and B'HgCI, [130°]. 

Oxim C,H,N.C{NOH).C.,H,. [116°], 
(a).PYEIDYL METHYL KETONE 
CjHjN.CO.CI^. (192°). Formed by distilling 
calcium picolinate with calcium acetate (Engler 
a. Itosun.off, B. 24, 2527). V. sol. alcohol and 
ether. Iteadily volatile with steam. Yields an 
oxim [120°], a phenyl-hydrazide [165°], and a 
phenyl-hydrazide sul'phonate which is not 
melted at 300°.—B'C,H,N,0,. [131°].-B'HgCV 
[160°].-B'MeI. [161°].-B'EtI. [205°]. 

(8)-Pyridyl methyl ketone C,H,N.CO.Cn,. 
(220°). Formed by distilling calcium nicotinate 
with calcium acetate (Engler a. Kiby, B. 22, 
697). Oil, V. sol. acids. Yields an oxim [112°], 
which yields B'HCl [204°]. The phenyl-hydrax- 
ide [137°] crystallises from alcohol in yellow 
needles.-B'HgCI,. [158°]. White needles. 

DI-(a)-PYBIDYL-PROPANE C„H„N, U. 
Cn,{CH,.0,H.N).,. (323°). S.G. « 1-0281 

Formed by heating picoline with methylal and 
ZnCl, for 10 hours at 290° (Ladenburg, B. 21, 
3100). Yellow oil, v. sol. alcohol and ether.— 
Salts: B"H.,PtCl,. [216°].- B"2HAu01,lJaq. 
—B"HJlg,Cl„. [161°]. Large plates. 

Dodecahydride C|,H„N,. DipipecolyU 
methane. [64°]. (196° at 26 mm.). Formed 
by reducing tbs base with Na and alcohoL 
Crystalline mass, si. sol. water.—B"2H01: very 
hygroscopic needles. — B"2MeCl. [171°]. — 
0.,H„Me,N.,2MeI. Crystals, v. e. sol. water. 

(a).FYBIDYL PBOPYL KETONE 
O.H,N.CO.Pr. (216°-220°). Formed by dii- 
tUUng calcium picolinate with calcium butyrate 
(]Engler a. Majmon, B. 24, 2636). Oil. Yields 
an oxim [48°J which forms a benzoyl derivative 
[67°]. Forms a phenyl-hydrazide [82°] and a 
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pben^I-hydrazide sulphonio acid [261°]. The 
ketone is reduced, in dilute alcoholic solution, by 
sodium-amalgam to a pinaconeO„H„NjO, [146°]. 
The ohloro-iodide melts at 86°. 

SaltB.-B',H,PtCl,.-B'HgCl,. [o. 78°].— 
B'Mel. [79°J. 

0)-Pyridyl propyl ketone CjH,N.CO.Pr. 
(24C°-262°). Formed by distilling calcium 
nicotinate with calcium butyrate (liugler, B. 24, 
2641). Yellow needles, sol. alcohol. Yields a 
phenyl-hydrazide [182°], a phenyl-hydrazide 
Bulphonnto [283°], a crystalline'oxim, and an 
ethylo-iodido [192°]. — B'HgC4 [173°]. — 
B'C.H,N,0,. 

(B.3)-(a).PYSIDYL-ftUlS0LINEC„H|.N,»-«- 

OH.CH.O.CHiQH ri04°l Formed by 

OH. N .C.CH;C.C,H.N- 

heating the Ag salt of its carboxylic acid (0. 
Fischer a. H. van Loo, B. 19, 2475). Prisms.— 
B'jHjPtCl,. a 

Carboxylic acid i.c. 

O.H,N.C<<°^-™>C.CO,n. [273°]. Formed 

by oxidising (4)-duiuinolyl with CrOj. Needles, 
T. si. sol. water.—AgA': pale yellow pp. 

PYBO-. Use of this prefix applied to in¬ 
organic compounds-, for ppro- compounds v. 
the compounds to the names of which pyro- is 
prefixed. Thus pyro-plwsphoric acid will bo 
found under Piiosi'Hoiiio acid, and pyro-phas- 
phales under Phosi-uatks. 

PYROCATECHIN C,HA i.e. C.H,(0H),[1:2]. 
Catechol. o-Di-oxy-bcmenc. Oxyphcnic acid. 
[104°] (F. a. M.); [111°] (Mortinon). (240°- 
245°). H.C.p. 685,200. II.C.v. 681,900. H.P. 
86,800 (Stohmann, J. pr. [‘2J 45, HU). Occurs 
.in urine, especially after administration of benz¬ 
ene or phenol (Baumann, II. 1, 244; 3,157; 
Nencki a. Giacosa, H. 4,335 ; Sehmiedeberg, H. 
6, 189). Occurs in the green leaves of the 
Virginia creeper {Ampelopsis hederacca) (Gorup- 
Besauez, B. 4, 905) and in the sap of the plants 
from which kino is prepared (Fliickiger, B. 5,1). 
Occurs sometimes in raw beet sugar (Lippmann, 
B. 20, 3298). Occurs in wood-tar (Bdhal a. 
Desvignes, Bl. [3] 9,141). 

Formation.—!. By dry distillation of catcchin, 
moritannio acid, and all varieties of tannin that 
turn green with FeClj (Zwenger, A. 37, 327; 
Wagner, Xpr. 52,450; 56,65; blissfeldta. Uloth, 
A. 92,101; 111, 215).—2. By the dry distillation 
of wood (Buchner, A. 96, 188). —3. By heating 
cellulose, starch, or cane sugar-with water at 
200°-280° (Hoppe-Scyler, B. 4, 16).—4. By 
potash-fusion from o-iodo-phenol (Korner, Bail. 
Acad. Bdg. [2] 24, 106 ; Lautomann, A. 120, 
315).—6. By the action of HI on guaiacol 
(Gorup-Besanez, J. 1867, 688; Baeyer, B. 8, 
166).—6. By thedry distillation of protocatechuio 
acid and of quinic acid (Strcckcr, A. 118, 285; 
Hlasiwetz a. Barth, J. 1804, 405; Tiemann a. 
Haarmann, B. 7, 617).—7. By potash-fusion 
from o-phenol sulphonic acid (Kekuld, Z. 1867, 
643), benzoic acid, gum guaiacum (Hlasiwetz a. 
Barth, A. 130, 352; 134, 282), and, together 
with resorcin, from o- and m- bromo-phenol 
(Fittig, B. 8, 304).—8. By soda-fusion from 
phenol (Barth a. Schreder, B. 12,419).— 9. From 
phenol and 11,0,, (Martinon, Bl. [2] 43, 167).-^ 
10. By passing a rapidly alternating electric 
Ourrent through a solution of phenol. —11. A 


product of the action of water at 200° on ben*, 
ene hexachloride (Meunier, C. R. 100,1591). 

Preparation, —1. From HlAq and guaiacol at 
200° or by heating guaiacol with cone. HClAq 
for 4 hours at 176° (Perkin, jun., C. J. 57, 687). 
2. By fusing o-phenol sulphonio acid with 
potash at 360“ (Degener, J. pr. [2] 20, 308). 

Properties.-Large plates (from benzene) or 
needles (from water), v. sol. water, alcohol, and 
ether, m. sol. benzene and chloroform, insol. 
ligroin. Gives an acid reaction in presence of 
borax (Lambert, 0. B. 108,1017). FeSO, gives 
no colour. FeCl, colours the aqueous solution 
green, turned violet-red by alkalis (Ebstein a. 
Muller, Pr. 15, 465). The alkaline solution 
absorbs oxygen, becoming brown. It reduces 
AgNOj, AiiCl,, and platinic chloride. Ppts. a 
cone, solution of egg-albumen. Does not ppt. 
gelatin. Lead acetate gives a white pp. Quinono 
in ethereal solutions forma C,H,0,C,H,0„ 
'crystallising in deep-green needles with violet 
lustre [153°] (Clermont a. Chantard, C. R. 102, 
1072). Ppts. a solution of quinine sulphate, 
forming HjSO, C„H,0, aq, which 

separates from alcohol in yellow crystals [107°], 
V. si. sol. cold water. 

Reactions.—!. Nitric acid acts violently, 
forming oxalic acid.—2. Phthalic anhydride and 
ZnCl, at 160° form ‘ pyrocatechin phthaloin * 

C.H.<^-g(C^H3(OH),),' 

a blue solution in alkalis and yielding a tetra- 
benzoyl derivative [202^] (Baeyer a. Kochen- 
dorfer, B. 22, 219G).—3. Phenyl cyanate at 100® 
forms C,HdO.CO.NHPh), [105®] crystallising in 
needles, v. sol. alcohol (Snupe, C. J. 47,772).— 
i 4. The disodium compound CuH 4 (ONal 2 treated 
[ with COj in the cold forms CsHdO.COjNa),, 

I which at 100® changes to the compound 
C,n..(O.CO,Na)(OH}.CO.,Na and at 210® to 
; CttH 2 {OH).,(CO.iNa).^ (Schmitt a. Hahlo, J. pr. [2] 
j 44, 2).—5. Anvtwynium carbonate and water at 
• 140° react forming protocatechuio acid and 
I C,H,(OH)(CO.^i).,[l;2:3].—6. K,S,0, acting on 
I K salt forms crystalline Cjii( 0 .S 03 K )2 and 
I C«H,( 0 H)( 0 .S 03 K) (Baumann, B. 11,1913).—7. 

; Cl.CONHj forms C^H^jO.CONiy* [178®] crystal- 
Using from alcohol in needles.—8. Chlorine 
: passed into its solution in acetic acid forms 

j CO crystallising (with 2aq) 

from ether-ligroln, and from ligroin (with aq)i 
i melting at 94° (Zinoke a. Klein, B. 21, 2719).— 
I 9. KOH and ClCOjEt form C.H.COj [118°] 

■ (Bender, B. 13, 697), (225°-230°) (M. Wallaoh, 
i A. 226, 84). 

I Estimation. — By extracting its acidified 
aqneons solution with ether, evaporating the 
ether, dissolving the residue in water, and pre¬ 
cipitating with lead acetate. The pp. is dried at 
100° and weighed (Degener, J. pr. [2] 20, 303). 

Salts.-C.H. 03 Pb. White pp.-CAASb or 

OA<^SbOH. Formed by adding SbCl, to a 

solution of pyrocatechin saturated with NaCl 
; (Causae, Bl. [3J 7, 246). Prisms, inaol. water, 
alcohol, and ether, sol. alkalis and mineral acids. 
AOjO at 126° forma C,H<(OAo) 3 and Sb(OH) lOAoL. 

Di-acetyl derivative 
Needles (Naohbaner, A. 107, 248). 
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Oi-hemoyt derivative O^jfOBz),. 
[84°]. Plates (Ooebner, A. 210, 261; Hinsberg, 

A. 254, 254). 

Mono-methyl ether 0,H,(OH)(OMe). 
Gttaiacol. Mol. w. 124. [28-5°]. (205°) (Tiemana 
a. Koppe, B. 14, 2016; Bihal a. Choay, Bl. [3] 9, 
142). S.G. M1-125 (V.); a 1-163; la 1-143 (B. a. 
C.). A product of distillation of gum guaiacum 
(Sobrero, A. 48,19; Deville a. Pelletier, A. 52, 
103; Volckel, A. 89,349). Occurs among the pro¬ 
ducts of the distillation of wood (Hlasiwctz, A. 
106, 362; Gorup-Besanez,A.143,151). Prepared 
by heating calcium vanillate with slaked lime 
(Tiemann, B. 8, 1123) and by heating pyro- 
catcchin with Mel and KMeSO, (Gorup- 
Besanez, A, 147, 248, or with NaOMe, MeOH, 
and Mel). Liquid, with peculiar odour, sol. 
alcohol and ether, si. sol. water, sol. dry glycerin 
and ligroin. FcCl, gives a green colour in its 
alcoholic solution. Dissolves in alkalis. Yields 
CjHj.OMe on heating with zinc-dust (Marasse, jf. 
152,64). PCI, forma C„H ,C1.0Me (Fischli, B. 11, 
1463). I and KOHAq give a cotfoo-brown pp. 
[125°-1.30‘'] (Messinger a. Vortmaun, B, 22, 
2320). The K salt is converted by aoetoohlor- 
hydrose into OjH,(OMe)(O.C,H,, 05 ) [157°] 
(Michael, Am. 6, 339). Phthalic anhydride and 
SnCl, at 115° form ‘ guaiacol-phthalein,’ which 
yields a crystalline benzoyl derivative (Baeyer, 

B. 22, 2199). HjSO, forms two sulphonie 
acids (Tikmann a. Koppe, B. 14, 2019).— 
C„H,(OK){OMe) 2aq.—KHA'j aq: prisms (from 
alcohol), decomposed by water.—Pb(OH)A': 
Oocculcnt pp. — 0 ,H,( 0 .S 03 K){ 0 Me); white 
needles.-C.U,(OAc)(OMc). (235°-240°). V.D. 
82-7 (obs.). Colourless liquid. 

Di-methyl ether C,H,(OMe) 2 . Veratrole. 
(205°). V.D. 68-6 (obs.; H = 1). S.G. U 1080. 
Formed by heating veratrio acid with baryta 
(Merk, A. 108, 60; Kocllc, A. 1.59, 243; Tie¬ 
mann, B. 14, 2016). It is obtained also from 

C. H,(OK)(OMe) and Mel (Marasse). SolidiQod 
at 15°. 

Methyl ethyl ether C„H,(OMe)(OEt). 
(213°). V.D. (H = 1) 75-6 (obs.). Liquid. 

Methyl propyl ether 0,|H,(OMe)(OPr). 
(240°-245°). Liquid (Caliours, Bl. [2] 29. 270). 

Di-ethyl ether [44°]. Formed 

from pyrocatechin, EtI, and alcohoUo potash 
(Herzog a. Zcisel, M. 10,15'2). 

Di-bemyl derivative C,H,(OC,H,)j. 
[61°]. Yellowish needles (from alcohol). Forms 
a nitro- derivative crystallising in needles [98°]. 

The mono-bemyl derivative is liquid, but its 
nitro- derivative forma yellow needles (from al¬ 
cohol) [129°] (Sohiff a. Pellizzari, ri. 221,378; 0. 
13, 507). 

Sulphonie acid C,H3(OH)j(SO,H)[4:3:l]. 
Formed by fusing phenol (a)-disolphonio acid 
with KOH at 300° (Barth a. Schmidt, B. 12, 
1260). Deliquescent needles, v. sol. water and 
alcohol, insol. ether.—KA'.—NaA'aq.—BaA',. 

References. —Asnno-, BnoMo-, Ohloko-, and 
Nubo- Fybooatiobin, and Tai-BBouo-auaucoL. 

p-YBOCINCBONIC ACID v. Di-tutxBYi,- 
■ULBIO ACn>. 

PYHOOOtl C„H,NA (Magnanini, B. 22, 
2502). [269°]. A product of the distillation of 
gelatin when free from fat but containing albu¬ 
men, casein, or gluten (Weidel a. Oiamician, M. 
I, i7ii i, 99). Formed also, together with 


HOAc, by heating the acetyl derivative of pyr¬ 
role (a).carboxylic acid (Oiamician a. Silber, B. 
17,103; 0. 14,162,563). Colourless plates, insol. 
water and cold alcohol, si. sol. ether. Sublimes 
before fusion. 

Reactions. —1. Boiling KOHAq converts it 
into pyrrole carboxylic acid.—2. Alcoholic NH, 
forms the amide of pyrrole carboxylio acid.—8. 
PClj forms C,,Cl,NjO. [above 320°] insol. ether 
and C,„Cl,„NjO [197°] sol. ether (Ciumioian a. 
Dancsi, O. 13, 28). The perohloro-pyrocoll 
CijCljN^Oj is* converted by boiling KOHAq into 
tri-chloro-pyrrolo carboxylio acid, and by PCI, 
into C,„Cl„NjO.. [147°].—4. Bromine forms 
Ci.HjBrN-O, [192°], C„H,Br.,NA 1290’], and 
C,„HJBr,N,0„ which is converted by KOHAq 
into di-broino-pyrrole carboxylic acid (Ciamician, 
a. 11,330; 12, 29; B. 16, 2388). 

Reference. — Cblobo-, Bbouo-, and Nitbo- 
Pi-BOCOLt. • 

PYROCBESOL. C„H|,0 ? An inappropriate 
name given by Schwarz (B. IS, 2201; 16, 2141; 
M. 3, 726; cf. Armstrong, ('. J. ^roc. 3, 114) to 
some neutral substances found in coal-tar. 

(o).Pyrocrosol [195°]. Thin silvery plates, 
yielding crystalline CaiHjjBrjO,? and oxidised by 
CrO, in HOAc to CuHijO, [168°] which yields 
C„H,„(NO.).,0, [235°], C,,,H,(NO.,),0., and 

C„H.(NH ,),03 [300°] ? (Bott a. Miller, G. J. 55, 
52). Chlorine aeting on a solution of (a)-pyro- 
cresol in chloroform gives C„n„Cl,0 [226°]? 
HI reduces (a).pyroore3ol to a hydrocarbon 
C„n.,,? (Bott, C. J. Proa. 3,114). 

(8)-Pyrocresol [c. 124°]. Yields, on oxida¬ 
tion, ‘ (8)-Pyrocrc8ol oxide ’ C,,H,..0., [95°]. 

( 7 )-Pyrocresol [165°]. Yields' ( 7 )-pyrocresol 
oxide’ [77°] on oxidation. Bromine forms 
C^gH-BrjO, ? crystallising in trimetric plates. 

P-PBOGALLIC ACID v. PxBoaAi.Loi.. 

PYR08ALL0L C.H„0, i.e. C.H,(0H),[1:2:3]. 
c-TH-oxy-bensene. Pyro/jallic acid. Mol. w. 
126. [131°] (Etti, B. 11, 1882; cf. Stenhouse, 
A. 179, 236) -, [134°] (Stohmann). (210°). S. 
40 at 12°. H.C.p. 633,300 (Berthelot .a. 
Louguinine, A. Ch. [6] 13, 339 ; C. R. 104,1577). 
H.F. (from diamond) 137,700 (B. a. L.); 132,000 
(Stohmann, J. pr. [2] 45, 336). Occurs in wood- 
tar as dimethyl ether. 

Formation.—!. By heating gallic acid (alone 
or mixed) with pumice stone (2 pts.) (Braconnot, 
A. 1, 26 ; Pelouze, A. 10,159 ; Liebig, A. 101, 
47).—2. By heating di-iodo-o-oxy-benzoio aeid 
with KOHAq1(Lautemann, A. 120, 299).—8. By 
heating (a)- or (0)- chloro-phenol sulphonie acid 
with KOH at 190° (Petersen a. Baehr, A. 167, 
136).—4. By heating galiic acid (10 g.) with 
glycerin (30 c.c.) at 200° as long as CO, comes 
ofl (Thorpe, Ph. [3] 11, 990).—6. By beating 
gallic acid (1 pt.) with aniline (2 pts.) at 120° 
(Cazeneuve, Bl. [3] 7, 549). The product is 
aniline pyrogallate C,H,Oj2NPhH, [56°], which 
gives ofl aniline when exposed to air, or when 
shaken with benzene, 

jPropcrMcs.—Prisms, v. sol. water, m. sol. al¬ 
cohol and ether. Tastes bitter. Poisonous 
(Personae, Z. [2] 5, 728). Its alkaline solution 
rapidly absorbs oxygen, turning brown, and 
giving ofl a little CO in bulk about ^th of the 
oxygen absorbed (Calvert a. Cloez, A. 130, 248). 
EMuoea KMnO, (Monier, 0. R. 46, 677) and 
salts of meroury, Ag, An, and Pt. FeSO, gives 
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.» white milkinsm, hot if a ferrio salt is present, 
or the pyrogallol solution has become slightlp 
oxidised by keeping, FoSO, gives an indigo-blue 
colour, ohanging to brownish-red on standing 
and on adding HCl (Jacquemin, 0. B. 77, 693; 
Oazeneuve, Bl. [2] 44, 114; 0. B. 101, 66). 
FeCl], in absence of air, gives a transient blue 
colour, restored by cantious addition of alkalL A 
solution of pyrogallol renders borax slightly 
acid (Lambert, G. B, 103, 1017). Nitrous acid 
colours the aqueous solution brown (SchOnbein, 
Fr, 1, 319). KjCrO, and H^SO/ give a dark 
colour. Beduces GuSO, and, on addition of al¬ 
kalis, gives a black colour changed by NH, to 
red. Cu(OAo)j gives at once a black colour. 
Pyrogallol fused with ammonium oxalate yields 
ammonium rufigallate, which dissolves in water 
with red colour and gives with KjFeCy, and 
K,Cr,0, a dark-brown pp. insol. alcohol (Klie- 
bahn, Fr. 26, 641). A solution of iodine in 
presence of Na^SO, gives a purple colour (Nasse, 

B. 17, 1186). A solution of HgCl^ and pyro¬ 
gallol in alcohol gives a black pp. with alkaloids 
but not with ghicosides (Schlagdenhaufen, Bli. 
[3] 4, 772). An alkaline solution of pyrogallol 
absorbs about 60 vols. of NO in 12 hours, but 
no N-O (Bussell a. Lapraik, C. J. 32,36). Pyro¬ 
gallol docs not react with hydroxylamine 
(Baeyer, B. 19, 163). A solution of potassium 
pyrogallate which is absorbing oxygen in con¬ 
tact with alumina gives out a feeble light, es¬ 
pecially in presence of NojS (Lenard a. Wolf, P, 
[2] 84,918). 

Beactiom. —1. Faming HNO, forms oxalic 
acid.—-2. Bromine forms tri-bromo-pyrogallol.— 
3. Chlorine in presence of HOAc forms malro- 
gallol (vol. iii. p. 165) and crystalline leucogallol 
C„H,Cl„0„2aq, which yields tri-chloro-pyro- 
gallol when boiled with water and zinc-dust 
(Stenhonse a. Groves, C.J. 28, 706; Webster, 

C. J. 45, 208; Hantzsch a. Schnitcr, B. 20, 
2033).—4. Oeane passed through a solution of 
pyrogallol (1 mol.) and KOH (3 mols.) in water 
forms a syrupy acid C,H,0„ which yields 
BaOjH.O, (Boeke, B. 6, 486).-5. PurpurogaUin 
or pyrogalloquinone la formed by oxidation by 
alcoholic AgNO,, by KMnO, and H^SO,, or by 
excess of FeCl, (Girard, G. B. 69, 865), It is also 
got from pyrogallol and quinone (Wiohelhaus, 
B. 6, 847; Nietzki, B. 20, 1278). It forms 
gamet-fed needles (by sublimation), el. sol. 
water, m. sol. alcohol and ether, forming yellow 
solutions. Alkalis impart a transient blue 
colour. PurpurogaUin dyes cotton mordanted 
with alumina violet-blue. When an aqueous 
solution of pyrogallol is mixed with gum arabio 
and exposed to the air, purpurogallin CjoH|,0, 
separates, the yield in the course of two months 
being 67 p.o. of the pyrogallol used (Struve, A. 
163,160; De Clermont a. Ghautard, C. B. 94, 
1189, 1254). A solution of pyrogallol and 
NaJHPO, also yields pyrogalloquinone on ex¬ 
posure to air (Loew, J. pr. [2] 16,322). Purpuro- 
gallin forms C.„,H|jAo,0, and 0.,„H„Br,0,.—6. An 
ammoniacal solution exposed to the air forms 
brown pyrogalleSn C„H,5N,0„ (Bdsing, J. 1868, 
259).—7. Ammonium carbonate at ISC'" forms 
pyrogaUol carboxylic acid G,H,Oj (o. Tai-oxt- 
BBHzoic acid) and pyrogaUol dicarboxyUc acid 
OAflj [270|^ (Sonhofer a. Briinner, it. 1,468). 
& Instillation over zinc-dust yields benz¬ 


ene.—9, OlOO^t acting on tbe S salt fonai 
0,H,O, [105°] convert^ by aniUne into di¬ 
phenyl-urea and the mono-ethyl ether of pyro¬ 
gallol (Bender, B. 13, 698). — 10. A few drops of 
POCl, added to a mixture of pyrogallol (2 pts.) 
and acetone (1 pt.) react violently, forming 
gallacetonin 0 ,H,j 03 , vrhich crystaiilises from 16 
p.o. alcohol in whetstone-shaped crystals, insoh 
water, decomposing about 250°, and yielding 
CbHjAcOj (Wittenberg, J. pr. [2] 26, 76). Its 
solutions are turned purple by FeCl, and reduce 
AgNOj.—11. A few drops of H^SO, added to a 
mixture of pyrogaUol (12 g.) and acetoacetio 
ether (8 g.) form di-oxy-methyl-coumarin 
0„H,0„ which crystallises from waterin needles 
[235°] and yields 0,„H,AOjO, [176°] (Wittenberg, 
J.pr, [2] 26, 68; Poohmann, B. 16, 2127; 17, 
2188).—12. Phthalio c^nhydride forma, on heat¬ 
ing, OjjHijO, (Baeyer, B. 4, 457, 663; A. 209, 
261).—13. Phenyl cyanate at 100° forms 
0„H3(0.C0.NHPh), [173°] crystallising in minute 
needles (Snaps, C. J. 47, 774).—14. Cyanogen 
passed into an aqueous solution forms GAO>(^7i 
or a polymeride thereof, as an unstable crystal¬ 
line pp. (Loew, J. pr. [2] 15, 326).—15. Chloro- 
acetic acid (2J pts.) followed by NaOHAq forma 
C„H,( 0 .CH 2 .C 0 .,H), crystallising in needles 
[198°], S. 1-3 at 14'5° and yielding K,A"' and 
KHjA"'aq (Giaoosa, J. pr. [2] 19, 398).—16. 
Benzotrichloride at 160° yields ‘ pyrogallol- 
benzein ’ CjJHjiO,,, crystallising in minute red 
plates with green lustre forming a blue solution 
in alkalis and a bluish-violet solutionin alcohol. 
Zinc and HOAc reduce it to the anhydride of 
hexa-oxy-diphenyl-methane. Pyrogallol-benzein 
yields C„H,.„Ao,0„ [208°], C3,Ha,Bz,0„ [251°], 
C3,nj„0,|(C5H,0), [228°] (DSbnor a. FSrster, A. 
267, 60).—17. Benzoic acid and ZnClj at 145° 
form tri-oiy-benzophenone {Alizarin yellow A) 
C,H2(0H)3.C0.C„H5 [141°],which crystallises with 
aq. The same body is got by heating pyrogaUol 
with benzotriohloride (G. P. 60,451 [1889] and 
54,661 [1890]; Graobe a. Eichengriin, A. 269, 
297).—18. On heating pyrogaUol with salicylie 
add and zinc chloride tetra-oxy-benzophenone 
0,H,(OH).CO.C.I1,(OH),[149°] is form6d(Q. a. E.). 

19. Ac.,0 forms 0„H,„0, [280°] crystoUising 
in white prisms (Causso, .B/.[.3]3,867). Fuming 
HClAq at 170° forms 0,,H„O, as a black 
powder, sol. NaOHAq (Bottinger, A. 202, 280).— 

20. Benzene sulphonic chloride added to a solu¬ 
tion of pyrogaUol kept slightly alkaline forms 
C.H3(0.803Ph), [142°], sol. alcohol, si.' soh 
ether (Goorgosen, B. 24, 418).—21. Formic al¬ 
dehyde and dilute HClAq form CH,(C,H3(0H),)a 
a microcrystalline powder, insol. water, sol. 
cohol (Caro, B. 25, 947).—22. Aldehyde and 
dilute HjSO, mixed with Na^SO, added slowly at 
60° gives colourless crystals of C,H,0,2aq, 
which when dried at 30° over BL,SO, leaves 
violet CjHjOjaq (Causse, Bl. [3] 3, 866; ef, 
Michael a. Byder, Am. 9, 133).—23. Benzoic 
aldehyde and a large quantity of HClAq form 
amorphous 0„H„0, (Baeyer, B, 6,280), Benzoic 
aldehyde, alcohol, and a little cone. HClAq form 
a pp. of OjjHjoO,, which yields 02 ,H„Ac.O, 
(Michael a. Byder, Am. 9, 130). On heating 
with benzoic acid alone pyrogallol forms resin¬ 
ous OgHxjO, and red 0^,,0„ which may be re¬ 
duced to colourless CLBLO, (Baeyer, B. 6, 26). 
24. SOH (88 pts.) aM ^,8^0, (70 pte.) bested 
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with water (S3 pts.) and pjrrogallol (35 pts.) at 
70° form C,Hj(OH),(O.SOjKt, crystallising In 
needles, t. e. sol. water (Baumann, B. 11, 
1913).—26. CICONH, forms 0,H.(0.C0.NH,),. 
[178°], orystalUsing from alcohol in plates. 

Salts. —0„K,(OH),(ONH,). Crystals, got 
by passing MH, into an ethereal solution of 
pyrogallol (De Luynes, A. Suppl. 6, 252).— 
C„H^(OH)(OiPb) aq. Crystalline pp. got by 
adding lead nitrate to ammonium pyrogallol. 
Converted by cone. NH,Aq into C,H,0,31’b0.— 
(O.HjOj) Pb.OAc. Ppd. by adding lead acetate to 
a solution of pyrogallol (Dcering, G. J. 26, 702). 
—C,H,(SbO)Oj. Plates, got by ppg. pyrogallol 
solution with tartar-emetic (Rflsing). SbCl, 
(100 g.) dissolved in a saturated solution (250 
0 . 0 .) of NaCl, filtered, and slowly added to pyro¬ 
gallol (50 g.) dissolved, in saturated NaClAq 
(250 g.), forms a white pp. which changes to 

crystals of C8H,(OH)<^Q^SbOH2aq, insol.water 

and alcohol, sol. mineral acids (Causse a. Bay¬ 
ard, Bl. [3] 7, 794). At 100° the above liquids 
on mixing yield C.HjOjSb, which is also crystal¬ 
line, whence AOjO at 100° forms C^HjOjACj. 
AcCl in Ac..O converts both antimonites into 
C,H,(OAo),.-C.H,0.2NPhIL. [56°J (Mylins, B. 
19, 1003). 

Acetyl derivative CtB,{Okc)y Got from 
pyrogallol and AeCl (Nachbaner, A. 107, 244). 

Benzoyl derivative CuiyOBz)^ [90°]. 
Got, together with a mono- or di- benzoyl deriva¬ 
tive [131-5°], from pyrogallol and BzCl (Skraup, 
M. 10, 391). 

Di-methyl ether C,H,(OH)(OMo)j. [52°]. 
(253°). Occurs in bccoh-wood creosote (Hof¬ 
mann, B. 11, 333; 12, 1373). Formed from 
pyrogallol (1 mol.), EOM, and Mel (2 mols.) at 
160°. Prisms (from water). Its alkaline solu- 
ticn does not turn brown in air. Oxidised by 
means of KjOr^O, and HOAc to coerulignone 
C,^A(OMe),. Yields C,Hj(OAo)(OMe)j as a 
Blacky mass, and C,H,(OBz)(OMe), [118°]. 

Tri-methyl ether C,H,(OMe),. [47°]. 

(235°). Formed by the action of Mel and KOH 
on pyrogallol dissolved in MeOH (Will, B, 21, 
607). Needles, insol. water and alkalis, v. sol. 
alcohol and other. Yields C(Br,(OMo), [81°]. 
Cone. HNO, forms C,H.,(N02)(0Me), [100°] and 
the di-methyl derivative of dioxyquinone. 

Mono-ethyl ether 0«Hj(OH)j(OEt). [95°]. 
Formed, together with tlie di- and tri- ethyl 
ethers, by heating pyrogallol with KOH and 
KEtSO, at 100° (Benedikt, B. 9,126! M. 2,212; 
Hofmann, B. 11, 797)- Needles, m. sol. water, 
V. 6. sol. alcohol and other. FeSO, gives a 
bluish-violet colour. Volatile with steam. 

Di-ethyl ether 0,H,(OH)(OEt), [79°]. 
(262^. Crystals (horn dilute alcohol). Oxidised 
by KjCrjO, and HOAc to ethyl-coerulignone. 
Nitrous acid passed into an ethereal solution 
forms OaHjiOjHNOi, which forms a brown boIu- 
tion in water. 

Tri-ethyl ether OA(OBt), [89°]. Got 
from pyrogallol, alcoholic potash, and EtI 
(Herzig a. Zeissl, 21f. 10, 151). Needles, insol. 
koHAq. 

Ethylene ether 0jH,(OH):O^O,H,. (267°). 
Formed from pyrogallol, alcoholic potash, and 
ethylene bromide (Magatti, B, 12,1860). Xields 


He/erwness.—A iqdo-, Bbouo-, Onumo-, and 

NiTBO- PTBOOALLOIi. 

F7S0OALL0L OASBOXYUO AOID «. 

Galuo Acts. 

Pyrogallol dicarboxylio acid 
C,H(OH).(CO,H),[l:2:3:4:6]. Gallocarboxylic 
acid. [270°). .S.-05 810°. H.C. 633,700. H.P. 
231,300 (Stohmann, J.pr. [2] 40,128). Formed 
by heating pyrogallol or galiio acid with am¬ 
monium carbonate at 130° (Senhofer a. Brunner, 
M. 1, 468). Needles (containing 3aq), si. sol. 
cold water. • Gives a violet colour with FeCl,.— 
K,A" 2aq: needles. — BaA’'aq. — CaA" 6aq. — 
Ag,A’'. 

PYBOSALLOL SOLFHONIC ACID G,H.SO, 
».«. OjH,(OH),.SO,H Jaq. Formed by dissolving 
pyrogallol in H.SO, (Personne, Bl. [2] 12, 169; 
20, 531; Sohifl, A. 178, 179). Hygroscopic 
crystals.—KA' 2aq: prisms, v. sol. water. Con¬ 
verted by heatinf^with POCl, into C,,H|„S,,0|,, a 
Ooceulent mass, v. sol. alcohol, which is con¬ 
verted by warming with HOAc and Ao-O into 
crystalline C„HjAc,S;0„ and 0|,H,AO|S,0„. 

FYBOaALLOOO-NONE v. f’vaaoAi.LOL, Re¬ 
action 5, and PuBi’OuooAi,i,m. 

PYB08ENTISIC ACID is HvDEOQumoNa. 

PYB08LDTAMIC ACID is Oxt-tbtba- 

MBTHEMTI, DIHVDBIDE CAIIBOXTUO ACID. 

PYB08LYCEBIN v. Diolvobrik. 

PYB08DAIACIN C„H„0, i.e. C„H,«0(OH)r 
[180-5°]. (258°) at 80 90 mm. V.l). 9-53 (calo. 
9-76). A product of the distillation of gum 
guaiacnm (Pelletier a. Devillo, C. It. 17, 1143; 
Eborraaior, J. pr. 62, 291; Naohbauer, A. 106, 
332; Hlasiwetz, A. 106, 381; 119, 277; Wieser, 
M. 1, 594). Plates, v. si. sol. hot water, si. sol. 
alcohol and ether. Forms a blue solution in 
H,SO,. On distillation with zinc-dust it yields 
guaiene C|.,H„ [100°], which is converted by 
oxidation into a lemon-yellow quinone C|,H,„0, 
[121°]. Potash-fusion forms 0|.,H|,O, [202°], 
which is reduced by zinc-dust to guaiene. Pyro- 
guaiacin yields C„H|,Ac,0, [122°], 0„H|,Bz,O, 
[179°], C„H„Br,0, [172°], and the salt 
C.,H,.K,0,. 

FYBOblC ACID V. Sebacio Aom. 

PYBO-MEOAZONIC ACID C,H,NO,. Formed 
by heating oxycomenio acid, with NH|Aq and 
also, in small quantity, along with the isomeric 
amido-pyro-mooonic acid, by the roduction of 
nitro-pyromeconic acid. Prepared fsom oxy- 
pyro-mecazonic acid by reducing with HI (Ost, 
J. pr. [2] 19; 203; 23, 441; 27, 258). 

Proper-lies.—Streaked trimetrio tablets. Com¬ 
bines with mineral acids, but not with acetic 
acid. Gives rise to a di-acetyl derivative [155°] 
and a bromo- derivative C,H,BrNOr Is stable 
in acid solutions, but soon turns brown in alka¬ 
line solution. Gives a blue colour with FeCl,. 
BaClj and NH, give a pp. which turns bright 
blue in air. 

Beactione.—l. Suspended in ether and mixed 
with HNO, forms ‘ pyromeoazone ’ 0,H,NO- 
Pyromeoazone is a brick-red powder, insoL 
ether, v. sol. water, gives no colour with FeCI„ 
and turns the skin violet. WithBaGl,andNH,ii 
gives, on exposure to air, a crimson pp. Crystal¬ 
lises from alcohol as G,H,NO,,EtOH. Aqueous 
BO, converts pyromeoazone back into pyrome- 
cazonic acid. These properties resemble those 
^ a quinone.— 3. Suspended in HOAo and 



PYBO-MECAZONiO ACID, 


treated with'HNOj it forms yellowish prisms of 
nitro-pyromeoezone C,H,(NO,,)NO;, aq. This 
body is decomposed by water at 30“ into nitro- 
pyro-mecazonio acid C,H,(NOJNOj, COj coming 
off through oxidation of some oi the substance. 
SO, rapidly changes nitro-pyromecazone into 
nitro-pyromeoazonic acid, eo that the former 
resembles quinono in its ready reducibility. 
Nitro-pyromeoazonic acid gives a blood-red 
colour with FeCl,, nitro-pyromecazone gives no 
colour with FeCl,. It yields the salt CjIIjNaNjO,. 

Salt.—HA'HClaq: needles. • 

Oxypyromeoazonio acid CsZI^NO,. Formed 
by passing SO, into an ethereal solution of 
nitrosopyromeoonio acid, and boiling the product 
(o. Nitroso-PYROMEcoNio Actu) with CHCl, (Ost, 
J. pr. [2] 10, 177). Needles (containing aq or 
2aq). Coloured dirty-violet by FeCI,.—NaHA',. 
—KHAV—TlHA’y-CaA',.—MA'HCl. 

PYSOMECONIC ACID C.tf.O,. [117°]- (225° 
nncor.). 

Preparation. —By distillation of raoconio 
acid in a currenlof CO„ some comcnic acid being 
also formed (Ost, J. pr. [2] 19,182; 23, 441; cf. 
Bobiquet, A. 5, 90 i A. Ch. [2] 5, 282; 61, 236; 
Stenhouse, P. M. [3] 24,128; A. 49,18; F. D. 
Brown, P. M. [4] 4, 161; 8, 201; A. 84, 32 ; 92, 
321; Ihl4e, A. 188, 31). The yield is 14 p.o. 

Properties. —Glittering prisms from water or 
alcohol. V. sol. chloroform, much loss sol. 
ether. Gives a blood-red colour with FoCl,. 
Feeble acid. Does not react with hydroxylamine 
(Oderheimer, B. 17, 2081). Bromine forms 
C,H,BrO„ crystallising in prisms and yielding 
PbA', aq. Excess of Be yields C,H,BrO, aq 
[109°]. ICl forms CjHjIO, yielding BaA', aq and 
PbAV 

Salts.—Forms two series of unstable salts, 
alkaline to litmus: KA'.—HNaA'^—^BaA',3aq. 
— BaH,A',. — CaA', aq.—CaH..A',. — MgA',. — 
SrA'.aq.—PbA',.—FoA',.—CnA',.—C,H,0„HC1. 
Formed by passing HCl into ethereal solution of 
the acid. Decomposed into its constituents by 
water or alcohol. Sulphates CjHjOj.H.SO, and 
(C,H,0,),I1,S0,. Got by adding H,SO, to an 
ethereal solution (Ost, J. pr. [2J 19,189). 

Acetyl derivative CJljkcO,. [91°]. Ob¬ 
tained by warming with AcCl. 

Nitroso-pyro-meconio acid CjH,(NO)0,- An 
nnstableacompound of this body with an 
equivalent of pyro-meoonio acid is formed by 
passing N,0, into an ethereal solution of that 
acid (Ost, J. pr. [2] 19, 195). An aqueous solu¬ 
tion of SO, converts this compound by addition 
of H, into CsH,(N0)0„CjH,0„ a compound 
which is split up by boiling chloroform, leaving 
so-called oxy-mecaronic acid, CjHjNO,. This 
acid gives a violet colour with FeCl,, and a blue 
pp. with BaCl, and NH,, By Sn and HGl it is 
reduced to pyro-mecaronic acid C,H,NOy 

References. —Auino- and Niibo-pieoukoonio 

Aom. 

PYEOMEUIC ACID [238°]. Ob- 

tained in the electrolysis of aqueous KOH with 
carbon electrodes, and got also by oxidation of 
mellogen by KOCl (Bartoli a. Papasogli, G. 12, 
113; 13, 61). Crystalline (containing 2aq), sol. 
water and alcohol. Yields the crystalline salt 
0„H,Na,0, and an ethyl ether crystallising in 
MlourlesB needles [below 10U°], insol. water. 


I PTEOMEIUTIO AMD 0,^0. 
O.H,(CO,H).[1:2:4:6]. Mol. w. 254. [264°]. S. 
14’28tl6°. H.C.p. 777,400 (Stohmann, J. pr. [2] 
40,140; 43, 540). H.C.v. 778,900. H.F. 369,600. 
Formed by gently distilling mellitio acid (Erd¬ 
mann, A. 80, 281) and by oxidising s-durene 
(Jacobsen, B. 17, 2517). Crystallises from water 
in triolinio tables (containing 2aq), y. sol. hot 
water. Forms various .compounds on heating 
with (a)-naphthol (Grabowski, B. 4, 726; 6, 
1065).—CaA" 6aq.—Pb.,A‘'aq.—Ag,A": pp. 

Methyl ether Me,A*’. [138°]. Plates, ah 
sol. hot alcohol (Baeyer, A. 166, 339). 

Ethyl ether [63°]. Formed from 
the Ag salt and EtI (Baeyer, A. Suppl. 7, 36). 
Needles (from alcohol). 

Chloride C,H.,(COCl),. Got by heating the 
acid with PCI,. Crystalline mass, v. sol. ether. 

Anhydride C,H.,(C.,0,),. [268°]. Got by 
distilling the acid. Needles (by sublimation), v. 
sol. hot water, being re-converted into the acid. 

Tetrahydride 0,H„(C0.,H),. Formed by 
the action of sodium-amalgam on the ammonium 
salt of pyromollitic acid (Baeyer). Amorphous 
hygroscopic mass, v. sol. water. When heated 
with II,,SO, it yields pyromellitio, trimellitio, 
and isophthalic acids. 

Iso-tetrahydride 0,11,(00,11),. [above 
200°]. Accompanies the preceding acid. Needles 
(containing 2aq). Behaves like the preceding 
hydride when heated with H,SO,. Yields a 
methyl ether [156°] which may fee distilled. 

References.—kmoo- and Nrino- PvKOMm,- 

LITIO AOIl). 

PYBOMDCIC ACID 0,H,0, i.e. 

OH OH 

CII0 Furfurane {a).carboxylio 

acid. Mol. w. 112. [1.32°]. S. 3-6 af]6°; 26 
at 100°. Boo 4018 (in a 2'19 p.o. aqueous 
solution). 

Formation. —1. By the distillation of mucio 
acid (IIouton-Labillardiire, A. Ch. [2] 9, 365; 
Pelouze, A. 9, 273 ; Bouasingault, A. 15, 184; 
Libs-Bodart, A. 100, 327). —2. By distilling de- 
hydromuoic acid (Heinzelmann, A. 193,184).— 
3. By oxidation of furfuraldehydo by Ag,0 
(Schwanert, A. 114, 63; 110, t2o7).—i. Together 
with furfuryl-carbinol by boiling furfuraldehydo 
with alcoholic potash (Ulrich, Z. 1861, 186; 
Schmelz a. Beilstein, A. Suppl. 3, 275; Dim- 
prioht, A. 165, 279).—5. By distilling iso- 
saccharic acid in a current of 00, (Tiemann a. 
Haarmann, B. 19, 1271).—6. Occurs, together 
with pyromycurio acid C,H,NO, [165°] which 
yields BaA', llaq, in the urine of dogs dosed 
with furfuraldehyde (Jalld a. Cohn, B. 20, 
2311). 

Preparalion.—By oxidising furfuraldehyde 
with alkaline KMnO, below 20° (Volhard, A. 261, 
879). 

Properlies. —Long white needles (by sublima¬ 
tion), V. sol. alcohol and ether. FeCl, gives no 
colour. 

Reactions. —1. Bromine in excess forms 
mucobromio acid. Dry Br gives C,H,Br,0, 
[160°], oxidised by dilute CrO, to di-bromo- 
pyromucic acid (Tdnnies, B. 11,1086).—2. Dis¬ 
tillation with soda-lime yields furfurane.—3. On 
beating with lime and ammonia-zinc-chloride it 
yields pyrrole. 

Salts.—KA': needles.—NaA'.-BaA',: o«y»- 



PtROTAKTARIC AOli). m 


lalB, sol. water and alcohol.—CaA',: crystalline 
powder.—'CuA'jSaq.—PbA 2 2 aq.—AgA': scales. 

Ethyl ether [34'^]. (209®). Lamin®, 
V. sol. alcohol and ether, insol. water (Malaguti, 

A. 25, 276). Combines with dry chlorine, form¬ 
ing C;H,C1^0j. S.G. 121* 1*496. Dry Br forms 
CjHsBr^O, [48®] (Tonnies) and also the ethers 
of (/33)*di-bromo-pyromucic acid [107°], of (iSy)- 
di-bromo-pyromucic acid [192®] and of (5)-bromo- 
pyromucic acid [183°] (Hill a. Sanger, A, 232, 
65). 

Chloride C 4 H 3 O..CI. (170°). 

A mide C^HjO.CONHj. [143®]. Formed 
from the ether or chloride and NH^Aq (Wallach, 

B. 14, 751; 214, 227 ; Cianiician a. Dcnnstedt, 
B. 14,1058; 0. 11, 291). Large plates, sol. al- 
cohol, si. sol. ether. Converted by PClj or P^Oj 
into the nitrile. 

Ethylamide C^HaO.CONHEt. [258° cor.). 
Formed from pyromucic ether and ethylamino 
solution at 100®. Converted by PCI 3 into crystftl- 
lino CiHjO.CCL.NHBt. PCI. in smaller quantity 
(1 pt.) forms the amidiue C,H 30 .C(NEt).NHEt, 
a liquid (240°) which gives B^.n^lHCl,.. 

Anilide C^HACO.NIIPh. [123-5®]. Long 
needles (Schill, B. 19, 849). 

Nitrile CiH^O.CN. Furfiiryl cyanide. \ 
(148°), Liquid with sweet taste, si. sol. water, 
smelling like benzoic aldehyde. On reduction it 
gives C,H 30 .C 1 I,.NH,. 

(3)«Pyromucic acid, got by oxidation of 
fucusol, is a mixture of pyromucic acid with 
mcthyl-pyromucic acid [108®] (Bicler a. Tollens, 
A. 258,120). 

Isopyromucic acid. [82°]. Formed, together 
with pyromucic acid, in the distillation of mucic 
acid. It decomposes BaCOj very slowly, and 
can bo separated by shaking the product with 
BaCO.| and extracting with ether (Lim 2 >richt, A, 
165, 25C). Plates (by sublimation), v. e. sol. 
water, alcohol, and ether. FeOlg gives a green 
colour. Br yields mucobromic acid. 

Beferences. — Bnoiio-, Buomo-solpito-, 
CniiOiio-, N1TU0-, and Solpiio* ptkomucio 
ACIDS. 

FYBOMITCIC ALDEHYDE v. Fuhfdkalde* 

HYDE. 

PYEOMYKDRIC ACID C,H,NO,. [165°]. 
Occurs in the urine of rabbits dosed with fur- 
furaldohydo (Jaf !6 a. Cohn, B. 20,2311). Prisms 
(from water). Split up by boiling baryta-water 
into glycocoU and pyromucic acid.—BaA '2 l Uq : 
plates.—A urea compound (0,HjNO^)CO(NH.J^ 
[ 120 ®] occurs in the urine of dogs fed with meat. 
It crystallises from benzene in needles, y. sol. 
water and alcohol, si. sol. ether, and is decom¬ 
posed by heating with BaCO, into urea and 
pyromykuiio acid. 

FYBOKE. A name given to the ring 



PYBOPHOBDS. Any dnely-divided substance 
which takes fire very easUy when exposed to air 
is called Bkpyrophorus. 

FYBOBACEUXO ACID is Pybuvio aci». 
FTBOTABXABXC ACID G.H.O 4 U. 
00 ,H. 0 HMe.CHyC 03 H. 

Methyl-euccimc acid. Mol. w. 182. [115®]. 

S. 66 at 20°. B.H. *8098 (from 0° to 60°) (Hess, 
A» CA [2] 86 , 410). H.O.V. and p. 515,200 


(Stohmann, »r. pr, [2} 40,209); 611,672 (Loo- 
guinine, 0. B. 107, 697). H.F. 230.800 (S.). 

Formation.—!, By dry distillation of tartar 
(Valentin Kose, Qehlen's Joum. 3. 698) and of 
tartaric and racemic acids (Graver, N. J.T. 24, 
2, 65; Pelouze, A. Ch. [2j 66 , 207; Weniselos, 
A. 16,148; Fourcroy a. Vauquelin, A. CA 36, 
161; 64, 42; Arppe, A 66 , 73).—2. By the re- 
duction of ita-, citra-, and mesa- conic acids and 
of dibroinopyrotartaric acid with sodium- 
amalgam (Kekul 6 , Suppl. 1, 312; 2, 95).—3.^ 
By 8aponif}4ng its nitrile with IlClAq (Maxwell* 
Simpson, A. 121,161). -4. By lieating powdered 
tartaric acid with liClAq at 180® (Goutl)er a. 
lUemaim, Z, [2] 6 , 318).—5. By potash-fusion 
from gamboge (Hlasiwctz a. Barth, A. 138,73).— 

6 . By heating pyruvic acid alone at 170° or 
witlt nClAq at lOU®, or by boiling it with baryta. 

7. By boiling i3-acotyl-a- or /3- nietliyl-succinio 
ether with potas^i (Conrad, A. 188, 217 ; Kress- 
ncr, A. 192, 135).—8. By heating ailyl iodide 
(1 mol.) with KCy (2 mols.) and a little alcohol, 
and boiling the resulting nitrile with KOIlAq 
(Claus, B. 5, 612; 8,100; A. ^91, 38).-9. By 
boating propane tricarboxylic acid (Bischol! a. 
Guthzeit, B. 20, 614).—10. By oxidation of &- 
acetyl- 7 i- and iso- butyric acid (BischoCf, A. 200, 
337). 

ibo^^sr^Vs.—Trlolinic prisms grouped like 
frog’s feet (from ctlier), v. sol. water, alcohol, 
and etlier. Begins to boil at 200®, yicMing an 
anhydride togctlier with soino butyric acid 
(Claus, A. 191, 48). Its solution isnotppd. by 
lime-water or lead acetate, but gives a pp. with 
lead subacetatc. 

lii'aclions. —1. Bromine acts very slowly in 
tiio cold, but wlien the acid (10 pts.) is heated 
with Br (21 pts.) and water (10 pts.) at 120° for 
6 hours brouiocitraconic anhydride is formed 
(Tiagcruiark, Z. 6 , 299). When the acid (1 mol.) 
is heated with Br (4 mols.) at 132® acetylene 
tetrabromide is formed (Boiirgoin, A. Ch, [5J12, 

I 419).—2. The K salt yields, on electrolysis, 0, 
CO, and COj at the positive pole (Beboul a. 
Bourgoin, 0. it. 84, 1231).—3. Distillation with 
yields methyl-thiophene.—4. On heating 
the acid (5 pts.) with resorcin (9 pts.) and ILSO 4 
(18 pts.) at l.^O® there is fonned pyrotartryl- 
tiuoresecin Cj^lIi^Ort, a brownish-rod powder, si. 
sol. water, v. sol. dilute acids and alkalis. Its 
dilute alkaline solutions fluoresce yellowish* 
green. It yields OjjHi^Br^O, (Hjelt, B. 17, 
1280). • 

Salts.—K^A" aq: deliquescent. — KHA": 
monoclinio prisms.--NaA" 6aq: efflorescent 
I larain®.—NaHA": small prisms.—(NH 4 ). 4 A": de* 
liquescent; gives 0 ^ on evaporation, leav- 
j ing (NI1,)HA", which crystallises from water in 
prisms, permanent in the air.—BcA".—BcH^A",. 
—CaA" 2aq: powder. S. 1 at 100°.—CaH,^"a2^0.« 
— SrA" aq. — SrA" 2aq. — SrEL^A", 2aq. •— 
BaA"2aq. — BaH 3 A".^aq. — BaH. 3 A "2 2aq» —• 
BaH 2 A"a 3aq. — Ball^A", 4aq. — MgA" 3aq. — 
MgA" 6aq. — Al(OH)A". — Bi 4 A",(H 0 ) 40 . — 
CdA" 3aq.—CdA" 2aq,—MnA" 3aq.—CuA" 2aq. 
—Cu.,(OH) 2 A". — Fe(OH)A' 2aq.-PbA'2aq.— 
Pb3A"02.-NiA"2aq.-NiH4A",2aq.-ZnA"3aq. 
—AgaA": white curdy pp., blackened by light. 

Ethyl ether Bt^". (218° cor.). S.G. 

4 1*0189; if 1*0113. M.M. 9*347 at 17*4® 
(Perkin, C. /. 46, 516; c/. Malaguti, A, 25,274). 
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OMoriit O.HAOIr (100'’-193'’) (Hjelt, 
9.16.2624). Reduced in ethereal solution by 
todinm-amalgam and HOAo to liquid O.H.O., 
S. 20, which is the anhydride of an acid 

Anhydride 0,H,0,. (245® cor.) (Lebedeff, 
A. 182, 327). Got by heating the acid at 200° 
alone or with P.O.. Heavy oU, slowly converted 
by water into the acid. 

Amide CH,.CH(CO.NH,).CH..CONH,, 

« . S. 7 at 10°. Large plates (Henry, C. B. 
43). 

Imide [66°]. Formed 

by heating acid ammonium pyrotartrate (Arppe, 
A. 87, 228). Six-sided trimetrio plates, sol. 
water, alcohol, and ether. 

Di-methylamide CjHJCO.NHMo).. 
[115°] (Henry, Bl. [2] 43, 619). 

afono-oitilideCO.H.CH..pHMe.CONHPh. 
[147°]. Formed from aniline and pyrotartaric 
anhydride in chloroform (Arppe, A. 90, 141; 
Ansohiitz, A. 246, 122). Got also by reducing 
the anilide of aiesaoonic acid with sodium- 
amalgam. Is identical with Iteissert's * pyranll- 
pyroic lactone dihydride.’ Bulky needles, m. sol. 
water.—PbA'j; white pp.—AgA'. 

PhenyUimide CH..OH<^® [98°] 

(Arppe, A. 90, 139); [104°] (Biflir A. 91,105). 
Formed by heating the acid with anilina at 
100° for ton minutes. Minute needles. 
p-Nitro-anilide 

CA(CO.H)(CO.NH.C.H,NO,d. [above 150°]. 
Formed by boiling the p-nitro-phenyl-imido 
with NBjCO.Aq. Minute tables, v. si. sol. hot 
water.—AgA': white pp. 

p-Nitro-phenyl-imide 
0,H,:C.OyNC,H,NO.. [165°]. Formed by ni¬ 
trating the phenyl-imide. Needles (from al¬ 
cohol), almost insol. water. 
p-Bromo-anilide 

CA(OO..H).CO.NHC,H,Br. [158°]. Formed 
from the anhydride and p-bromo-aniline 
(Ansohiitz a. Hensel, A. 248, 269). 
Di-bromo-anilide 

0,H,(CO.H).CO.NHC.H,Br,[1:2:4]. [139°]. 

Nitrile CH,.CH(CN).CHjCN. [o. 12°]. 
(264°). Formed, amongst other products, by 
the action of KCN on allyl chloride (Piimcr, B. 
12, 2053). Prisms. Prepared from propylene 
bromide and alooholio KCy at 100° (Maxwell 
Simpson, A. 121, 160). Liquid* sol. water, 
alcohol, and ether. 

Ethyl ether of the seminitrile 
CO,Et.CHj.CHMe.CN. (198 ). S.G. ^ 1-0276. 
VJ). 4-6. Formed from o-bromo-propionio ether 
and alcoholic ECy (Zelinsky, B. 21, 3162). Oil. 
—NaA': very hygroscopic. 

Beferences. —Bnouo-, Culobo-, lono-, Oxx- 
smpo; and OxY- Ptbotabiabio acid. 
n-Pyrotartario acid v. Glutabio acid. 
Isepyrotartsiio acid v. Di-AiETHTL-MAxoiao 
Aom. 

PYBOTESEBIC AGIO v. Hexbnoio acid. 
PYEOIEITASIC ACID 0,11,0, i.e. 

:o5o,H‘ Di-methyl-fuT’ 

fwane oarbozylic acid. Mol. w. 140. [136°]. 
8. '26 at 100°. A product of the distillation of 
tartaric acid (Wislicenos a. Stadnicki, A, 146, 


806). Prepared by heating pytIrHo acid witb 
NaOAo and Ao,0 at 140°, the yield being 20 p.o. 
(B6ttinger, B. 13,1969; A. 172, 241; 208,122; 
247, 266), by heating pyruvic acid (80 g.) with 
dry sodium succinate (56 g.) at 110° (Fittig a. 
Parker, A. 267, 212), and by heating p^vic 
acid (17-5 g.) with dry potassium propionate 
(20 g.) at 140° (Bischoff, B. 24, 2021). Formed 
also by heating methronio acid as long as 00, is 
given off (Fittig, A. 260, 190; cf. Harrow, 0. X 
33, 425). Needles (from hot water), nearly in- 
sol. cold water, v. sol. alcohol and ether. Not 
affected by potash-fusion. PCI, gives a chloride, 
reconverted by water into the acid. Does not 
reaet with hydroxylamine or phenyl-hydrazine. 
Water at 160° forms acotonyl-acetone. By 
bromine it is converted into a tetra-bromo- 
dcrivative and its tetra-bromide, which are both 
reduced back to pyrotiitario acid by sodium- 
amalgam. An excess of bromine at 100° forma 
penta-bromo-pyrotritario acid. By dry distilla¬ 
tion it gives di-methyl-furfurane; a substance 
which is also obtained by distilling acetonyl- 
ocetone with ZnCi, (Paal, B. 20,1074; Dietrich 
a. Paal, B. 20,1077). 

Salts.—NaA' 2aq.—CaA', 2aq ! prisms.— 
CaA', 4aq. — CaA',6aq. — BaA', 4aq: plates.— 
BaA', 2aq.—BaA', 6aq.—ZnA', 8aq. - AgA'. 

Methyl ether MeA'. (192°). Got by dis¬ 
tilling the Ag salt of carbopyrotritario mono¬ 
methyl ether (Enorr a. Cavallo, B. 22,156). 
Ethyl ether EtA'. (208°). 

Pyrotritario carboxylic acid v. Mbthbonic 

ACID. 

Carbopyrotritario acid t>. Di-hbihui-fub- 

XUBANIi OARHOXnilO ACID. 

PYKOXANTHIN 0„H„0,. [162°]. Extracted 
by NaOHAq from the product of the dry distilla¬ 
tion of wood (Scanlan, J. pr. 7, 94; Gregory, A, 
21,143; Hill, Am. 3, 332 ; B. 11, 456). Orange 
needles (from alcohol), sol. benzene and HOAc.. 
Forms a purple solution in n,SO,. Reduced by 
zinc-dust and HOAo to a colourless body. 
Bromine forms G,sH„Br,0, crystallising in small 
colourless triclinio needles, converted by alcohol 
and powdered Sb into C„H„Br,0„ crystallising 
in yellow monoclinic needles, v. sol. hot alcohol. 
PYROXYLIN V. Ceiadlobb. 

PYRHODIAZOLE CAN, i.e. 

[121°]. Formed by heating its carboxylic acid at 
120° (Andreocci, B. 26, 229). Needles, v. e. soU 
water and alcohol. 

Pyrrodiazole carbcxylio acid 

CO,H.O<^^;^g, Formed by oxidising methyl- 

pyrrodiazole with alkaline EMnO,. White 
crystalline powder, v. si. sol. water, alcohol, and 
ether, 

PYRROLE C,H.N i.«.^^:™>NH. FyrrhoU 

PyrroUne. Mol. w. 67. (130° i.V.). S.G. 133 
-9752. S.V. 92-1 (Ramsay). H.F.p. 4,056 (Ram. 
say). Occurs among the products of distillation 
of coal (Bunge, P. 31, 67) and of bones (Ander. 
son, Tr. E. 20 [2] 247 i 21 [4] 671; A. 80, 63; 
105, 349). 

Formation.—!. By distilling ammonium 
mucate alone or with glycerin at 190° (Sohwanert, 
A. 116, 279: Goldschmidt, Z, [2] 8, 280).—9. By 
heating its oaiboxylio aoid.-^. By dfatilliag 
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nealaimlde vlth dno-dast (Ohiohester Bell, S, 
18,877}.—!• By distUliug ammooiom eaooharate 
(Bell a. Lappor, £. 10, 1902).—6. By heating 
u-ohloro-maleio imide with PCI, at 200°, and 
reduoing the resulting perohloride 0,C1,N with 
aino-dust and HOAo (Ciamioian a. Silber, S. 17, 
£64; 19, 3027). The diohloro-maleio imide may 
be got from succinimide and PCI,.—6. By re¬ 
ducing tetra-iodo-pyrrole with zinc-dust and 
EOHAq (0. a. S.).—7. By heating albumen with 
Ba(OH )2 at 150° (Schiitzenberger, £1. [2] 25, 
209).—8. By distilling pyromuoio acid with 
ammonia-zinc chloride and CaO (Oanzoneri a. 
Oliveri, G. 10, 487).—9. By passing di-ethyl- 
amine through a red-hot tube (Bell, B. 10,1008). 
10. By passing ethyballyl-amine over PbO at 
450° (Koenigs, B. 12, 2344).—11. By distilling 
glutamic acid (Haitinger, M. 3,228). 

Preparation,—Bone oil is shaken with acids 
and distilled. The fraction 98°-160° is heated 
with EOllAq and distilled, and the portion 
125°-140° heated with solid KOH with inverted 
condenser. The solid C,H 4 NK thus obtained is 
washed with ether and decomposed by water, and 
the pyrrole distilled with steam (Ciamioian, B. 
13, 70; 19,173 ; 0. 10, 330). 

Fropertiea.—Oil with fragrant odour, re¬ 
sembling chloroform. Tastes hot and pungent. 
V. sol. alcohol and ether, insol. dilute alkalis. 
Turns brown in air. Turns pine-wood soaked 
In HCIAq red. Dissolves in cold dilute acids, 
but on warming the solution pyrrole-red is 
formed as a bulky amorphous pp. Fed, added 
to its solution in HCIAq gives a green colour 
changing to black. Alcoholic HgCl, gives a 
white pp. Isatin and HOAo or dilute H.,SO, 
give a deep-blue pp. which forms a deep-blue 
solution in HOAc and (V, Meyer, B. 16, 

2974; Ciamioian, B. 17, 142). 

Reactions. —1. HNO, forms oxalic acid.— 
2. Potassium acts very strongly, forming a 
colourless liquid, which solidi&es on cooling to 
C,H,NK. Boiling with solid KOH gives the 
same body (Anderson, A. 105, 352). Sodium 
acts but slightly, forming C,H|NNa only at a 
very high temperature. NaOHAq has no action 
on pyrrole.—3. HCl passed into an ethereal 
solution ppts. crystalline (C,H,N);,HC1, whence 
ammonia liberates an unstable baso (Dennstedt a. 
Kimmermann, B. 21,1478).—4. Ilydroxylamine 
forms NH, and crystalline C,H,N,,Oj [176°]. 
Converted by adding Na to its boding alcoholic 
solution into tetramothylene-diamine (Ciami- 
Cian, G. 14,156; B. 22,1968). The compound 
C,H,N,0„ when heated with phenyl-hydrazine, 
yields C„H„N„ which crystallises from alcohol 
in plates [125°].—6. By a dilute solution of 
sodium hypochlorite (15 pts. of active chlorine 
in 1,000 pts. of .water to 10 pts. of pyrrol) it is 
converted into ^-chloro-malcio acid and chlor¬ 
inated pyrroles. On the other hand, a concen¬ 
trated eolation of sodium hypochlorite (45 pts. 
of active chlorine in 500 pts. of water to 10 pts. of 
pyrrole) yields diohloro-acetio acid. An alkaline 
solution of bromine yields dibromomaleimido. 
Iodine in presence of alkalis yields tetra-iodo- 
pyrrol (Ciamioian a. Silber, B. 17, 1743; 18, 
1768).—6. Potassium pyrrole heated with ethyl 
iodide yields v-ethyl-pyrrole, di-ethyl-pyrrole 
0,HrBt:NEt, and probably also C,^Et:NH. 
fotassinm pyrrole ahd b^yl-ohlori^ yield 


■'-benzyl-pyrrole (247°) (Ciamioian, B. 22,869; 
G. 17,186).—7. Pyrrole (60 g.), boiled with par¬ 
aldehyde (50 g.) and ZnCl, (l2 g.), forms oily 
ethyl-pyrrole C,H,N (164°) (Dennstedt a. Zim- 
mermann, B. 19, 2189).7-8. Pyrrole (1 pt.), 
acetone (10 pts.) and a drop of HOI give 
C„H|,N, [291°], whence alcoholic AgNO, forms 
(0„H„N,)jAgNO„ory8talUsinginneedleB{Baeyor, 

B. 19, 2184). The compound C„H„N, yields, 
on distillation, C,.H„N (275°-285°), which is 
probably mesityl-pyrrole, and whence Ao.,0 and 
NaOAo fornj ■'-acetyl-pyrrole. The compound 
C„H|,N„ examined byBaoult’s method, appears 
to have the formula C.„H„N,, On heating 
pyrrole with acetone and ZnCl,isopropyl-pyrrble 
(174°) is formed. Among the products of the 
action of acetone on pyrrole there is also a 
yellow oil C„H„N (?) (300°-305°), which soon 
blackens in air. This oil forma an acetyl deriva¬ 
tive [above 300°], and is reduced by tin and 
alcoholic HCl to'C„H„N (274°), which yields 
B'HCl [228°] and B'HSnCl, [170°] (Dennstedt 
a. Zimmerinann, B. 20, 850, 2449 ; 23,1870).— 
9. Di-ethyl ketone, MeOH, sand HCl pve 
0„H2„N, [210°], which yields B'.^gNO„ crystal¬ 
lising in needles (Dennstedt a. Zimmermann, B. 
20, 2456).—10. Chloroform converts potassium 
pyrrole into ((3)-ohloro-pyridine. Bromo/orm 
acts in like manner, giving bromo-pyridine. 
CH.,Cl 2 has no action, but CCl, forma ohloro- 
pyridine, while benzylidene chloride yields (/J)- 
phonyl-pyridino (Ciamioian, B. 14, 1160; 16, 
1172; 20,191; G. 16,140).-11. Readily combines 
with diazo- compounds, forming azo- and disazo- 
bodies, but no compounds analogous to the 
diazoaraides. Their constitution is probably 

!»■ 

Fischer a. Hepp, B. 19,2251).—12. Pyrrole (6 g.) 
added to a lukewarm solution of alloxan (11 g.) 
in water (300 c.c.) forms colourless crystals of 

C, H,NA or NHrCO.NH.CO.CO.CO.O,H,NH, 
al. sol. hot alcohol, nearly insol. water and ether, 
and yielding AgjA". Pyrrole-alloxan is converted 
by caustic' potash solution into C,H,,M,0| or 
NHj-CO.CO.CO.CjHjNH, which cryatallises in 
white plates, v. sol. warm alcohol, and rtelds 
AgA' and crystalline MeA' (Ciamician, B. 17, 
108, 1711; 19, 1708; G. 16, 198, 867).— 
13. Pyrrole and MeOH distilled over zinc-dust 
yield (a)- and {$)■ methyl-pyrrole, di-methyl- 
pyrrole, and di-methyl-dipyrrole (Dennstedt, B. 
24, 2559).—1^. Acetyl chloride, acting on potas¬ 
sium-pyrrole, forms ■'-acetyl-pyrrole and pyrryl 
methyl ketone (pseudo-acetyl-pyrrole), which may 
be separated by steam-distillation. AojO at 800° 
forms pyrrylene di-methyl diketone (Ciamician a. 
Silber, G. 15,193).—16. Propionic anhydrideani 
sodium propionate form, on boiling, ■'-propionyl- 
pyrrole, pyrryl ethyl ketobe, and pyrrylene di¬ 
ethyl diketone (Dennstedt a. Zimmermann, B. 
20, 1760).—16. Bz.,0 and NaOBz at 220° form 
pyrryl phenyl ketone (pseudo-benzoyl-pyrrole). 
17. COCl, in benzene, added to 0,H,NK in 
ether, forms CO(NC,H,)j, separating from ligroln 
in monoclinic crystals [63°] (238°) (Ciamician a. 
Magnaghi, B. 18,415).—18. Phthalic anhydride 
and HOAc at 186° form C,jH,NO, [241°], con¬ 
verted by Br into 0|,H^r^O, [199°], and Iw 
boiling KOHAq into 0,^0, [174°-184°], which 
fields UcA' [105^ (Ciamician, B. 17, 2967; 
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^derlin!, B, 21, 2859). The compound 
Di^H^MO, iB reduced by water and Na to 

04 H,N: 0 <^g>CH. 0 H [118°] (Oiamioian, B. 
10,2206; 2l‘, 1654). 

Salta.—C,H,NK. Solid, absorbing CO.j ai 
200°, forming pyrrole (8)-oarboxylio acid.— 
B'2HgCl,: crystalline powder, insol. water, al. 
aol. cold alcohol.—13'|.'iCdCl,.—B'ICl: black pp. 
(Dittniar, B. 18, iei2).-Piorate: [c. 71°]; 
unstable (Hooker, B. 21, 3299). 

Acetyl derivative G,ii,’Sko. (182° i.V.). 
Fonned by the action of AcGI on potaasinm- 
pyrrole suspended in ether, and also as a by¬ 
product In the preparation of pyrryl methyl 
ketone by heating pyrrole with ACjN and NaOAo 
(Ciamician, B. 16, 2348; 18, 881). Oil, volatile 
with steam, saponified by hot KOlIAq. Reddens 
acidified pine-wood, Gives a pp. with aqueous 
HgCl,. 

Propionyl derivatiife C,H,N.COEt. 
(193°) (Dennstodt a. Zimmermann, B. 20,176U). 

Dihydride C,H,N. Pyrrolaie. (90° i.V.). 
Formed by reducing pyrrole with zinc-dust and 
HOAc (Ciamician a. Dennstcdt, B. 16, 1636; 
22, 2512; Q. 15, 481). Hygroscopic liquid, v. 
sol. water. Yields a nitrosamine 0,H„N(NO) 
[38°]. Absorbs CO. from the air.—R'HCl. 
[174°]. Flat prisms, v. sol. hot alcohol.— 
B'jH,PtCl„: triclinic crystals.—B'lIAuCl, [162°]. 
—B'C.HjNjO,. [156°]. Yellow crystals (from 
water). Benzoyl derivative C,H,NBz. 
(160° at 2 mm.). Syrup, formed from the hy¬ 
drochloride and BzCl at 110°. V. sol. alcohol. 

Tetrahydride CjHjN. Pyrrolidine. 
(88'5°). S.O. -8.120. Formed by reducing 
the dihydride by HIAq at P at 250° (Ciamician 
a. Magnaghi, G. 15,483; B. 18,2079). Formed 
also, together with tctra-methylene-diamine, by 
the action of Na on ethylene cyanide or sucoin- 
imide in alcohol, and by distilling tctramethylene- 
diamine hydrochloride (Ladonburg, B. 19, 782; 
20,442,2216; Peterson,B.21,290). Formed from 
chlorobutylamine hydrochloride and KOHAq 
(Gabriel, B. 24, 3234). Liquid, with pungent 
ammoniacal odour. Yields a liquid nitrosamine 
(214°), V. sol. water.—B'.,U^’tCl„. [200°]. 

Prisms. — B'HAuCl,. [206°]. — B'0,HJ^,0,. 
[112°].—B',H,Bi,I,.~B'H.CdI,. [219°]. Ncediles. 

Pyrrole red C|jH|,N.O ? Formed by boiling 
pyrrole or .its carboxylic acid with dilute Il.^SO, 
or HCl (Anderson, A. 105, 357; Schwanert, A. 
116, 280). Reddish-brown flakes, insol. water, 
ether, acids, and alkalis, si. sol. aldohol. Yields 
pyrrole on distillation. 

Homopyrrole v, Methyl-ptrboli!. 
iJe/mBccs.—BnoMo-, Cnijoao-, lono, Nitbo-, 
and OxY-AMiDO- Pybbole, 

PYRROLE - AZO- v. Azo- coupounns and 

BlSXZO- COMPOOHDS. 

PYaEOL-CAEBO-KETOHIC ACID v. Pybbyl- 
eLTOXYUc Acm, 

PYRROLE (e).CAHB0XYLIC ACID CANO, 
ie. C,H;,(CO,H)NH. Carbvpyrrolic acid. [191°]. 

Pomuition. —1. By the action of boiling 
baryta on its amide, which is got by distilling 
ammonium mucate (Malaguti, A. 15, 179; 
Schwanert, A. 116,270; Ciamician, B, 17,1( 1).— 
2. By boiling pyrocoU with KOHAq (Weidel a. 

Ciamician, M. 1, 285)_3. By fusing potassium 

|q)-metbyl-pyriole with potash iCiamioian, B. 


14, 1054; (?. 11, 228).—4. By heating pyrrole 
with ammonium carbonate and water at 140° 
(Ciamician a. Silber, B. 17,1150; Q. 14, 162).— 
5. By heating pyrrole with alcoholic potash and 
CCI, (Ciamician a. Silber, B.17,1437).— 6. By the 
action of CO, on potassium pyrrole at a high 
temperature (C. a S.). 

Properfies.—Prisms (from water), sol. water 
and alcohol. Decomposed by heat into CO., and 
pyrrole. HClAq forms, on warming, CO„ pyrrole 
red, andNHjAq. 

Salts.—NHjA': m. sol. water.—CaA',: 
scales.—BaA', (dried at 100°) r'plates, sol. water 
and alcohol.—PbA',; nacreous scales, v. sol. 
water.—AgA'; small needles, si. sol. water. 

Methyl ether MeA'. [173°]. Prisms. 

Ethyl ether EtA'. [39°] (231°). 

Amide C,HdCONHJN. [173°]. Laminai, 
r. sol. alcohol and ether, m. sol. water. 

Acetyl derivative C,H,N.CO.OAo. [75°]. 
jg'ormed from the Ag salt and AcCl. Scales, 
readily decomposed by water into acetic acid 
and pyrrole carboxylic acid. At 75° it decom¬ 
poses into HOAc and pyrocoll. 

Pyrrole (8)-oarboxylio acid C,H,(CO.,H):NH .' 
[162°]. Formed by fusing potassium (8)-methyl- 
pyrrole with potash (Ciamician, B. 14, 1054). 
Needles, partially decomposed by boiling water 
into CO,and pyrrole. The lead salt is si. sol. 
water.—BaA'.,; needles. A pyrrole oarboxylio 
acid [166°], got by potash-fusion from isopropyl- 
pyrrole, and yielding a methyl ether [129°] 
(Dennstedt a. Zimmermann, B. 20, 855), is pro¬ 
bably identical with the (8)- acid. 

Pyrrole v-carboxyUc acid 

Ethyl ether C,ll,N.CO.,Et. Tetrol- 
urethane. (180°). Formed from potassium- 
pyrrole and ClCOjEt in ether (Ciamician a. 
Dennstedt, 0. 12, 84). Oil. 

Amide 0,H,N.CONH,. [167°]. Formed 
from the ether and NH,. 

Nitrile 0,11,N.CN. Tetrol cyanuramide. 
[210°]. Got by passing CyCl into potassium- 
pyrrole in ether (Ciamician a. Dennstedt, G. 13, 
102). Needles, insol. water, sol. hot alcohol. 
Boiling alcoholic potash forms pyrrole, CO,, and 
NH,. 

Pyrrole dioarboxylic acid CA^O, i.e, 
C,H,(C02H),NH. Formed by oxidising pyrryleno 
' dimethyl diketone, and fusing the product with 
potash (Ciamician a. Silber, G'. 16, 377; B. 19, 
1958; 20,2601). Needles (from dilute alcohol), 
sol. ether and hot water. Blackens at 260°, 
giving pyrrole and CO,. FeCl, gives a brown 
pp. The Ba salt crystallises in needles. Tha 
Ag salt is a curdy pp. 

Mono-methyl ether MeHA". [243°], 

Di-methyl ether MOjA". [132°]. 

Di-ethyl ether Et,A". [82°]. 

lleferences. —Bbomo-, Chlobo, and Nubo- 

FYBROIiB CABBOXYLIC ACIDS. 

PYRROLIN £. A name used both for Pybbolb 
and Fybrole diuydbidb. 

PYRROLYLENE v. Butinknk. 

FYRROLYLENE lEIRABROHIDE v.TniBA- 

BBOUO-BUTANE. 

FYRRONE V. Di-fyebyl-ketohe. 

PYRROYL-FOHMIO ACID ti. Pybsyl-ody. 

OXYLIO ACID. 

PYRROYL - PYRROL C,H,N.CO.C,H,NH 
[63°]. Formed, together with di-pyrryl-ketonf 
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C0(0,EJ!fH), by Intramoleoalar transformation 
of carbonyl-pyrrole by heating it to 250° for a 
few hours (Oiamioian a. Magnaghi B. 18,1829). 
White silky plates. Not yolatilo with steam. 
By heating with aqueous KOH it is split up into 
pyrrole and pyrrole-(o)-oarboxylio acid. 

PYBEOYL-PYSBVIC ACID. Ethyl ether 
C,HjNH.C 0 .CH,.C 0 .C 02 Et. [123°]. Formed by 
the action of NaOBt and oxalic ether on pyrryl 
methyl ketone (Angeli, B, 23,1794,2165). Yellow¬ 
ish plates, V. sol. alcohol, si. sol. water. Decom¬ 
posed by alkalis, even in the cold, into oxalic 
acid and pyrryl rfcthyl ketone. Hydroxylamine 
forms 0|,H,„NsOj [124°], which on saponification 

yields the acid CH'^ch!n.^:c!c 0 .jH ^179°]. 
crystallising in white needles. Aniline {2 pts.) 
in HOAo forms C,H,NH.CO.OHj.C(Nl'h).CO,,Et 
[115°]. Phenyl-hydrazine forma OkHuNjOj 
[ 1G8°] which is the other of an acid [215°]. 

Anhydride [250°]t 

Formed by adding HCl to the mother-liquor from 
which the ether has separated (Angeli, B. 23, 
*1795). Yellow needles (from benzene), v. sol. 
alcohol. o-Phonylone-diamme forms CnHyNjO, 
a reddish-yellow crystalline powder forming a 
bluish-green solution in H 0 SO 4 and yielding a 
benzoyl derivative [c. Aniline forms 

[218°j, whence cold KOHAq 

forms an acid OnHijK.Og [179°]. 

PYRRYLENE DIETHYL DIKETONE 
C 4 H.;^H(COEt).i. [117°]. Formed by heating 
pyrrole with propionic anhydride at 260° (Donn- 
stedt a. Zinimermann, B. 20,1761). Plates. 
PYRRYLENE DI-METHYL DIKETONE 

0,H,N0, i.c. [162°]. Formed 

by heating pyrrole, pyrryl methyl ketone, or 
acetyl-pyrrole with AcjO at 250° (Ciamioian, B. 
17, 432, 29.53; 18, 881, 1460; 19, 1957: 20, 
2595). Needles, sol. hot water and hot KOHAq. 
May be sublimed. Yields a nitro- derivative 
[149°] and a di-bromo- derivative [172°].— AgA'. 

PYRRYLENE DISTYRYL DIKETONE 
JC„H,.Cn:CH.CO),C,H 2 NU. [240°]. Formed by 
heating pyrrylcno dimethyl diketone with ben¬ 
zoic aldehyde and KOII-Aq (Ciamioian a. Denn- 
stedt, B. 17, 2953). Crystals (from HOAc), si. 
Bol. alcohol. Forms a violet solution in U^MO,. 

PYRRYL ETHYL KETONE O.H.NO i.e. 
0,H,.CO.C,H,,NH. [62°]. (224°). Formed by 
boiling pyrrole with propionio anhydride and 
sodium propionate (Dennstedt a. Zimmermann, 

B. 20,1761). Colourless needles.—AgA': pp. 
PYERYL-GLYOXYLIC ACID C^H^NOsaq t.«. 

C, H,NH.CO.CO,H aq or C,H,NH.C(OH).CO,H. 
Formed by oxidation of pyrryl methyl ketone by 
EMnOf (Ciamician a. Dennstedt, B. 16, 2350; 
17, 2949). Crystallises from benzene in yellow 
needles (of C,H,NO,) melting at 76°, v. sol. hot 
water. After drying over sulphuric acid the acid 
(C,HjNO,) decomposes at 114°. The aqueous 
solution gives a red colour with FeCl,. On heat¬ 
ing with HClAq it gives a crimson colour turned 
yollowish-greon by alkalis.—AgA': colourless 
needles, sol, hot water. 

Methyl ether MoA'. [72°]. (285°). Mono- 
qUnio crystal), si. sol. watep. 


Ozrboxy-pyrryl-glybxylU acid 
COjH.O,HjNH.OO.CO,H. Formed by oxidation 
of pyrrylene dimethyl diketone (Ciamician a. 
Silber, B. 19, 1412, 1961). Crystalline, v. sol. 
hot water.—Ag,A": canary-yellow pp. 

Methyl ether McjA". [146°]. 

DI-PYRRYL KETONE CO(C,HjNH),. [ISO®]. 
Formed, together with (OjH,N),CO, by the action 
of COCIj on C,H,NK. Formed also, together 
with pyrroyl-pyrrolo, by heating (C,H,N),CO at 
250° for a few hours (Ciamician a. Magnaghi, 

B. 18, 414, J829). 'rrimetrio crystals; a'.b'.c^ 

2-531:l:2-901. V.sol.alcohol, ether,and benzene, 
nearly insol. water. : yellow pp. 

PYRRYL METHYL KETONE C,H,NO i.e. 

CH,.CO.C.H,NH or Pseudo¬ 

acetyl-pyrrole. [90°]. (220° unoor.). V.D. 3’8 
(oale. 3-8). Formed by boiling pyrrole with Ao,jO 
and NaOAo (B. Sohiff, B. 10,1501; Ciamioian 
a. Dennstedt, B.n6, 2348; 17, 432, 2944; 18, 
1456 ; 20, 2605; <3. 15, 175). Formed also by 
heating pyrrole with Ao.O and ZnCL, (Dennstedt 
a. Zinimermann, B. 19, 2204), ^nd by heating 
CH,.CO.C,H,N.CO-K with K^CO, at 290° (Ciami- 
eian a. Silber, B. 19,1963). Long monoolinio 
needles, sol. hot water, v. sol. aqueous alkalis, 
sparingly volatile with steam. Not converted 
into pyrrole and KOAo by potash. . 

Beactims. —1. Yields pyrryl-glyoxylio aoid 
when oxidised by KMnO,.—2. Bomoic aldehyde 
and dilute KOIT form pyrryl styryl ketone.—3, 
Water and sodinm-amalijam reduce it to crystal¬ 
line pyrryl methyl pinacoaoC,.jH,„N,O,[120'’]and 
pyrryl-melhyl-cai'binol CH,.CH(OH).C,H,NH 
an oil (290°-300°). Pyrryl-metliyl-pinaoone 

C, n,N.CMe(OH).CMe(OII).C,H,N crystallises in 
prisms (containing 2aq) melting at 98° when 
hydrated.—4. Oxalic ether and NaOBt form 
pyrroyl-pyruvic ether (Angel, B. 23, 1367,1794). 
5. Cold fuming 11,80, yields an unstable sul- 
phonic acid, which forms a crystalline K salt. 

Salt.—C|H,AcNAg. Crystalline pp. 

Oa!i»wCH,.C(NOH).C,H,NH. [146°]. Needles. 

Phenyl • hydraeide 

Cn,.C(N,HPh).g,H,NH. [147°]. White powder. 

liefcrences.—kumo; Buomo-, Bromo-hiibo-, 
and Nitbo- Pybrvi, uethti, ketone. 

PYRRYL METHYL KETONE CARBOXYLIC 
ACID C,H,NO, i.e. CH,.CO.C,H,N.CO,H. [186°]. 
Formed by saponification of its methyl ether, 
obtained by healing methyl pyrrole (o).earboxy- 
lato with Ao,0 at 260° (Ciann'oian a. Silber, O. 
14, 169; B.* 17, 1165). Leaflets, sol. water, 
alcohol, and other. FeCl, gives a brown pp.— 
CaA'.7aq: triclinio prisma.—»PbA',: needles.— 
AgA'": powder, si. sol. water. 

Methyl ether llek', [113°]. Gives with 
ammoniacal AgNO, a pp. C,H,AgNOr 

PYRRYL PHENYL KETONE C„H.NO ♦.). 
CJIs.CO.C.HjNH. [78°]. Formed by heating 
pyrrole with bonzoio anhydride and dry NaOBz 
at 200°-240° (Ciamician a. Dennstedt, B. 17, 
432,2955). Needles, T. sol. alcohol, b 1. sol. hot 
water.—C,, H,AgN 0. 

PYRRYL STYRYL KETONE 0„H,,N0 t.*, 
O.H,.CH:CH.CO.C,H,NH. [142°]. Formed by 
boilingpyrryl methyl ketone with C,BjOHO end 
KOHAq (Ciamician a. Dennstedt, B. 17, 2947). 
Yellow needles, si. sol. alcohol, insol. water.— 
OuH„ONAg: yellow needles, insol. NH^q. 
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raiiyio Aoro (ysA i t. oh^co.cOjH. 

Pyroraemic acid. Di-oxy-p'opionic acid. Mol. 
w. 88. [9°]. (o. 166”). S.&. M l-276a; jf 

V2700. M.M. 8-667 (Perkin, 0. J. 61, 836). 

Formation.—1. By distilling raeemio or tar- 
Utrio acid (Berzelius, A. 18, 61; V61okel, A. 89, 
66; Wislioenus, A. 126, 225).-2. By gradually 
beating tartaric acid with HGlAq in sealed tubes 
to 180° (Geuther a. Biemann, Z. [2] 6, 818).—3. 
By heating tartaric acid with cone. H.,SO, at 40”- 
60° (Bouohardat, 0. B. 89, 99).—4. By heating 
silver di-o-chloro-propionate with water (Beo- 
kurts a. Otto, B. 10, 265; 18, 227).—6. By dis¬ 
tilling glyceric acid (Moldenhauer, A. 131, 338; 
Battinger, A. 196, 921.-6. By boiling acetyl 
cyanide with dilute HCi (Claisen a. Shad well, B. 
11, 1663).—7. By oxidation of a cold aqueous 
solution of calcium lactate by KMnO, (Beilsteiu 

а. Wiegand, B. 17, 840). 

Prepa/raiion. —1. Tartaric acid (3 lbs.) is dis¬ 
tilled from a glass retort (30 lbs. capacity). The 
distiliation takes three hours. A fresh quantity 
of tartaric acid is then added and the operation 
repeated. The. -listiliate is fractionally distilled 
(Clewing, J.pr.\i] 17, 243).-2. Dried, and finely 
powdered, tartaric acid is mixed with an equal 
weight of sand and distilled (Seissl, A. 249,297). 
8. Tartaric acid is distilled with KHSO,, the 
yield toing 60 to 60 p.o. (Erlenmeyer, B. 14, 
321). . .. 

Propertiei. —^Liquid, smelling like acetic acid, 
V. e. sol. water, alcohol, and ether. Colourless 
crystals below 9” (Simon, Bl. [3] 9, 111). Par¬ 
tially decomposed on distillation. Eedoces am- 
moniacal AgNOj, forming a mirror, and yielding 
CO., and acetic acid. Coloured cherry-red by 
alkaline sodium-nitropnisside, the colour being 
discharged by HOAc (Von Ditto, A. 267, 377). 
Beadily ppd. by phenyl-hydrazine. Forms an 
oxim. . 

BeactioTis. —1. Dilute H,SO, at 150” splits it 
up into aldehyde and CO, (B. a. \V.).—2. By 
long heating at 170° it is converted into CO, 
and acetic, pyrotai-taric, uvio, and citraconio 
acids (Battinger, B. 9,670,837,1823).—3. HClAq 
at 100° forms CO, and pyrotartario acids (De 
Clermont, B. 6, 72).—4. Boiling with Ag,0 yields 
CO, and acetic acid.—6. Deduced to lactic acid 
by todium-amatgam, and by Zn and H,SO,.— 

б. HI reduces it to propionic acid.-7. Zinc 
when added to its. alcoholic solution forms 
CO.,H.CMo(OH).CMe(OH).CO,H (Bottinger, B.9, 
10154).—8. PCI, forms di-a-chloro-propionio acid 
(Klimenko, B. 3, 465; Beokurts a. Otto, B. 11, 
886).—9. Dry bromine at 0° forma crystalline 
di-bromo-lactio acid (?). Br and water give di- 
bromo-pyruvio acid (Wislicenus, A. 148, 208; 
Wichelhaus, A. 152, 266).—10. Oxidised by 
ehromie acid mixture to CO, and acetic acid.— 
11, HNO.forms oxalic acid and CO^—12. Boiling 
baryta.water forms uvitio, uvio, pyrotartario, 
oxalio, and acetic acids and CO, (Pinckh, A. 122, 
182; Bottinger, B. 8, 957; A. 172, 241, 253; 
188, 813; 208, 129). Baryta-water added to 
a cold solution of pyruvic acid ppts. barium 
hydruvate BaO,H,0, or the basic salt 
Ba,H,(C,H,0,),. Hydruvio acid is a a^p.— 
18. On heating with excess of quicklime it yields 
• little aldehyde (Hanriot, O.B. 101,1156; Bl. 
[9] 46,81).—14. HCN followed by HCI forms 

Mid. KON followed by HCI yields 


OHrO(OH)(ON).CO,H «. OtMO-oxi-JBOWOStO 
xoiD. On warming' pyruvic acid with HON 
nnder pressure the product iBCMe(NHJ(CO,H), 
crystallising in unstable prisms (Efimer a. 
Menozzi, (?. 17, 104).—16. Alcoholic ammonia 
forms methyl - pyridine dioarboxylio acid.— 
16. Aniline added to an ethereal solution forms 
0,H,NO,. i.e.CH,.C(NPh).CO,H [122°] (BSttinger, 

B. 10, 818). Aniline alone forms, on heating, 
0,,H„,N,0, crystallising from dilute alcohol in 
needles [195°], while p-toluidine gives 0„HJS,0 
[238°] (Lazarus, B. 17, 998). Aniline and fur- 

furaldehyde form 

crystallising in greenish-yellow needles [210°- 
216“^(Doebner.A.242,285). Tetra-amido-anisole 
forms the qninoxaline 0 ,HpMe)(N, 0 ,H 40 ), as 
orange-yellow flakes, v. sol.alkalis (Nietzki a. Kur- 
tenacker, B. 26,284).—17. H,S passed into water 
containing the Ag salt forms thiolactic aoid(B6ttin- 
ger.B. 9,404 ; Lovin, J.pr. [2] 29,376).-yl8. PH, 
and HCI passed into an ethereal solution form 
‘phosphortrianhydropyruvio ’ acid C,HJ?0„ crys¬ 
tallising in needles, insol. alcohol and ether, and 
forming with phenyi-hydrazine the compounds 

C. H„l>0„3PhN.A [132°] and C„H„N,.,0,(?) 
[162°]. The acid C„H„PO, is converted by aniline 
into 0„ H-,N.,PO, [158^, whence phenyl-hydrazine 
forms 0,,HaN,0, [169°]. Tolylene-diamine con. 
verts C,H,,PO.into CAI’0.20,H„N, [178°] (Mes- 
singer a. Engels, B. 21,334,2919).—19. Pyruvio 
acid (60 g.) heated with Ary sodiumauccinate (92 g.) 
and Ao.,0 (58 g.) at 110” forms di-methyl-maleio 
anhydride (pyrocinchonio anhydride) (Plttig a. 
Parker, A. 267,204). Pyruvio acid (30g.) heated 
with dry sodium succinate (55 g.) at 110° forms 
uvio (pyrotritario) acid.—20. Pyruvio acid (30g.) 
heated with sodium pyrotartrate (60 g.) and 
AcO (36g.) at 140” forms methyl-ethyl-malelo 
anhymride (F. a. P.).—21. Benzonitrile and cold 
H,SO, form on acid C„H„N,0„ crystallising in 
tables [172°], insol. water, v. sol. acetone 
(Bottinger, B. 14, 1599).—22. Phenyl ■ aceto¬ 
nitrile and H.,SO, form, in like manner, 
C„H.aN.,0, [145°] (B.).—23. By heating with 
aldehydes E.CHO and baryta-water it is con¬ 
verted into s-alkyl-isophthiUic acids of the form 
C,H.U(CO.,H)., (Doebner, B. 23,2378).—24. Benz- 
oic aldehyde and aniline in ether form, in the 
cold, 0,,H„N,0 or CHPh:CH.C(NPh).OONHPh 
[225°], insol. water, acids, and alkalis, si. sol. 
alcohol and ether. Cuminio aldehyde and 
aniline give C.„H„N,0 [216°] (Doebner a. 
Giesoke, A. 242, 290; 249, 102). Benzoio 
aldehyde and p-toluiddne form, in like manner, 
0 „HbN,0 [205°].-26. Isobutyric aldehyde and 
aniline in alcoholic solution react forming 
OHPt.CH.C(NPh).CONHPh (?) [222°] crystal¬ 
lising from HOAc in needles, while isovaleric 
aldehyde and aniline in ether give 0*,HaN,0 
[160’] (Doebner^ A. 242, 276). Isovaleric alde¬ 
hyde in warm alcoholic solution forms the acid 
C,,H,,NOr—26. Thioglycollie acid gives rise to 
CO,H.CMe(OH).3.CH,.0O.,H [110°] with evolu¬ 
tion of heat; while HOI passed through a mix¬ 
ture of pyruvio and Biioglycollifl acids produces 
CO,H.OMe(S.CH,.CO,H), [162°] orystalUsing 
from ether (Bongartz, B. 19,1938; 21, 484).— 
27. Phenyl mercaptan forms the compound 
OH..O(SPh)(OH).CO,H, while p-bromo-phaml 
mercaptan forms CH,.0(S0,A®*)(O^/'^^ 
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ril4‘6®] (Baumaim, B. 18. 263).—28. Ethylene 
mercaptan {onus a aubstance [96'’] which crystal¬ 
lises from benzene as a fine powder, and may be 

condensed to Q^’*g^CMe.OOjH [ 102 ®], which 

on oxidation gives ethylene ethylidene diaulphone 
[198®] (Fasbender, B. 21, 1473).—29. Beniene 
and H.,SO, form CH,.CPhj.CO.;H, while phenol 
and a^SO. yield C„H„0, (BSttinger, B. 14,1695; 
16, 2071).—30. Distillation of the K salt with 
KOAo forme acetone and pyrotartario acid (\Vl- 
ohelhaus,^.[2]6,2'54).—31. Pyruvic acid (Ipt.) 
heated with urea (2 pts.) at 100 ® forms pyvmil 
or ‘ pyruvic diureide ’ CaHrtN.Oa, which crystaliiscs 
in tables, S. 10 at 100 ®, insol. alcohol and ether 
(Grimauz, C. R. 79, 626, 1304, 1478; 80, 63; 
A. Gh. [ 6 ] 11, 373). Pyvuril is decomposed by 
long heating at 160®, forming amorphous' tetra- 
pyruvio totraureido’ C|Bn,„N,Oj, insol. water. 
Boiling dilute HClAq converts pyvuril into urea, 
and ‘ dipyruvio triureide ’ C,H,,N,Os, which 
crystallises from hot water in needles, S. *4 at 
100 °, decomposed by boiling alkalis into urea, 
pyruvic acid, and pyvuril. Boiling cone. HClAq 
converts pyvuril into urea and ‘ pyruvic ureido ’ 

0,H,N,0, or CO<^£®q®, a crystalline 

powder, m. sol. hot water, insol. alcohol. Nitric 
acid converts pyvuril into nitro-pyruvio urcide 
C^HatNOjlN.p.^ [above 200 °], which is decom¬ 
posed by boiling bromine-water into parabanio 
acid and CBr,.NOj. Pyruvic acid heated with an 
equal weight ot urea at 100 ® forma amorphous , 
insoluble ‘tripyruvic tetraureido* C, 3 H,eN„ 0 , and 
dipyruvio triureide.—32. Sodium hippurate and 
Ac.,0 at 100® form the dibasic acid CioH^NO^ 
[157®] (A. Hoffmann, B. 19, 2555).—33. A 

solution of indoxifl forma on adding cone. HCl 

the indogenide >0:CMe.COjH [197®], 


crystallising in red needles forming a blue 
solution in H^SO., (Baeycr, B. 16, 2199).—34. 
Glycerin and KHSO 4 form ‘glycuvic acid,’ or 
‘ pyruvin,’ which is also got by heating glycerin 
with glyceric acid at 120 ®, and by distilling gly¬ 
cerin with citric acid. Glycuvic acid is probably 

CH,.CO.CO.O.CHyCH<™’. It is cryetallino 

[82°] (241®), and yields pyruvic acid when boiled 
with baryta (Bottinger, B. 10, 286; 14, 316; 
A. 263, 246; Jowanovitch, if. 6,467; Erhardt, 
if. 6,611; Schlagdcnhauifon, C. B. 74, 672; De 
Clermont, 0. B. 106, 620). 

Salts.—The salts crystallise well, provided 
heat is avoided in their preparation; otherwise 
they become amorphous. The acid also is 
changed by evaporation of its aqueous solution 
into a non-volatUe syrupy mass.-NaA': largo 
prisms.—BaA'j aq: scales.—BaA', 2aq: amor¬ 
phous.—PbA', aq: crystalline pp.—ZnA'j 3aq: 
white mioroorystalllne powder, si. sol. water 
(Beokurts a. Otto, B. 18, 227).—CuA', aq.— 
AgA'; scales, si. sol. water. 

Combinations with bisulphites (Clewing, 
nr [2] 17, 241).—HA'NaHSOj aq: oryetals.— 
W'NaHSO,aq. — NaA'NaHSO, IJaq. — 
HA'KHSO,: ootahedra. — KA'KHSOj aq. — 


—BeA’^a(HSOJr 

You IV. 


Methyl ether MeA'. (o. 136°). S.O. » 
1-164. Got from AgA' and Mel. 

Ethyl ether EtA'. Oil. Converted by 
aniline into two crystalline bodies (144°) and 
[o. 250®]. The compound 0(CMe(OH).COjEt)„ 
formed by the action of nitrone acid on amido- 
propionio ether, is an oil (80°-86° at 120 mm.) 
(Curtius, J. pr. [2] 38, 472). 

Isoamyl ether 0^1,,A'. Got by distilling 
the acid with isoamyl alcohol (Simon, Bl. [3] 9, 
136). 

Amide CH,.CO.CO.NHj. [125°]. Got from 
acetyl cyanide and HCl (Claison a. Sliadwell, B. 
11,1666). Prisms or tables (from alcoliol). 

Nitrile v. Acetyi, cyanide. 

Phenyl hydrazide CH;,.C(NaHPh).COaH. 
[192®] (F.); [185®] (Japp a. Klingomann, B. 20, 
3284 ; A. 247, 208; 0. J. 53, 619). Ppd. wlien 
a solution of phenyl-hydrazino hydrochloride is 
added to a dilute ^von 1 in 1000 ) solution of 
pyruvio acid (Fischer, B. 16, 2241; 17, 678). 
Prisms, sol. hot water and hot alcohol. Reduced 
by sodium-amalgam to plienyl-hydrazido-pro- 
pionio acid [172“]. At 190® it gii^s oil CO., and 
H.J, and forms the phenyl-hydrazido of di-nicthyl 
diketoue [242®] and the oily phonyl-hydrazide of 
aldehyde. The ether CH,.C(N.,HPh).CO,Et [117°], 
crystallises in yellow needles (from ligroiu). 

o-Ghloro-phenyl-hydrazide 
C„H,Cl.NH.N:CMc.COjH. [178“]. Lemon-yel¬ 
low noodles, forming a crystalline ethyl ether 
[168®] (Hewett, 0. J. 69, 211). 

p-Nitro-phenyl-hydrazide 
C,Jl,(NO,).NH.N:CMe.CO.,H. yellow plates 
(Fisener a. Ach, A, 263, 64). V. sol. hot alcohol. 

p-Sulpho-phenyl-hy dr azide 
SO,n.C.H..NH.N:CMe.CO.,H. Solid, insol. ether, 
V. sol. water and alcohol (I’fttlf, A. 239, 217).— 
NaA' aq: nodules. 

Phenyl-methyl-hydrazide C,„H„N,0, 
i.e. NPhMe.N:CMe.CO.,U. [78®]. Yellowish 
needles (Fischer, B. 16, 2246; 17, 659). Con¬ 
verted by beating with HClAq into methyl-indole 
carboxylic acid and NH,. The plionyl-ethyl- 
hydrazide is converted in like manner into 
ethyl-indole carboxylic acid. 

Bi-phenyl-hydrazide 
NPh,.N:CMe.CO.,n. [145°]. White needles 
(Fischer a. Hess, B. 17, 667). Sol. hot benzene 
and CHClj, forming deep-yellow solutions. Con¬ 
verted into phenyl-indole carboxylio acid by 
heating with HClAq. 

o-Tolyl-tTydrazide 

C,H,MeN.,H:CMe.CO,H. [166°](J.); [169®](B.) 
Formed by saponifying tho product ot the action 
of o-diazotolnene chloride on sodium methyl- 
acctoacetio ether (Japp, A. 247, 213), and from 
o-tolyl-hydrazine hydrochloride and pyruvio 
aoid (Raschen, A. 239, 228). Small yellow 
plates (from benzene). Yields o-tolyl-hydrazldo- 
propionio acid [143°] on reduction. At about 
160® it forms the di-o-tolyl-di-hydrazino of di- 
mothyl-di-ketone, a yellow oryetalline powder 
[198°]. 

p-Tolyl-hy dr azide 0 ,H,N,H:CMe.CO 2 H. 
[162°]. Formed in the same way as the o-iso- 
meride. Yellow plates (from benzene). At 166° 
it is converted into the di-p-tolyl-hydrazide of 
di-methyl-di-ketons [230®]. Gives an ethyl 
ether C| 2 H,jN., 0 , [106®], orystalliaing from ligroln 
in yellowish plates. 
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[SB^. TaU(nriirisini(Hega],^. 283, 816). 

Bt\y\-y-tolyl-hydTatidt 0„H„K^r 
Needles, t. ioI. slmbot eBd ether {H.). 

if‘Ovmyl-'hydTa»idt 
0,B^e,NH.N:0Mo.CO,H. [148<^. Yellow 
ueedlee (Bohemsoii, C. J. 67, 66). 

p.Benioyfvhenyl-hydraBids 
OLfi,Bz.N^;CUe.CO,H. [300“]. Lemon.<»loiired 
eryateJa {Bubemann s. Blsoknian, C. J, 66, 016). 

[B.).Naphthyl-hydraBid« 
C,A-N,H;OMe.CO,H. [169°] {Fibcher, A. 233, 
388). Yields EtA.' [190°] (Sdilieper, A. 339,' 
329). 

W-Baphthyl-hydraiidi [186°]. Yields 
EtA' [181°] (Sobfiepei, A. 236,176). 

(P. i)-Quinolyl‘hydratide 
Oja.N.NH.N;CMe.OO^. n74°]. Formed from 
pjTQvle acid and (B, 4)-h]rdraeido-9ninoline 
acetate (Dufton, C. J. 69, 7^3). Light-Tellow 
pp., iiuoL water, eel. acida and olYalia 

Osim Oe..O(KOH).COja(. a-Afitnao^- 
niORte acid. Formed bj the aetion of cold 
KOHAq on ifaf ether, wbioh is got b; adding a 
dilnte solution of 1^0, (10 pta.) to metl^l- 
acetoacetie ether diaaolved in water (3 pta.), 
KOH (3 pta.), and aome alcohol, tho jield being 
16 p.o. of the methyl.aaotoaEetia ether used (V. 
Ueyer a. ZUblin, B. 11, 692; Onthnecht, B, 13, 
1116). Got alao from pyrntie acid and hydroxyl- 
amine (T. Meyer a. Janny, B, 16, l.'iST : Schafer, 
A. 264,153; Hantzsoh, P. 24, 50). Gryatalline 
powder, si. aol. ether, t. boL water and alcohol, 
lleoempoaes snddenlyat about 177°. Ozidiaed 
by poteaaiam permanganate to ethyl-nitrolic 
aoid CH,.CH(NO)(NOJ. Yields acekmitrilo on 
hosting With hydroxylamine hydrochloride. Be- 

ducedbytin and HClAq to alanine. Salts_ 

KA'aq; pearly platea, aol. water—BoA’,: 
Bolnble prisma.—0n,0A'. sq.—AgA': white in- 
aolnble powder, ether ElA’. [94°]. 

(233° eor.). Formed aa abore, and alao by the 
Botioo of BNO, on methyl-moionio ether and on 
propionyl.ptoplonie ether (Bergteen, B. 20,633). 
Newes or prisma, with weak aoid properties. 

Pe/eraneca.—Bnono-, Culobo-, and On- 
Fxbotio aoid. 

FYEUYIC ALDEHYBE CH,.CO.CHO. Ufa- 
thyIrfflyaxaL Oot by the action of dilute aoida 
npOT CH,.C(OH)(SO,Na).CH{SO,Na).Nn30,Na, 
which is got from nitrose-aoetone and MaHSOi 
(Paohmann, B. 20, 2548). 

Afono-owim t>. NrrRoao-AaznMB. 

Di-OBim CHrC(YOH).CH:NOH. Methyl 
plpezim. [16S°]. Formed by the action of 
n^rezylamine on CH,.CO.CU,MOH or upon 
C^OO.CHCa, (V. Meyer a. Janny, B. 16,1166; 
Tindwell, B. 16, 3787). Small prisma (irom 
alcohol) or needlaa (by sublimation). Salt.— 
hgOfi^fl, pp,—1)1 acetyl deriTativa 


0^,(NOAe)r [81°]. Priamt (from Ugrobi} 
(Bohramm, B. 16,8197). 

Pbanvl-hydrasids of (As o»im 
CHrO(N^h).OH:NOH. ^4*]. Farmed from 
nitroao-Boetone snd phanyl-hydraxins (Feeh- 
maun a. Wehaarg, B. 31, 3994; A, 263, 378). 
Phams or needles (from aleohol). H,SO« forma 
a reddish-yellow solntion, coloured deep blue by 
FeOl,. Aa,0 yUlds CHrC(N^hVCHiNOAs 
[163°], arystallising in eolourlesa needles. 

Phenyl^melhyl-hydraeide of (As 
onim C^.C(N^bUe).OH;NOH. [118°]. Oruigs 
yellow prisms (from aleohol). 

Phenyl-hydraeide OHi.CO.GHcNjHPh. 
[169°]. FormM from sodium acetoacetio ethel 
aud mazohenzone chloride (Japp, A. 247, 198, 
218; 0. J. 68, 619). Plates (from benzene or 
MeOH), Yields OHrCO.CH;lf^h [93°], orya- 
talliaing from ligroin in neeoles. NoOEt and 
chloro-acBtio ether yield, on saponification of the 
product, OHpCO.OH:N.NPh.CO^ 1163°], which 
oryatalliEes from hot water in ncodlee, and is re¬ 
duced by tin and HClAq to phenyl-amido-acetia 
add [137°]. 

Di-phenyl‘di-hy draeid e 
CIIrO(N,BPh}.CH:N,HPh. [146°]. Formed by 
heating the phtmyl-hydrazido of aoetyl-carbinol 
with phcnyl-bydrazine hydrochloride and NaOAo 
in aloohol at 100° (Laubmann, A, 248, 248). 
Formed alao by warming pyruvic aldehyde orita 
mono- ozim, phenyl-hydrozide, orphenyl-hydraz- 
ide of the oxim with pheuyl-hydrazine acetate 
(Peohmann, B. 20, 2643 ; 21, 2755; Jap)^ A, 
247, 307). Yellow plates or needles (from dilate 
aloohol), el. sol. alcohol. Cone. H,30, forms an 
olive-greon aolutian, changing through alaty- 
blue to violeL Yields a oryatallina hydreohloride 
(197°]. Oiidiacd by Kfiifl, and UOAC to 

CMelN^NPh hi needles [107°), 

whenoe boiling HClAq produces 

a colourless oil (150° at 60 mm.}. oxidised by 
alkaline KMnO, to the odd O.H.NjO, [193°], 

Acetyl derivative of (Aa di-pAenyl- 
<fi-AyJraaids CH,.G(N,,HPh).CH:N.NPhAa. 
[229°]. Formed from the acetyl derivative of 
the phenyl-hydrazide and pheuyl-hydrazine 
(Japp, C. j. 63, 619). Yellowish needlea. 

Phenyl-meihyl-hydratide 
CHrCO.CH;B.NPbHo. [64°], Formed from tbs 
phonyl-h^razide, NaOUe, MeOH, and Mel 
(Japp). Flat needlea (from .MeOH), v. e. aoL 
olcoh^ Converted by phenyl-hydrazine into 
C^C(N,mh).CH:N.KPh'Mo[162’], orystalUaing 
in ]^e-yellow needles. 

PAeMyl-4(AyI-Aydrafi(fa 
OH..OO.OH:N.NPhEt, [65°]. Prepared in like 
manner . Pri sma (irom ligrcnn). 

PYBinTTIi AlCOHOL v. Aosm OAODatou 



Q 

QVABTENTUO ACID v. laodBOTONifl Aom. OHCV Otoui* in quM^wood (WlnoUer, 
ftllABSQI C,A,0|, or 0^„0„ or C„H„0„ 54, SS ; Wisgero, A. SI, 40; dhriiioDMn, 

[OliTod) or 0„H^, (Christenganl. Qvtuaiiit, Ar. PA. [8] 80, 461; Ooldiohml^ n. Wddd, 
8. -258 at 23" (0. a. D.); ■07 at 16" (tt). Silt. W. 74, 68S; Adrion a. Moraaox, PA. [8] 
9 . (ohjorofonxi) 48 15^ [*]d* 87'5 i|I 14, 507)« W ArkMAtitldr itviiuiAia 
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(10 pti.) wifb boiling water (4S pta.). evaporating 
(to 10 pte.) at a gentle heat, ppg. by tannin, 
mixing the pp. with lead carbonate, and extract¬ 
ing with boiling alcohol. The product is re- 
crystallised from water and alcohol (yield -01 pt.) 
(Oliveri a. Denaro, 0. 15, 6). 

Properiies.—Slender monoolinio needles, v. 
sol. alcohol and chloroform, si. sol. ether. Sol. 
cone. HGlAq and EOHAq, insol. NajCO,Aq, Re¬ 
duces Fehling’s solution (Oliveri), or, according 
to Allen {An. 12, 107), has no reducing power. 
Not coloured by FeOl,. Ppd. by tannin. Quassin 
appears to be the dimethyl ether of quassic acid, 
and probably contains two hydroxyls, two COiMe, 
and two CO groups, and is perhaps a derivative 
of anthraquinone (Oliveri). Phenyl-hydrazine 
forms 0 j,H„ 05 (NjHPh)j (?), a yellow amorphous 
powder, decomposing at about 230° without fusion 
(Oliveri, G. 18,109). 

Beaclions.—l. lloiling dilute (4 p.c.) HjSO, 
forms 'quasside' GjJS^O,, a white amorphous 
very bitter substance [194°], which reduces Feh- 
ling’s solution, and is reconverted by boiling 
dilute alcohol into quassin.—2. Ao,0 andNaOAc 
form, on boiling, the amorphous anhydride 
CsjH„0, [150°-168°], sol. alcohol and ether.—3. 
Bromine forms Cj-SdErjOj, a very bitter yellow 
powder [165°].—4. Fuming HClAq in a scaled 
tube at 100° forms MeCl and quassic acid.—5. 
PCI, gives C*,H,„C1,0„ a yellow powder [120°] 
decomposed on fusion.— 6. HIAq and P at 150°- 
280° form durene (188°-195°) C„H„ (220°-240°) 
and anthracene (Oliveri, 0. 17, 675). 

ftuassic acid C»H„0„ or C»,H„0„. [245°]. 
S. '0043 at 23°. Formed, together with MeCl 
(2 mols.), by heating quassin with HClAq. Mono- 
clinic prisms (containing aq), sol. hot alcohol, si. 
sol. ether. Alkalis give a reddish-yellow colour. 
FeCl, gives a greenish-yellow colour. Reduces 
Fehling's solution and ammoniacal AgNO,. 
Hydroxylamine forma C,„H„(NOH),0, (?), crys¬ 
tallising in reotangularprisms [230°].—BaA" 7aq: 
reddish-yellow crystals. — PbA" 6aq: white 
amorphous pp.—Fe.,A",: brownish-green pp. 

aVEBBAOHAMIHE. [142°]. Occurs in white 
quebracho bark (Hesse, A. 211, 269). Plates, v. 
sol. alcohol, benzene, GIIGI,, and ether. Its 
alcoholio solution is alkaline and tastes bitter. 
HjSO, and K,Cr.,0, give a dark-violet colour. 

QBEBRACHINE C„H,,.N,0,. [216°]. [a]„ 

»62'5 in a 2 p.c. alcoholic solution at 16°; 
B 18'6 in chloroform. Occurs in white quebracho 
bark (Hesse, B. 13, 2308 ; A. 211, 254). Colour¬ 
less needles, sol. alcohol, ether, benzene, and 
CHOI,, V. si. sol. cold water, NaOHAq, and 
NH,Aq. Dextrorotatory. Its solutions are al¬ 
kaline, bitter, and poisonous. Its solution in 
H,SO, is turned blue by PbO, or KjCr^O,, and 
finally brown. FeCI, gives no colour. 

Salts.—B'HCl.—B'.,II,Pt01,6aq: crystals.— 
B'JBljSO, 8aq; cubes or short prisms, v. sol. hot 
water.—B'.,HjC,,0,.—Tartrate B',H,C,0,6aq.— 
Citrate B',C,H,0,: nodular groups of needles. 

Hypoquebrachine G„H„N,0,. [80°]. Strong 
base with bitter taste, v. sol. alcohol and ether, 
forming yellow amorphous salts. Platino- 
fihloride.—B',H,PtCl,4aq (Hesse, A. 211,264), 

aUEBEACHITE C.H„MeO,. [187°]. S.G. 
t P54. (e. 210° in uocuo). [oJd-- 80°. Occurs 
in &e seeds of Aepidosperma quebracho, from 
which it can be extracted with aicohoi (Tamet, 


0. B. 109, 908). Trimetrie prisms with sweet 
taste, V. sol. water and alcohol, insol. ether. 
Does not ferment with yeast or reduce Fehling’s 
solution. Reduces ammoniacal AgNO,. Not 
affected by dilute acids or alkalis at 100°. Ppd. 
by ammoniacal lead acetate, but not by lead sub¬ 
acetate. Heated with HI it gives off Mel and a 
little benzene. Ac,0 and ZnCl, form an acetyl 
derivative [89°]. Gives on heating with HNO, 
the some reactions as iuosite. 

QUEBBACHO BARK. Quebracho bianco, or 
white qucbrsAibo bark, used as a febrifuge, con¬ 
tains about -8 p.c. of alkaloids, consisting of Aspi- 
DospEnniNB, AsrinosPEBtuiiNE, AsmuossMiwE, 
QDEBRACnmE,HrPO<)UEBIlAOHn«K,QoEBlliOHAUIHE, 
and QuEBBAcnoi. (Hesse, A. 211, 251). 

OUEBBACHO OUM. Occurs in quebracho 
Colorado, the bark of Loxopterygium Lorentii 
(Jean, Bl. 28,6; Arata, Anales de la Sociedad 
cientifica Argentina, 3n\y ISIS ■, Feb. 1879 ; O.J. 
34, 986). Brittlercd concretions, with astringent 
taste, sol. boiling water andaloohol, insol. ether. 
Quebracho gum contains quebroebitannio acid, 
a pale-red amorphous mass, m.*8ol. hot water, 
giving a green colour with FeCl„ turned dark 
red by NaOAc. Quebrachitannic acid ppts, 
PbfOAc),, gelatin, albumen, and alkaloids. It 
yields pyrocatechin and a liquid (100°-120°) on 
distillation. Potash-fusion gives protooateohuic 
acid and phloroglucin; nitric acid yields oxalic 
and picric acids. 

aUEBBACHOL C.,,H,.0. [126°]. [a]„ 

= - 29-3°. Occurs in white quebracho bark 
(Hesse, A. 211, 272; 228,288). Plates, v. e. sol. 
alcohol and ether, insol. water and alkalis. When 
the solution in chloroform is shaken with H,SO, 
the chloroform is coloured red (c/. Choij£Sieiiin). • 

Acetyl derivative C,j,H„.OAo. [115°]. 

ftllEFCETAOETIN C.„HaO„4aq. Yellow 
crystals, extracted by alcohol from the blossoms 
of the common marigold, Tagetespatula (Latour 
a. Magnicr, Bl. [2] 28, 337). 

QVEBCETIN C„H„0„8aq (Liebermann a. 
Hamburger, B. 12,1178) or C,5H„0, (Herzig,ilf, 
12,172). (SyUluimnetin (Herzig, M. lOj 561). 
[above 250°]. S. (alcohol) 6'6 at 78°; -4 in the 
cold (Stein, J. 1862,499). Mol. w. (by Haoult’s 
method) 258 (calc. 302). Formed, together with 
isoduloite, by the action of dilate H,SO, on 
quercitron, a yellow dye-stuff consistiug of the 
shavings of the bark of Quercus tinctoria, grow¬ 
ing in tlie United States (Rigaud, A. 90, 289). 
Rutin and A>bmin also yield quercetin when 
treated with dilute H^SO, (Zweuger a. Dronke, 
A. 123,153; Sup^l. 1, 261; Schunck, 0. /. 63, 
262; Hlasiwotz, A. 112, 96; J. pr. 94, 66). 
Occurs in Persian berries (Kane, A. Ch. [8] 8, 
380; Bolley, C. J. 13, 327), in the ripe fruit, 
flowers, and leaves of the horse-chestnut (Rooh- 
leder, A. 112, 112), in the berries of the sea- 
buckthorn (HippophaS rhamnoides), in apple- 
tree bark, in tea-leaves, and in catechu (Loewy, 
Fr. 12,127). 

I’roperties. — Lemon - yellow crystalline 
powder, si. sol. water, v. si. sol. ether. Gives off 
water of crystallisation at 130°. May be sub¬ 
limed as yellow needles. Dissolves in alkalis, 
formingyellow solntions. Dyes fabrics mordanted 
with alumina yellow; with iron, grey or black, 
its alcoholic solution is coloured dark green by 
FeGl„ the colour becoming dark ted on wssming. 
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Pb(OAo), rive* » briok-red pp. Eedaoes AgNO, 0,H,(0Et),C0jH when heated with potash al 
in the cold, and Fehliiig’s solution on heating. 140°. Ao,0 and Bodium acetate give the 
Reactions.—1. On fusion with potash it oolourless acetyl derivative Cj,H,Ao.EtsO|, or 
yields phlorogluoin and queroetio acid, and by 0,^11,jAcEt.O, crystallising in needles [163°]. 
prolonged fusion, paradatiscetin C,5H|,0„ quer- Mol. w. (by Baoult’s method) o. 420 (Herzig, M. 
cimeric and protocatechuio acid.—2. Boiling 12,172). 

dilute alcoho^ potash gives phlorogluoin and A compound of quercetin and rham- 
protocatechuio acid (Herzig, J/. 6,803).—3.KCiO} netin which sometimes occurs in Persian 
and HCl yield protocateeliuic acid.—4. Sodium- berries (Herzig, M. 10, 661) yields an acetyl 
amalgam forma phlorogluoin, a compound derivative [171°], an aootyl-ethyl derivative 
C|,H|jOs crystallising in needles, si. sol. water, [142°], and an ethyl derivative [102°]. 
and a compound C,H,0„ which forms grtinular Paradatiscetin C,,H|„0,. Formed from 

crystals [130°], V. sol. water.—5. Bromine in quercetin by potash-fusion (Illasiwetz a. 
HOAo forms C2,H„Br,0,„ crystallising in lemon- Pfaundinr, J. pr. 94, 66). Yellorvish needles 
yeUow needles [237°] and yielding C-iH^AcJlrgOi,, (from dilute alcohol), nearly insol. water, m. sol. 
Excess of Brin HOAc forms C2|H,|Br,,0,,.whence ether. Acid in reaction. FeClj colours its alco- 
C.,|HjAc,BrjO„ may bo got, ci'ystallising from holic solution violet. Potash forms a yellow 
HOAo in needles [253°]. Liebermann obtained solution, turning green in air. Reduces AgNO, 
the compounds C^H, ,Br.jO„, C,,H,jAcJ!r;0|, and Fehling’s solution on heating. Potash- 
[218°], 0„H,jBr,0||, and C.,jIIf„Ac.,Br,0„ [228°], fusion yields phloroglucin but not protocatechuio 
all crystallising in needles. —0. Phenyl cyanatc acid. Boiled with water and BaCO- it yields 
at 160° forms Oj,lI„0„(O.CO.NnPli)„ a white BaA'.2aq.-SrA',,2aq. 

amorphous pow^ler [200°-205°] (Tesmer, B. 18, Quercetic acid C„II,„0,3aq (?). Formed, 

2609).—7. Ammonia at 150° forms amorphous together with phlorogluoin, by heating quoreetin 
‘ queroetamido ’ (Schiitzenbergor a. Paraf, Z. (1 pt.) with moist KOII (3 pts.) till a sample no 
1802, 41). longer gives a floeculcnt pp. with HCl and the 

Salts.—C..,H;„K 50 | 3 (?).—C;,II;,|No, 0 „(?).— residue quickly turns dark red at the edges 
C.„Ha,ZnO„ (II. a. F.). (Hlasiwetz, A. 112, 96; 119, 213 ; J. pr. 94, 05). 

Acetyl derivative C.,JI,Ao,0|, or Slender silky elllorcsccnt noodlc.s, si. sol. cold 
(Herzig, Af, 5, 72; 6, 890 ; 9, 537 ; water, v. sol. alcohol and ether. Its aqueous 

10, 661; 12,171; cf. Liebermann, B. 12, 1178; solution turns yellow, and llnally crimson, in air. 
A. 196, 319). [191°]. Formed by boiling quer- H.SO, forms a brown solution, whence water 
cetin or rhamnetin with Ac.O, and NaO-kc. ! gives a red pp. forming a purple solution in 
Needles (from alcohol). Liebermann obtained NH.,Aq. FeCl, gives a blue-black colour, llc- 
C-,H,4Ac.,0,j [198°], crystallising in noodles. duces AgNO, Potash-fusion gives protocate- 

^ Jlsthpf ether C|,H„0,|(OMe). Rhamnetin. chuic acid. AcCl forms C|,II,AOjO„ crystallising 
Formed, together with isodulcite, by heating from aleohol in prismatic needles, 
xanthorhamuin with dilute H-BO, (Gellatly, Quercimeric acid CJIAaq (?). Formed 
N. jB. F./. 7,256; Liebermann a. Hermann, B. from quercetin by potash-fusion. Colourless 

11, 1618; Herzig, ilL 6, 889; 9,560; 12,175. prisms, v. sol. water, alcohol,and ether. Tastes 
Lemon-yellow powder, nearly insol. water, alco- bitter. Alkalis colour its solutions purple-rod. 
hoi, and ether, v. sol. hot phenol. Forms a FcCl, gives a dark-blue colour. Reduces AgNO, 
yellow solution inKOllAq. Reduces ammoniacal and Fehling’s solution. Potash-fusion gives 
AgNO, and hot Fohling’s solution. Yioldsproto- protocatechuio acid. 

oateohuio acid and phloroglucin on fusion with ftUERCIN C„H,(OH)j. [340°]. Occurs in 
potash or on treatment with sodium-amalgam oak bark, being obtained from the mother- 
(Smorawski, B. 12, 1595). Converted by HI into liquors iu the preparation of quercito (Oerber, 
quercetin and Mel. l)yes iron mordants black A. 48, 348; Vincent a. Dolachanal, G. R. 104, 
and alumina yellow. Yields C,,lI,Ae,0„(OMe) 1855; Friedel, 105, 95; Bl. [2] 48,113). EfHor- 
[186°]. KOII and EtI give ethyl-rhamnetin escent monoclinicprisms(containinga:aq),sl.sol. 
[108°], whence Ae.,0 and NaOAo form an water, insol. boiling alcohol. Inactive to light. 
aoetyl-ethyl-rhamnetin[157°]. Rhamnetin yields Does not ferment with yeast, nor roducoFehling's 
also (tetra-?) propionyl [158°-102°]‘and (tetra-?) solution. Does not react with phenyl-hydrazine, 
benzoyl [212°] derivatives, and an acetyl-di- Reduces ammoniacal AgNO, after addition of 
hromo- derivative [212°]. NaOH. Gives a gelatinous pp. with lead sub- 

Methyl derivative C,|H„Me„0,| or acetate. After evaporation with HNO, it gives a 
Ci,H,Mo, 0 ,. [167°]. Formed from quercetin, rose-red colour with NH,Aq and CaCl, Not 

. EOMo, and Mel (Herzig, M. 6, 83) and got also coloured by boiling NaOHAq. 
by heating xanthorhamnin with KMeSO, and Acetyl derivative.—C,Hg{OA.a),. [301°]. 
MeOfl a,t 120°, and from rhamnetin, KOH, and ftUEROITANNIC ACID C„H,.0, or 
Mel (Liebermann a. Hurmann, A. 196, 317; C|,TI,„0|,. S. '6. S. (ether) '035. Occurs in 
Herzig, M. 6, 889; 9, 652). Golden needles, si. oak bark, from which it is got by powdering, 
sol. alcohol, converted by alcoholic potash at sifting from bast fibres, extracting with dilute 
140° into the di-metliyl derivative of proto- alcohol, and shaking the filtrate with ether and 
catechuio acid. Boiling Ao,0 and NaOAo give EtOAo. The acetic ether when evaporated de- 
pHH,Ao.,Me,0,| or OuIIjAcMOjO, crystallising posits ellagio acid. The filtrate is evaporated 
in needles [167°]. to dryness, and the residue washed with ether 

Ethyl derivative C.,,H|,Et,0„ or and then extracted with Et.O and EtOAo (Etti, 
CijEjEt^O,. [122°]. Got by boiling quercetin | Site. W. [2] 81, 495; M. 1, 264; 4, 614; cf. 
with alcoholio potash and EtI (Herzig, HL 9, 1 Stenhouse, A. 45, 16; Bfittinger, A. 202, 270; 
687). Yellow needles, n>. sol. alcohol. Yields ' 240, 331; 263,112; LBwe, Fr. 20, 210). Occur* 
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Also in tea (!&oohleder, A. 63, 205), Beddisb- 
white powder. FeCl, colours the alcoholic solu* 
tion dark blue. Fb(OAo), ppts. the alcoholic 
solution. Quercitannio acid is not a glucoside 
(£ttn. At 130^ to 140^ it forms an anhydride 
whicn gives C, 4 H 28 BaO,, (Etti). On evaporating 
with NaCl it is converted into a mixture of an* | 
hydrides which give with bromine-water an 
amorphous pp. CmlT^Brpn,, m. sol. alcohol and 
EtOAc, V. e. sol. a mixture of these solvents, re-! 
acts with hydroxylamine, and is converted byj 
Br into CiuHi^Br^Oio, whence Ac^O fonns; 
CjttH.,Ao.,Br,G,o. 

QBEBCITE CgHijOj. Penla-oxy-hc7izc7ie 
hexahydride^ Mol w. 1C4. [234'^] Botlingo.r, 
B. 14,1598). S.G. i2l-585. S. 9 at 12'»; 11 at 
20°. [a]i, =24-17. n.C. V. 710,100 {Berthelot a. 
Rccoura, A. Ch. [0] 13, 341). H.F. 208,200. 
Bqc 68-95 in u 7-7 p.c. aqueous solution (Kanon- 
nikoff). Occurs in acorns (Braconnot, A. Ch. 
[3] 27,392 ; Dessaignes, A. 81,103,261; rrunier, 
A. Ch. [5] 16, 5; C. 11. 84, 1318; 85, 808; 80, 
338, 1400; Hofmann, A. 190, 282). 

Preparation. — Acorns are extracted with 
cold water, the extract concentrated at 40°, ppd. 
by lead subacctate, filtered, mixed with yeast to 
remove sugar, and, after fermentation, freed 
from lead by H^S, and evaporated to crystallisa* 
tion. 

Properties. — Monoclinic prisma, a:b:c = 
•800:1: -700, jO - 08 ‘"57', insoi. ether, benzene, and 
chloroform, v. si. sol. hot alcohol. Does not 
undergo alcoholic fermentation. Dextrorota¬ 
tory. Does not render borax solution acid. 

J?cacfion.s,—1. At 100° it slowly loses water, 
forming 0.^,II,uO,,j (?). At 240° in vacuo it gives 
[230 ^J, V. si. sol. water. Rapidly heated 
to 290^ it swells up and gives off quiuhydrono 
and hydroquinone.—2. Potash-fusion gives 
quinono, hydroquinone, CO.„ formic acid, and 
oxalic acid.—3. H^SO^ and MnO., give <iuinonc. 
4. Cone. nClAq forms, at 100°, C«H,Cl(OU )4 
[200°], sol. ether, and viscid C,jHuClOa, which is 
converted by baryta-water into amorphous 
quercitau CyHigO^, sol. water and alcohol, insol. 
ether. HClAq at 120°-,110° gives C^H,Cl.,(OII).,. 
[166°], converted by further treatment with HCl 
into C^jHjClj [102-'].--5. Distillation with HIAq 
forms benzene, plionol, iodo-plienol, quinonc, 
hydroquinone, and hexane.—6. Nitric acid forms 
mucic and tri-oxy glutaric acids (Kiliani a. 
Schciblcr, B. 22, 517).—7. Phenyl cyanate at 
165° forms CJl,(O.CO.NHPh)j L120°-140°], a 
white amorphous powder (Tesmer, TJ. 18, 2606). 

8. Benzoic acid at 200° forms solid ‘ benzo- 
quercite * C^lljgBz.Oa (?) insol. water, sol. alco¬ 
hol and ether. Stearic acid fonns a similar 
body, while tartaric acid gives ‘ quercitartario 
acid (Berthelot, 0. R. 44, 452 ; A. Ch. 

[3] 54, 82). 

Salts.—(CttH,,0j,).3a3aq: amorphous, sol. 
water and alcohol.—(CaHj. 03 )^.CaS 04 2aq. 

Acetyl derivatives. The compounds 

^dHigAc^Oj, CgHgAc^jOj, CgHjAciOj, 

and CgHjAOjOj have been prepared. 

Buiyryl derivatives. Heating with 
butyric acid gives rise to 0 ttH,,{C 4 H,O)O 5 , 
0,H,(C4H,0)A» and C,H;( 04 H, 0 )A» all being 
amorphous with bitter taste. 

Pentanitrate C,H,(NOj)y Formed from 
gaeroito (1 pt.), H^SOi (10 pts.) and £^170, 


(4 pts.) (Hofmann, A, 190, 288). Resin, insol. 
water, sol. alcohol and ether. Explodes when 
heated. Zinc-dust and alcoholic soda give off 
the N as NH,. 

QUERCITBIN 03 «H„ 0 .^ or, more probably, 
(Herzig, M. 14, 53). [168°]. S. ‘04 id 
the cold; •? at 100°. S. (alcohol) 4 in the cold 
29 at 78° (Stein). S. (ether) *8 (Schunck, C. J 
63, 26t). Occurs in qiicrcitron*bark,tlie barkot 
Qmreus tinctoria (Bolley, A. 37, 101; 62, 136; 
Hoohleder, J.pr. 77, 34; lligaud, A. 90, 283; 
Zwenger a. J)ronke, A. Snppl. 1, 266; Stein, 

J. pr. 85, 351; Hlasiwetz, A. 112,109). Occurs 
also in (ully-devolopod horse-chestnut leaves 
(Uochledcr a. Kawallcr, Site. W. 55 [2] 40), in 
leaves of the ash (Ginll, Z. [2] 4, 732), and in 
leaves of Andromeda japonicalijykm&n, R.T.C. 

2 , 200 ). 

Preparation.— Quercitron bark is exhausted 
with alcohol, an(^ the evaporated extract dis¬ 
solved in water and shaken with ether. Tlio 
ethereal solution is evaporated, the residue dis¬ 
solved in alcohol, and the quercitrin ppd. by 
water and crystallised from boiling water (Lowe, 

Fr. 14, 233; cf. Herzig, M. 6, 877). 

Properties.—Yellow needles or plates (con¬ 
taining 3aq). Neutral and tasteless. Nearly 
insol. cold water, sol. alkalis and HOAc. FeClg 
colours its solution dark green. FeSO^ gives no 
colour. Ppd. by Pb(OAc).. Reduces aqueous 
AgNOj in the cold, and Fe'hling’s solution after 
long boiling. Boiling dilute acids split it up 
into quercetin (q.v.) and isodulcito (Liebcrmann 
a. Hamburger, B. 12, 1178). Bromine forms 
which is crystalline and is decom¬ 
posed by acids into isodulcite and tetra-bromo- 
quercetin. 

Salt.—CjjjHi.iKp.,,,,: yellow pp. , 

Violaquorcitriu Occurs in Viola 

tricolor (Mandolin, J. 1883, 1369). Yellow 
needles (from water). Split up by dilute acids 
into glucose and quercetin. 

^TfllLAJlC ACID Extracted by 

water from the bark of Quillaja Saponaria 
(Robert, G. C. 1888, 972). White flakes, sol. 
water and alcohol, insol. ether. Coloured dark 
red by II^SO,. Boiling dilute acids split it up 
into sapoginin and an unfcrnicntablo glucose. 
ThoNa salt violently attacks the mucous mem¬ 
brane, and is very poisonous when injected into 
the blood. 

QUINACETOPHENONE is Di-oxy-aceto- 

I’lIF.NONU. • 

QUINALDINE v. Methix-quinolink. 

QITINALBINIC ACID v. Quikounb OAno* 

OXYLIO ACID. 

QUINAMINE u. vol. ii. p. 179. 

'Q0INAMICINE V. vol. ii. p. 180. 

QUINAMIDINE v. Cinchona iiases. 

QUINANISOLE v. Methyl derivative ol Oxx* 

QUINOLINE. 

QDINAZOLE v. ME-rnTL-iNDAZiNE, 

QUINAZOLINE. This name is given to the 

ring ; v. Oxv-quinazoline. 

QUINAZOLINE DIHYDEIDE i.e. 

[127°]. Formed by reducing 

o-nitro-benzyl-formamide by Zn and HClAq 
(Gabriel a. Jansen, B. 23, 2814; 24, 3097). 
Yellowish crystals, soh warm water, fonniug an 
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•Ikaline golntion.-B'HOI—B’O.H.N.O,. [818®]. 
BsiaU crystals, si. sol. water.—B'jI^tCl,. 

QUINBNE V. vol. ii. p. 181. 

fttJIHBTHONIC ACID0,.H„0,i«. 
O^,(OEt).0,H,O,. [146°]. Occurs in urine 

after a dose of OjHj.OEt (Kossei, H, 4, 296 ; 7, 
292; Lehmann, H. 18, 181). Crystalline. 
Lffivorotatory. Does not reduce Fehling's solu¬ 
tion. Converted by dilute HjSOjintocrystalline 
CjHjjO,. HIAq forms hydroquinone. Oxidising 
agents yield quinone. — EA'aq : monoclinic 
crystals.—AgA'aq. Forma with O.Hs.O.SOjH 
the double salt PhO.SOjBaA'aq (dried at 110°) 
and with cresol and indoxyl the corresponding 
0,H,0.S0,BaA'aq and C,n„NSO,BaA', all three 
being oryetalline (Hoppe-Seylor, II. 7, 424). 

QUIBHYDKONE 0,jn„0,. Formed by mix- 
ing aqueous solutions of quinone and hydro- 
quinone; by oxidising hydroquinone; and by re¬ 
ducing quinone (Wohler, A. 51,<153; Liebermann, 
B. 10, 1614, 2000; Hesse, A. 200, 218; Nietzki, 
A. 216,130; Wioholhaus, B. 6, 810 ; 12,1500; 
Stenhouse a. Groves, B. 13, 1305). Brownish- 
red prisms, with green metallie lustre. May bo 
sublimed. Si. sol. cold water, v. sol. alcohol 
and ether, forming yellow solutions. Decomposed 
by boiling water, giving off quinone and leaving 
a solution of hydroquinone. Its ammoniacul 
solution is green, llcducos ammoniacal AgNO,. 

ftWINIC ACID 0,H„0. i.e. C,H,(OH),.CO.,H. 
Mol. w. 192. [162° cor.]. S.G. 1-637 (Henry a. 
Plisson, B. J. 10,186). 8. 40 at 9°. = -44° 

at 20° in a 20 p.c. solution (Thomsen, J. pr. [2] 
86, 166). H.C. 833,700. H.F. 238,300 (Borthe- 
lot a. Beooura, C. It. 105, 141; Bt. [2] 18, 703 ; 
A. Ch. [6] 13, 312). Boo 6<i-52 in an 18 p.o. 
aqueous solution (Kanonnikoll, J. pr. [2] 31, 
348). Occurs as calcium salt in cinchona bark 
(Hoffmann, Crell's Ann. 2, 311; Vauquelin, 
A. Ch, 69, 162; Pelletier a. Caventou, A. Ch. [2] 
16, 840; Liebig, P. 21,1; 29, 70; Baup, A. Ch. 
[2] 61, 6; A. 6, 7; Woskresensky, A. 27, 260; 
Hesse, A. 110,194; 112, 52; 111, 292; 176, 124; 
Clomm a. Will, A. 110, 345). Occurs also in the 
bilberry plant {Vaccinium Myrtillus) (Zwenger, 
A.116,108; 129,203; Buppl. 1,77), in the leaves 
and beans of the coffee-plant (Z.), and in hay 
(0. Loew, J. pr. [2] 19, 310; 20, 476). 

Preparalicm .—Cinchona bark is extracted 
with dilute HjSO„ the extract ppd. by milk of 
lime, filtered, and evaporated. The residue is 
boiled with alcohol and the calcium quinate left 
ondissolved is crystallised from -water and de¬ 
composed by oxalic acid. 

Properties. —Monoclinio prisms. V. e. sol. 
water, m. sol. alcohol, nearly insol. ether. 
Lfevorotatory. 

Beaetions. —1. Heated to 200°-225° it gives 
off aq, forming quinide C,H,oOs, a crystalline 
anhydride, v. sol. water, si. sol. dilute alcohol. 
Quinide is acid in reaction, and is reconverted by 
bases into qninio acid. On dry distillation 
quinic acid gives hydroquinone, phenol, benzoic 
acid, and pyrocatechin,—2. Ac^O at 170° forms 

tri-acetyl-quinide C,H,(OAo)j<[[®q [132°] 

and tetra-acetyl-qninio acid (Erwig a. Kanigs, B. 
22,1468; cf. Hesse, A. 200, 233). By further 
heating with Ao,0 at 210°-250° monoclinio 
crystals of iso-tri-acetyl-quinide [139°] 
Are obtained.—3. Bromine added to an aqueous 


! solution forms preiocatechnie aeid (Sesse).—d. 
Hot HjSO, forms CO and hydroquinone disol- 
phonic acid.—6. Hydroquinone is formed by 
boiling the aqueous solution with FbO,. Distilla¬ 
tion with MnOj and dilate HjSO. yields 
quinone (detection of quinic acid in bark: Sten- 
house, A. 59,100).—6. HNO, ^ves oxalic aeid. 
7. EClO, and HGl give chlorinated quinones 
and chlorinated acetones (Stadeler, A. 69, 300; 
111, 293).—8. Cone. HIAq at 120° reduces it to 
benzoic acid (Lautemann, A. 125, 9^.-9. Cone. 
HClAq at 150° gives p-oxy-benzoic acid and 
hydroquinone (Hesse, A. 200, 232), Dilute 
(3 p.o.) HCIAq at 100°-120° forms phenol, 
hydroquinone, and p-oxy-benzoic acid (Oha- 
dounski, C. C. 1888, 1029). —10. Fuming 
HBrAq at 130° gives protocatechuio and benzoic 
acids (Fittig, A. 193, 197).—11. PClj forms 
m-chloro-benzoyl chloride (Graebe, A. 138,197). 
12. Gives protocatechuio acid on fusion with 
EOH or NaOH.—13, Boiling with iodine and 
KOHAq yields iodoform.—14. Calcium quinate 
fermented by schizomyeetes in presence of air 
yields protocatechuio acid, in absence of air it 
gives propionic, acetic, and formic acids (L6w, 

B. 14, 460). 

Salts.—NaA'2aq.—NaA'6aq. 8. 200.— 
BaA'j Oaq: dodecahedra, very soluble in water.— 
CaA', lOaq. 8. 17 at 16°. Plates, insol. alcohol. 
—CaA'Ac aq (Gundelach, B. 9,852).—SrA'j lOaq. 
—SrA'jlSaq.-MgA'j6aq.—CdA'j. 8. -4 in the 
cold.—ZnA'j.—CoA’.; 5aq.—NiA'.j 6aq : crystals. 
CuA’, oaq: blue needles.—CaC,li|,0„ 2aq. 8. ’09 
at 18°.—PbA', 2aq : needles, sol. alcohol, v. 
e. sol. water.—PbjOiHjO,. Amorphous, insol. 
water.—MnAV 8. -5 in the cold.—FeC„Hj,0,,. 
—AgA': mamraellatcd groups of crystals. 

Ethyl ether EtA'. Viscid mass, with 
bitter taste, v. sol. water and alcohol. Converted 
by boiling ACjO into C,H,(OAc),.COjEt crystal¬ 
lising from water in plates [135°], si. sol. boiling 
water. 

Tetra-aeetyl derivative 

C, n,(OAo),.COjH. [130°-136°]. Formed by 
heating quinic aeid with AcjO and ZnClj (Erwig 
a. Koenigs, B, 22,1461), Crystalline crusts, si. 
sol. cold water, insol. ligroSn.—AgA': needles. 

Anilide C„H„NO.,. [171°]. Formed by 

heating quinic acid with aniline at 180°. 8mall 
silky needles (containing aq), v. sol. water and 
alcohol, si. sol. ether. 

QDimCINE V. ClKCHONA I.A3SS. 

QDimDE V. Qdinio Aoin. 

afflHIDINE V. vol. ii. p. 180. 

aUIHIENE V. vol. ii. p. 181. 

QDIIflNE CaH„NA- [113° cor.] (Lenz,Fr. 
27, 659; Hesse, A. 258, 133). The iribydrate 
molts at 57° (H.). 8. -05 at 16° (Begnauld, 

J. Pharm. Chim. [4] 21, 8). 8. (of the trihy¬ 
drate) -06 at 16° (Hesse, B. 10, 2162); -06 at 
20°, -11 at 100° (Sestini, Fr. 6, 369). 8. (of the 
anhydrous base) -061 at 15° (H.); -07 at 20°, -13 
at 100° (8.). 8. (ether) 100 at 10° (Hesse, A. 
136, 827); 4-4 at 18° (van der Burg, J. 1865, 
438). A cone, ethereal solution often gelatinises, 
the quinine thus separated being less sol. ether 
(8. about 6 at 15°). 8. (chloroform) 67-6 

(Fettenkofer, J. 1858, 363). 8. (benzene) -5 at 
16°; 3-3 at 80° (Oudemaus, /. 1874, 867). 8. 
(xylene) -11 at 16°; -646 at 138° (Bwaving, 
k T. 0. 4, 186). [a]»- -166° at 16°; -16*'* 





at 35* lo ilndiollg iolottas (Hens, A, 168,317) 

- — 14S'8-f'667j) in a Bolation of p grammes in 
100o.o.of97p.o. alooholstl5° (Hesse,4.176,206; 
1S2,131). Wd'* -168'7 + l'911p in an ethereal 
Bulntion containing from l-S to 6 p.c. base. In 
solutions containing not more than 1'6 p.c. 
quinine, Oudmans, jun. (Ar. N. 10,193), found 
[a]D» -167‘6® (in alcohol); -130'* in benzene; 
—127° in toluene; —117° in ehloroform. Dis¬ 
persive power; Grimbert, J. Ph. [5] 16, 295, 
845. 

Occurrence. —In cinchona bark, v. vol. ii. p. 
176. According to Grimani (731. [3] 7, 304), 
cupreine heated with NaOMe, MeOH, and MeCl 
or MeNOj yields 10 to 15 p.c. of quinine, while 
Mel gives chiefly quinine di-methylo-di-iodide. 

Preparation—The bark is extracted with 
dilute H,SO„ and the sointion ppd. by NaOHAq. 
The pp. is dissolved in ether, the ether shaken 
with dilute HjSO,, and the boiling solution 
neutralised by ammonia. Quinine sulphate 
separates on cooling. The sulphate is dccom- 
posed by ammonia. 

Beferences. — Vide references in articles 
CraoBONA nAnK and Cinchonidine, and also 
Pasteur, C. 7i. 36, 26; 37,110,162; Schiltzen- 
berger. A, 108, 347, 350; Robiquet, 4. Ch. [2] 
17, 316; Stratingh, B. P. 15, 139; Pelletier, 
J. Ph. 11,249 ; Duflos, B. J. 27,1,110; Strecker, 
4. 91, 166; Thiboumery, J. Ph. [3] 16, 369; 
Alluard, J. Ph. [3] 46,192 ; Korner, Z. [2] 1, 
150; Bouchardat, 4. Gh. [3) 9, 213; De Vrij, 
N. J. P. 14, 2C8; Laudrin, G. B. 108, 750. 

Properties. —Ppd. by ammonia from solu¬ 
tions of its salts in an amorphous anhydrous 
form, which quickly changes, especially in 
presence of free ammonia, into the crystalline 
hydrate (containing 3aq), consisting of minute 
four-sided prisms terminated by pyramids. 
The hydrate gives off its water of crystallisation 
over H.SO 4 . Quinine is v. e. sol. ether and alco¬ 
hol, v. sol. CS.^, ra. sol. benzene, v. si. sol. 
ligro'in, sol. volatile and fixed oils. It is alkaline 
in reaction. Its solutions are Isevorotatory. 
A 6 p.c. solution of the sulphate gives —22° 
in a depth of 200 mm. (Rozsnyay, Fr. 23, 589). 
Its solutions in dilute HNU,, H,PO„ and 
HOAo exhibit blue fluorescence, destroyed by 
HCl, HBr, HI, or n,FeCy,. Fluorescence of the 
sulphate is prevented by a large excess of sul¬ 
phate of cupreine (Grimaux a. Arnand, Bl. [3] 
7, 304). Chlorine-water and ammonia give a 
green pp. dissolving in excess of ammonia to 
an emerald green liquid. On addition of an 
acid the colour changes through^ blue (when 
neutral) to red, the green colour returning 
on adding ammonia (Brandes, Ar. Ph. 13, 
65 ; Andrd, J. Ph. 22, 132). Excess of 
ohlorine-water and of ammonia should be 
avoided. Chlorine does not render a solution of 
quinine sulphate turbid (Lepage, J. Ph. 26,140). 
Bromine-water and ammonia give the green 
colour even in exceedingly dilute solutions 
(Flfickiger, Fr. 11, 318). The green colour may 
be also got by mixing *01 g. of the salt to be 
tested with an equal bulk of KCIO, and a drop 
of cone. H 3 SO. followed by excess of ammonia 
(MyUus, 0. 0. 1886, 602). Ohlorine-water 
followed by K,FeOy, gives a red colour in a 
solution of quinine sulphate (Vogel, 4. 73, 221; 
66, 133). Quinine gives the nsual alkaloidal 


reactions. It il eolonred green by potash- 
fusion (Lenz, Fr. 26, 81). Potassium snlpho. 
cyanide gives a white pp., sol. excess (Sohrage, 
4r. Ph. [3] 13, 25). Boiled with dilute HjSO, 
and PbO, quinine forms quinetin, a red substanoe 
(Marchand). Dilute HNO, gives no colour. Sun. 
light acting on an aqueous sointion, even in an 
atmosphere of H, ppts. brown flocculent qnini. 
rotin, insol. water, alcohol, and ether (Flfickiger, 
Ph. [3] 8, 885). ICl gives a light-brown crystal¬ 
line pp., si. sol. HClAq. Quinine is antiseptic, 
hindering puGefaction and the alcoholic, lactic, 
and butyric fermentation. Quinine is a febri¬ 
fuge. Its salts taste bitter. 

Beactions.—l. The sulphate is oxidised by 
EMnO, to pyridine tricarboxylic acid, oxalio 
acid, and NH, (Hoogewerff a. van Dorp, B. 12, 
158). At 0° the first product is chitenine 
0 |„^N 20 „ which crystallises in colourless 
prisms [240°-286°], insol. ether and alcohol, 
soh dilute acids hnd alkalis (Skraup, B. 12, 
1104; U. 10, 39). Quinine (5 g.) is apparently 
oxidised by KMnO, (50 g.) to pyridine dioarb- 
oxylio acid (Ramsay a. Dobbie„C. J. 33,102), 
Boiling nitric acid also forms pyridine dioarb- 
oxylio (oinchomeronio) acid. Aqueous CrO, 
oxidises quinine to qnininio or methoxy- 
quinoline carboxylic acid.—2. A mixture of 
HNO, and H,SO, reacts, and on diluting an 
amorphous pp., apparently O„H,,(N0,),NjO,H,O 
is got (Bennie, C. J. 39, 469).—3. PCI, converts 
it into colourless quinine-chloride C,„Hj,N.,OCl 
[151°] which by boiling with alcoholic KOH 
gives chinen 0.,H„N,0 (Comstock a. Konigs, B. 
17, 1988).—4. Reduced by zinc and dilute H^O, 
to hydroquinine C„H„N.,0.„ an amorphous 
bitter resin (containing aq), sol. alcohol and 
ether, giving a green colour with chlorine-water 
and ammonia (Sohutzenberger, 4.108, 347).— 6 . 
Heated with water at 250° it yields quinoline 
(Reynoso, 0. B. 24, 795). The same body is 
formed by heating with cone. KOHAq at 190° 
(Gerhardt a. Wertheim, J. 1840, 370).—6. 
Fuming n,SO, forms a eulphonio acid. Cone. 
H.,SO, dissolves quinine, forming isocihohonine. 
Dilute H 2 SO, at 125° converts quinine into 
quinicine.—7. Iodic acid gives off much gas on 
warming (Brett, J. Ph. [3] 27, 116).—8. Cone. 
HClAq at 160° forms MeCl and apoquinine 
(Hesse, 4. 205, 317). Concentrated HClAq 
at —17° slowly forms hydrochloroquinine 
0.„HaClN,0,[187°], whilehydrogen bromidegives 
CjJH^cBrNaOjvwhich forms B'H^r, (Comstock a. 
Kunigs, B. 20, 2510).—9. Heated lor a long 
time with 12 pts. of HIAq. S.G. 1*96 for 3 hours 
at 100 ° it gives methyl iodide and a yellow salt 
CijHaNA^III [238°J sol. alkalis. Alcoholic 
NHjAq converts it into CuH^NjOjAHI mixed 
with a little C|,Hj,N,0,HI, which yields an 
oxalate [187°] (C„H 5 HAHI)H,,C, 0 , mixed with 
(C,.Il„N,0,H,yAC,0, (Schubert a. Skraup, if. 
12, 684). HBrAq acting on quinine at 100° 
forms OiaBLaBrNjOJHBr aq, crystallising in 
needles, from which sodium carbonate sets free 
C|,H„BrN,0„ a powder [210 J (Julius, Af. 6,751). 
10. Quinine dried at 120°, heated with HIAq 
(S.G. 1-7) at 100°, forms C,X.NA*HI [230°], a 
yellow crystalline mass, v, si. sol. water, si. sol. 
alcohol, insol. ether and NaOHAq. AJeoholio 
NH, converts this salt into C«H„N,0,HI ? which 
is whits, T. soL alcohol, si. soL ether [156°. 
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160“]. lig Bolntion in dilate HjSO, ehows bine 
fluoreaoence, and gives a brownish-yellow pp. 
with ohlorine-water and ammonia. It gives rise 
to the salts ((Cj,H„Nj 0 j),H»I,), 8 Hj 0 j 04 ? and 
C*a„N,0,H,I,HN0,? [217°] (Sohnbert a. 

Skraup, M. 12, 078; cf. Lippmann a. Fleissner, 
M. 12,329).—11. Bromine added to a solution of 
quinine in dilute HjSO, ppts. BBr, 2 aq, 
and B'Br, as bitter yellow curdy pps., melting 
at 160°-180° (Colson, G. B. 108,678). 

Estimation .— V. CiNonona bark. V. also 


Lens, Fr. 27, 649-631. Quinine may be ppd. 
as chromate (De Vrij, 0. 0. 1889,'708; Ar. Ph. 
[3] 24, 1073; Vulpius, Ar. Ph. [3J 24, 1022; 
Sohliknm, Ar. Ph. [3] 25, 128 ; Hos-se, Ph. [3] 
17, 686 ). A solution of quinine sulphate re¬ 
quires more ammonia to redissolvo the pp. first 
formed than solutions of the sulphates of the 
alkaloids usually pre.sent with it (Kerner a. 
Weller, Ar. Ph. [3] 25, 712,749; Fr. 1,159 ; 27, 
116: cf. Schafer, Ar. Ph. [3J-25, 1033; Buddi- 
man, 0. N. 68,202,216,226; Jungfleisoh, J. Ph. 
[ 6 ] 16, 6 ). Use may also bo made of the sparing 
solubility of quinine oxalate in presence of 
KAO, (Schatir, Ar. Ph. [3] 25, 64,1041). 

ConstUntion.—Chitenine CuH^NjO, may be 
got by oxidation of both quinine and cinchonine. 
On further oxidation chiteuine yields quinio, 
pyridine tricarboxylic, and cincholeuponic acids. 
From this it may be surmised that one half of 
the quinine molecule has the same composition 
as one half of the cinchonine molecule (Skraup, 
.^9’ 220). Quinine, quinidine, and 

quinicine are probably stereo-isomeric, since 
they give the same products of oxidation; they 
are derivatives of {B. 2)-methoxy-quiaoline 
while cinchonine is a derivative of quinoline. 
Cincholeuponic acid C,H„NO, [226°) yields 
CgH„NO,HCl [194°] and C,II,^cNO„ and is 
converted by nitrous acid into the dibasic 
nitroso- derivative C,Hi 2 (NO)NO,. Oxidation of 
quinine also yields a base, oincholeupone 
C,H„NO, oxidised by CrO, to cincholeuponic 
acid and other products. Cineholeupone when 
heated with zinc-dust yields { 3 )-ethyl-pyridine. 
By nitrous acid cincholonpone is converted into 
C,H„j;NO)NO„ which is an acid. Ac-0 forms 
acid 0,H„AoNO.,. 0.xy-quinolino (cynurine) is 
also a prt^uct of oxidation of quinine. From ! 
these experiments Skraup concludes that quinine ! 
and cinchonine contain a quinoline nucleus I 
united to an ethyl-pyridine nucleus j quinine 
being methoxy-cinchonine. Cupreine heated | 
with NaOMe (1 mol.), McI (6 raolS), and MeOH 
fonns quinine dl-mcthylo-di-iodido (Hesse, A. 

266, 244; cf. Grimaux a. Arnaud, C. B. 112, 
774; A. 267, 379). The chief product is, how¬ 
ever, cupreine mono-raethylo-iodide. When 
only 1 mol. Mel is used, no quinine is got. 

Salts.—C-„Hj,AgN.A- Gelatinous pp. got 
by adding AgNO, to a solution of quinine in 
alcoholio NH, (Skraup, M. 2, 613).—B'HCl 2aq: 
groups of white needles (Hesse, A. 176, 21U; 

267, 142). Melts (when anhydrous) at 160°, 
without undergoing any change. S. 2-5 at 10°. 
V. e. sol. alcohol and ether. [a]o= —134° in a 
2 p.o. solution at 17° (Oudemans). Its solution 
is not ppd. by silver nitrate (1 mol.) until added 
in excess (Vulpius, Ar. Ph. [3] 20, 361).— 
B'HOll^aq. Large monoclinic octahedra, de¬ 
posited at0°.—B'^CL Groups of white needles, 


or gelatinous mass. S. 100 in the cold. Melts 
at 16° (A. Clermont, J. Ph. [ 6 ] 16, 16).— 
B'HjPtCl, oq : yellowish fioccnlent pp., soon be¬ 
coming orange and crystalline (Gerhardt, B. j. 
23, 364). S. 07 in the cold; -8 at 100° (Duflos). 
—B'AjPtCl, 3aq: orange amorphous pp. (Hesse, 
A. 207, 308).—B'HAs^^r Fpd. by mixing al¬ 
coholic solutions of quinine, HOI, and HgCl, 
(Hinterberger, A. 77, 201).—B'jH,ZnCl, 2aq: 
prisms (from alcohol) (Griifinghoa, Bl. [2] 4,391). 
— B'jHjZnClj 3aq: crystalline. — B'HjBr^Saq: 
crystals, v. e. sol. water.—B'Hl: lemon-yellow 
prisms (Herapath), or heavy white powder. 
SI. sol. water, v. e. sol. alcohol (Winokler, 
Jahrb. pr. Pharm. 20, 321). Melts at 160°- 
155°, but softens at about 100 ° and then blackens 
(Lippmann a. Fleissner, M. 13, 436).—B'HIBtjO 
(from ether). Crystals.—B'HJj 5aq (Begnault). 
Crystals. V. Beaetion 9, supra. —B'H,!,. [230°]. 
Converted by NH,Aq into B HI.—B'jH.SO, 8 aq 
(Hesse, A. 119, 361; 225, 97; Carles, Bl. [3] 7, 
108; cf. Cownley, Ph. [3] 7, 189). Commercial 
specimens are somewhat eflloreseed. Monoolinic 
efllorescent prisms. Loses 6 aq over H^SO,. S. 
(of B'.ASO,) -126 at 6 °; 3 at 100° (Howard). S. 
(alcohol of S.G. "OO) 1. S. (glycerin) 2-6. Insol. 
chloroform and fatty oils. [ix]o=-163° in a 
2 p.c. solution in 80 p.c. alcohol.—B'ASO, 7aq. 
[ 100 °]. Ileotangular prisms (from hot solutions) 
or small needles. S. 9 at 13°; 12-5 at 22°. 
Loses Oaq over HjSO,. [ 0 ],,=—161-9-e-dip in 
a solution of p g. in 100 c.c. water, where p 
is between 1 and 6 (Hesse, A. 176, 215; 182, 
134).—B'(H-SO,)-7aq: prisms, v. e. sol. water, 
m. sol. alcohol. Its hot alcoholicsolution deposits 
gelatinous B'(H,SO,),. 6 aq. [a]„= -170-e-94p.— 
B'jHjCljH-iSO, 3aq. Mass of small needles, v. 
sol. water. S. (of anhydrous salt) 86 . [120°] 
(hydrated); [165°-170°] (anhydrous) (Grimaux, 
Bl. [,3] 7, 819).—B',H,BrJI,SO, 3aq. S. 26 at 
21 °.—B'jHjIAjSO, 2 aq: yellow crystals, form¬ 
ing a colourless solution. Crystallises also with 
4aq. ~B';HiCl-U,l’0,9aq: small needles, sol. 
water. - B',H .Br A,PO, 7aq. -B'.;H .IA 3 PO, 6 aq. 
—B'A, 8 A 2 aq. S. -3 (Wctherill,'A. 66 , 150; 
How, N. Ed. P. J. [2] 1, 47).—B'HNO.aq: 
prisms (Strecker, A. 91, 159).—B'AgNOj laq: 
crystalline pp. Chlorate.—BTICI 03 2 aq (T'ich- 
borne, Z. 1866,665; cf. Sorullas, A. Oh. [2] 45, 
279).—B'(HC10,).j 7aq : trimctric octahedra.— 
B'(HCIO,) 2aq. [210°] (Boedeker, A. 71, 61).— 
B'lIIO,9aq: needles (Langlois, A. Ch. [3] 31, 
274).—B',(HCl),(III) 5 l,: small brown crystals.— 
B',(IICl)s(III),I,,: blackish-green flat needles 
(.lorgensen, j. pr. [2] 16, 79).—B'Hl, (Bauer, 
Ar. Ph. [3] 5, 214).—B'HIj. Black prisms.— 
B', 15 . llesin.—B',I..-B',(H-SO,),(HI),1, 6 aq. 

Ilcrapathite. Formed by adding an alcoholic 
solution of iodine to a solution of quinine sul¬ 
phate in HOAc (Herapath, P. M. [4] 3, 161; 4, 
186; 6,171, 346 ; 7, 352; 9, 366; 14, 224 ; 0. J. 
11, 130; Haidingera. Stokes, Sits. W. 10, 106; 
Jorgenson, J.pr. [2] 14, 230). Large colourless 
plates with metallic green lustre. Polarises 
light, BO that two plates at right angles are 
opaque. S. (90 p.o. alcohol) -125 at 16°. Decom¬ 
posed by cold water. Dried over HjSO, they 
become B',(H 2 SO,),I, 8 aq (Hauer, Z. [2] 1, 481). 
—B',(HBO|),|(HI),I„: thin lustrous plates.— 
B',(H,s 6 j,(HI),I, 2aq. Crystals, resembling 
herapathite, decomposed by hot aloohol into 
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io^ne and harapathito.—^B* b(H 2 S 04 )i(HI)|Ih 4a<i. 
brownish needles.—B',HjSO,(HI),!,: red needles. 

—B',H.,SO,(HI),I,: brown rectangular plates 
with olive-green redex.—B' 2 H.;S 0 ^(HI),I, : black 
crystals with green reflex.—B' 3 (H 2 S 04 ).,(HI) 3 l 2 . 
B^(H.S0.)2(HI),I. aq. B'3(HB9,).,(HI),I.. - 
B'H,Se0.7aq: trimetrio tables, msol. alcohol 
(Hjortdahl, <1. 1879, 794).—B' 4 (H. 2 Se 04 ) 3 (HI). 4 l,. 
Isomorphous with herapathite, which it greatly 
resembles. Almost insol. cold alcohol (.Jorgen¬ 
sen, J. pr. [2] 15, 65, 418). -B'. 3 H.,CrO,. S. 
•042 at 16° (Andrd); '037 at 14°; '05 at 16° (De 
Vrij, Ar. Ph. [3] 24, 1073; -625 at 100° (A.). 
Ppd. by adding KjOrO, to a solution of tho 
neutral or acid sulphate. Tufts of golden 
needles.—B'jIIjCrO, 2aq (Hesse, Ph. [3] 17,585, 
665). Becomes anhydrous at 80°, but re-absorbs 
2aq on exposure to moist air.—B'H3CrO,7aq. 
I’pd. by adding IC,Cr,0, to a solution of quinine 
in excess of dilute H-SO, (Andr5, J. Ph. [3J 41, 
341). Orange pp., decomposed by light, and 
turned brown when heated to 60°-65° or when 
boiled with water. More soluble than B'jH.jCrO,. 
—B'HjCOjaq. ElUorescent needles, with al¬ 
kaline reaction, deposited from a solution of 
quinine in aqueous CO... Sol. alcohol, insol. ether 
(Langlois, A. Ch. [3] 41, 89).-B'.!I!'0,8aq. 
S. -127 at 10° (Hesse). Tufts of long needles.— 
B' 32 H,,I’ 0 , 5 aq (Anderson, A. 66,59). Crysl.als.— 
ll'2H,PO,12aq (A.).—]i'..H.,PO,2aq ((iorhardt, 
Gerh. iv. 118).—B'HjPO- S. 1-33 at 15'5° (L. 
Smith, Z. 1862, 1.59).-B'HVO, (Ditte, A. Ch. 
[6] 13, 236).—B'H.jSiPu. Got by passing SiP, 
into a solution of quinine in absolute alcohol 
(Cavaszi, 0. 17, 563). Minute crystals, insol. 
ether and CS,, si. sol. hot alcohol. Its aciueous 
solution is fluorescent.—B'^HjAsO, 8aq. Prisms, 
V. sol. hot water (Hesse).—B'dIjAsO,O.aq (Ses- 
tini).—B'HjAsO.flaq.-B'H.FeCy, 3.aq (Dollfus, 
A. 65 , 227 ).-B'TI,FeCy,l.',aq: golden plates.— 
B'H.,PtCy,aq (Wertheim, A. 73,210). Crystals.— 
B'.H.,PtCy, 2aq. S. -OOl at 18°; 1-8 at 57°. S. 
(aicoiiol) 20 at 16° (Hchwarzenbach, Fharm. 
Viertelj. 8, 210; Van der Burg, Fr. 4, 312).— 
B'HjPtCy.flaq. -074 at 18-.5°; 6 at 100°.— 
B'H-PtCy..—B'2HCyS. Lemon-yellow mono- 

clinio crystals (W.). —BTICySaq. S. "18 at 20° 
(Hesse, A. 181, 48). - B'3(HCyS)34HgCl.,.- 
B',3(HCyS).,ngCy3. — B'(nCr(CyS),(NH3)3),.2aq. 
Formed by ppg. a solution of the acid sulphate 
with Keinccke’s salt (Christensen, J. pr. [2] 
45, 306). Bed crystals, v. si. sol. hot water.— 
Nitro-prusside. S. '04 (Davy, Ph. [3J 11, 
756 ).—Oyanurates B'HjOaNjOj9aq. [237°]. 
SI. sol. hot water (Claus, J.pr. [2] 33,227). 
B'(H,C,N, 03 ),. 7 aq. [213°]. — Oxalates. — 

B'.,n,0.,0,Oaii. S. -1 at 10°. Prisms (Hesse, A. 
176, 218; cf. Begnault, A. 26, 37 ).—B'H.O. 30 , aq. 
Prisms, m. sol. cold water. — B'H 3030 ,3aq. 
[a]=-131°.-B'HOAc. [140°]. Long needles, 
V. sol. hot water (It.).—B'Cu(OAc) 3 . Green 
crystals (Skraup, Jlf. 2 , 6 U).-Chloro-acetate 
B'C..H,C 103 2Jaq. S. 1-6 at 21° (Mazzara, Q. 13, 
526).—Di-ohloro-acetate B^C 3 H 3 Ci 303 2aq. 
S. 2-4 at 22°.—Formate; colourless needles 
(Bonaparte, J. Chim. Mid. 18, 680).—V ale rate 
B'C,H,A IJaq (Bonaparte, J. Chim. Mid. IS, 
680; 19, 330; Chatin, J. Ph. [4] 1, 208).— 
B'OAI„Oj (Stalmann, A. 147, 132; Schtnidt a. 
Baohtleben, A. 193, 100). S. -9 in the cold ; 2-6 
•t 100° {Wittstein, iieperf. 87, 296; Landerer, 


N. Br. AfcA. IW. 240). - Sucoinate 
B' 0 ,H 30 , 8 aq. S.-1 at 10°. Prisms, v. sol. hot 
waten-Ta7trat6 B' 3 C,H. 03 2aq. Crystalline 
powder (Hesse, A. 243, 134; cf. AfPP®./-!>»;• »»• 
334).—B’O.H.O.aq (Pasteur, J. 1863, 421). 
The lievo- tartrate is more soluble than tne 
dextro- tartrate, and has a different 
form.-B'C,H,(SbOH )03 2aq. Hesin (Clarke H. 
16, 1640).-Citrate B'AH.O,7aq. 8.-ll « 
12° (Hesse); 44 at 100° (Mandehn, J. 1870, 
796: Scribani, G. 9, 284).-B',2C3H.O,: inmate 
prisms. S. 'll in tho cold; 2 4 at 100 . 
B’CjH.O,. Sm.all prisms. S. -10 in tlie cold, 
2'6 at 100 °.—Chloro-crotonate B’C,H,C10j. 
1201°!. SI. sol. ether (Daccomo, J. 1884,138o). 
—Trichlorocrotonate B'CiIIjCljOr [140°]. 
—Tri-chloro-lactate B'CsEjCl^O,. SI. sol. 
ether.—D i-bromo -pyruvate B'C,HBr.jO,. 

[93°] (D.). — Mucate B'jC,H,„0,. Needles 

(Riiheinanna.Dufton.C. J.59,754).—Ben7.oate 

B'HOBz. S. •27%tl0°. Small prisms.-Sali¬ 
cylate B'CjHA- 8. '44 at 16°. S. (ether) ;83 at 
16°. Prisms (from alcohol). — Melitate 
B',C,.HO,.. Crystalline powder, v. si. sol. cold 
watci- (Kirmrodt, A. 81, 17 ()). - Tannates 
B'(C„n; 30 „)., 4 aq and B'(C„H,A)» 8ai 
Ar. Ph. [3] 12,331; Neumann, Fr. 28, 664).-- 
Meconato B'C.HA- Crystals (Austen, Ph. 
13] 3,1016).—UratoB'C,H,NA- Minute prisms. 
S. -117 in tho cold, 2-7 at 160°. S. (alcohol of 
S.G. *823) ’003 in tlie cold, 2‘‘2 on boiling (bjlder- 
horst, A. 74, 77; Audrein, Pluinn. Viertelj. 10, 
382). Doxtro-tropate. 
tropate. [178°] (f,adcnburg, B. p, M90). 
Dextro - iso . propyl - plienyl-glycollate 
[193°]. S. '18 at 19° ; S. (alcohol) 1'44 at 20 . 
[al,,.= -79°. — Lievo - iso-propyl-phenyl- 
glycollato [20.5°]. S. 09 at 15°; S. (alcohol) 
64. Md = -118’ (Fileti, J. pr. ['2] 46,660). 

Compound with benzene BC,H»- 
Needles (from benzene) (Oudemans, J. 1874, 
867).—Compound with toluene BO,Hj. 
Needles. — Compounds with pasaa^ 
B’PhOH. Crystals (from alcohol). S. -26 at 16 
(Komei, Z. |2] 5, 383 ; Jobst, N. It. P. 24, 193). 
- B’,Jl,Cl,PhOn2aq: prisms. S.l at 15° (Jobst a. 
Hesse, A. 180,248).-BTi,SO.PhOH2aq (Hesse, 
PiMrm. Zcit. 34, 191 ).—B'.!I.;SO,PhOU8q. S. 
•147 at 15°. Prisms.-B'jHiSO,PhOH 6aq (Cotton, 
Bl [2] 24, 635 ).—Compound with tn- 
bronio-phenol B’CABr,0. Silky needles 
[from alcohol) (Piirgotti, G. 16, 628).—Com¬ 
pound with anethole B'.,C|,Hn6)2aq. Mom- 
cliriio crystlls (from ether), si. sol. cold alcohol 
(Hesse, A. 123, 382). Compound with 
eugonol B'C.A.A- 8. («*«) 8-5 

at 10°. Long silky prisms (Hesso, A. 186, 
329 ). —Compound with pyroeateohin 
B'.,C„H»OjH '8G,ttq: colourless needles (Hesse, 0. 
C. 1889, 519 ).-Compounds with resorcin 
B'C.ILO.H SO, iaq: needles (Malin, A. 138, 77). 
—B'..C„HAA80,aq (Hesse). — Compound 
with phlorogluoin B'C„H.P 
late groups of needles (Hiasiwetz, Z, [2] 1,618). 
—Compound withoroin B'0,HA,H,80,p. 
Needles (Hiasiwetz a. Barth, A. 134, 290 •,138, 
77 ).—Compound with chloral B'0,HGlA 
[149°]. Amorphous, si. sol. cold alcohol (Maz¬ 
zara, Q. 13,270).-Compound with m-nitro- 
benzoio aldenydo 

118°]. Yellow powder (Mazzara, Q. 18,868).— 
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Oomponnd vith nitro - osmphor 

B'(0.^,.(N0,)0),aq. Needles. [o. 131°]. 
[o]„=+46° in a 2-7 p.o. alooholio solution 
(Oazeneuve, Bl. f2] 49, 97).—Compound with 
urea B'CONjHjHjCljSaq. 8.6. Small prisms 
(Drygin, C. C. 1878, 622; 1881, 245).—Com¬ 
pounds with quinidine B'Cj„H 24 N 20 j 2 iaq.— 
B'CaH^NA 3aq.—B'OjoHjjNjOjCA 2aq (Wood 
a. Barret, C, N. 45, 6; 48,4; Hesse, A, 243, 
146). — Compound with hydroquinidine 
B'CaH 4 ,N 40 j 21 aq: slender white needles, v. si. 
sol. water, m. sol. ether.—Compounds with 
oinchonidine B' 2 C„H 22 N. 40 . Bhombohedra, 
very slightly sol. ether (Hesse, A. 243, 131). 
— B'7C„Hj,N.jO. Crystals (from alcohol). — 
B',(C„HJ<IjO),(H 4 SO,). 20aq. S. -597 at 15°. 
Needles. — B',( 0 „H„N,,()) 4 (C 4 H 40 J, 6aq. — 
B',( 0 „HjjNj 0 ) 4 (H.jCr 0 ,), 18aq : crystals. — 
B', 0 „HaN, 0 (^C.. 04 ) Gaq (?). Long colourless 
needles. — Compounds with cupreine 
B'0 „HbN, 0 4aq. [177°]. [at„=-236°. Tri- 
metrio prisms (Howard a. Hodgkin, C. J. 41, 
66: Hesse, A. 225,98; 226, 242; 230, 72). Its 
solution in dilute H^SOj shows blue fluorescence. 
—B'CijHjjNjOHjPtClj 2aq: orange-red prisms.— 
B'Ci.HaNjOHjSO, Gaq: six-sided prisms. S. 3 
at 100°.—B'C„H]jN.j 0 C 4 H, 0 „ 2aq: needles. 

Acetyl derivative C2„H.j,A.cN,0.2. [103°]. 
Formed by heating quinine with AcjO (Hesse, 
A. 205,317). Prisms, sol.alcohol and chloroform, 
si. sol. ether. [a]D = - 54° in a 2 p.o. solution in 
alcohol (of 97 p.o.) at 15°. [a]„=-115° in 
presence of 3HC1. Decomposed by alcoholic 
potash into quinine and HOAo.—B'lIjPtCl, 2aq. 
—B'(HAuC 1,)2 aq: yellow flocculent pp. 

Propionyl derivative 
Cj„Hjj( 0 ,Hj 0 )N. 402 . [129°]. Six-sided prisms, 

sol. ether and alcohol. [a]o= —109° in a 2 p.c. 
solution at 16° (Hesse)—D'H^PtCl^ 2aq.— 
B'(HAuCl 4 ), 2 aq: yellow amorphous pp. 

Benzoyl derivative CjoH,jBzN.jO.. Amor¬ 
phous (Sohtttzenberger, 0. B. 47, 334).— 
B'HJPtCl,. 

Uethylo-iodide B'Melaqor 
C,„H,(OMe)N.C.H„NMeIO (Griraaux, Bl. [3] 7. 
673). [233°-236°]. Formed by boiling quinine 
(1 mol.) with Mel (6 mols.) in MeOH (Strecker, 
A. 91, 164; Claus a. blallmann, B. 14, 76). 
Formed also from cupreine, NaOEt and McI 
(Hesse, A. 266, 240). Colourless needles (from 
water), v. sol. hot water and alcohol. Not at¬ 
tacked by alkalis in the cold. Boiling EOHAq 
ormoistAgjO converts it into meth^'l-quinine 
C„HaMeN,0„ an oil which yields an amorphous 
hydroio^de, crystalline B'HjPtClj aq (Hesse) or 
B'H^tCl,2aq (Lippmann, M. 12, 512), and 
Oj,HaMeNj0.jMeI aq otystallising in needles, de¬ 
composed at 218°. 

Methylo-periodides B'Mel,. Black 
needles (Jorgensen, J. pr. [2] 3,145; 14, 261).— 
B'jMejIjHjSO,. Eeddish-brown needles (from 
alcohol).—B'^MOjIsHiSO,. Brown plates.— 
B',Me 4 l„ 2 H 3 S 04 . Almost black laininss.— 
B’,Me,OHjS0,. Almost black needles with 
green lustre. 

Methylo-chloride B'MeClaq. [182°]. 
Needles_B'-^MeEPtCl,: orange prisms. 

Methylo-bromide B'MeBraq. [126°]. 
Blender needles, si. sol. cold water. 

Di-methylo-di-iodide B'MegliSaq. 
[158°-162°j. Formed by heating B'Mel with 


Mel and MeOH in lealad tnbei at 100°. alM, 

together with B'Mel from cupreine by the action 
of NaOMe followed by Mel (Hesse, A. 266, 240). 
Yellow tables (from water^. Converted by cold 
NaOHAq, or better NaOH In MeOH, into a resin 
and a smaller quantity of a yellow crystalline 
body. S. (boiling MeOH) -1, molting about 280°, 
sol. acids and reppd. by alkalis as a jelly. Its 
solutions are yellow with green fluorosoenoe. A 
similar body is got by the action of alkalis on 
the methyle-iodide of methoxy-quinoline (ob¬ 
tained from quinine). — B'Me,PtCl,2aq. — 
B' 2 MeAuOl 4 . 

Ethylo-iodide B'Etlaq (Howard, C. J. 
26, 1180). [211°]. Trimetrio needles (from 

ether), with very bitter taste. Lievorotatory. 
—^B'Etl,; black needles. 

Ethylo-chloride B'EtClSaq. Blender 
needles.-B'EtHPtClj: yellow pp. 

Ethylo-bromide B'BtBr2aq. 

• Ethylo-sulphates B'^Et-SO, 8 aq.— 
B'EtHSO, 2aq: needles, v. e. sol. water. 

Ethylo-cyanide B'EtCN. [90°]. White 
needles (Claus a. Merck, B. 16, 2746). 

Di-ethylo-di-iodide B'Et^LBaq. [115°]. 
Prepared by heating quinine with EtI and al¬ 
coholic potash (Skraup, M. 2, 610). Monoolinio 
tables, sol. alcohol, insol. ether. 

Melhylo-ethylo-di-iodide B'MoEtljSq. 
[208°]. Formed by boiling B'Mel with EtI and 
alcohol (Claus, B. 14, 70). An isomeride [137°- 
160°] is got from B'Etl and Mel. 

Benzylo-chloride B'0,H,C1. Amorphous. 
B'(C,H,)HPtClj2nq: crystalline (Mazzara, 0, 

13, 530).—B'(C,H,),PIC1„: yellow powder. 

Tolyl-quinine 031 ^ 2 ,( 0 ,HjjN.jO.. Two modi¬ 
fications are formed by heating quinine with 0 - 
toluidinc, and two from p-toluidine. The 0 and 
p (a) modifications form oils soluble in ether; 
the 0 and p (/3) modifications form amorphous 
yellow powders insoluble in ether, soluble in 
chloroform and alcohol. B'jnjOU’tCljaq: 
yellow crystalline powders (Claus a. Bottler, B. 

14, 80) 

Quinopropyline C-jH^^NjOj. [164°]. Got by 
heating sodium-oupreine with PrNO, and PrOH 
at 110° (Grimanx a. Arnaud, Bl. [3] 7, 310). 
White powder.—B'.H^SOj IJaq. Silky needles. 
[224°]. [o]B = 229a't22°. 

Quinoisopropyliue [154°]. Formed in like 
manner from PrNOj. -B'jH-SO^aq. S.‘3 at 10°. 


[a]„ = 229°. 

ftuinoamylino OaHj-NjO.. [167°]. Formed 
from sodium-cupreine and amyl chloride in amyl 
alcohol at 105°. Amorphous.—B'.HjSO, 2aq. 
Needles. 8. -025 at 11°. Its solution in dilute 


HjSO, fluoresces. 

ftuinine sulphonlo acid Cj,H 33 (SO,H)N 20 j. 
[209°]. Formed by moistening quinine tetra- 
sulphato with ACjO, and treating the product 
with hot water (Hesse, A. 267, 141). Small 
white prisms (containing aq when air-dried), 
[a]J = —182° in a 2 p.o. solution containing HCl 
(3 mols.).—K^A'-jH^PtClj 8aq. 

Quinine (Iso)-snlphanio acid 
C-n.j3N202(S0,H). Formed from quinine and 
faming ££,80, (Hesse, A. 267, 138). V. sol. 
water, forming a slightly acid lievorotatory solu¬ 
tion with blue fluoresoenoe. Gives a dark-green 
colour with chlorine-water and NH,Aq.— 
HA'^uCl^: yellow flocculent pp. 



QtflNOLm 


m 


Apoqninlne 0„HaK,0- [160*]. Wo- “178® 
in a 2 p.c. aolution of aloonoi (of 97 p.o.) at 15*. 
fajpMT —247* in water containing 3HG1. Formed 
by heating (juinine or copreme with HCIAq at 
140* (Hesse, A. 205, 323. 341 ; 230, 65). Amor- 
phous powder (containing 2aq), sol. alcohol, 
ether, GHG1„ and hot water. A solution o£ its 
sulphate shows no fluorescence. Chlorine-water 
and ammonia give a dark-green colour in the 
cold. The iflcobolic solution gives a dark 
brownish.red colour with FeClg. Fuming HClAq 
at 150* forms OigH^aClNjOg 2aq [160*J, which 
gives the salts B'E-^Ci, 3aq, B'H^PtCl^ 2aq, and 

C„H^,Ac*ClN A [184*]. 

Salts. — B'HjPtCl^ 3aq. — B'HI. Small 
crystals (Lippmann a. Fleissner, M. 12,331). 

Acetyl derivative C,„H^Ac 2 NA* amor¬ 
phous powder, sol. ether and alcohol. 

Isoapoquinine [176®]. Formed 

by the action of boiling alcoholic potash on 
CijHjsNA^HI [238°] (v. Quinine, Reaction 8)? 
Crystalline (Lippmann a. Fleissner, M, 12, 331). 
—B'HalHCl, aq: granules, si. sol. water. 

iBoquinine O^H,,NA [186®]. [a]o=-181® 

In a 4 p.c. solution. Formed from the compound 
C^n^iNPjjSlII [230*] (u. Quinine, Reaction 9) 
with alcoholic pota-sh (Lippmann a. Fleissner, 
Af. 12, 332). Needles (containing aq), v. e. sol. 
benaone, si. sol. ether, v. si. sol. boiling water. 
Coloured green by chlorine-wator and ammonia. 
—-B'HCl 2aq: needles, v. sol. water.—B'2nCl, m. 
sol. water.-—B'HACls: yellow crystalline pp.— 
B'jH^SO^ lOaq : neeies, v. e. sol. water.— 
B'AgNO,: needles. 

jf-duinine Cj»HjAOj* [191°]. Formed, 
together with aichino C,yH^ (?), by heating 
quinine hydroiodide with alcoholic potash 
(Skraup, B. 25, 2911). IjOGVorotatory. Yields 
B'HCl, B'HNO,, and B'ANO,, ail si. sol. water 
and readily crystallised. 

Chinene or Qalnene v, Quinienb, vol. ii. 
p. 181. 

Homoquinine u. Cinchona bases. ' 

QUININIC ACID V. Methyl derivative of 
(B.3 )-Oxy-quinoltnb cabboxylio acid. 

dUINIBATIC ACID C,H,(NHJ.CO.CO.COA- 
o-AmidO'hemoijl-glyoxylic acid. Foimed by 
oxidation of {Py. l,2,3)-tri-oxy*quinoUno with 
FcClj (Baoyer a. Homolka, B. 16, 2210). Yellow 
prisms, y. sol. water. On reduction with zinc- 
dust and HOAo and exposure of the filtrate to 
the air it forms a dark-blue colouring matter. 

Anhydride [255“-2G0»]. 

Formed by heating the acid at 120“. lied 
crystals, forming a red solution in alcohol. 
Beadlly combines with water, with re-formation 
of the acid. Dilute NaOHAq forms a yellow 
solution, very quickly becoming colourless. 
NaOEt gives a body crystallising in indigo-blue 

needles. Gives an oiim 

erystallising in orange prisms [203°]. 

tmiHITAlTNIC ACID. An acid occurring in 
cinchona bark (Schwarz, J.pr. 66, 76 j c/. Pelle¬ 
tier a. Caventou, A. Ch. [3] 16, 837). Hygro- 
scopio yellow mass. Its alkaline solutions absorb 
oxygen. Converted by boiling dilute acids into 
glucose and a brownish-red powder 
wbjoh gives acetic and protooateohuic acid when 
Insed nitii potash (Bembold, A. 148,370). 


ftin:NITEC,H,A<-»- 

CH{OH)<®g'‘Q^>CH(OH). Bydroq^airum 

hexahydridc. Formed, by reduction with sodium- 
amalgam in a current of CO.^ from the product 
of the action of dilute H-jSO^ on the dihydtide 
of di-oxy-terephthalic ether (succinyl-sucoinio 
ether) (Bacyer, J5.25,1037,1840). V. sol. water 
and alcohol. Occurs in two modifications, 
trans [144®] and ds [90°], which yield acetyl 
derivatives melting at 106* (trans) and 32® (cis). 
Both acetyl derivatives boil at 244*. Quinite is 
converted by HBr into di-bromo-benzeno hexa- 
hydride (trans [114*], cis an oil), which on heat¬ 
ing with quinoline give oily benzene dihydride 
(81°), wlilch forms a totrabromido [182 ']. 

QUINIZABIN V. Dl-OXY-ANTllllAQUINONB. 

QUINIZINE. Substances supposed to be 
derived from the hypothetical quinizine were 
subsequently found to be derivatives of phonyl- 
pyrazole. Thus oxy-mothyl-quinizine is oxy- 
phenyl-methyl-pyrazole (g. v.). 

QUINOL V. Hydroquinonb. 

QDINOIIC ACID OJI,-N.,Oi. •Got by oxida¬ 
tion of cinchonine with HNO, (Woidol, A. 173, 
91; B. 12,1152). Woolly crystals, almost insol. 
water, v. si. sol. alcohol, sol. IIClAq. Alkalis 
give a transient crimson colour. Br and water 
I at 180* give hexa-bromo-quinoline. HNO, at 
i 170® forms cinchomeronio acid.—AgA\-— 
HA'HCl.—H..A'.,H,PtCi,: orange needles. 

aUINOLINE can i.e. 

CH-CH CN^-CII* LetiColiTie. MoL 

w. 129.* (237'5°) (Young, C. J. 65, 485); (234*) 
(SchitI, B. 19, 506); (241* cor.) (Kretschy, M. 2, 
80). S.O. a 1-106 (0. do Coninck, Bl. [2J 37, 
208); a 1*108 (Skraup). S.V. 139*8 (Sohiff). 
VajMzir-x^rcsstire: Young. Heat of neutralisa¬ 
tion : Colson, A, Ch. [6] 19, 409. Absorption of 
tiUra-violet spectrum: Hartley, 0. J. 41, 47. 
Occurs in coal-tar (Bunge, P. 31, 08; Hofmann, 
A. 47, 76; 53, 427; 74,15; Greville Williams, 
Tr. E. 21 [2]; [3] 377; 0. Fischer, B. 16, 720; 
Jacobsen a. Bcimer, B. 16,1084). 

Formation.—1. By distilling quinine, cin¬ 
chonine, or strychnine with potash (Gerhardt, 
A. 42, 310 ; 44, 279 ; 0. de Coninck, 
C. R. 94, 87; Bl [2] 35, 290). Quinoline free 
from homologues is got from cinchonine by 
treatment with potash and CuO (Wyschnegrad- 
sky, B. 13, 2318).—2. Bypassing allyl-aniline 
over heated FbO (KOnigs, B. 12,453).—3. IVom 
hydrocarbostyril (vol. i. p. 180) by treatment 
' with PClj and reduction of the product with HI 
and HOAo (Baeyer, B, 12, 1320),-4. By distil- 
lationof acrolein-aniline (Kiinigs, B. 18, 911).— 
0. By distilling anil-uvitonio acid with soda- 
lime (Botlinger, B. 13, 2165).—6. By heating a 
mixture of nitro-benzene, aniline, glycerin, and 
H-.SO. for three hours with inverted condenser 
(Skraup, M. 1, 316; 2,139, 535).—7. By heating 
its carboxylic acids with lime.— 8. By adding a 
few drops of NaOHAq to a cold dilute solution 
of equiraolecular quantities of o-aimdo-benzoic 
aldehyde and acetic aldehyde (Friedl&nder a* 
Gohring, B. 16,1833).—9. By heatingthe hydro¬ 
chloride of quinoline tetrahydride with water 
and Hg(OAo), at 150° (Tafel, B. 26, 1623).-10. 
By fusing methyl-aoetaniiide with ZnC^ at 290® 
(PiotetpB. 23,1903). 
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PreparaHon.^X mixture of aniline (38 pts.), also give qoinolmic amd. EMnO^ and dilate 
glycerin (120 pts.), nitro-beuzene (24 pts.) and H^SO^ form quinoline (B. 3^-carboxylio acid, di- 
H 2 SO 4 (100 pts.) is heated with inverted con- quinolyl being an intermediate product (Georgle- 
denser. Potash is then added, and the base dis- vitch, if. 12, 312).—9. 11^804 a* 220'* forma the 
tilled over with steam and fractionally distilled. {B. 4)-sulphonic acid; at 250'^ the (B. 2)'8uh 
It may be further purified by means of the acid phonic acid ia produced (Qeorgievitch, M. 8 , 
sulphate and freed from aniline by oxidation or 578,641).—10. Oxygen passed through platinised 
by treatment in acid solution with KaNO^. The asbestos containing quinoline and quinoline hy> 
yield is 60 p.c. (Skraup). drochloride at 190^ forms (a)>diquinolyL Oxygen 

Properfiss.—Colourless liquid with peculiar acting on a mixture of aniline and quinoline 
odour, slowly becoming yellow. V. si. sol. water, hydrochloride forms {Py. 3 ; B. 2)'diquinoiyl 
miscible with alcohol, ether, and (JS«. Quinoline and p-amido'{Py. 3)-phcnyi-quinoiine, while 
is very hygroscopic, forming the hydrate quinoline and o-toluidine hydrochloride are con- 
(C^^Nj^jSaq, which becomes turbid on warming verted by oxygen into amido-phenyl-methyl- 
(Hoogewerff a. Van Dorp, 11. T. 0.1,1,107). It quinoline (Woidel, M. 8, 120; 9, 99).—11. 
ia antiseptic, antipyretic, and antizymotio p*Amido-phenyl-quinoline is also formed by 
(Donatb, B. 14,178). Quinoline separated from heating quinoline hydrochloride with aniline.— 
solutions of its salts dissolves in excess of Ntf;, 12. BzCl at 240^ gives (i3)-diquinolyl.—13. 
or ammonium carbonate, but notin NaOH or ^^foxanaddedtoasolutionof quinolinosaturatod 
NaXOa. Iodine in KI gives a brown pp., insol. with SO^ forma B' 04 H.N. 404 S 05 n., crystallising 
HGlAq. Phosphornolybdio acid a yellowish- in yellowish prisms (Pellizzari, A. 248,150).— 
white pp., sol. NHaAq. Picric acid a yellow 14. SiCl, forms (C„HjN). 5 SiCl, (Harden, C./. 51, 
amorphous pp. HgCL a white pp., sol. HClAq. 40). 81^4 forms (GgH 7 N) 32 SiF 4 , crystallising in 
K.jHgI,ayelioYamorpliou 8 pp.,changed to yellow needles (Oomey a. Jackson, Am. 10, 176).—15. 
needles on adaing HCl. K.Ci\.0, gives crystals, Nitroso-di-niethyl-aniline and hydrogen cyanide 
sol. excess. Potassium ferrocyaiiide an amor- form B'(C^n 4 (NO).NMo.J.^HCy, crystallising in 
pilous orange pp. (Donath, B. 14, 1769). On golden plates (Lippmann a. Fleissncr, ilf. 0, 
shaking with cone. GuS 04 Aq a green pp. 543). — 16. Glycerin dichlorhydrin forms 
(CuS 04 )j(Cu 0 .,H.i)j 4 aq is got (Borsbach, B. 23, (OhII,N)CJI^C 1, whibh is deliquescent and forma 
924; cf. Lachovitch, M. 10, 884). NaOBr gives (B'G 3 HjCl). 4 ptCi 4 andB'C;,HaAuCl,.— n.Ethylc7te 
DO reaction (Denigis, C. B. 107,602). Quinoline chlorule&t 100'^ forms B^O.^HiCl^, crystallising in 
forms very soluble crystalline compounds with needles, yielding B'aC 2 H 4 PtCI„ (llhoussopoulos, 
NaHSO, (Brunck a. Graebe, B. 15, 1785). It ! B. 16, 879).—18. Ethylene bromide (1 mol.) 
combines with iodoform (lihoussopou)os, B. 16, heated with quinolino (1 mol.) at 80° forms the 
202 ). bromo-ethylo-bromide B'BrC.^H 4 Br, crystallising 

Reactions*—!. On passing through a red-hot from alcohol in needles and yielding B'ClO.^H,Br 
tube it yields (/3)-diquinolyl (Zimmorraann a. and (B'CiCJI,Br).PtCl, (Berend, B. 14, 1349). 
Miiller, B. 17,1965).—2. On boiling with sodia7?£ I Ethylene bromide (1 mol.) with quinoline (2 
or sodiMW-af?m/ 5 raw it is converted into‘diquino- i mols.) at 40° forms B'C.,n,Br 2 aq crystallising 
line,’ which forms a scarlet hydrochloride which ; from alcoliol in needles.—19. By heating quiuol- 
dyes silk a transient orange (Grevillo Williams, ! ine (10 g.) with glycolic chlorhydrin (10 g.) and 
jPr. 31, 536; G. N. 37, 85).—3. Iteduced by tin j water (10 o.c.) for 3 days at 100° there ia formed 
and HClAq to quinolino tetrahydridc (214°) ■ B'Cl.C^H,OH, crystallising from alcohol-ether in 
(Wyaohnegradsky, Bl. [2] 34, 339).—4. Zi)ic- splendid prisms (Wurtz, Br. 33, 452; C. B. 95, 
dost and NH.,Aq or alcohol and sodium-amalgam 263; 96,1269). It is hygroscopic, v. sol. water 
give the tetrahydrides of quinoline and of di- and alcohol, insol. ether. On boiling with moist 
quinoline (Kdnigs, B. 14, 90).—5. Oxidised by | Ag.O it forms a caustic liquid that soon turns 
bleaching-powder or other to oxy- ; crimson. It yields B'(OoH,OH)AuCl„ crystal- 

quinoline (carbostyril) and cliloro-oxy-quinolino I lising in minute pointed hexagons, and also 
(Erlenmeyer, B. 19, 489 ; Binliorn a. Lauch, A. I B'(C2H,OH)C16IIgCl.,, and (B'{C 2 H,OH)Cl). 4 PtCl|. 
243, 342). Chlorine passed into its solution in ' 20. Iodoform (1 mol.) heated with quinoline 
HOAo forms tri-chloro-oxy-carbostyril.—6. On ■ (2 mols.) for 8 days at 1C0° forms B'^CH^I^, 
heating with SbClj at 170°-400° and passing in | crystallising in long needles [132°] (Rhousso- 
cWorirte, the products are CjjClgandCaCl^ (Smith ■ poulos, B. 16, 202, 880, 2004). It is converted 
s. Davis, 0./. 41, 413).—7. Bromine (2 pts.) .by AgCi into B'jCil^Cl^ [1C8°], which gives 
added to a mixture of quinolino (1 pt.) and water B'XH PtCl^. Iodoform (1 mol.) added to quinol* 
(3 pts.) forms the tetrabromide G,r^,NBr 4 , | ino (3 mols.) in ethereal solution forms 
which crystallises from chloroform in very un- crystallising in needles [65°J, not allected by 
stable red needles, and is converted, by heating AgCl.—21. Chloro-acctic acid forms quinoline- 
with alcohol, into C„H.NBrjHBr [86°] crystal- betaine CijHyNOj [171°], whioh separates from 
lising in red prisms, insol. chloroform, v. sol. alcohol in thick crystals (containing aq) and 
alcohol and ether, decomposed at 180° into HBr forms (G,,HBN02)H,PtClri2aq (Gcriohten, B. 15, 
and bromo-quinoline-hydrobromide (Grimaux, 1254; llhoussopoulos, B. 15, 2006).—22. Chloro* 
Bl, [2] 38,125 ; C. R. 95, 86). Bromine added acetic ether forms C„HjNCI.CH2.C02Et crystal- 
to anetherealsolution of quinoline forms the di- lising in needles, v. e. sol. water, converted by 
bromide CjiH^NBrj,yielding B'HOl [100°-105°] moist AgD into quinoline. It yields the salt 
and B'HBr [88° cor.], which form red crystals (C,.,H,4N02)jH-PtClj. — 23. Chloral in ether 
(Claus a. Collischonn, B. 19, 2765).—8. KMn 04 forms CgH/NC'^HCljOaq [66°], crystallising from 
in alkaline solution forms pyridine dicarboxylio benzene (llhoussopoulos, B. 16, 881). It isinsoL 
acid (Hoogewerff a. Van Dorp, 12. T. 0.1,1,107; water and decomposed by alcohol. It yields 
c/. Dewar, Pr. 26, 66). KMnO, and cono. H,SO. (C.H,NOJlCi*OaalJlPtOJ.. — 24. at 
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lOO'^ fonns (0,H,N),C,H,O^ [103®], S. -35 in the 
cold {Hook, B. 16, 866). It crystallises from 
dilute alcohol in silvery plates, decomposed by 
HClAq.—25. Pktlialic anhydride at 150® forms 
* quino'phthalone * 0„H,NO, [235®] (Traub, B. 
16, 207). 

Salts. — B'HCl. [94®]. Deliquescent 
nodules, v. e. sol. alcohol, chloroform, and hot 
ether (0. do Coninck, Dl [2] 37, 208).— 
B'jH,PtCI,2aq [225®] (Skraup); [218®] (Lell- 
mann,.4. 237, 323).—B'jH.PtCl,aq. S. -07 at 
11®.—B'ijPtCla: insoluble powder.—B'.H^PtCI^.— 
B'HAuCI^. Canary.yellow needles.—B'HCdClaaq. 
—B'CdCl..: white pp.—B'HgClo. Pearly plates 
(Bromei8,‘A. 52, l36).-B'oH,HgCl,2aq. [01®]. 
Monoclinic crystals.—Crystals.— 
B'H,BnCl, 2aq: needles.—B'HSuClj. [127®]. 
Thin needles. — B'2n.^SnCl8. [above 240®]. — 
B'2H2Ur02Cl4: yellow prisms. — B'SbCls. — 
B'lISbCl4.-B'3H:,BiCl„.-B'„U,ZnCl4.-B'jZnClj. 
—B'lIClICl. [US''] (Ostermayer). Yellow pp.,* 
converted by ammonia into explosive B'NH..! 
(Dittmar, B. 18, 1013).—B'ICl. [100®]. Small 
white needles (Pictet a. Krafft, IJI. [3] 7, 73).— 
B'Br^HCl. [100®-105®]. Orange crystals (Claus, 
B. 19, 2760).—B'lIMnCl^: rose-rod needles 
(Borsebach, B. 23, 433).—B'HFcCl.,. [150®]. 

Formed by adding HCl to a solution containing 
quinoline and F0CI3 (B,). Small needles, decom¬ 
posed by boiling water.—B'^CoClj: blue triclinic 
crystals.—B'-^CuClj: nearly black crystals.— 1 
B'Cu{OAc)j. [above 240®]. Green crystalline 
powder.—B'^Znl^: white powder, si. sol. cold 
water.—B'jZnBr... —B'CdBr^. - B'Cdl...—B'.Cdl,. 
—B'HgBrj. [201®].—B'Hgt^. [108®].—B'Br'. 

[92®-100®]. Red crystals (Lubavin, J, li. 18, 
434).-lPBr4, lied needles.—B'Hlha. [80°].— 
B'Er^HCl. [100®-105®J.-B'Ij. [90®]. Formed 
by adding I to a solution of quinoline in CS^ 
(Glaus a. istel, B. 15, 824). Dark-grccn lustrous 
needles.—B'HL. [07®]. Ppd. by adding I in 
K1 to a solution of quinoliue sulphate (Dafert, 
M. 4, 509). Green crystalline pp., sol. alcohol* 
and bonzcne.—B'H.SO,. [104®]. S. (alcohol) 2 
at 18®; 11 at 78^ (Krakau, J. It. 17, 301). Deli- 
quescent crystals. — B'^HXroO^. [c. 107®]. 
Yellow needles (from hot water). S. *30 at 10®. 
—B'HNOj. Needles (from alcohol), v. sol. 
water, insol. ether. — B'^AgNO^: needles. — 
B'yHgfNOa),: white crystalline precipitate.— 
B'2(HN0a)..,Ce(N04),: orangc-red plates (G. Wil¬ 
liams, C. i/. 58,199).—B'.HiSiFg. Long noodles 
(Comey a, Jackson, Am. 10, 170). -B'nX^G,. 
Bilky needles (from alcohol). Decomposes at 
100® (Williams).— B'^HgCy^: long needles (from 
water) (II, Schiil, A. 131, 112).—Tartrate 
B',4C4H„0„. [125®] (Friese, B. 14, 2805).- 

Cyanurate B'jH^CaN.Oa. Crystals (Claus, 
J. pr. [2] 38, 220). - B'IISCy(Cr(SCy)3NH,). 
lledlamelloB, shsohnotwater (Christensen, J.pr, 
[2] 45, 365), — Picrate:[203^]. — o-Oxy. 
benzoate B’CjHjiOj. Crystalline powder. 

AlkylO'iodides. According to Decker 
{B. 24, 090) the alkylo-iodides B'RI are con¬ 
verted by alkalis into the hydroxides B'ROH 
which are readily oxidised by the air to crystal- 
PH’PFI 

line oxy-i»-alkyl-quinoUne0 which 

melt about 100®. The cyanines may be con- 
videred as derived from one molecule of alkyl- 
quinoline and one molecule of oxy-i'-alkyl-quin- 


S8! 

oline. The alkylo-hydroxidea are converted by 
warming with alcohols R'OH into compounds 
B'llOR'. 

Methylo»chloride B'MeCl aq. [120®]. 
On heating with ZnClj at 180® it is converted 
into a base C^oH^^N^O [72®-75®] (above 860®), 
crystallising in large trimetrio prisms, and 
yielding a hydrochloride [112®] and the double 
salts C2„IL„N.,OHAuCl4 and (C.„H,oN,0)2H2PtCl, 
[190®] nearly insol. water (Ostermayer, B* 18, 
593).-B'..Me,.rtCI„. [230®]. Yellow plates.— 

B'MeAuCl.. * [205®]. — B McClICI. [112°]. 
Formed by adding ICl to the mcthylo-chloride 
in aqueous solution. Largo yellow plates. 

Mcihylo‘iribromide B'McBrj. [123®]. 
Orange-red plates. Converted by picric acid 
solution into B'McOC,^TI.(N02)a [104®]. 

McihylO’iodidcWHfil. [73®] (La Coste, 

B. 15,192; Pictet, B. 23,1903). Large crystals. 
Converted by mois^ Ag„0 into n strongly alka¬ 
line solution of the hydroxide IFMeOII. Aqueous 
NaOH in the cold converts B'Mel into the 
oxide B'.^Md.O, a while powder, reconverted by 
HI into B'Mel (posaiblyoxy-i/-me^iyl-quinoline) 
(La Coste; Clau.s, B. 15, 475; Bcrntlisen, B. 18, 
29; Docker, B. 24, 090). Potash, even in cold 
aqueous solution, forms an oil probably contain¬ 
ing methyl-quinoline (lopidine) (Skraup, Siiz. 
W. [2] 81, 593). By the action of KOII on a 
mixture of B'Mel (2 pts.) and the methylo- 
iodido of {By. ij-methyl-qiiiiioline (1 pt.) 
there is formed di-mctliyl-cyanine iodide 

crystallising in oblong green tablets, 
[291'j, si. sol. water, forming a reddish-blue 
solution (Iloogewerff a. Van Dorp, R. T, C. 2, 
317; 3, 337). The alcoholic solution is violet, 
with green iluorcscence. Its solution in acids is 
yellow. The aqueous solution is decolourised by 
GO^, the colour re-appearing on boiling. The 
corresponding C.^iHiyN^Cl 5aq [c. 300] forms 

C. _.,H,yN.Cl(lllHCls) iaq as yellow crystals. Quin¬ 
oline metiiylo-iodide is oxidised by alkaline 
KjFcCyj to oxy-mothyl-quinoiine or v-metbyl- 

quinolono [72^ (32i» at 728 

mm.) (Decker, [2] 40, 31; cf. Bernthsen a. 
Hess, B. 18, 37, who took it for di-methyl-di- 
qninolyl; Ostermayer, il. 18, 591). This body 
is also got from carbostyril and Mel (Fried- 
liindor a. Miillor, B. 20, 2000). It deliquesces 
witli water, forming an oil. Hydrochloride 
[ 112 ®]. 

Ethylo'ckloride B'EtClaq., [93®]. Large 
Iriractric tables (Claus a. Tosse, B. 16,1277).— 
B'^jEt^PtCly. [226°]. Yellow pp. 

ii/'fAj/Zo-browiide B'EtBr aq. [80°]. Tri- 
metric tables. By the action of (Py. l)-methyl- 
quinoline ethylo-bromide it is converted into di¬ 
ethyl-cyanine bromide 023H.4j,N.4Br or 
crystallising in small needles, not melted at 2§0°i 
forming a blue solution in alcohol. 

Ethylo-iodide B'Etl. [118®] (Spalteholz, 
B.16,1851); [lOO®] (Hoogewerlf a. Dorp, B. T.C. 
2, 321). Monoclinic crystals At 280® it yields 
(7)-ethyl-quiDoIine and di-ethyl-quinoUne 
(Echer, B. 19, 2996). Moist AgjO forms strongly 
alkaline B'EtOH, which is sol. water and resini- 
fied by atmospheric oxidation. On heating 
B'Btl (2 pts.) with {Py. S)-methyl-quinoline 
ethylo-iodide (1 pt.) and alcoholic potash, there is 
formed di-ethyl-isocyanine iodide Oa|HaN,I 
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SoogtwerS a. Van Dorp, B. T. 0. 9, 344) or 
OxiHuN^ (Sp^tebolz, S. 16,1851). This body 
iorms lustrous green prisms (containing laq or 
^ EiOH or ^ EtOH l^aq) melting at 152°. It is 
insol. ether, si. sol. water, and forms a crimson 
solution in alcohol. By the action of EOH on 
a mixture of B'Etl and (Pp. l)-incthyl-quinolino 
ethylo-iodide there is formed di-ethyl-cyanine 
iodide Cj,H^NjI [273°], crystallising in green 
prisms (Hoogewerff a. Van Dorp, li. T. C. 2, 
317). Quinoline ethylo-iodide is oxidised by 

alkaline K,FeCy, to (317°) 

(Decker, J. pr. [2] 47,36), which body is also got 
from oarbostyril and EtI (EriedlSnder a. Wein¬ 
berg, B. 18, 1530). SolidiOes at -20°. 
C,H,NEtIHgCyj. [138°]. Needles (from water). 
CJ3,NEtBrHgCyj. [1.55°]. Crystals (from 
alcohol) (Claus, A. 269, 271). 

Ethylo-nitrate B'EtNOj. [89° uncor.]. 
Large trimetric crystals (Claus, D. 16,1277). 

Propylo-chloride BTrCl aq. [c. 95°] (hy¬ 
drated); [135°] (anhydrous). Colourless crystals 
(Claus a. CollUchonn, B. 19, 2504). Crystallises 
from chloroform in prisms (containing CIICl,) 

[79°]. V. e. sol. water_B'PrClBr-. [86° uncor.]. 

Orange-red radiating crystalline mass.—B'BrCIIj. 
[62°]. Brown crystals. 

Propyl-bromide B'PrBr2aq. [60°uncor.] 
(hydrated); [148° uncor.) (anhydrous). Formed 
by heating quinoline with PrBr and a little 
(10 p.o.) alcohol at 100°. Tables, v, e. sol. 
water and alcohol. The anhydrous crystals 
(obtained from absolute alcohol) are very deli¬ 
quescent. Crystals obtained from chloroform 
(containing CIICl,) melt at65°-129°.—B'PrOlBr. 
[o. 60°). Formed by passing dry Cl into a solu¬ 
tion of B'PrBr in chloroform. Small sulphur- 
yellow plates. Unstable.—B'PrBr,. [93°]. 
Fonnod by adding Br to the aqueous or alcoholic 
solution of B'PrBr. Triclinic garnet-red crystals. 
Yields (Py. 3)-broruo quinoline on heating.— 
B'PrBrI,. [60° uncor.]. Formed by evaporating 
a mixture of I in ether and B'PrBr in alcohol. 
Lustrous brown needles. — B'PrBrI,. [49°]. 
Slender, nearly black, needles with green 
reflex, 

Propylo-iodide B'PrI. [145°]. Small 
yellow crystals. Not hygroscopic. Crystallises 
from chloroform with CHCl,, partially melting 
at 92°. — B'PrCy. [87°]. Sulphur-yellow 
needles.—B'PrCl,!. [145°]. Converted by long 
boiling with water into B'l’rCl.-B'PrBr.I. [77°]. 
Triclinic orange tables.—B'PrBr,!. [48°-58°]. 
Very unstable orange powder.—B'PrI,. [62°]. 
Very stable bronzy brown prisms. — B'PrI,. 
[50°]. Stable tables. 

Iso-amylo-chloride B'C,H|,C1.— 
B',(C,H„),PtCl,. [220°]. Yellow crystalline pp. 

Iso-amylo-bromide B'0,H|,Braq. [87°] 
(hydrated); [140“J (anhydrous) (Claus a. Tosse, 
B. 16, 1277). 

Isoamylo-iodide B'C,H„I. [185°]. 
Yellow monoclinio needles (Perkin, 0. J. 14, 
246; Nadler a. Merz, /. pr. 100, 129 ; Greville 
Williams, C, W, 1861, 219; Hoogewerff a. Van' 
Dorp, B. T. C. 2, 40; 3, 362; Arzruni, B. T. G. 
4, 62). Does not form cyanine on treatment 
With potash unless it contains the isoamylo- 
iodide of { Py . l)-methyl-quinoline, in which 
ease dl-isoamyl-cyanine Iodide C„H„N,I 


[ 0 . 100°] is produced. This body crystallises is 
lustrous green monoclinio crystals (containing 
liaq); a-.b:o = 2-S79:l:l-609; 8 - 88° 46'. It also 
forms brass-yellow crystals. It is very hygro¬ 
scopic, nearly insol- ether, sL sol. CHCl,, 
acetone, and isoamyl alcohol. It is v. sol. 
alcohol, forming a deop-blue solution. Iodine 
converts it into C„H, 5 N.J[, [189°], which is si. 
sol. alcohol, V. sol. acetone, forming blue solu¬ 
tions. The solution of di-isoamyl-cyanine 
iodide in HClAq is colourless, and deposits on 
evaporation colourless scales of C»H„N.J2n01, 
which at 100° gives off HCl, leaving bronzed 
CjiHjjNjIHCl. Moist Ag,0 forms unorystal- 
lisable C„H„N,(OH). Alcohol and AgOl pro¬ 
duce C,„H„N2C1 4aq, crystallising in long blue 
prisms, and yielding (C.,JI„N,,01),PtCl,. Alcohol 
and AgNO, give CjaH„N,(N 03 ) aq, which forms 
lustrous needles giving a blue aqueous solution 
and yielding colourless C„H„N,(NO,)2HCl and 
■blue C.JEl„N,(NO,)HCl. Alcoholic ammonium 
sulphide converts the nitrate into reddish- 
yellow monoclinio crystals of C„H„,N,S,0„ which 
yields C,,H,,N,S,Cl,2PtCl, as an orange pp. 
(N. a. M.). H,SO, converts di-isoainyl-oyanina 
iodide into (C 2 ,H„N,),S 0 ,2aq, crystallising from 
hot water in blue needles. 

Allylo-iodide B'0,n,I. [177'6°] (Pictet, 
G. B. 95, 300). 

Bemylo-ehloride B'C,n,C!l 3aq. [65°]. 
Triclinic tablets. It crystallises also as 
B'C,H,C12aq [130°] in trimetrio crystals (Claus, 
B. 13, 2045; 16,1279; 18, 1305). V. sol. water 
and alcohol, insol. ether. KMnO, oxidises it to 
bcnzyl-o-amido-benzoic acid and its formyl 
derivative. By treatment with KOH or Ag,0 it 
is converted into a strong base, v. sol. water. 
Excess of KOH ppts. an oil which turns red in 
air. 'The benzylo-hydroxido yields quinoline on 
distillation (Bernthsen a. Hess, B. 18, 35). 
Mercuric chloride yields a crystalline pp. 
[142°].—(B'C,H,)-PtCl„. [246°]. Yellow pp.- 
B'C,H,ClBr,. [92‘°]. Crystalline.-B'C,H,Br04 
[80°]. Yellow needles.—B'C,H,Br,. [100°]. 
Orange prisms.—B'C.H^Brl,. [110°]. Dark- 
violet needles. 

Phenaeylo-bromide B'Br.CH,,Bz. [116°- 
166°]. Needles, v. sol. water and alcohol, v. si. 
sol. ether (Bamberger, B. 20, 3340).—B'HNO,. 

Beferences.—Amoo-, Bbomo-, Biiouo-XMiDa-, 
Bbomo-nitbo-, Culobo-, CHi,OKo-NrrBO-, loco-, 
Nixbo-, On - iiaAO ; and Oxx- quinolihbs. 

DiquinoUne v. DiguiHonYi,. 

Isoquiuoline 0„H,N le. [23°]. 

(241° i.V.). Occurs, as well as quinoline, in 
coal-tar (Hoogewerff a. Van Dorp, B. T. C. 4, 
125, 286; 6, 305). 

Formation. —1. By the action of HI at 230° 
or of zinc-dust in a current of H at a low red 
heat upon the di-chloro- derivative [123°] ob¬ 
tained by the action of POOl, on the imide of 

o-oarboxy-phenyl-acetio acid 

(Oabriel, B. 18,3470; 19,1656,2361; La Blanc, 
B. 21, 2299).—2. Together with di-isoquinolyl, 
which yields B',H,PtCl, [177°] by distilling 
benzylidone-ethyl-amine (Pictet a. Fopovici, B. 
25, 733).—3. By beating isocarbostyril or ita 
carboxylic acid with aino-dust in • current of 
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hrclngea (Bunbergei ». EitsoIieU, B. 26, 1146; 
Zmoke, B. 26,1497). 

Proptr^wi.—Hygiosoopio tables. Yields 
phthalio and oinonomeronio acids on oxidation 
bj KMnO,. Tin and HClAq give a tatra-hydride. 
Forms crystalline compounds with HgCl, and 
AgNO,. Bromine in ether gives 0,H,NBr„ 
[82°], which forms very unstable 0,H[,NBrjHBr, 
[c. 133°), converted at 200° into bromo-iso- 
quinoline [40°] (Edingor, J. pr. [2] 43, 191). 

Salts.—B'jH.;Pt01,2aq. [264°]. Beddish- 

yellow crystals.—B'HA.uCl,. [225°]. Yellow 
needles.—B'HgCIj. [165°]. White needles.— 
B'HjSOj. [ 206 °].-B'HjCr 2 O,: needles.— 
PiorateB'C.H,N,0,. [223°]. Yellow needles. 

Methylo-iodide B'Melaq. [160°]. Flat 
yellowish needles. Treatment with AgCl and 
platinio chloride gives (B'MeCl).jrtCl, [240°] 
(Claus, J. pr, [2] 38, 492). EOHAq added to 
B'Mel forms an oily base which yields 
(B'MeCl).^FtCl, 6 aq. Oxidised by alkaline 

pjT.ptr 

KHpeCy^to I'-methyl-isoquinoline 

[40°] (319°), sol. water, and yielding 

B'H,Pt01,2aq (Decker, J. pr. [2] 47, 37). 

Ethylo-iodideB'Kll. [147°]. Yellowish- 
red tables. Yields ethyl-phthalimide on oxida¬ 
tion. Gives (B'EtCl)jPtCl 4 . 

Bemylo-chloride B'C,H,C1. V. sol. 
water and alcohol, si. sol. ether (Goldschmidt, 
if. 9, 678). Yields bensyl.phthalimido [115°] 
on oxidation by KMnO, in a solution kept 
neutral by HCl. 

Phsnacylo-bromide B'BrOHjBz. [205°]. 
Formed from isoquinoline and oi-bromo-aceto- 
phenone dissolved in benzene (G.). Prisms 
(from alcohol), v. sol. water. AgNOj forms 
B'NO,(CH 4 Bz) crystallising in needles. 

Siquinoline v . Dkjuinolvi.. 

aUINOlINE (B. 1).CAEB0XYLI0 ACID 
OH;C(CO,H).C.CH;CH ^ , 

OH'CH ' C H-CH' ana-carb- 

oxylie acid. Quinaline-m-carboxylio acid, 
[357°]. 

Formation. —1. Together with a smaller 
quantity of the (B. 3)-acid by heating m-amido- 
benzoic acid with glycerin, HjSO„ and )»-nitro- 
bonzoio acid (Schlosser a. Skraup, M. 2, 618; 7, 
619).—2. By saponifying its nitrile, which is got 
by distilling sodium quinoline (B. 1)- or (B. 4)- 
Bulphonato with KOy (Bedall a. Fischer, B. 14, 
2574; 15, 683, 1980).—3- By heating quinoline 
IB. l,4)-di-oarboxylio acid (Skraup a. Brunner, 
k 7,153). 

Properftes.—White crystalline powder, sol. 
dilute acids and alkalis, insol. ether and benzene, 
V. si. sol. water and alcohol. 

Salts.—HA'HCl IJaq : white needles.- 
(HA'),H. 4 PtCl,: yellow plates. — CaA', 2aq. — 
CaBA', 6aq: needles. — HO.CuA' 2Bq: minute 
violet plates, insol. water.—AgA'; crystalline pp. 

Nitrile C,H,N.CN. [ 88 °]. (above 360°). 
Formed as above and also from (B. l)-amido- 
quinoline by diazotisation and treatment with 
CuCy, (Freydl, M, 8 , 681). Crystals, si. sol. Aq. 

Tetrahydride 0,,H,|NO,. [147°]. Formed 
by reducing the acid with tin and HCl (Fischer 
a. KSrner, B. 17, 765). Yields a crystalline 
nitrosamine 0„H„N,0,. [186°]. 

if-Isomerlde 0|,H,NO,. [338°]. Perhaps 

idsntioal with the preceding. Formed by warm¬ 


ing quinoline with m-amido-benzoio add, nitro¬ 
benzene, glycerin, and BLgSO, (Lellmann a. Alt, 
A. 237, 318). Got also by saponifying its 
nitrile which is formed by fusing sodium quinol¬ 
ine il'-ana-sulphonate with KOy in a current of 
hot air (Lellmann, B. 20,1449; 21,397). Snowy 
powder.—HA'HCl aq.—H-A',H.PtCL: needles.— 
ZnAV-AgA'. 

Tetrahydride 0,oH|,NOj. [147°]. Got 
by reducing the acid or bromo-quinoline carb¬ 
oxylic acid with tin and HClAq.— HA'HCl aq. 

Nitrile ,C,H,N.Cy. [89°]. Needles (con¬ 
taining l^aq), melting at 70°. Elflorosces, and 
then contains -’aq and molts at 74-5°, — 
B'^HjPtCl,: needles. 

Ouinolins (B. 2).carbozylie acid 
COjH.C=OH.C.CH:CH ^ 

CH:CH.C_N :CH’ ° amohne-p-carboxylio 

acid. [291°]. Formed by heating p-amido- 
benzoic acid with glycerin, p-nitro-benzoio acid, 
and HjSO, (Schlosser a. Skraup, Af. 2, 518). 
Formed also by heating its nitrile with HClAq 
at 140° (Fischer a. Wittinack, B. 17, 440). 
Thick prisms, si. sol. hot water, g. sol. acids and 
alkalis.-HA'HCl.-(HA'),HjPtCl,. — CaA'.^ 2aq. 
—AgA'. 

Nitrile C.^HjN,. [131°]. Formed by dis¬ 
tilling potassium quinoline p-sulphonate (from 
sulphanilic acid) with KCy. Needles, forming a 
rod solution in HClAq. 

Quinoline (B. 3)-carboxylic acid 

CH:CH.C.CH:CH n i. 

CO.,n.C=CH.C—N:CH‘ Quinohne-m-earb. 

oxylie acid. [218"]. 

Formatin7i.—1. By oxidation of (3)°di> 
quinolyl with CrO, and TIOAo (0. Fischer a. 
Loo, B. 17, 1901; 19, 2173). -2. By oxidation 
of {B. Bj-metliyl-qiiinoline (Ski'aup a. Brunner, 
M. 7, 112).—3. By iieating the stannochloride 
of c-ami<lo*phthalic acid with c*nitro*phthaliQ 
acid, glycerin, and ILSO, (Tortelli, Q. 16, 367). 

Propertm. —Needles (from water). 

Salt8.-Cu(OH)A' aq.-AgA'.—HA'HCl aq: 
triclinic prisms.—H.A'.iH.^PtC4: orange prisms. 

Quinoline (B. 4)-barboxylic acid 

CH:CH-O.CH:CH ^ • 7- 7 7- 

CH;C(COjH).0—NiOH' 
acid. [187°]. 

Formation.—!. By heating o-amido-benzoio 
acid with o-nitro-bcnzoic acid, glycerin, and 
HjSO, (Schlosser a. Skraup, M. 2, 518).—2. By 
heating its nitrile with cone. HClAq at 160° 
(Lellmann a. Bcuseh, B. 22,1392).—3. Together 
with the (B. ')-isomeride, by heating quinoline 
(B. l,4).di-carboxylio aoid (Skraup a. Brunner, 
k 7,153). 

Properties.—Needles, m. sol. cold water and 
alcohol. FeSO, gives a purple colour in neutral 
Bolutiuns. — HA'HCl : yellowish prisms. — 
H, A', 4 HCI : golden prisms. - HjA'jH^PtCl,: orange 
needles.—CaHA's: needles.-AgA': pp. 

Methylo-iodide HA'Mel. Slender yellow 
needles (La Coste, B. 16, 196). Moist AgjO 
forms a solution of the hydroxide which re¬ 
produces HA' on evaporation. 

Nitrile O.oH.N^. [84°]. Needles. Yield* 
B'lH^PtClg, crystallising in orange needles. 

Quinoline {By. Ij-oarboxylio acid 

O^H^^C(CO^:gH oinchminio acid. [254°]. 

Formatim.—l, By oxidation of cinchonine, 
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•inohonidina, oinohotenine, oinohotenidine, 
oinohonitine, and oinoholepidine (Weidel, A, 
178, 84; Jlf. 8 , 79! Skraup, A. 201, 303; M. 2, 
601; Forst a, Bdbringer, B. 14, 436; Scbnider- 
’aohnitsoh, U. 10, 65).—2. By oxidation ol {Py. 
y-methyl-quinoline (lepidine) (HoogewerB a. 
Van Dorp, B. T. 0. 2,11). 

Preparation. —By boiling cinchonine with 
nitric acid ol S.G. 1‘3 (Koniga, B. 12, 97 ; Claus, 
B. 18, 302). 

Properties. —Slender needles (containing aq) 
(Skraup) or tricliuio crystals (containing 2aq) 
a:i:c-•746:1:-817; o = 8 P 37'; 8 = 120'' 2'; 
• 7 = 86 “ 87' (Muthmann a. Net, B. 20, 037). By 
slow evaporation of an aqueous solution it is 
obtained in monoclinic forms (containing 2 aq), 
o:6;c="'276:l:'633; 8 = 98'’3' (Ditscheinor, A. 
173, 84; Claus, B. 20, 1004). V. si. sol. water 
and aleohol, insol. ether. Yields quinoline on 
distillation with lime, and ofy-quinoline carb¬ 
oxylic acid on fusion with potash. On heating 
with cone. H^SO, it yields quinoline p-sulplionio 
acid (Qeorgiovitch, M. 8 , 044). Sulphuric acid 
and PjOj at 17.')'’ gives an (a)-sulphonio acid 
C„HjN(SOaII)(CO.^Il), which forms very bitter 
triclinic crystals (containing aq), nearly insol. 
cold water, giving the salts (NH,).A"‘iaq, 
OaA" 2.5aq, BaA” 3aq, PbA" aq, and CuA" aq. 
H,SO, and P.,0, at 200'’ give a ( 8 )-sulphonio 
acid 0|„H,NSO, crystallising in bitter needles 
(containing 2 aq), m. sol. cold water, forming the 
salts (NH,)HA" 2aq, BaA" nq, and PbA" 4nq 
(Weidel, M. 1, 845; 2, 505 1 Georgievitch, M. 
8 , 644).—KMnO, forms pyridine tricarboxylic 
acid. 

Salts.—HA'HCl.-(HA'),II,PtCl,: triclinic 
prisms.—HA'HClICI 2aq (Dittmar, B. 18,1018). 
—HA'HNO,. — (HA'),ll 2 SO,: long prisms. — 
KA' Jaq.—CaA', IJaq: prisms (Weidel).-CaA', 
(Skraup).—CuA'.,: dark-violet plates, si. sol. hot 
water.—AgA': crystalline pp. 

Dibromide C„H,NO.,Br,. [188°]. Long 
red needles, decomposed by boiling water (Claus, 
B. 18,1307). 

Di-iodide C|„H,NO.Ij. [c. 242°]. Steel- 
blue tables, nearly insol. cold water. 

Ethyl ether EtA'. [13°]. Trimetrio 
crystals, v. si. sol. water, v. sol. ether, si. sol. 
alcohol (Van der Kolf a. Van Leent, B T. G. 8 , 
217).—EtA'HgCl.,. [153°]. Small needles.— 
(EtA'),H.,PtCl,. [204°]. Orange-yellow needles. 

Amide C,„H,N.,0. [181°]. Needles, v. e. 
sol. hot water.—B',H,,PtCl,. [250'-255'']. 

Bemylo-bromide C,„H,NO,C,H,Br. 
[130°]. Silky needles, v. sol. water and alcohol, 
insol. ether. By heating the aqueous solution or 
by treatment with alkalis, it is converted, by loss 

of HBr, into the anhydride which 

crystallises in dimetric tables (containing 3aq) 
[84°] and has a bitter taste. This anhydride is 
converted by alkalis into C,H N(C,II.)CO,H 
[218°] (Claus a. Muchall, B. 18, 363,1310). 

Tetrahydride C|„H,,NOj. Formed from 
cinohonic aoid, tin, and HClAq (Weidel, M. 2, 
29; 3, 61). Yields a nitrosamine [137'']. — 
B'HCllSaq: monoolinio crystals; a:b:c = 
•932:1:1-942; 8 = 90° 41'. Heated with H,SO, it 
gives disulpho-cinchonic acid and methyl- 
quinoline (cinoholepidine).—B'jH^PtCl,. 


Acetyl derivative of the Tetrahydride 
[164°]. Trimetrie crystals; 
a’.b’.c => -848:1: •569. SI. sol. cold water and al« 
cohol.—CaA', 2aq: minute needles. 

Quinoline {Py. 2)-carbozylic aoid 

[273°]. 

Formation. —1. By heating acridinio acid at 
125® (Graebe a. Caro, B, 13,100). —2. By oxida* 
tion of {Py. 2)-ethyl- (or methyl-) quinoline 
(Biedol, P. 1C, 1600; Doebner a. Miller, B. 18, 
1043). 

Pro 2 ?erto.—Slender needles, sol. alcohol, si. 
sol. cold water. Dissolves in acids and alkalis. 
Oxidised by KMnO* to pyridine tricarboiylio 
acid. 

Salts.-HA'HCl: needles, v. sol. water.— 
Picrate: [216®].—CuA,.—AgA.': small prisms. 
-(HA')oHPtClg: orange needles. 

Quiuoline {Py. B)-carbozylio acid 

jj. Quinaldinic acid. [156®]. 

Formed from {Py. 3)-methyl-quinoline by oxida¬ 
tion with chromio acid mixture (Doebner a. 
Miller, B. 16, 2172). Got also by oxidation of 
(a)-diqumoIyl (Weidel a. Strache, If. 7, 300). 
Needles (containing 2a(i), v. sol. hot water, acids, 
and alkalis.—CuA'.^2aq.—CaA'.^.—AgA': amor¬ 
phous precipitate.—AgHA'^NOj, aq : silky 
needles. -- HA'HCl aq. — {HA').,H,PtClg 2aq. — 
(IIA'I.^jCr-P,: sparingly soluble red crystals. 

Quinoline (B. l,4)'diwCarbozyUc acid 
CH:C(CO.,H).g.CH:0fl ro 7 Aon h. 

CH:C(CO,H).C.N=CH- '’7 

heating amido-terephthalic acid with glycerin, 
H .SOj, and o-nitro-phenol (Skraup a. Brunner, 
M. 7,147). Long needles (containing 2aq), v. 
si. sol. cold water. Salta.—HA'HCl l.^aq.— 
(HA'),Ii,PtOl 8 .-Cu,A',{HO) 2 aq: bluish pp. 
QuinMine (Py. 2,3)-dicarboxylic acid 

H- ^cridinic acid. Formed 

by oxidation of acridine with KMnOq (Graebe a. 
Caro, B. 13, 99). Long needles (containing 2aq), 
si. sol. cold water, v. sol. alcohol. Does not 
combine with acids. Decomposed by heat into 
CO.^ and a mono-carboxylic acid [276®]. 
Quinoline (/^ l,3)-dicarbozylio acid 
H ,xC (CO.,n): GH^^^ [246°]. Formed from 

{Py. 3)-3tyryl-cinohoninio acid by oxidation 
with alkaline EMnO, (Doebner a. Peters, B. 22, 
30U9). Needles, si. sol. cold water and alcohol.— 
CuA" aq.—AgjA": white pp. 

Quinoline (a)-dicarboxylie acid 
C,H,N(CO„H)j. [270°]. Formed by saponifying 
its nitrile. Slender needles (containing aq), si. 
sol. alcohol and ether. 

Nitrile OjHjNCy^ [222°]. Formed by 
heating potassium quinoline (a).disulphonate 
with KCy (La Coste a. Valeur, B. 20, 99). 
Needles (from alcohol), insol. Aq, v. sol. alkalis. 

Quinoline (B. 2, Py. 3)-dioarboxyUo aoid 
CO,H.C=CH.C.CH:(?H r276° 280°1 

CH:Cn.O.N=C.CO,P' 7'^®” 

Formed by oxidation of benzylidene-quinoUne 
(B. 2)-oarboxylio acid (Von Miller, B. 23, 2261). 
Befereneee. — Bbomo-, Nrrao-, and Oxi- 

qUmOLIHE CABBOXYUIO ACIDS. 

QtriNOUNE {Py. 8).CABB0ZTII0 AIOB- 

HYDB 0^,N.CHO. [71°]. Formed by oxidv 
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tion of {Py. d)-qalaoIyl-sci 7 lia aoid with EMnO, 
(Miller a. Spady, B. 18, 8404; 19,130). Mono- 
olinio plates (from ligroln), al. sol. water. Be- 
duees ammoniacal AgNO,. Yields a phenyl- 
Ijydrazido 0„H„N, [198°] crystallising in yellow 
plates. 

QUINOLINE HTDEIDES. 

Polymeride of quinoline dihydride 0 „H|,Nj. 
[162°]. Formed by reducing quinoline with 
zinc-dust and HOAo, zinc-dust and NH^, zinc 
and HOlAq, or alcohol and sodium-amalgam 
(Konigs, B. 12, 101,252; 14,99; Wysohnegrad- 
sky, B. 12, 1481; Lollmann, B. 22, 1897). 
Amorphous powder. Its solution in cone. HCIAq 
is ppd. by water and by NaOAo. Yields a 
nitrosamine. 

Quinoline dihydride (7). (220°-226°). Found 
in small quantity among the products of the 
action of KOH on quinoline (0. de Coninck, 
C. B. 94, 87).—B'jHjl'tCls. 

Quinoline tetrahydride OjHuN i.e. 

[0.10°]. (240°unoor.). 

Formation. —1. By reduction of quinoline 
with zinc or tin and HCIAq (Wysclmegradsky, 
BU [2] 34, 3iJ9; B. 12, 1481; 13, 2400), with 
zino-dust and KH^Aq, with alcohol and sodium^ 
amalgam (Konigs, B. 14, 99; 10, 727), or with 
sodium (Weidcla. Glaser, M. 7, 328).—2. From 
carbostyril, alcohol, and Na (Knorr a. Klotz, B. 
19. 3302). 

Properties.-- Needles, sol. water, volatile with 
steam. Secondary base. ICl forms in presence 
of HCl an amorphous pp. C|,I1„L^N (Dittmar, B. 
18,1619). 

Beactions. —1. The vapour passed through a 
red’hot tube yields indole and quinoline.— 2 . 
Chromic acid mixture yields quinoline.—3. 
NitrO'bemene yields quinoline. p-Ct^oro-nitro- 
bemene at 200 ° does the same (Lcllmann a. 
Iteusoh, B. 22,1389).—4. HI and P reduce it to 
CflHjj, an oil (147° at 720 mm.) (Bamberger a.. 
Lengfeld, B. 23, 1168).—6. I3r forms oily 
OjH,^,BrN and C^HsBrjN.— 6 . Benzene sulphonic 
chbr^e and NaOH form C,H,jN.SO.C^Nj [67°], 
crystallising in plates, si. sol. alcohol, insol. 
water fSchotten a. Sohlomann, B. 24, 3096).—7. 
Methijl chloroformate gives CjH,oN.CO.^Me 
[c. 35°3, which may be oxidised by KMuOq in 
the cold to an acid [156°] and at 100 ° to a com* 
pound [175°] crystallising in red needles.— 8 . 
Diazobenzene chloride and aqueous NaOAo form 
Ct,H,„N.N.^CeHs, which is split up by dilute 
H 2 SO 4 into phenol and quinoline tetrahydride.— 
9. Potassium cyanaie acting on the hydro¬ 
chloride forms C„H,oN.CO.NH 2 [150-5°], ci^stal- 
Using in needles, si. sol. cold water. It is con¬ 
verted by cone. HjSO^ and HNO 3 at 0 ° into 
C„H,(NO.j^.CO.NH, [191°], si. sol. alcohol, and 
C 9 H»(NO,j) 2 N [161°], V. sol. alcohol, wliich forms 
a nitrosamine [127°] (Thomas, B. T, C. 10, 
148).—10. Benzoic aldehyde and ZnOIs yield 
CHPh(C 3 jH,<,N )2 [153°], while p-nitro-benzoio 
aldehyde forms a corresponding body [177°] 
(Einhom, B. 19. 1243). 

Salts. — B'HCi. [181°]. — B'^H^PtCl,. — 
B'HaSOq. [137°]. Prisms (from alcohol) or 
tables (from water). 

Acetyl derivative C«H,QNAe. (295°). 
Yields OO^.COJ?H.O,H,.CO^ [1:2] on oxida¬ 
tion by OnO^* 
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Benzoyl derivative [75°]« 

Tables (from alcohol). Oxldis^ by KMnOi to 
benzoyl-isatio acid (Sohotten, B. 24, 772). 

Wifrosawine ObH,oN(NO). Oil. Converted" 
by alcoholic HCl into the isomeric (B. 2)- 
nitroso-quinoline tetrahydride [134°], vhich 
separates from benzene in steel-blue orystalsi 
converted by NaNO.^ and HOAo into C,H„N,0, 
[98°J (Ziegler, B. 21, 861). Phenyl-hydrazine 
forms C^Hi^N.p.PhNjHj [120°]. Zinc-dust and 
HOAo reduce the nitrosamine to the hydrazine 
C„H,„N(NH.^) [56°] ( 0 . 255°), which crystallises 
from ligroin, and forms 2aq, crystallising 

in yellow plates. The hydrazine is oxidised in 
ethereal solution by ppd. llgO to tbe tetrazone 
CigH^N,, which forms colourless needles [160°], 
sol. ether, si. sol. alcohol. 

Methylo’Chloride v. Hydrochloride of 

V-MeTITXL-QUINOLINE TETHAHVnniDE. 

Ethylo^iodiaeB'Eil. Changed by alkalis 
into f'-othyl-quinoline tetrahydride, which is a 
liquid (254°-258°) yielding (C,H,„NEt)..H..Cd01„ 
[105°], and (C„H,oNEt) JI,l>tCl« [c.JlC0 (Wyach* 
negradsky, B. 13,2400; Claus a. Stcgolitz, B. 17, 
1329). 

Quinoline tetrahydride 0„H„N. (213°), 

Formed by distilling cinchonine (I pt.) with 
KOH (3 pts.) (0. do Coninck, C. B, 94, 87; 
A. Oh. [5] 21, 478). Got also by distilling 
brucine with potash (Be Coninck, C. B. 99,1077). 
Slightly hygroscopic oil, v. sol. acids. Beduces 
FcClj. Maybe oxidised to quinoline.—B'HOl: 
deliquescent needles, v. sol. water.—B'^H^PtCl,. 
—B'jHjPtCl,: pale orange plates. 

Quinoline hexahydride CaHisN. (227°) at 
720 mm. A product of the action of HI and P 
at 230° on the liydrochloride of quinoline tetra* 
hydride (Brmbcrger a. Lengfeld, B. 23, 1155). 
Liquid, turning brown in air, m. sol. hot water. 
FeCl;, gives a brown colour on warming. Diazo 
benzene sulphonic acid gives a light-red colour¬ 
ing matter. Phosphomolybdicacid gives a white 
pp. Potassio-mercurio iodide gives no pp. 
NaNOjt in acid solution gives an oily pp. of the 
nitrosamine.—B'HCl. [170°]. Silky needles. 
B'HBr. Long silky needles. 

Quinoline decahydride C^Hi^N i.e, 

CH.MCHj.CH.CII.-C'f^a MQ R01 /OnAOnfrilmm \ 
CH,,.CH.,.CII.NH .Cn.; at714ram.). 

Formed by heating tho hydroohlorida of qninol- 
iiio tetrabydrii]e (8 pta.) with HI (16 pta. of 
S.G. 1'9) for 7 hours at 230° (Bamberger a. 
Lengfeld, B. 23,1145). Needles or prisms (from 
ligroin). Smells like coniine. Fumes with HCL 
Sublimes, in needles, in the cold. M. sol. water, 

V. sol. alcohol and ether, si. sol. alkalis. Gives 
no colour with Fed, or diazo salts. Beduoes 
ammoniacal AgNO, in alcoholic solution. 
Fhosphomolybdio acid gives a white fiocculent 
pp. changing to needles. Fatassio-mercuria 
iodide added to the acid solution gives scarlet 
orysLals changing to black prisms on warming. 

Beactions. — 1. Phenyl-cyunate forms, in 
ethereal solution, 0,H„N.CO.NHPh, crystalliaing 
in needles [148°].—2. Phenyl thiocarbimide in 
ether forms C,H„N.CS.NHPh, orystalliaing from 
chloroform in tables [134’6°].—8. An e&ereal 
solution of OS, gives C„H„N.CS.SNH,C,H,„ 
crystallising in needles [120°), not decomposed 
b;y boiling ^cohol, but converted by iodine into 

C C 
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(0^„N)HI and S,(OS.NO,H, J,, which orystal- 
lises in oolourlcBB needles sol. alcohol. 

Salts.-B'HCa. [276=]. SmaU tables.— 
■ B'HI. [263=]. Silky needles.—B'HAuCI, 
[96=]. Golden needles.—B'^^tCl,. [207-6°]. 

Acetyl derivative G,H„NAo. Oil. 

Benzoyl derivative 0|,H,,NBz. [44°]. 

ISOaUIKOLlHE TETRAHYDMDE C,H„N. 
(232=). Formed by the action ol tin and HCfl 
upon isoquinoline (Hoogewerff a. Van Dorp, 
B. T, C, 5, 306). Liquid, smelling like iso- 
quinoline, el. sol. water. Absorbs CO, from the 
air. forming a crystalline carbonate. The 
aqueous solution reduces AgHO,. Yields an 
oily nitrosamine.-B'HCl. [196°]. Tables, sol. 
alcohol. Not hygroscopic.—B',H,SO,: sol. al¬ 
cohol.—B',H,PtCl.. [232°]. Beddish-yellow 
tables, decomposed by hot water. 

ftTriNOUNE-HTDKOaBINONE v. Di-oxy- 

QDINOLtNE. " 

aUINOLISE-IOBOFOEM v. QuiHOiaNE, 
Reaction 20. 

tmiNOLIWiE-atriNONE C,H,NO, i.e. 
CH.CO.C.CH:gH , ,, 

CH.CO 0 N=CH' °y ‘'“® action of cold 

chromic acid mixture on {B. 4,l)-oxy-nmido- 
qninoline (Fischer a. Eenouf, B. 17, 1614). Flat 
needles with green reflex (from alcohol), decom¬ 
posing at 110=-120=. Its salts are decomposed 
by water. Eeduoed by sulphurous acid to di- 
oxy-qninoline. Aniline in alcoholic solution 
forms, on boiling, the dianilide Oj,H|,N,0, 
crystallising from dilute alcohol in small copper- 
red plates with green reflex [o. 190=], forming a 
violet solution in HCLAq. 

o,.-™ CH.C(NOH).C.CH:QH 

Mono-ox%m —lC.N==CH- 

Formed by the action of NaNO, and nClAq on 
(3. 4)-oxy-quinoline (Von Kostanecki, B. 24, 
152). Needles (from alcohol). Gradually 
blackens below 220°, decomposing completely at 


Formed 


ni gH.C(NOH).g.CH:CH 
Bt-oxtm cH.C(NOH).O.N=CH- 

by adding hydroxylamine hydrochloride to an 
aqueous solution of the mono-oxim (Von Kosta- 
neoki a. Eeicher, B. 24, 156). Minute crystals. 
Ao,0 yields a crystalline di-acetyl derivative de¬ 
composing below 160° with evolution ol gas. 
Byes cotton mordanted with iron salts greenish- 
black. 

Qninoline-o-quinone CjHjNO,- Formed by 
oxidising (J3. 2)-oiy-(B. 1 or 3)-amido-quinoline 
with Fed, in acid solution (Mathbus, B. 21, 
1887). Unstable.—B'HCl: long reddish-yellow 
needles. Becomposed by Na,CO„ forming a 
brown solution. The sulphate forms yellow 
plates. 

Mono-oxim C,H,N(OH)(NOH). Formed 
from p-oxy-quinoline, NaNO,, and HCl (M.). 
Golden needles (from HOAo), si. sol. ether. 

Di-oxim 0,H,N(NOH),. Needles, decom¬ 
posing at 190° (Von Kostanecki a. Eeicher, B. 
24,168). Converted by cone. EOHAq Into the 
anhydride C,^,N(N,0), which forms colourless 
nee^es, readily volatile with steam. 

ftiriNOIINE IB. l)-STrLFHONIO ACIB 
CH:0(SO,H).g.CH;CH , j . . 

OH:CH_- C.N=CH' ^ product of the 

snlphonation of quinoline (0. Fischer, B, 16, 
618,1979 i 20, 731 j La d>ste a. Vsleur, B. 20, 


97). Formed also from amldo-benzene »-eoI 
phonic acid, nitrobenzene, glycerin, and H,SO 
at 160° (Lellmann a. Lange, B. 20,1446). Mono 
clinic needles (containing aq). Yields oxy-quino 
line[224°] bypotash-fusion.—CaA',6aq: needles 
V. e. sol. water. According to Lellmann, then 
exists an isomeric quinoline {B. l).Bulphouii 
acid, also got by sulphonation of quinoline, witl 
H,SO, (containing 60 p.o. SO, extra) at 260' 
(Lellmimn, 13.20,2172). Thisif'-acidisconveitei 
by cone. H,SO, at 250=-300° into the (B. 2)-aci( 
(Lellmann, B. 22,1391). The ('-acid forms an 
hydrous crystals. 

Tetrahydride C,II„N-SO,H aq. [316°] 
Fonned by reducing the above acid (13.4)-bromo 
quinoline (B. 11-sulphonic acid and also (B. 4) 
oxy-quinoline (B. l)-sulphonio acid with tin and 
HClAq (Lellmann a. Lange, B. 20, 3087; Claus, 
J. pr. [2] 42, 344). Trimetrio crystals (from 
dilute solutions) or monoclinio crystals (from 
cone, solutions). FeCl, gives a brown coloui 
passing through purple to grass-green on 
warming. 

Quinoline (B. 2)-sulp]icnic acid 
SO,H.C=CH.C.OaCH „ , V ,, ,. 

CH:CH.C.N=CH- ^7 heating a 

mixture of amido-benzene-p-sulpbonio acid, 
glycerin, nitrobenzene, and HjSO, (Happ, B. 17, 
191). Formed also (to the extent of 70 p.o.) by 
heating 4uinoline with cone. H,SO, at 240°-300= 
and by heating the (B. 1). or {0 4)- acid with 
oono.H,SO, at 240°-300’ (Georgievitch, Itf. 8,678, 
639). Monoclinio needles (containing l^aq), si. 
sol. alcohol and cold water. Not melted at 260°. 
Potash-fusion yields (B. 2)-oxy-quinolino [193°]. 
Bromine-water gives a yellow pp. of di-bromo- 
quinoline [126=] and at 100° Br (3 mols.) forms 
tri-bromo-quinoline [170°] (Claus a. Kuttner, B. 
19, 2884). Heating with KCy gives CJB[,N.Cy 
[131°] which on saponification yields the carl), 
oxyiie acid [288=]. 

Salts. —KA' (dried at 120°). Tables.— 
BaA', (dried at 120°).—AgA': slender needles.— 
AgjHA',: needles. — (HA')|,K,1,6aq: lustrous 
green crystals. 

Ethyl ether EtA'2aq. Crystals, v. sol, 
water (Clausa. Happ, B. 18, 366).—EtA'KI,: 
unstable brown needles, v. sol. water (Claus a. 
Stegelitz, B. 19, 921).—EtA'KBr,.—EtA'HgCl,. 

Benzyl ether 0,H,A'2aq. Monoclinio 
crystals.—C,n,A'KI,: needles with blue reflex. 

Quinoline (B. 3)-salphonic acid 

SO,H.O=OH:c;n=CH- [above 300°). Formed 
by heating quinoline with H,SO, (containing 16 
p.o. SO, extra) at 130° (Claus, J. pr. [2J 37, 
260). Small needles, v. e. sol. water, v. sol. 
alcohol. Potash-fusion yields oxy-quinoline 
[165°-200=]. Bromine forms di-bromo-quinoline 
[266=1 snd tri-bromo-quinoline [199°].—NaA'Saq. 
KA' 2aq. — CaA', 4aq. — BaA', 4aq. — PbA',. — 
CuA', 2aq; dark-green crystalline powder. 

Ethyl ether EtM. [276°]. Needles (from 
alcohol). 

Chloride 0,,H,N.S0,C1. Viscid mass. 

Amide C,H,N,SO,NH,. [119°]. Crystaliina. 

Quinoline (B. 4)-salpboaio acid 

CHiCH_O.CHiCH - . . 

0H:C(S0,H).0.N=-6H' o-evlpiumu) 

acid. Formed, together with a smaller quantity 
of the p- acid, by heating quinoline with fuming 
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B, SO, at 170° (0. Fisohai a. BedaU, B. 15, 603, 
1979 i 30, 731; Biemersohmied, B. 16, 731; La 
Coste a. Valeor, B. 30, 95; Olana, B, 19, 926, 
2882; J, [2] 87, 260). Formed also by heat¬ 
ing quinoline with oono. H 2 SO, at 220^ (Qeorgie- 
vitoh, M. 8, 641). Monoolinio prisms, v. si. sol. 
water. Oxidised by KMnO, to pyridine dicaib- 
oxylio (quinolinic) acid (Fischer, B.- 17,755) and 
a smim quantity of (l,2,3)-sulpho-amido. 
benzoic acid (Zhroher, B. 21,180). Changed by 
cone. HjSO, at 250° to the (B. 2)-isomeride 
(Oeorgievitoh, M. 8,678). Bromine-water forms 
a yellow insoluble pp. and, at 100°, tri-bromo- 
quinoline [198°]. 

Salts.—NaA'Saq (Spies, Jlpr. [2] 37, 265). 
—KA' 2aq.—CaA'j 9aq. Monoclinio crystals. — 
PbA',.—CuA'j2aq: small green needles. 

Ethyl ether EtA'. [66°J. Needles (from 
chloroform). Decomposed by boiling water. 

Chloride CANSO. 2 CI. [124°]. Needles. 

Amide C.H.N.SO^NHj. [184°]. Needles 
(from water) (Hoogewerft a. van Dorp, B. T. G. 
8, 184). Converted by Br and KOHAq into 

C, H,NS0.2NBrK2aq, crystallising in yellow 
needles, m. sol. water, and converted by HOAc 
into CglljNSOjNBrll, crystallising from acetone 
in needles, yi^ding (C„H,NS 02 NBr) 2 Ba 2 aq. 

Quinoline (a)-disulphonic acid 
0,Hj(SO,II),N. Formed, together with the (8)- 
isomeride, by heating quinoline (B. 4)-sulphonio 
acid with fuming H^SO, at 250° (La Coste a. 
Valeur, B. 19, 995 i 20, 98). Yellow needles 
(containing 3aq), v. sol. water, insol. alcohol.— 
KjA"31aq: satiny plates, v. e. sol. water.— 
BaA''3aq. S. 4'08 at 15°. 

Quinoline (3)-disulphonlc acid 
C,H,N(SO,H)j. Formed as above (La Costs a. 
Valeur, B. 19, 998; 20, 3199). Needles (con¬ 
taining IJaq), v. sol. water, insol. alcohol.— 
KjA" aq: crusts, si. sol. cold water.—BaA" 2aq: 
white powder, si. sol. cold water (difference from 
(a), isomeride). 

Beferences. — Bromo- and Oxy-quisoline 

SULPHOHIO ACIDS. 

ISOQVINOLINE SULFHONIO ACID 
can (SO,H)- Formed by heating isoquinolino 
(1 pt.) with fuming 11,SO, (2 pts.) at 100° 
(Hoogewerfl a. van Dorp, B. 5f. C. 6, 305).— 
BaA', 9aq. Needles, v. sol. water. 

QUINOLINIC ACID v. Pyridine dicard- 
oxYLio ACID. The name is also given by Dewar 
(Pr. 30,164) to an acid C,H,NO, [143°] formed 
in smaU quantity in the oxidation of quinoline 
(derived from cinchonine) by boiling aqueous 
KMnO,. 

(a).DIQUINOLYL C„H,A 
®«Hi<N=0-0*^N>°»®<- Diiuinoline. 
[176°]. (above 400°). V.D. 8-73 (calc. 8-86). 

Formation _1. By heating quinoline with 

sodium at 192° (Weidel, ill. 2, 491; 7, 327).-2. 
In small quantity (8 p.e.) by passing dry oxygen 
into a mixture of quinoline and quinoline hydro¬ 
chloride in presence of platinum-black (Weidol, 
if. 8,120). 

Properties. — Monoclinic plates, oibic- 
1-87:1:1'32; 8 = 109° 68'. Insol. water, sol. al¬ 
cohol, other, and benzene. Oxidised by KMnO, 
and HOAo to cyolothraustio (0„H„N,0,), quin¬ 
oline (Pv. 8)-caiboxylic, oxyisooinchomeronio 
(oxy-pyridine dloarboz)rUo),aQdo-amid9-benzQic 


acids (Weidel a. Stracbe, if. 7, 380, 306 ; 8, 
197). Alkaline KMnO, forms isocinchomeronio, 
o-amido-benzoio, and pyridanthrilio (0|,H„N,0,) 
acid. McOH and a,SO, form B"MeSO,H 
(Ostermayer, B. 18, 333, 697). 

Salts. — B"H,Cl, 4aq : white needles.— 
B'A^tCl, aq.—^B"HAuCl, 2aq.—B"H,SO, aq, 

Uethylo-chloride B"Me.,Cl,Oaq: needles. 

-B"Me,Cl22ICl. [238°]. Lemon-yellow pp. 

Methylo-iodide B"MoI. [283°]. 

Ethylo-iodide B"EtI. Yellow needles 
(from water), st. sol. water (Boser, fl. 17, 2769). 

Sulphonio acid C„H,|N.,(SO,H). Formed 
by heating diquinolyl with Il,SO, (containing 
6 p.c. SO, extra) (Weidel a. Gliiser, if. 7, 308). 
Minute needles, almost insol. hot water, sol. 
cone. HClAq and H,SO,. Converted by potash- 
fusion into oxy-diquinolyl [208°].—KA' 2aq: 
needles, v. e. sol. water.—CuA', 2aq. 

{a]-t>isulphonK acid C|,Hi„(SO,H),Np 
Formed by heating diquinolyl (10 pts.) with 
HjSO, (11 pts.) and SO, (34 pts.) at 170° 
(Weidel, if. 2, 603). Minute needies, si. sol. 
water. Yields, by potash-fusidh, di-oxy-di- 
quinolyl [239°].—K,A" 6aq: needles.—CuA"6aq: 
bluish-green crystals, nearly insol. water. 

{P)-Disulphouic acid 0|,H|o(SOaH),N,. 
Formed, together with the mono-sulphonic acid, 
by heating (a)-diquinolyl (100 pts.) with H,SO. 
(332 pts.) and SO, (18 pts.) for 20 hours at 190° 
(Weidel a. Glaser, if. 7, 322). Small needles, 
converted by potash-fusion into di-oxy-di- 
quinolyl [above 305°].—K,A" (dried at 120°): 
crystaiiino powder.—CuA" (dried at 120°). 

(8)-Diquinolyl 

CH;CH.C.CH:g.CH:CHs,^„ „ 

CII;N—C.CH;C.Cn;N-.^^»“<- G'*'® J- 

Formation.—1. By heating quinoline with 
BzCl at 259° (Japp a. Graham, 0. J. 39,174).-y- 
2. In very small quantity by distilling cinchomnic 
acid with iime (Weidel, M. 2, 501).—3. By 
passing quinoline through a red-hot tube (Zim- 
mermann a. Muller, B. 17, 1965).—4. By dis¬ 
tilling quinoline (B. 4)-sulphonio acid; the yield 
being 10 p.c. (0. Fischer a. Loo, B. 17,1899; 19, 
2472). 

Properties. —Iridescent plates (by sublima¬ 
tion) or colourless prisms (from ether), sol. hot 
•benzene, alcohol, and ether, insol. water. Weak 
base, the salts being decomposed by water. 
Oxidised by CrO, and HOAc to quinoline (B. 3)- 
earboxylic acid. CrO, and H.,SO, give pyridyl- 
quinoline carWbxylic acid C,H,N.CAN.CO.,H 
[273°]. Bromine forms C|,H|jN,Br, [192']. 

Salts.—B"n,SO,: sparingly soluble con¬ 
centric needles.—B"H.,PtCl,: granular pp. 

Ethylo-iodide B"EtI. Very unstable 
red crystals, decomposed by hot water. 

Disulphonic acid C|,H|„(SO,H),N,, 
Formed by heating the base (1 pt.) with oono. 
H,SO, (10 pts.) at 180°. V. e. sol. water.— 
K^"3aq: prisms. 

(•y)-Diquinolyl 

CH:N-C-CH;CHgH:CH.C.N -QH 
CH:CH.C.CH;C-0= CH-O-CHiCH' 
luimlyl. [178°]. 

Formation.—1. By boiling a 
benzidine, nitrobenzene, glycerin, 

(Boser, B. 17,1817, 2767 ; 0. W. Fischer, M. 6, 
418; Colson, 0. B. 108, 677). A better yield is 
got by using o-oi p- nitrephenol instead of nitiq- 


Di-p- 

mixtuze of 
and H,SO, 
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benzene (Ostermayera. Henricbsen, B. 17,2444). 
When Grade benzidine is used there is also 
formed a base Cj,H„N..Oj, which yields B'2SnClj 
[136“J and B''II j’tCI.'2aq (Colson, C. B. 107, 
1008; 108, By heating azobenzene 

with glycerin and H.SO, (Claus a. Stegelitz, B. 
17, 2380). 

Properties. —Monoclinic crystals, insol. water, 
si. sol. ether, v. sol. hot alcohol and benzene. 
MeOH and H.SO, at 180“ form B''(MeHSO,).,2aq, 
crystallising in needles. Bromijio in alcohol 
forms unstable C„H|.,N..Br 2 and C,^H,jN.^Br„ con¬ 
verted by HClAq at iOO" into C„H,,BrN, [160“- 
166“]. 

Salts. — B"H.jCl 2 4aq: white needles. — 
B"HAuCl,2aq: slender needles.—B"H.^SnCl 4 : 
colourless needles.- B"H„PtCl, (dried at 106“).— 
B"H.;Cl.j2ICl: cheesy pp. (Ditlmar, li. 18,1618). 
— B''H,.SO, 3aq. — B '20.30.. - B"2H.Cr.O,.— 
B"C„H.(NO.)jOH: minute ylllow pri.sms. 

Methylo-iodides B"MeI. Crystals. — 
B''Mo.Ij. [o. 300“]. Yellow needles, sol. water. 

Ethylo-i^dide B"2EtI. [270“]. Needles. 

Disulphonic acid C„H|„(SOjH) 2 Nj. 
White powder, in,soI. water and alcohoi.— 
Na2A"5aq: small needles. The same, or an 
isomeric, disulphonic acid is got by licating 
benzidine disulphonic acid with o-nitro-phenol, 
glycerin, and H..SO.. It crystattises in plates or 
needles, and yields K..A" aq. 

(S)-Biqninolyl 

CH:N—C.Cn:CH gH.CII:CH.n.CH;CH 


CH:CH.C.CH:C-C-C.N=CH' 

[148°]. Formed by heating o- p- di-amido-di- 
phenylhydroohloride with nitrobenzene, glycerin, 
and HjSO, (0. W. Fischer, M. 6, 646). Leaflets, 
insol. water, sol. hot alcohol and benzene. 
Bromine in presence of water forms orange 
needles of 0|,H|.,N,Br|.—B''H.;Cl 2 : needles, v. o. 
sol. water.—B''H.,l’tClj aq ; reddish-yellow crys¬ 
talline pp.—Picrate. [108“J. Yellow needles. 

Methylo-iodide B''MeI. [126“]. Needles. 

Disulphonic acid C|,H,„(SOjH)..Nj. Four¬ 
sided tables, not molted at 300“. SI. sol. hot 
water. - BaA" 3aq: needles, m. sol. hot water. 

(Py. 3, B. 1 or 3)-Diquinolyl OijHuNj. [16!)“]. 
Formed (7 pts.), together with the isomerido 
[116“], by heating a mixture of m-amido-(Pp. 3)- 
phenyl-qninoline (20 pts.), glycerin (70 pts.), 
o-nitro-phenol (16 pts.), and H^SO, (60 pts.) 
(Miller a. Kinkolin, B. 18,1910). Small mono¬ 
clinic tables, si. sol. ether, cold alcohol, and 
chloroform.—B''H 2 CL, 2 aq: plate's.—B"H 2 PtCl„. 
—B''H,2S0, : easily soluble needles.—^B''C,li,NjO,. 
[240“]. Crystalline powder. 

Methylo-iodide B''MeI. [263“]. Needles. 

{Py. 8, B. 3 or l)-Diquinolyl CuHi.N.^. 
[116“]. Formed as above (M. a. K.). Light- 
yellow triclinio crystals, v. sol. alcohol, ether, 
and benzene, si. sol. ligro'in.—B''n. 2 Cl 3 3aq: 
tables, V. e. sol. water.—B''H. 2 PtCl,: crystalline. 

(Py. 3, B. l)-I)iqainolyl 
„-/CH;CH CH.CH:CH.q.CH;OH 
®«^<N=0-0-C.N=CH- 


Formed from p-amido-(Py. 3)-phcnyl-quinoline, 
glycerin, nitro-benzene, and H^SO^ (Weidel, M. 
8,140). It is also a product of the action of 
oxygon on a mixture of quinoline hydrochloride, 
aniline, and platinised asbestos at 180“. Mono- 
clinic tables (from alcohol).—^B''H. 2 l’tCl,: crystal¬ 
line powder.—B"HC1: yellow.—B"HjOl8. 


Methylo.iodideWneliUi. [232»]. Snail 
needles (from water), si. sol. boiling water. 

Sulphonic aeid 0„H„{SO,H)Nj. In¬ 
soluble powder. Potash-fusion yidds an ozy- 
diquinolyl [187“]. 

(.B., Py. l).DlqniaolyI 0„H,2Nr [122“]. Got 
by heating (a)-amido-(Py. l)-ph6nyl-qainoline 
[160“] with glycerin, nitro-benzene, and HjSO, 
fKoenigs a. Nef, B. 20, 632). Large crystals 
(from benzene). May be distilled. V. e. sol. 
alcohol, V. si. sol. ether. Strong base. — 
B"H 2 PtCl„: granules, sol. cone. IIClAq. 

(B., Py. l).Diquinolyl Ci.K.^N^- [117°]- 

Got by heating (8)-amido-(Py. l)-phenyl. 
quinoline [198“] with glycerin, nitro-benzene, 
and IIBOj (Koenigs a. Nef, B. 20,634). Tables 
(from benzene), v. e. sol. alcohol. May be dis¬ 
tilled. Strong base. — B''II. 2 PtCl,; yellow 
needles.—Piorate. [248“]. Bulky flakes. 

. {Py. 2,3)-Diquinolyl 

C.H,<™=g~g=N^>CA. [176“]. Formed 

by tho action of {Py. 3)-quinolyl-acetio aide- 
bydo on o-amido-benzoic aldehyde in alcoholio 
solution (Carlicr a. Einhorn, B. 23, 2895), 
Plates {fromalcohol).—Aurochloride: [248°]. 
—Piatinochlorido: [278°].—B"H.^Clx4aq. 

Methylo-iodide B"MeI. 

Diquinolyl tetrahydride CigHiaN.^. [118°]. 
Formed by heating {Py. 3)-chloro-quinoline 
with quinoline tetrahydride (Friedlander a. 
Weinberg, B. 18, 1533). Crystals, si. sol. 
ligroi'n, insol. water. May be distilled. HClAq 
forms a deep-yellow solution. 

i?c/crence.—OxYDiQUiNOLYii. 

{Py. 3)-QtriN0IYI.-ACETIC ACID 

[275°]. Formed from 

the aldehyde by potash-fusion or by oxidation 
(Carlicr a. Einhorn, B. 23, 2896). Formed also 
by oxidation of o-oxy-quinolyl-propionio acid 
with KMnO(. Needles (from alcohol).—Hydro¬ 
chloride: [243“]; needles. — Silver salt: 
white scales, yielding qninaldine on distilling 
with lime. 

{Py. 3)-ftTIIN0tYL.A0ETIC ALDEHYDE 
0„H,NOj.«. C,H,N.CH2.CH0. [104“]. Formed 
by c.areful oxidation of a-oxy-quinolyl-propionio 
acid (Einhorn, B. 18, 3467; 19, 908). Crystals 
(from alcohol). Yields a phenyl-hydrazide 
[199“].-B'2H2PtCl„ 2aq.—-B'O.HjN.O,. [212“]. 

QDINOLYL-ACETONE ». AoKTO!rsi.-gnn)OL- 
IHB. 

{Py. S)-ftDINOLYL-ACETYLENE 
0,(H,N.C;CH. Formed by distilling a Eolation ot 
di-bromo-quinolyl-propionio acid with NOjCO, 
(Carlier a. Einhorn, B. 23, 2896). Volatile oil. 
Br forms C,H.N.CBr:CHBr. 

{Py. 3)-«UIN0LYL-ACBYLI0 ACID 

CijHjNOj t.c. Qg-:CH.COjH' 

Formed by the action of boiling potassium carbon¬ 
ate solution upon ‘ quinolyl-aorylo-triohloride ’ 
CAN.CH:CH.CCl 2 aq [146“], which is got by 
heating {Py. 3)-methyl-quinoline with chloral at 
y0“ (Miller a. Spady, B. 18, 3402, 8466; 19, 
130; Einhorn, B. 19, 908). Plates. Oxidised 
by EMnO, to aldehydo-qninoline. HBr forms 
j3-bromo-qainolyl-propionio acid. — »BaA',: 
needles, si. sol. cold water.—■'HA'HOl: nrodles. 



a9ntOLin.-AOXT£0-TitIOH1.0BU>E v. 

Mpra. 

TSl.(B. ai-ftUIKOra-CAEBIHOl 
(C^,N),O.OH. [108°]. Formed by oxidising 

tri-guinolyl-methane with HjCrO, and HOAo 
(Noelting a. Schwarz, B. 24, 1608), Needles, r. 
lol. alcohol, si. sol. ligroln. 

IB. 8, Py. 8).aFINOI.YIENE DIACEYLIC 
ACID gH;CH.O.CH:C)H 

CO.,H.CH:OH.C=CH.C.N=C.CH:CH.COjH. 
[over 300°]. Formed by boiling tri-chloro-pro- 
penyl-quinolyl-acrylio acid with K,CO,Aq (Eck- 
hardt, B. 22, 284). Sol. acids and alkalis. Insol. 
water, si. sol. hot alcohol. 

DI-{B. 2)-aTriN0LYL.ETHANE i.c. 

0,H„N.CIl,.CH.;.Cja,N. [124°]. Formed by 
heating di-jj-amido-di-phonyl-etbane with nitro- 
phenol, glycerin, and H,SO, (Comey, B. 23, 
1115). Hexagonal plates, insol. water, si. sol. 
ether.—CL, 4aq: needles, v. sol. water.— 
B"tt,01j. - B"H,PtCl,. - B"2HAuCl,. — Sul¬ 
phate: prisma, m. sol. cold water. 

(Py. 3)-aUIN0LYL.ETHYI,ENE C„H,N i.e. 

Formed by boiling 8- 

bromo-quinolyl-propionio acid with cone. 
K.COjAq (Einhorn, A. 246, 172). Oil. — 
B'Jli,l’tCl,4aq. [187°].—B'HAnCl,. [159°]. 

(B. 3, Py. 3)-Di.qttinolyl-ethyIeno Ca,H,,Nj 
. ' /CIIigH CH;CH.C.Cn;CH 

t.e. 0= CH.O.N=CII‘ 

Formed by heating m-amido-(Pi/. 3)-styryl- 
quinolino with o-nitro-phenol, glycerin, and 
H.,SO, (Warlmann, B. 23, 3650). Oil, v. sol. 
alcohol, si. sol. ether. 

Methylo-iodide B'Mell^aq. [226°]. 
Golden needles v. sol. hot water and alcohol. 
Yields 0.„H„N.,Br.McI. [210°]. 

aUINOLYt-Dl-ETHYL-PHENOL C„H,„NO 
i.e. OBH,N.O,H.,Et.,.OH. This is probably the con¬ 
stitution of apocinchone (Comstock a. Konigs, 

B. 20,2674; v. vol. ii. p. 174). 

(B. 4)-aTJIH0LYL-HYDEAZIHE C.H.N, i.e. 

(B. 4)-araido-quinolmo by diazotisation and 
treatment with SnCl, and HCl (Dufton, C. J. 
69, 757; Bottingor, B, 24, 3277). Needier (from 
ether) or prisms (from ligro'in). — B'TIjCl,: 
prisms. Converted by potassium cyanato and 
HCl into O.H.N.NII.NH.CO.NH, [235“], and by 
pyruvic acid into CuH„N.N,H:CMe.CO.,H crystal¬ 
lising in orange needles, converted by boiling 
EClAq into quinindole (a)-carboxylio acid 
0„H,„N,0, [286°]. 

(B. l)-ftninolyl-hydrazme [151°]. Formed 
in like manner from ana-amido-quiuoline 
(Dufton, 0. J. 61, 785). Yellow needles (from 
water). Yields B'HCl [248°] and is converted 
by cyanic acidinto C„H5N.NH.NH.CO.NH2[255°], 
by benzoic aldehyde into C^HjN.NH.NiCHPh 
[194°], by acetone into 0,H,N.NH.N;CMoj 
[140°] and by pyruvic acid into the acid 

C, H,N.NH.N:C.Me.C02H [185°], whence boUing 
HClAq forma the corresponding quinindole carb¬ 
oxylic acid, which decomposes at about 300°. 

DlftUIHOLYLINE is Diqoinolvl. 

DI.(B. 2)-«DIN0LYL KEIONE (OAN),CO. 
[174°]. Formed from di-y)-amido-benzophenone, 
glycerin, HjSO,, and picric acid (Noting a. 
Bchwarz, B. 24,1608). Needles, v. soh alcohol. 


el. sol. hot water. — [over 200°]. 

Needles, v, e, sol. water and alcohol. 

(Py. 8).aDI»0LYX-HEECAPTAN 

SH- '•y heating 

(Py. 3)-oxy-quinolin0 with RSj at 145° {lloos, 

B, 21, 020). Yellow plates, si. sol. hot water, v. 
sol. hot alcohol. Yellow dye. Combines with 
acids and bases. Does not react with hydroxyl- 
amino or plieuyl-hydrazine. 

Ethyl derivative CeHtjN.SEt. Formed 
from quiuolyl-mcrcftptan, NaOEt, and EtI. Oil, 
decomposed By distillation.—B'lll. [1/54°].— 
B'.JL?tCl<,aq. [c. 190«]. Octahedra. 

■TRI.(P. 2)-QUIN0LYL.METHANE 
CH{CyHgN);,. [202“^]. Formed from y-rosauilino, 
glycerin, ILSO^, and picric acid at ISO"^ (Noolling 
a. Schwarz', B. 24, 1006). Needles (containing 
EtOH), melting at 98°. Melts at 202° when an¬ 
hydrous. — B'"3IIC1: plates, sol. water. — 
B^'C^IIsNaO,: yellw needles. — B'" ; 
yellow crystals.—B"'3MeI. [266°]. 

(7^. 2).QUIN0LYL.METHEKYI-AMID0XIM 
C(NOH)(Nnj.C=CH.C.CH:Cn Formed 

Cn:CH.O.N=CH* ^ 

from OuII,(N.Cy, hydro.xylamine hydrochloride, 
Na.jCOa, and dilute alcohol (Bicdermann, B. 22, 
2761). Yellowish needles, m. sol. hot water. 
Foliling’s solution gives a grcyish-grecu pp. 
FcCl., gives a deep-red colour. AgNO^ gives a 
white pp. yielding a mirror. 

lieactions. —1. Phthalic anhydride on warm- 

ing forms C.AN.C<^j^®^C.C,II,.CO H [203°]. 

2. Ao,0 yields C,II„N.C^^jf >CMo [176°], 

crystallising in needles.—3. Tlic hydrochloride 
is converted by potassium cyanato into 

C, ILN.C(NOH).Nil.CO.NH,, - 4. Chloror 

formic ether forma C,,H,jN.C(NII.hNO.C02Et 
[07°], which is converted by NaOIIAq into 

CJI.N.C<<”^>0 [155°]. 

Salts.—B'UCl: needles.—B'.,HPtCla. 
Acetyl derivativ c C,34iN.'C(N0Ac).NII,i. 
[115°]. Formed by means of AcCl in the cold. 
Needles, insol. cold water, si. sol. ether. 

Ethyl ether C„n«N.C(NOKt).NH,,, [85°]. 
Formed from the amidoxim, NuOEt, and EtI. 
Needles, v. sol. alcohol and hot wiiter. 

(Py. 8)-aTTINOLYL.PROPIONIC ACID 
CJI„N.CH.^.CH2.C0.,II. [Iiog. Formed by re¬ 
ducing quinolyl-acrylic acid with sodium- 
amalgam (Cai’ttcr a. Einhorn, B. 23, 2896). 
Ethyl ether EtA'. [116°]. Needles. 
lieference. —Oxy-quisolyl-puopionio acid. 
DI.(Py. 3)-ftUIN0LYL DISULPHIDE 
(CpHflNhSo. [137°]. ^ Formed by oxidising 
quinolyl-mercaptan with Il.O^ in dilute alcohol 
(Boos, B, 21, 622). Plates (from alcohol), insol. 
water and alkalis. 

ftPINONE 0,HA i.e. ^^CaCH’ 
quinone. Mol. w. 103. [116°]. V.D. (H = l) 
63'4 (calc. 54) (Hofmann, B. 3, 683). H.C. 
659,020. H.F. 45,200 (from diamond) (Berthelot 
a. Recoura, Bl. [2] 48, 699 i A. Ch. [0] 13, 312, 
335 ; 0. B. 104,1672). 

Formation.—1. By oxidation of quinio acid 
with MnO, (4 pta.), H;SO. (1 pt.), and water 
(i pt") (Woakreaenaky, A. 27, 268).—2. By 





oxidation of h^droqninono {WSMer, A. Bl, 148). 
, 8. By oxidation of benzidine, of aniline, and of 
p-phenylene-diamine by MnO, and H,BO, (Hof¬ 
mann, Pr. 18, 4).—4. By action of MnO, and 
H.^SO, on amido-benzene p-aulphonio acid and 
on phenol p-aulphonio acid (Schrader, B. 8, 
789). 

Preparatim.—!. By adding cone. NajCrjO,Aq 
to a cold solution of aniline (1 pt.) in H.,SO, 
(8 ptB.) and water (26 pts.), and extracting with 
ether (Nietzki, B. 19, 1467).—2. 20 g. of aniline 
are dissolved in 600 o.o. of water containing 
160 g. of H^SO,; 20 g. of finely-powdered potas¬ 
sium bichromate are added by degrees, with 
constant agitation, keeping the temperature at 
10°-16°. After standing over night 33 g. more 
potassium bichromate are added; the quinone is 
then extracted with ether, dried over CaCl^, and 
the ether removed by distillation. The yield is 
about 86 p.o. of the theoretical amount (Schniter, 
B. 20, 2283; cf. Seyda, B. d6, 687; Nietzki, B. 
11, 1102; A. 216, 127). — 3. From p-amido- 
phenol. p-Amido-phenol sulphate is dissolved 
in water, some HjSO, added, and then FbO., 
gradually, with shaking, till the violet colour 
first formed disappears. The quinone is ex¬ 
tracted with ether. Yield theoretical (Schmitt a. 
Siepermann, J.pr. [2] 19, 817). 

Properties. —Yellow monoclinio prisma (from 
water) or plates (from EtI) (Hesse, A. 114, 299), 
or needles (by sublimation). Its odour is 
characteristic. V. si. sol. cold water, m. sol. 
alcohol and ether. The solutions turn the skin 
brown. Sol. HClAq and cone. HNOj. Its alka¬ 
line solution turns brown in air (Laurent, C. B. 
26, 36). An alcoholic solution of hydrocceru- 
lignone deposits, even in dilute solutions, 
crystals of oosrulignone with steel-blue reflex. 

^Beactions. —1. Chlorine forms tri-chloro- 
quinone.—2. HCl and KCIO^ give tetra-chloro- 
quinone (Hofmann, A. 52, 53).—3. Cone. HClAq 
forms chloro-hydroquinone (Wohler; StSdelor, 
A. 69, 808).—4. HIAq forms quinhydrone and 
hydroquinone.—6. Hllr passed into a solution' 
in chloroform ppts. quinhydrone, and finally forms 
bromo-hydroquinone. HBrAq forms, on heating 
di-bromo-hydroquinono (Sarauw, A. 209, 99).— 

6. Bromine. (1 mol.) in CHCl, is instantly ab¬ 
sorbed. Excess of bromine (2 mols.) appears to 
form OjHjBr^Oj, which is split up by heat into 
HBr and two di-bromo-quinones C,H,Br-0., 
[2:6;4:1) and [2:6:4:1] (Nef, J.pr. [2] 42,167).— 

7. HNO.on heating yields oxalic and picric acids 
and HOy (Nietzki, A. 215,138>.—8. Ammonia 
gas forms emerald-green qulnonimide 0,H,NO, 
sol. water, the eolation soon turning black 
(Woskresensky). NHj in presence of chloroform 
produces hydroquinone, quinhydrone, and brown 
0^,NOj (Zinoke, B. 16,1666).—9. An alcoholic 
solution exposed to sunlight yields hydroquinone 
and aldehyde (Ciamioian, <?. 16, 111). —10. 
Hydrazine hydrate gives hydroquinone and a 
compound OgH,(OH),pi.JH, (Curtius a. Thun, 
J.pr. [2] 44,191).—11. Heated in a sealed tube 
alone at 160°, or with water at 100°, it yields 
hydroquinone and quinhydrone (Soheid, A. 218, 
227).—12. PCI, forms a thick oily product, 
Ciifi 70 )P|Cl,. Water acting upon this forms 
mono- and di-chloro-hydroquinone,—13. Heated 
with pool,, quinone gives mono- and di-ohloro- 
l^droquinune. An amorphous body 0„H„0„ | 


fsalso formed.—14. AIoohoIidH;Sform 0„Hi,80* 
a yellowish crystalline mass, melting below 
100°,—16. AcCl forms in the cold the di-aoety] 
derivatives of chloro-hydroquinone. On warm¬ 
ing it also forma 0,H,Cl,(OAo), (Schulz, B. 16, 
662). AcBr, in like manner, gives O.H,Br(OAo), 
and 0,H,Br,(OAc),.—16. Ao,0 does not act below 
200°, when it forms 0,H,(OAc),and a brown mass. 
17. Cold dilute NaOAc converts it into hydro¬ 
quinone (Hesse, 4.220,365).—18. Aniline in boil¬ 
ing alcoholic solution forms di-phenyl-di-amido- 
quinoue and hydroquinone 3C.H,0,-e 2NH,Ph 
= 0,H,(NHPh),0,+2Cjn,(OH),. Other primary 
and secondary bases act in like manner.— 
19. 0 - and p- NUro-aniline form red crystals 
0,H,OjO,H,(NOJ.NH, melting at 97° and 120° 
respectively (Hchebrand, B. 15,1976). o-Nitro- 
aniline in HOAc forms 0,H,0,(NH.O,,H,.NO,), 
[1:4:2;6] [305“] crystallising from alcohol in red 
needles (Leicester, B. 23, 2794).—20. o-Amido- 
phenol in hot alcohol forms a base (0.„H„N,0,?) 
which crystallises in violet needles [260^, si. sol. 
alcohol (Zincke a. Hebebrand, A. 226, 61). In 
dilute aouls it forms a rod solution. Ac^O yields 
C,,H,gAc,N ,04 [285°], while Bz^O at 160° gives 
0,4 B|,Bz-N, 0, [265°]. Yields a crystalline ni- 
trosoamine Cj,H|,(NO),N 40 ,. Forms the salts 
B''H,Cl 2 , crystallising in needles with green 
lustre, B'H,SO„ B"H.PtClj, and a piorata 
crystallising in steel-blue needles [236°]. — 
21. C,|H 4 (NH,)(OMe) [1:2] forms 0„H„N,0, or 
Oj,H, 02 (NH.C,fi,.OMo), crystallising in reddish- 
violot needles [230°], forming a blue solution in 
HgSO,.— 22.p.Amido-phenol hydrochloride gives 
CgH,0,(NH.OjH,.OH)., crystallising in violet- 
bro™ needles, not melted at 290°.—23. (1,3,2). 
Amido-o-cresol forms a compound [285°], which 
gives a crystalline acetyl- dcri vative.—24. (2,4,1). 
Nitro-toluidine forms CgH,O...NH.C,H,NO„ de¬ 
composing at 300°, and C,h;o,(NH.O,H„.NO,), 
(B.).—25. Acetoacetic ether and ZnCl, at 100° 
form 0,jH„0, [184°], crystallising in needles, 
insol. water, sol. hot alcohol. Cone. H^SO, forma 
a deep-blue solution. Alcoholic potash forms 
0„H|,K,0,2aq, the salt of an insoluble acid 
0|,H,jO, (Von Pcchmann, B. 21, 3005). — 
26. 0,H,(OH)(OMe) [1:4] in hot ligroln forms 
di-methyl-quinhydrone Ca,Hj,Og, crystallising in 
lustrous greenish-black prisms, decomposed by 
warm water (Hesse, A. 200, 253). 

Kono-oxim CO<;^g;™>0:N.OH or 

C(OH) p-Nitroso-phenol. 

Mol. w. 123. 


Formation. —1. By boiling nitroso-di-methyl- 
aniline (or nitroso-di-phenyl-aniline) hydro¬ 
chloride with dilute NaOHAq (Baeyer a. Caro, 
B. 7, 809, 967; Ter Meer, B. 8, 622; Fischer, B. 
19, 2995).—2. By adding KNO, and HOAc to an 
aqueous solution of phenol (B. a. 0.; e/. Ston- 
house a. Groves, A. 188, 860).—8. By adding 
hydroxylamine hydrochloride to a cold dilute 
aqueous solution of quinone (Goldschmidt, B. 
17, 213).—4. Formed also from aqueous phenol, 
hydroxylamine hydrochloride and HjO, (Wurster, 
B. 20, 2631), Free hydroxylamine merely re- 
duces quinone to hydroquinone. 

Properties .—Nearly colourless needles or 
greenish trimetric plates; a:&M>■698:1:9-469. 
M. sol. water, forming a light-green solution 



tanu tiTOwii on boiliiig. Y. lol. eiher, 
noetone, and aqaeous alialia, al. aol. HOAo. 
Ceoompoaea at 120°-1S0‘’. Deoamposed by bot 
eons. HClAq. When diesolved in phenol it 
gives, on addition ol HjSO,, a oherry-red solu¬ 
tion turned blue on addition ol EOHAg. In this 
reaction the compound C„H,jNO, is formed. 
Polyhydrio phenols, containing two hydroryls 
in the m-position, give by like treatment 
fluorescent * dichroins ’; thus resorcin gives 
0,,H,jN0„ CjjHjjNjO,,, and azoresorcin (Brunner 

а. Chnit, B. 21, 249). 

Reactkms. —1. Oxidised by alkaline K,FeCy, 
to p-nitro-phenol.—2. Reduced by tin and 
HOlAq to p-amido-phenol.—3. Nitrous acid gas 
passed into an ethereal solution forms diazo¬ 
phenol nitrate (Jaeger, B. 8, 894).—4. Gaseous 
IICl passed into a cooled ethereal solution forms 
di-chloro-amido-phenol [175°] and tri-ohloro- 
amido-pbenol (J.; Hirsch, B. 13, 1908).—6. A 
solution of HGl in MeOH in presence of ice 
forms C,H.,ClJNH,)(OMe) [72°]; while EtOH 
and HCl give C,H,Cl,(NHJ(OEt) [46°] (275°). 

б. Cone. EOHAq at 180° forms azophenol 
C,.,H„NA [21d°] (Jaeger). — 7. KCIO, and 
HClAq form C„H,ClNOj, crystallising in yellow 
needles, v. sol. (flcohol, insol. water, and ex- 
p'oding at 70° (Mohlau, B. 19, 281). — 8. 
ClO'ljMe added to its sodium salt forms 
C,H,(NO).O.COjMo [137°], while ClCO,Et yields 
0,H,(N0).0.C0jEt [109°] (Walker, B. 17, 400). 
9. BzCl added to the sodium salt in ether forma | 
C,H,(NO).OBz, crystallising in yellowish needles 
[168°-175°j, sol. hot alcohol (Walker).—10. . 
Aniline forms azophenine C,Hj(Nl’h)j(NHPh) 2 .' 
p-Chloro-aniline forms, in like manner, tetra- ' 
chloro-azopbenine [2G5°] (Fischer a. Hepp, B, ' 
21, 677).-11. Bromine forms 0,HjBrjO(NOn), ; 
crystalhsing in small leaflets, decomposed by , 
water (0. Fischer, B. 21, 674).—12. Phenyl ; 
cyanate gives CjH.O.NO.CO.NHPh, erystaliising 
in short yellow prisms decomposed at 160° with- ! 
out melting. It is converted by alkalis into the 
oxim, aniline, and CO, (Goldschmidt a. Straus;, 
B. 22, 3105). 

Salts.—C,H,(NO)(ONa)2aq. Bed needles 
(from alcohol), v. sol, water, insol. ether. De¬ 
composed by boiling water. Ppd. bv NaOII 
from aqueous solution.—(C,nj(NO).0).Ba (dried 
at 100°). Eed needles (from warm water).— 
—0,Hj(NO).OAg aq. Violet crystals with green 
reflex. i 

Dioxim C(NOH)<^g;pg>C(NOH).Formed ; 

by the action of hydroxylamine hydrochloride j 
on the mono- oxim. on hydroquinone, and on p- 
nitroso-aniline (Nietzki, B. 20, 613; 21, 430; 
Fischer, B. 21, 685). Yellowish needles (from 
hot water). Decomposes at 240°. Eeduood by 
Snd, and HCl top-phenylene-diamine. Oxidised 
by alkaline E,FeCy, into insoluble di-nitroso- 
benzene. AOjO forma a crystalline di-aootyl 
derivative, sol. hot alcohol. 

Quiaone-chlorimlde [85°]. 

Formed by the action of bleaching powder on a 
solution of the hydrochloride of p-amido-phenol 
(R. Schmitt, X pr. [2] 8,1; 19,816; Hirsch, B. 
11,1980 ; 13,1903 ; Fogh, B. 21,890 ; Andresen, 
X pr, [2] 28, 167) or CA(NHj).OEt. Purified by 
iteW-distUlatioB. Golden crystals (from HO Ac). 


SI. sol. oold water, f. sol. alcohol and ether. 
Explodes above 68°. Smells like quinone. 
Stains the skin brown. Turned brown by al. 
kalis. Reduced by tin and HCl to p-amido- 
phenol. Water at 100° forms quinone. Aqueous 
SOj forms amido-phenol sulphonio acid. HOI 
gives chlorinated amido-phenols. Gives Lieber- 
mann’a colour reaction with phenol and H,SO,. 
Qninone-di-chlorimlds OgHjN^Cl, t.s. 

0«H,<[^pJ. Formed from p-phenyleno-diamine 

hydrochloride and blcaching-powder solution 
(Krause, B. 12, 47). Needles (from water), de¬ 
composing at 124°. Almost insol. oold water. 
Its solution stains the skin brown. Reduced by 
SnCl, to p-phenylene-diamine. HCl forma tetra- 
ohloro-p-phenylene-diamine. Br gives di-ohloro- 
I di-bromo quinone. (d)-Naphthylamine forms 
amido-naphthophenazine. (flJ-Naphthol forma 
! 0„H,„N,O, which dyes silk crimson and yields 
; B'HNO, (Nietzki a. Otto, B. 21,1745). 

I ftuinone-phen^imido 0,jH„NO ».«. 

1 oxidising p-oxy- 

di-phenyl-amine in benzene by HgO (Ban- 
drowski, JIf. 9,134, 416). Red crystals, v. sol. 
; alcohol, ether, and chloroform. Decomposed by 
I water and alkalis. Acids reproduce quinone. 
Reacts with aniline, forming p-oxy-di-phenyl- 
amino and di-phenyl-di-amido-quinone-phenyl- 
imide. 

I ftuinone-p-tolylimide 0|,H„NO. [70°]. 

Formed in like manner from p-oxy-phenyl-p- 
toiyl-amine (B.). Dark-red scales (from ligroin), 

' sol. most solvents. 

Di-methyl-amido-phenylimide 0„H„N,0 <.«. 

Phenol-blue. Formed by 

the action of nitroso-di-methyl-aniline on an 
alkaline solution ol phenol, or by oxidation of a 
mixture of phonoi and phonylene-di-methyl-p- 
diamine (Mohlau, B. 16,2851; 18,2913). Formed 
also from quinone-chlorimide and di-methyl- 
anilino (Fogh, B. 21, 889). Steel-blue prisms 
(from water) (containing (aq). Its solution in 
HClAq is blue. Cone. H^SO, forms quinone and 
C,H,(NH,)(NMej). Boiling NaOHAq forms 

NMe,H and Bulphonio 

acid 0 |,H|,NjSO, ^aq, formed from p-amido- 
phenol-sniphonio acid in water by successive 
treatment with Cl and dimethylanilino, crystal¬ 
lises in bronzed needles, forming a biue solution 
iq, NaOHAq., 

Quinone tetrahydride CO<p2='q^CO. 

Diketohexamethylcne. [78°]. Formed by heat¬ 
ing the dibydride ol di-oxy-terephthalio acid 
(succinyl-succinic acid) of 200° and distilling 
the product under reduced pressure (Hermann, 
A. 211, 322; Baeyer a. Noyes, B. 22, 2170). 
Prisms, v. sol. water. FeCf, does net colour its 
solution. Its alkaline solution turns brown in 
the air. Bromine forms 0,Br,0^ Reduces 
Fehling’s solution. HOy forms 0,H,(OH),0y, 
[180°]. Yields a di-oxim which when quickly 
heated melts at 200°; when slowly heated at 192°. 
The di-phenyl-di-hydrazide 0,H,(N,HPh), is ob¬ 
tained as a white pp, [126°] crystallising' from 
alcohol in yeilow prisma [160°],yielding a crystal¬ 
line hydrootflocide B"H,01, 



QUHTOKB, 


An iMmerldt of tbo tetrohjrdrldo 0JS,0„ 
[170^, U got by tbe action of NaOHAq on 
aucoin^l-soccinio ether. It orystalliBes in prisma 
[containing |aq). It changes into the preceding 
isomeride on distillation. It reduces Fehling’s 
solntion. 

References.—Aan>0; Bnouo-, Bbomo-nitbo-, 
Oblobo-, CnLOBo-NiTBO-, loDO-, Nitbo-amido-, 
OxY-AMiDo-, and Oxt-qoinone. 

TSIQUINOBB V. BENZENE-TBI-gOIHOBE. 

QiriNOKB BICABBOXYIIC ACID dihy. 
iride V. Di-ozy-TEBEFUTHALio acid. 

Tetrahydride v. IHhydride of di-oxt- 
lEBErniHAlIC ACID. 

Qainone tetracarbozylic acid. Methyl 
ether C,0.^(C0jMe)j. £207°]. Formed by oxida¬ 
tion of C,(OH)j(COjMe\ with HNO, (Net, A. 238, 
818). Colourless prisma (containing 2MeOH) 
(from MeOH) or yellow needles (by sublimation). 

Ethyl ether CA(COjEt),. [149°]. 
Formed by oxidising di-amido-pyromellitio ether 
with cone. HNOj (Nef, C. J'. 63, 428; A. 237, 
28). Golden needles (from alcohol). May be 
sublimed. On treatment with EOHAq or with 
HjSOf in HO^o it yields hydroquinone tetia- 
oarboxylic ether. Zino-duat and HOAo also re¬ 
duce it to hydroquinone tetracarbozylic ether. 

QUINOFHBNOL v. Oxx-quinoline. 

BIQTriNO-PHENAZINIi O.H,<^>C.O,. 

Formed by the action of dilute UNO, on 
0,H,:N,:C„0,(0H)„ which is got from rhodi- 
Eonic acid and o-phenylene-diamine (Nietzki a. 
Schmidt, B. 21, 1228). Yellowish needles (con¬ 
taining 3aq), si. sol. water. Converted by 
o-pbenylene-diamine sulphate into C„n,.,N„ 
crystallising in greenish needles. 

DiaBINOQniNOHE CH^°M®2Scn. Dt- 

yuinoyl. The di-oxim Csn,0.,(N0H)., is di- 
nitrosoresorcin (q.v.) (Goldschmidt a. Strauss, 
B. 20, 1611; Eehrmann a. Messingcr, B, 23, 
2816). The dioxim is converted by hydroxyl- 
amine into the tetra-oxiin, which, on heating 
with Ac,0,yields the anhydride C„H,N,0, crystal¬ 
lising in needles [61°], sol. ether. The tetra- 
oxim may be reduced by SnCl, and HCl to tetra- 
amido-benzene. 

Triquinoquinone v. Benzene tbiqoinone. 

Reference.—Oxr-oiQvinoYL. 

MtHriNO-TOlAZIlfE C^H,Me<;^>C.O,. 

Formed from rhodizonio acid and tolylene-o- 
diamine, the product being oxidised by HlfO, 
(Nietzki a. Eehrmann, 3. 20, 324). Yellow 
needles (containing 2aq). On warming with an 
aqueous solution of a salt of tolylene-o-diamino 
it is converted into 0.„H|,0j, which crystallises 
from chloroform in ne^les (containing CHCl,). 

aUINOVATANNIC ACID C„H|,0, ? Occurs 
in the bark of Cinchona nova {Quina nova) 
(Hlasiwetz, A. 79, 129). Translucent yellow 
mass, sol. water and alcohol, insol. ether. FeCl, 
gives a dark-green colour. NH,Aq colours its 
solution brown. Its alkaline solution absorbs 
oxygen from the air. Boiling dilute 11,80, splits 
it up into sugar and ‘ quinova red' CaiH^O,, 
(Bembold, A. 143,273), which also occurs in the 
bark. Quinova red is a nearly black resin, nearly 
insol. water, v. sol alcohol, ether, and alkalis. 


gives no eolonr with FeOi„ and yietcia proid* 
oatechuic acid on fusion with potash. 

QUINOVIN 0„H„0, (Hlasiwetz) or 0»,H„0,i 
[Oudemans, jun., H. 2'. C. 2, 160). Quinova- 
outer. Quinovio acid. [ii]j = + 69°. Occurf 
in false cinchona bark from CineJtona nova 
(Pelletier a. Oaventon, J. Ph. 7,112; Winokler, 
Rep. Pharm. 61,193; Buchner, jun., A. 17,101; 
Peterson, A. 17, 165; Schnedermann, A. 45, 
277; Bochleder a. Hlasiwetz, A. 79,129; 111, 
182). Occurs also in true cinchona bark (Schwarz, 

A. 80, 330; De Vrij, J. Ph. [3] 37, 255), in all 
parts of Cinchona Oalisaya (from Java), and in 
tormentilla root (Bembold, A. 145, 9). 

Preparation. —The bark is extracted with 
boiling milk of lime, the extract ppd. by HCl, 
and the pp. repeatedly dissolved in alcohol 
and thrown down by water. 

Properties.—Needles (from alcohol), almost 
insol. hot water, v. si. sol. ether, v. sol. dilute 
alcohol. Tastes bitter. Dextrorotatory. Sol. 
aqueous alkalis. Besolvcd by acids into quinovio 
acid and quinovite. Does not reduce Febling’s 
solution. 

Salt s.—PbC,„H„0, aq.—(Cu0)34C;„H„0,. 

(3).ftainovin. [e. 235°]. [a]„ = + 28° in a 2-7 
p.o. alcoholic solution. Occurs in cuprea bark 
(from Remijia) (Liobermann a. Gicsel, B. 16, 
928), Scales (from dilute alcohol). Insol. ether, 
v. e. sol. alcohol. Dextrorotatory. Forms with 
alcohol the compound C„H,i20|,5Et0H, crystal¬ 
lising in large prisms. Split up by dilute acids 
into quinovio acid and quinovite. 

Quinovite C^Hi.^O, i.e. C„HjO(OH),. Quinova- 
sugar, (o. 300°). [a]„-.00° (0.); =+78° (E. 
a. G.). Formed by the action of HCl on a hot 
alcoholic solution of quinovin; quinovio acid 
crystallises out, and the mother-liquor is neu¬ 
tralised by BaCO;„ filtered, and evaporated. 
Hygroscopic mass, sol. ether. Has a bitter¬ 
sweet taste. Does not ferment with yeast. 
Beduces Fehling’s solution. 

Tri-acetyl derivative 0,H,|0(OAo),. 
(47°]. (c. 303°). White needles (Liebermann, 

B. 17, 872). 

Quinovio acid C|:H .„03 (Oudemans, R. T. C. 
2,160); CjiHijO, (Hlasiwetz a. Gilm, A. Ill, 
182); (Ijiebermann). [a]D = + 86°. 

Occurs in tormentilla root (Bembold, A. 145, 6). 
Formed from quinovin as above. White sandy 
powder composed of minute trimetrio six-sided 
laminre, insol. water, v. sol. hot alcohol, si. sol. 
ether. Tasteless. Ppd. from alkaline solu¬ 
tions by acids in a gelatinous form, gradually 
becoming pulverulent. Dextrorotatory. HjSO, 
gives off CO and forms novic acid, quinochromin 
CjjHjjOj (crystallising in needles), quinovene 
Cj-^H,, (?), and apoquinovic acid CuHmO, (crys- 
toliising in needles; whence CuH^jNaO,8Jaq). 

Salts.—K2C,,H»,0| l.jaq: bulky pp. — 
0uA''Cn3(0n), 6aq: light-blue pp. — AgjA": 
bulky pp. 

Ethyl ether C^^H^Et^Oj. [127°-130°]. 
Crystals, v. sol. alcohol and ether, 

Pyroquinovio acid 03 ,H„ 0 ,. (above 860°). 
Formed by heating quinovio acid (Liebermann 
a. Giesel, B. 16, 936). Needles, insol. water, v. 
sol. alcohol and ether. Its alkaline solutioa ii 
Irevorotatory. Oh distillation, the distillate 
solidifies to a clear glassy mass, easily soluble 
in ether, and resembling gam copal in its proper- 
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tiM. Wbaa ttiif (nbitiuira fi heated Tiitb HI [2T^. (933* diioor.). tWiej ^ the keUon o! 
and ? it Tielde a teipene (qulDoteipeae) which o-pheDylene'dlomiiie on glfOxel in aqneone aoln* 
probably u> the lormula This teipcue Uon (Hinibeig, B. 17, 930; d. 387,884). White 

IB olio formed bj direct redoction of pyioquiao- erjit^, gmsUi^g lilm quinoline and piperidine, 
via acid with £U and F (Liebermacn, B, IT, mieeible with cold water, aloohol, ether, end 
889). benaene. Partially eeporated from oqueoue 

Balte.—EA'^ed at 110°).—BeA'r eclution by warming or by adding EOHAq. Ite 

dnmeteipena (above 300°). Formed aqueoua button ^vea white ppe. with BgCI, 

aa above. Dextrorotatory. , and AgKO,. Yielda a eparingiy aoluble oxalate. 

Oxy-qnlnoterpcna C,oH,pOf or C,„Hp,0. Little attacked by oxidiaing agouti. Sodinm 
GAoZertot. [189°]. (above 300°). Acconipaniei rodiicea it, in alcohollo eolution, to p^nyl* 
qninovia in talee oinohona bark (Liciicimanii, eiie-cthylcnc-dinoiine (Morz a. Bia, B, 20, 
B. 17, 871; 18, 1803; Hcaac, A. 2.d4, 377). 1100).--Ii'IICl: needloa, v, aol. water. Deconi. 
Beedlea (from alcohol). Tieduced by HI and P poaes at 184°,^B'H,iiO,. [187°]. Silvoiy 

to qoinoterpene. Yielda an acetyl derivative platea, v. aol. water.—D'^H^FtC]^ (dried at 100°j« 
[126“] and a benzoyl derivative [141°]. Neoillea. 

dinSOXALIHE C.H.N, t.e. and Oxr.QUi»axirjm. 
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XACEKIC ACID ii. Tartibio aoxb. 

BACEKIC CAKPKOS v. CAMrilon. 

BADICLE. Lavoisier anil Ills lollowsis re¬ 
garded an acid as a substance formed by the 
combiustion of muoh orygon with another 
body: the body with which the oiygon was 
combined was called by de Uorvoau the radicle 
of tho acid, and tlie name was used in this seiiso 
by Lavoi»;cr. * II faut dono distingnetr dans 
tout acido la base acidifiablcf it ]».(.]uolle bl. do 
MoTTOau a donn6 le nom do radical, ct le priucipo 
aeidifiant, o"ojL>d.>dIre, rosigdne * {TraiU iU- 
maniuire de Chimin [17811] 1, r?!))* Tbnt tho 
radicle of an acid might bo either a simple 
or a compound subutanco is evident from da 
Uorvcau'B luo of tJio tenn ; in speaking of tho 
nomenciatare of acids oC miknown composition, 
ho says: *Kous noua sommos contentds dc 
designer I'etro Bimplo qul y znodific Toxigi^i^ 
par I'esprcbsion do base acidiftabU, ou, pour 
abr^ger, de ixtdtclef de tet acidc ' (sVi^jnoH'C sur 
1$ I}4vehppement drs Principes de la Nomencla¬ 
ture Mnliodique [1787])* Lavoisior, in 178U, 
extended the meaning of the torin radicle 'vviien 
he said {Traits, 1»20b) tiiat meet of the oxidisu' 
bio and Bcidi^blo rad idea of mineral com¬ 
pounds were simple bodjos, wheraaa tilo mdiclca 
of oompouiids of vegetable and animal origin 
ware goneraily composed of at least two aimplo 
bodies. Tha notion of radicicB waa bere^ and 
elsewhere, extended by Lavoisier to mean the 
bases or foundatious whorcou more oompUeated 
bodies were built up, goasrolly by the addition 
of oxygen. 

As orgpnie chemistry advanced, and many 
oompoan^ were obtained from animal and 
vegetable souroes, attempts wore naturally made 
to find some reason for the existence of so vast 
a number of compounds all composed of but 
three or ioui elements. Lavoisier's assertion 
that the radicles of organic compounds are 
themBelves composed of two or more elements, 
waa revived, adopted, and developed. Berselius, 
Liebig, Dumas, and other earhsr workers in 
organic ohemisiry wexe struck by the enormous 
pumbet ol compounds produced by the union 


of the four elements carbon, hydrogen, oxygen, 
and nitiogcn. They said the true olomonts of 
organic cJicmislry aro the radicles cyanogen, 
amidogen, ben zoy 1, ethyl. &c., dtc. D umas (C. R* 
6, 300) said: ‘ In mini^ral chcmiatiy the radio]ee 
ore simple, in organic chemistry they are com« 
pound I thcreincoiisists the whole diUorence. The 
JawB whereby the compounds aro formed and 
their reactioos aro rcgulatod ats tho soma in 
both.* Liebig said : * Organic clicmietty is the 
chemistry of comj^ound radicles.' In 18311 
Liebig and Wbbier made apparent the meaning 
and wide applicability of the dictum that 
'organic cheinistry is the chemistry of com'- 
pound rediclcH ’ by tholr researches into the 
coTTstitutlon of the compounds obtained from 
oil of bitter almonds. By regarding these bodiea 
as compounds of the radio io bon soy 1, C.H^O, 
they became comparable with the compounds 
of the rodicloe potassium and other metals. 
From this time the ooncsption of the radicle 
was dimly established. 

Tho clcinciita are the simple rodidsa, on 
which, and by the comblnatione of which, com¬ 
pounds are built up. The reactions of a series 
of compounds often show such similarities that 
we arcobligcid to conclude that the comxh^sitions 
of these compounds are also similar^ in many 
cases this similarity of composition can be mode 
apparent only by supposing that a cortain group, 
or collocation, of elements enters into the oom> 
position of all the compounds. Such a ^up of 
elements, playing the part of a simple body 
throughout a scries of reactions, but neverthe' 
less separable into two or more elcTnenta, is 
called a compound radicle. 

For an example of the working out of tbw 
oonception of the radicle o. AuuomoH con* 
SOUNDS, Tol. ii pp. 200-201. 

M. M. E BL 

BASI OIL, The product of the distillation of 
the wood of a iimlper. Contains a sesqulterpoae 
whose hydroL blorideC.^HuSHGl molti ii 
11S*» (Walloob, 1. 238, 82). 

U?TEHOB£ CiaH^ig 6 aa (Morris a^ Browa^ 
a/. 68 , 619 ; De Vries, & T. 0,8 ,8862 C.B# 
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106, 761 j Tolleni a. Mayer, S. 31, 1669). —0,^u,^aO.—O„H,jO„9fi»0. 

Mtliiou, Oos8ypos$* Melitriose. MoLw.628to OjJEIaOi,(CaO),2aq.—0„H„0,^Pb0. 

644 (by Baoalt’s method) (cal. 694); 696 (by rate Estimation, —Iq a mixture of canO'Sugar and 

of osmosis in leayes of ^adescantia), [c. 87°]. raffinose, the amount of raffinose may be deter*, 
8 . 17 at 16° (B.); 14 at 20° (Loiseau). 8. (80 mined by observing the change of rotatory 
p.o. alcohol) 1*4 at 70°. [a]D=sl04'6 (M. a. B.). power after hydrolysis (Creydt, B, 19, 3115; 
[a]js 116*6. H.0.2,019,700 (Stohmann,/.pr. [2] Gunning, i^r. 28,46). The raSinose may also be 
46, 320; cf. Berthelot a. Matignon, C, B, 111, ppd. by lead acetate from a solution in methyl 
18). Discovered by Johnston (0. 8. Mem. 1, alcohol, and the effect on the polarising action 
169) in a manna, which drops from various of the liquid observed (Lotman, Chem. Zeit. 12, 
kinds of eucalyptus in Tasmania. Further 391; Gunning). 

examined by Berthelot (C. B. 41, 392) and BANOIFOEMIO ACID [106°]. 

Bischbiet a. Tollcns {B. 18, 2611). Occurs also Occurs, together with atranoric acid, in the 
in cottoU'Seed (Ritthausen, J. pr. [2] 29, 351; lichen Cladonia rangifot'mis (Patcrno, Q, 12, 
Bdhm, J. pr. [2] 30, 37), in beet-root molasses 259). Plates (from benzene), sol. ether. Its 
(Loiseau, Bl. [2] 26, 365; Tollens, B. 18, 26; ammoniacal solution gives a ffocculent pp. of 
A, 232, 201; Lipmann, B, 18, 3087; Lindet, AgA' on adding AgNO,. 

C. B. 110, 795; Bl [3] 3, 682). BAPIC ACID Occurs as glyceride, 

^ Preparation.—Cotton-seed cake is extracted together with the glycerides of erucie and be- 
with spirit (S.G. *848). The extract is boiled henic acids, in rape-soed oil (Reimer a. Will, B, 
down to a small bulk, and.then shaken with 20, 2387). Oil. Yields stearic acid on fusion 
ether (to remove colouring matters). After a Vitb potash. The zinc salt melts at 78°. The 
time lumps of sugar separate; these are dis- Ka salt is gelatinous, v. sol. water, si. sol. alcohol, 
solved in 80 p.c. alcohol at 70°, boiled with BEOUCINE or C^HuNaO,. An 

animal charcc^, and allowed to stand. In a alkaloid occurriug, as well as para-reduciuo 
week glittering needles, arranged in hemispheri- C^n^NyO, according to Thudichum {C. B. 100, 
cal masses, separate (H. Ritthausen, J. pr. [2] 1803) in urine. It reduces ferric, cupric, mer- 
29, 351). curie, and silver salts, and forms an insoluble 

Properties.—Qroups of needles, v. c. sol. hot barium compound, 
water, v. si. sol. alcohol. Has a slightly sweet BEDDCXION. This term is used as 
taste. Does not reduce Fehling’s solution. Not synonymous with deoxidation in its widest sense, 
turned brown by boiling KOlIAq. At 108° it t;. Deoxidation, vol. ii. p. 377; and cf, Oxida- 
gives off its water of crystallisation without tion, vol. iii. p. 657. 
melting; the anhydrous ralfiiiose is not very BEGIANIN v. Juodone. 

hygroscopic. A second hydrate (containing EENNET v. Milk and Puoteids. 

6aq) may be got as lamollio by crystallisation BE3ACETI0 ACID v. vol. i. p. 18. 

from dilute alcohol (Berthelot, C. B. 109, 548 ; BESACETOPHEJfONE v, Di-oxt-aceto- 

Bl. [3] 2, 656). Bcadily ferments, giving with phenone. 

good yeast approximately as much alcohol as BESINS. Amorphous substances, occurring 
cane-sugar, while with feeble yeast only one- in all parts of plants, but especially in the bark 
third of tliat quantity is formed. RafTiuose can (Wiesner, Sits. W. 52 [2] 118). Frequently as- 
be assimilated by young plants, being converted socialed with essential oils. Besins are also 
into starch (Brown a. Morris, C, J. 57,186). formed from various oils by atmospheric oxida- 
BeacHons.—l. Boiling dilute H.BO4 splits it tion or by the action of alcoholic potash. Boil- 
op Into lievulose and *melibiose* G,oH^p,„ ing aqueous potash resinihes aldehydes. P3O5 
which yields with phenyl-hydrazine the osa- converts various aldehydes (e.ff. benzoic aide- 
zone The mixture of Ifcvulose and hyde) into resins. These resins are solid, 

xnelibiose shows [aji, 50°. On further boiling translucent, with conchoidal fracture, insol. 
with dilate H^SO, the melibiose is hydrolysed, water, wholly or partially sol. alcohol and 
the product consisting of galactose (1 mol.), aqueous alkalis. The resins, therefore, contain 
Isvulose (1 mol.), and dextrose (1 mol.) (Scheib- acids. The resins soften when heated, but are 
ler a. Mittelmeier, B. 22,1678, 3118; Tollens, decomposed by distiliation. By potash-fusion 
238, 308 ; 249,227). Melibiose is identical protocatechuic acid is obtained from guaiacum, 
with eucalyn, and may be reduced by sodium- benzoin, dragon’s blood, asafeeiida, esparto 
amalgam to melibiotite a syrup which rosin, myrrh, acaroid resin, and opopanox. By 

docs not reduce Fehling’s solution, but yields potash-fusion p-oxy-benzoic acid is got from 
galactose on boiling with dilute acids, luvertin benzoin, dragon’s blood, aloes, and acaroid resin; 
also splits up raflinose ffrst into Itevulose (which phloroglucin from dragon’s blood, esparto resiok 
may be fermented by yeast) and meUbiose, and and gamboge; and resorcin from galbanum, 
then this melibiose may be split up at 36° by a asafeetida, gum ammoniac, sagapenum, and 
oono. solution of invertin into dextrose and acaroid resin (Hlasiwetz a. Barth, A. 134, 265; 
galactose. The Pneumococc-us of Friedlander 138, 61; 139,83). Dammar, sandarac, mastic, 
sets np fermentation in suitable solutions of and iucenee-resin are not attacked by fused 
raf&nose (Percy Frankland, C. J, 59, 270).-*- potash. Resins containing gum or mucilage, 
2. NaOEt gives a compound containing 6 to 7 soluble in water, are called gum-resins. Besins 
p.o. sodiom.—8. Boiling HNO, (S.G. 1*15) gives mixed with essential oils are termed balsams. 
23 p.o. of muoio acid. Saoohario acid is also The following resins are completely soluble in 
formed. alcohol of 95 p.o.: benzofn, oaranna, resins and 

Salts (Beythieo a. Tollens, .4. 255,195).— balsams from conifers (colophony), dragon’s 
NaO,«H„0„. — NajO^HjjO,, aq. Crystals. — blood, guaiacum, mani-resin, mastic from Alex- 
SI. sol. water.—C^^HigOigSrO. andria and from Bombayy black balsam of Peni| 
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(Mtlot&rtiat resio, sandarao, biJBaiu of Tola, 
zanthorrhcea lesin. The following resins are 
only partially dissolved by alcohol of 95 p.o.: 
ammoniac, asafoetida, bdellium, Canada bal- 
' sam, coradia resin, copaiba balsam, copal, dam¬ 
mar, elcmi, euphorbium, ouryops resin, galba- 
num, gamboge, liquidambar, common mastic, 
Mecca balsam, myrrh, olibanum, opopanax, 
white balsam of Peru, sagapenum, sonora4ac, 
and liquid storaz (Hirschsohn, Ar, Ph. [3j 
10,481; 11, 54,152, 247,312,434). Ether dis¬ 
solves completely: caranna, Canada balsam, 
conifer resins, copaiba balsam, dragon’s blood, 
elemi, guaiac-resin, niani-resin, mastic, podo- i 
carpus resin, and sandarac. Most other resins I 
are partially soluble in ether. FeClj gives in 
alcoholic solution a blue colour with guaiacum 
and caranna, a dark-green colour with ben;:oin 
and some sorts of asafoitlda, and a black colour 
with gamboge, balsam of Peru, opopanax,storax, 
sagapenum, shellac, and xunthurrhoca resin, i 
FeCi^ gives in an alcoliolic solution of Canada I 
balsam and of some sorts of dammar, a pp. which ' 
disappears on heating, and with copal and 
Bonora-lac a pp. which does not disappear on 
heating. Alcohol containing HCl is coloured 
brick-red by white balsam of J^eru and ceradiu- | 
resin; red to violet by common myrrh and 
eiiryops-rcsin ; blue to violet by some sorts of 
elemi; yellowish-brown to green by guaiac- 
resin ; yellow, changing through brown to cherry- 
red, by benzoin and biUsam of Tolu ; crimson by 
zanthorrhtea rosin ; greenish, changing to dingy 
violet, by asafatida; yellow by gamboge and! 
caranna; light rose-coloured by podocarpus 
resin ; and brown by other resins. Cone. 
forms a cherry-red solution with benzoin from j 
Siam and with balsam of Tolu; a yellow solu- ! 
tion with gamboge; a solution with yellowish- 
brown duoresecnoo with asahetida ; and brown 
with other resins. A drop of H^SO, added to a 
solution of pine-wood resin in llOAc gives a red 
or violet colour as the liquids mix (Morawski, 
C, C. 1888, 1(530). Fossil resins {e.g. ainUer) 
are often found in beds of coal and lignite, 
being clearly derived from plants. Schmidt 
a. Erban iM. 7, 055; cf. Kremcl, Fr. 20, 
202) have determined, for a great variety of 
commercial resins, the quantity of alkali neces¬ 
sary to neutralise an alcoholio solution, and the 
amount required for saponificatiou, and also the 
amount of iodine the resins can take up. They 
also base a method of separation upon the rela¬ 
tive solubilities of resins. A classification of red 
resins according to their solubility in chloroform, 
benzene, and CS^, is given by Dobbio a. Hender¬ 
son {Tr.E. 30, 624). Colophony softens under 
boiling water, while powdered shellac, mastic, 
elemi, and dammar agglomerate, and sandarao, 
copal, and amber remain unchanged (Kliebhau, 
0. 0.1888, 87). The products of distillation of 
colophony have been examined by many chemists 
(Fremy, A. Ch. [2J 59,13; A. 15,284; Pelletier 
a. Walter, A. Ch. [2} 67,267; ThSnard, Kobiquet, 
a. Dumas, C. B. 1838, i. 460; Sohiel, A. 115,96; 
Couerbe, J.pr. 18, 165; Curie, 0. N. 30,189; 
Kelbe, B. 18,1167; B. 14.1240; A, 210,1; B. 
15, 808; Benord, C. B. 91, 416; B. 18, 2000; 
Bl. [2] 36, 215; Tilden, B. 18, 1604; Anderson, 
N. 20, 76; Mills, * Destructive Distillation,* 
31; Tiohborne, Pk, [S] i. 302; MorrU, C. /. 41, 


167) by whom the following aabsianoes hava 
been described as constituents: water, reti- 
naphtha C,Hg (108°) (P. a. W.), retinyl 0,H,, 
(150°) (P. a. W.), retmol Ofi, [160°] (286°-246^) 
(P. a. w.), retisterene [67°J (326°) (T. B. a. D.), 
carbonic acid, oarbonio oxide, ethylene (S.), pro- 
, pylene (S.), heptane (97°) (T.), octane (S.), a 
I valerylene (50^) (C.), cymenea (170°~178°) (&.), 

I heptinene CjHu (i04^) (R.), colophenone 

C,,H,A (S') (HV®). a terpeno (160°) (S.). abietio 
acid (K.), isobutyric and methyl-propyl-aoetio 
acids (K.), hydrocarbon8C,,H,4(190°-200°) (K4, 
and iso-butyrio aldehyde (T.). Renard (A. Ch. 

[6] 1, 223) found among the products of distilla¬ 
tion of colophony (rosin oil), pontano, amyione, 
bcxuQC, hexylone, toluene, toluene tetrahydride, 
toluene hexahydride, xylene, xylene tetrahydride, 
xylene hexahydride, m-ethyl-propyl-bcnzene, 
tcrpencs, isobutyric aldehyde and acid, and 
valeric aldehyde and acid. Lwoff (J?. 20,1017) 
found, in resin cel, valeric, heptoic, onooic, and 
hendccoic acids. Resin oil is coloured violet by 
ILSO, of S.a. 1-53 (Uoldo, 0. 0.1886, 952). 

Resin of Finm Laricio (Poir). [c. 100°J. V, 

I sol. alcohol, ether, and oil of ttrpenline; insol. 
ligt'oiu. Contains much methoxyl (Bamberger, 

M. 12, 411). Turned red by air, and finally 
brown. It contains a little free cafleio acid 
C^,lldOri).,CH:Cll.Cl)..H [105°J and ferulio acid 
[4:3:1J CJl:,(OH)(OMe).CH:CH.CO,H [169°]. 

4 p.c. of callVic and 1 p.c. of ferulic acid may be 
extracted by boiling with water. The re:^in also 
contains some vanillin C,lI,(OH)(OMe).GHO. 
The resin yields pyrocutechiu and protocatechuio 
acid on fusion with potash. 

Resin of Ficea vulgaris (Link), [o. 100°]. 
Contains mctlioxyl (Bamberger, M. 12, 456). 
Contains p-coumario acid and vauillln. Potash- 
fusion gives protocatechuio and p-oxybenzoio « 
acids. 

Resin of Pinus sylvestris contains on acid 
; Cn,H;,gOs [143°], insol. water, v. sol. alcohol, 
ether, and HO Ac. [o])* -74°. It yields the 
salts C,;„U,^yAgO„ (Ca,H2,0a)jBa2aq, (C.i„Ji^O,).^Ca, 
aud(C._.„lI jOa).^Cu, and oily CzuH^EtO,, which on 
; distillation forms oily C^^H^EtO,. Alcoholio 
' IICI converts the acid into an isomeride [160°], 
[ajj= -93° (Shkatclotf, J. R. 20, 477). 

Resin from Ficus rubiginosa contains * syco- 
ceryl acetate ’ [121°] which on saponi- 

lication gives acetic acid and sycoceryl alcohol 
C,,ilj,0 [114°] (De ia Rue a. Muller, Tr. 1860, 

43; licnnie a. Goyder, C. J- 61,916). 

Hefereitces. —Auietio Acn>, Aldehyde hesin, 
AmDEU, ABCOL-A-DliEA UESIN, AhAVCETIDA, AS- 
I'UALT, Benzoin (gum), Canada balsam, Colo¬ 
phony, (^PAIBA BALSAM, CoPAL, DaMMAHA BBBIN, 
Diuoon’b BLOOD, Elemi, Eupborbium, QaIt 
BANUU, Guaiacum, Oum ammonuc, Gutta pxscha, 
Jaj.ap, Lac, Larch fungus, Labbsa resin, Masopin, 
Mastic, Maynas resin, Mecca dai.8AM, Mtbbb, 
Olibanum, Opopanax, Palisander resin, Podo- 
CARPJO ACID, PODOPUYLLIN, SaGAPENUM, SaM- 
DABAC, ScAUMONY, and Storaz. 

RESORCIN i.e. O^dOH), (l;8]. 

[112°]. (267°) (Kopp). S. 8C-4 at 0^; 147*8 at 
12*5°; 228*6 at 30° (Calderon, Bl. [2] 29, 234). 
V.D. 3*85 (calc* 3'8l) (Troost, 0, i?. 89, 851). 
H.av. 683,100. H.C.p. 683,400. HJP. 87,600 
(Stohmaun, J.pr. [2] 45, 335). S.Y. 108 (Loa- 
sen, ii. 254,59). 8.V.S. 98*05. 
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Iforntaiiott, —1. B7 potash-lnsion from gal- 
bBDQm (Hlasiwetz a. Barth, A. 130, 354), 
m-iodo-pbenol (Kdrner, Bl. [2] 7, 261), phonol- 
C-aulphonio aoid (Olutz, Bl. [2] 8,361), p-ohloro- 
Mnzeoe aalphanic acid (Oppeuheim a. Vogt, ^1. 
Buml. 6, 376), from ambellBerone (Hlasiwetz a. 
Orabowski, A. 139, 99), from asafcctida, from 
gum ammoniac, from sagapeuum, from acaroid 
resin (Hlasiwetz, A. 130, 354; 138,63; 139,78), 
from 0-, m-, and p- bromo-pheuol (Fittig a. 
Mager, B. 8, 362), from p-chloro-phenol (Faust, 
B. 6, 1022), from p-iodo-phenol above 163“ 
(KSIting a. Wrzesinsky, B. 8, 820), from phenol 
(Barth a. Sohreder, B. 12,420), and from benzene 
TO- orjp- disulphonic acid (Bartb a. Sonbofer, B. 
8, 1483; Fahlbcrg, Am. 2, 195).—2. By dry 
distillation of brazilin (E. Kopp, B. 6, 446).— 
8. By tbe action of nitrons acid on m-amido- 
pbenol (Bantlin, B. 11, 2101). 

Preparation.—By fusing benzene m-disul- 
phonic aoid with NaOH (Jliiblhausor, D. P. J. 
363,164). 

Pr<5>0'ttes.—Colourless trimctrio tables (from 
water, alcobol, or ether); a;6;o = ■912:1:1-059 
(Calderon, 0. 84, 779) or needles (from benz¬ 

ene). V. sol. water, alcobol, and ether, insol. 
chloroform and C8.^. Acquires a reddish tint on 
exposure to air. Neutral to litmus. Has a sweet 
taste. FeCl, colonrs its aqueous solution dark 
violet. Its ammoniacal solution, exposed to the 


Titration.—-1. Bromine-water ig ran In mitfl 
all the resorcin ia converted into tribromo-ra> 
Boroin, which is ppd.: 0,H,(0H), + 3Br, = 
0,HBr,(0H)j -t SHBr. The excess is determined 
by adding U and titrating with hyposulphite 
(Uegener, J. pr. [2] 20, 322).—2. Potash and 
potassium iodide are added to the solution, and 
then a neutral solution of bleacbing-powder ia 
run in. On adding HCl a pp. of tri-iodo-re- 
sorcin is formed, and tbe excess of iodine ia 
titrated by hyposulphite (Degener). 

licactione.—l. Soda-fusion gives phloro- 
glucin (65 p.c.), some pyrocateohin (3 p.o.), and 
^ tetra-oxy-diphcnyl (IJ p.o.) (Barth a. Bchroder, 
B. 12, 503).—2. Exhaustive chlorination in pre¬ 
sence of I forms CCl, and CO, (Buolf, B. 9, 
1483).—3. ICl forms tri-iodo-resorcin (Michael 
a. Norton, B. 9,1752).—4. An alkaline solution 
' gives with KI a violet-red pp. of 0,H,I,KO, 

J (Messinger a. Voctmann, B. 22, 2320).—5. A 
I solution of resorcin (10 g.) in water (100 0.0.) 

! gives a purple colour with -5 0.0. of very dilute 
I solutions of nitrates, to which a drop of 15 p.c. 
HClAq aud 2 c.c. of HjSO, have been added 
(Ijindo, C. N. 58,176).—6. Itesorcin (15 g.) dis¬ 
solved in water (70 0 c.) and warmed with a 
mixture of (60 0,0. of) HBrAq (S.G. 1'47) and 
: (20 c.o.of) HNO, (S.a. 1-39) gives C„H„BrN,0„ 
i as a lustrous violet mass, which forms a red 
! solution in alcohol, changed by alkalis to a blue 


air, becomes rose-red and Onally brown. The 
ammoniacal solntion leaves on evaporation a 
dark-bine mass, which forms a blue solution, 
turned red by acids. Bleaching-powder gives a 
transient violet colour. A drop of a solution of 
NaOCl gives a violet colour, quickly changing to 
yellow, and on heating to dark-red or brown 
(Stark, Ph. [3] 21, 848; Boddb, Ar. Ph. [3] 27, 
656), Itesorcin reduces boiling ammoniacal ; 
AgNO, and boiling Fehling’s solution. On heat¬ 
ing resorcin with a few drops of nitro-benzene 
and cone. H.,SO, a bine mass is got which, when 
poured into water and made alkaline, gives a 
solution with vermilion fluorescence. If resor¬ 
cin is added to cone. H.,SOj and a little NaNO.„ 
and the mixture is boated to 100°, a product is 
got which, when mixed with water and rendered 
alkaline by NH„ imparts to fusel oil a crunson 
colour with vermilion fluorescence (Bindschodler, 
It. 5, 168). Besorcin fused with phtbalic an¬ 
hydride forms fluorescein, which dissolves in 
aqueous alkalis with strong green fluorescence 
(Baeyer, A. 183,8). Besorcin heated with alco¬ 
hol, beet-sugar, and HOlAq gives'a reddish- 
violet colour (Ihl, Chem. Zeit. 13,264). A solu¬ 
tion of resorcin (1 pt.) in absolute alcohol 
(2 pts.), mixed with an aldehyde and a few drops 
of cone. HGlAq, gives, after standing for some 
hours and then ponring into water, a resinous 
or cryatalline pp. (Michael a. Byder, Am. 9,134). 
A mixture of resorcin and f urfuraldchyde touched 
with a drop of HCl gives an indigo-blue sub¬ 
stance, which dissolves with green colour in 
water, and is ppd. by HCl in blue flakes (Baeyer, 
B. 5, 26). On warming a liquid containing 
chloral or chloroform with resorcin and NaOH 
a yellowish-red colour with green fluorescence 
is got (Schwarz, Fr. 27, 668). .Cupric sulphate 
and excess of ammonia form a deep-black liquid, 
which dyes wool black (Wagner, D. P. J, 220, 


liquid (Brunner a. Krtimcr, B. 17, 1873; 21, 
2481). It yields C„H.,,Ac,BrN,jO„ as an orange- 
red amorphous powder [120°], v. sol. hot alcohol. 

7. Besorcin (16 g.) heated with water (60 g.), 
HNO, (20 O.C. of S.G. 1-39), and HCl (60 c.c. of 
S.G. i'2) for half an hour on a water-bath forma 
a violet mass C*H„C1N,0,„ insol. chloroform, 
sol. alcohol and ether. It yields yellowish-brown 
Uocculent Cj„H„Ao,ClNjO|, (Brunner, B. 21, 
2479).—8. A blue colouring matter (lacmoid) is 
got by heating resorcin (55 pts.) withNaNO, (18 
pts.) at 130°, dissolving in NHjAq and reppg. by 
HCl (Benedikt a. Julius, Af. 6,534).—9. Bromine 
in'CSj forms C„HjBrj(OH)., [111°] (Zehenter, M. 

8, 293).—10. With aLcI, it gives the compound 
(C„H,Oj)Al.^Cl„ which ia v. sol. hot CSj, less 
sol. cold CS2; decomposed at onee by water into 
resorcin, AljO„ and IICl (Claus a. Merklin, B. 
18,2934).—11. Dry ammonia passed into a solu¬ 
tion of resorcin in dry ether forma (CjH,Oj)NH„ 
which separates as a liquid, solidifying as co¬ 
lourless deliquescent crystals, turning green and 
afterwards blue in the air (Malin, A. 138, 80).— 
12. H,0, and NH,Aq give, after acidification, a 
brown pp. (‘ lacmoid ’) which forms on indigo 
blue solution in alkalis (Zulkowsky a. Peters, M. 
11, 243; cf. Wurster, B. 20, 2934).—13. Ammo¬ 
nium carbonate solution at 125° forms (4,2,1)- 
and (6,2,1)- di-oxy-benzoio acid (Senhofer a. 
Brunner, Sits. W. [2] 80,604).—14. Ammoniacal 
CaOl, at 300° forma a brownish-red colouring 
matter [72°], insol. water and alkalis, sol, alco¬ 
hol (Seyewitz, C. B. 109, 946).—16. Sulphur 
and NaOHAq form, on boiling, C,H,OjS„ a yel¬ 
low powder, sol. alkalis, insol. water, and de¬ 
composing before fusion (Lange, B. 21, 263).— 
16. K,S,0, acting on potassium resorcin forms 
C.H,(OH)(O.SO,K) and C,H,(O.SO,K)r The 
latter salt is converted, by beating in the d^ 
state at 160°, into a salt of resorcin disulphonic 
aoid (Baumann, B. U, 1911). -17. COOl, forms 
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0fi^:00„ • red amorplions Bubstanoe» idboL 
water, v. sol« alcohol ^Birnbaum, B. 14,1753).— 
18. An alcoholic solution of potassium xantJuiU 
forms C«H,(0H)2.CS2H, crystallising in yellow 
needles [131°], sol. hot water (Llppmann a. 
Fleisaner, M. 9, 296).—19. Acetone dicarboxylic 
acid and conc.R^S04£orm(3)*umbelUf6rone>acctlo 

., Q(OH):CH.C.O.CO- v ntr ronoi 

CH==CH.C.C(CHa.CO,H)>^^ 
crystallising in needles (containing aq), insol. 
ether (Michael, J.pr. [2] 37, 409).—20. Benzene 
sulphonic chloride added to a solution kept 
slightly alkaline forms C^H^(O.SOj{C„H5)2, crys¬ 
tallising from hot- alcohol in needles [70°] 
(Georgesen, B. 24, 417).—21. Hydrogen aimno- 
nium o-sulphobcnzoicacid forms C,jH,aNSO#2aq 
as pale-yellow crystals, v. sol. water and alcohol. 
Its alkaline solutions are slightly huorescent. 
Cone. HClAq at 220^ reconverts it into the 
parent substances (Fahlberg a. Barge, B. 22, 
754). Eesorcin (4 mols.) heated with o-sulpho- 
benzoic acid (1 mol.) forms C:„HooNSOg 4aq.— 
22. CMoro-aceiio aci<i forms C„H4(0.CH2.C02H)2 
[194°], which yields a di-bromo- derivative (Ga¬ 
briel, B. 12, 1040).—23. ClCOjBt acting on 
CuH^(OK)j forms CyH^(O.COaEt)j, a thick oil 
(300°) (M. Wallach, A. 22G, 84).-24. Dry oxalic 
acid (1 mol.) in a scaled tube at 200° forms 
‘ resorcin-oxalein ’ C.„H,^0„ a hygroscopic red 
powder, sol. alcohol and ether (Claus, B. 10, 
1305; 14, 2503). At 100° it becomes C»„U,aO^, 
which is less sol. alcohol. Dilute alkaline solu¬ 
tions are yellow, with dark-greon rtuorcscenco. 
Bromine gives C..nH,BrjOB. HNOj forms 
C,oHb(NOJ,Ob. H,S0, yields C^TI„(S0J1),0,. 
ko.jO forms red C..uH,uAc..Oo and colourless 
CmoH^ACjOb.— 25. Crystallised oxalic acid (Imol.) 
heat^ with resorcin (2 mols.) at 120° yields two 
compounds C^nBOjOne of which fluoresces green 
in alkaline solutions (Gukassianz, B. 11,1184). 
26, HOAo and ZnCl, at 145° form di-oxy-aceto- 
phenone. Kesorciu (100 g.) boiled with HO Ac 
(200 g.) and ZnCl;; (300 g.) for two hours forms 
' acetfluoreeccui * C^jHihOj and ‘rcsacetein* 
CibHjjO^. liesacctein crystallises by spontaneous 
evaporation of its ainmouiacal solution in red 
needles. Its solution in KOHAq is red; but soon 
turns brown. It yields the salts B'HGl 2aq 
and B'^^SO, (dried at 110°) and a triacetyl 
derivative C,BHj,ACa04 [229°]. Acetfluorescehi 
forms minute brownish-red crystals. Its dilute 
alkaline solutions exhibit green fluorescence 
(Nencki a.Sieber, J.pr. [2] 23, 540; Basihski, 
J. pr. [2] 20, 68).—27. Resorcin (20 pts.) 
heated with formic acid (10 pts.) and ZnCl, 
(20 pts.) for 30 minutes at 140° forms ‘res- 

anrin’ 0„H„0, or (CyH,(OH).JaC<^ ^ ( nw) 
Eesaurin is a briok-red liygrosoopio powder, 
lorming a red solulion in alkalis, sol. alcohol, 
insol. ether and acids (Nencki a. Schmid, J, pr. 
[2] a, 617).—28. On heating with ZnCl, and 
acetoaceiic ether or oitrio acid ‘ resooyanin ’ 
is formed (Wittenberg, J. pr, [2] 24, 125; 2ti, 
74 j Schmid, J. pr, [2] 26, 81). Hesooyanin 
can be prepared by heating dry citric acid 
(60 g.) with resorcin (60 g.) end H^SO, (160 g.) 
lor an hour at 180°. Kesocyanin 
[186°] is insol. cold water, si. sol. ether, v. sol. 
alcohol. Its alkaline solutions are eolonrless 
with blue fiaorescenoe. I(b solutions are not 


coloured by FeOl,. It yields Oj|H|,Br,0, [250°] 
and C„H,jAo.jO, [160°]. Kesooyanm yields 
resorcin when fused with potash. It may be re. 
ducedto a hydride 0^11,[269°] which yields 
Ci,H„ACjO, [222°]. NaOMe and Mel' give 
Oj|H„MejOa [159°].—29. A cold alcoholic solu¬ 
tion of sodium tnalonic ether forms 0,,H,0, 
[191°], which is v. sol. hot alcohol, insol. cold 
water. Its alkaline solutions are Ouoresoent. 
It splits up when heated above 191° into CO, 
and mcthyl-nmbcllifcrone (Michael, Am. 6,434; 
J. pr. [2] 36,466 j 37,469).—30. liesoroin (7 pts.) 
heated with phthalic anhydride at 200° forms 
jLoonESCEi'H (vol. ii. p. 557).—31. liesoroin 
(2 mols.) heated with phthalimide (1 mol.) and 
H.^SO, at 100° forms Ca,H|,NSO„ a light-yellow 
powder, insol. benzene and ether, v. sol. alcohol. 
It forms 0.^„H|jN.aNSO, 7aq and Cj,H,|AOjNSO„ a 
yellowish-green crystalline powder (Ostersetzer, 
M. 11,425).—32. ff-Bcmoyl-benzoic acid forms, 
on heating, di-ozy-tri-phcnyl-carbinol oarboiylio 
anhydride (o. vol. iii. p. 738).—33. Maleic anhy¬ 
dride forms, on heating, maleic-tluoresecin 

CO-0>'^<CA(OH)>®- “hibitsdeep 
green fluorescence in alkaline solution and gives 
crystalline C,BH^Et;j05 and CibIIbAOjOj [157°] 
(Burckliardt, B. 18, 2864).—34. Succinic acid 
(13 g.) heated with resorcin (20 g.) and H.BO. 
(40 g.) at 195° forms * succinyl-fluorescem' 

C..n, A or c 

is crystalline (containing 3a(j) and fluoresces in 
alkaline solution. It yields CiBH^Br^Oj (Nencki 
a. yieber, J.pr. [2] 23,153).—35. Tartaric acid 
(1 mol.) heated with resorcin (2 mols.) and 
II^SOj (1 p.c.) at 165° forms resorcin-tartrein, a 
dark olive-green powder, which fluoresces in 
alkaline solution (Fraudo, B. 14, 2558).—86. 
Ka^GOs added to a solution of resorcin and 
quinone forms a deep-green solution changing 
through yellow to brownish-red on shaking with 
air (Wurstor, B. 20, 2934).—37. Heated with 
aniline and GaCL^ it yields w-oxy-di-phcnyl- 
amine. With aniline and ZnCL^ it yields di* 
phcnyl-w-phcnylone-di-amine (Calm, B. 16, 
2780; cf. Merz a. Weith, B. 14, 2346).—88.iZde. 
hijde in presence of weak acids forms CuH,A 
or CH,.CII(O.C,H,.OH)„, yellow crystals, insol. 
water and ether, sol. alcohol. At 120° this body 
is converted into brown crystalline C.,|,H,,0,. By 
healing the compound 0„H| ,0, with zine-dnst 
in a curreutg>f hydrogen at 300°, resorcin is pro¬ 
duced. Ao,0 at 140' gives C„H„Ac,0, [282°] 
(Causse, Bl. [2] 47, 89; J. Fh. [6] 13, 364).-39. 
Chloral hydrate in aqueous solution containing 
NallSO, forms silky needles of 0„H,.jO„ insol. 
water and benzene, sol. ether and alcohol. Its 
alkaline solutions are flnorescent. It yields a 
diacetyl derivative [252°] (Causse, Bl. [3] 8,861). 
Itcsorcin and glyoxylic acid yield the same 
C„1I|,0,. By boiling chloral hydrate (5 pts.) with 
resorcin (10 pts.) and water (40 pts.) there ia 
formed 0,11,0, crystallising from dilute alcohol 
in yellowish needles, and yielding 0,H,Ao,O, 
[169°] and C,H,Bz,0, [166^ (Michael a. Comey, 
Am. 6, 360).—40. Bensoic aldehyde, aloohol, 
and a little HCl pve C„HaO, aiaq [above 8W°),a 
colourless resin, insoh water, v. e. eol. alcohol. 
Its alkaline solution absorbs oxygen from the 
air, Ac.,0 and NaOAo form 0„H„Ao,O,. HOI 
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aonverts It into the iaomtiio 4aq orrstal* 

Using bom alooliol in dimetrio tables, reduced 
bf a^um-amalgam to crystallising 

bom alcohol in prisms, and oonrerted by Ac,0 
arid MaOAo into O^gHigAc^Of crystallising 
bom xylene in prisms (Michael, Am, 5, 
840).—41. OH,.CCl, and caustic soda form 
0H,.C(0.0,H,.0H), [169°], V. sol. alcohol, si. sol. 
hot water (Heiber, B. 24, 360y.—42. Camphor 
forms the compounds C,HjOj(0|„H„0 ) [29°], 
Wd “ 22 -6°, crystallising in hygroscopic rectangu¬ 
lar plates, and C^Oj(0|,H„O)j, a syrupy liquid, 
S.G. m 1-0371 [a]„ = 25-9'> (L6ger, C. R. Ill, 110). 
43. Phenyl-hydrazine (2 mols.) rubbed with 
powdered resorcin (1 mol.) forms C,H,022N2HjPh, 
crystallising in unstable satiny needles [76°], v. 
sol. benzene alcohol, and ether. It is decom- 
posed by water and allialis (Baeyer a. Kochen- 
dSrfer, B, 22, 2195).—44. Quinone (1 mol.) 
added to a solution of rcsorc[p (1 mol.) in hot 
benzene forms C,jH|jO, [o. 90°] crystallising in 
dark-red needles with green reflex, m. sol. water 
(Nietzki, A. 216,136).—45. Cyanic acid passed 
into an ethereal solution of resorcin forms 
OaHgN^O, [120°], si. sol. ether, m. sol. hot water 
(Traube, B. 22, 1579).—46. Phenyl cyanate 
forme at 100° C,H,(O.CO.NHPh)j [164°] (Snaps, 
C. J. 47, 772).—47. Urea (2 pts.) in a current of 
CO, at 250° forms C,,H„N„0,6aq, an olive-brown 
amorphous powder, melting above 300°, v. si. 
. sol. hot HOAc, sol. alkalis (Birnbaum, B. 13, 
1619).—48. Heated with aqueous KHCO, or 
ammonium carbonate it yields di-oxy-benzoio 
acid.—49. Resorcin (1 pt.) mixed with acetone 
(2 pts.) and fuming IfClAq (1 pt.) forma C„U|„0, 
or CMe,(O.C,H,.OH).„ which cry-stallises in small 
prisms [213°], insol. water and ether, sol. KOHAq 
and Na,CO,Aq. It is decomposed by heat into 
acetone end resorcin. It forms a crystalline 
hydrate C|sH„0,aq. Ac,0 yields C„H,,Ao,0, 
[126°] while BzCl gives C|iH,|Bz.,0, [115°] 
(OauBse, Bl. [3] 7, 563).—60. Resorcin (20 g.) 
heated with K,CS, under pressure at 100° forms 
C^HgSjO, [150°-155°], si. sol. CS„ converted by 
potash-fusion into resorcin and (4,2,l)-di-oxy- 
benzoic acid [205°] (Pribram a. Glilcksmon, M. 
13, 626). 

Mono-methyl ether C,H,(OH)(OMe). 
(244°). V.D. (H = l) 62-2 (obs.). Penned by 
beating resorcin (1 mol.) with KOH (1 mol.) 
and EMeSO, at 160° (Habermann, B. 10, 868). 
Formed also from resorcin, NaOMe, and Mel 
(Tiemann, B. 13,2362; 14, 2019). ^Prepared by 
heating resorcin with MeOH and KHSO, for 
10 hours at 180° (Wallach, B. 16, 151). Liquid, 
sol. hot water, alcohol, ether, benzene, and 
NaOHAq. Slightly volatile with steam. FoCl, 
colours its solution violet. Acetic anhydride 
forms C.H,(OAo!(OMe) (255°). KOHandK„S,0, 
form C,H,(OMe){SO,K), crystallising in plates, 
sol. water and hot alcohol. 

Di-methyl ether C»Hj(OMe)r (216°) 
(B. Sohiff, B. 19, 662); (224°) (Stohmann). 
VJ3. 68-8 (obs.). S.V. 167-13. S.G. a 1076. 
H.F.p. 74,034 [0,0, = 94,000; H„0 = 69,000] 

(Stohmann, J. pr. [2] 36, 27). S.V. 167-1. 
Prepared by heating resorcin (1 pt.) with McOH, 
KOH (1-6 pts.), and Mel (3 pts.) lor 6 hours at 
960° (Oechsner de Coninck, Bl. [2] 34, J.49). 
Oil, T. sol. alcohol and ether. Volatile witn 
steam. Net coloured by FeOl,. 


Methyl ethyl ether 0,H,(OMe)(OI!t). 
(216^. Formed bom C.H,(OH)(OMo), KOH, 
and KEtSO, at 166°; the product being distilled 
with steam (Spitz, M, 6, 488). Liquid. 

Methyl propyl ether C,H,(OMe)(OPr). 
(226°). Colourless Uquid. 

Methyl isobutyl ether 
C.H,(OMe)(OCH,Pr). (234°). Liquid. 

Methyl isoamyl ether 
C,H,(OMo)(OC,H„). (236°). Liquid. 

Mono-ethyl ether C,H,(OH)(OEt). 
Liquid. HNO, saturated with nitrous acid 
added to its ethereal solution at 0° forms 
CaH,(N02)(OH)(OEt) and two colouring matters: 
CjjH^NjO, [230°] crystallising in red needles, 
insol. water, si. sol. boiling alcohol, forming a 
purple solution in H,SO,; and C,|H||NO, [228°] 
crystallising in orange-red needles, forming a 
bluish-violet solution in H^SO, (Weselsky a. 
Bencdikt, M. 1, 891). 

■ Di-ethyl ether C„H,(OEt),. [12-4°]. 

(229°) (Pukall, B. 20, 1140); (236°) (Hetzig a. 
Zeisel, Jlf. 11, 300). Foi-mod from resorcin, 
KOH, and EtI. Colourless prisms, volatile with 
steam. On adding one drop of KNO, solution 
! followed by HClAq to its solution in HOAc, an 
; intense emerald green colour is produced. 
Yields two di-bromo- derivatives [101°] and [77°]. 
Converted by dissolving in HOAc, adding NaNO„ 
and passing in HCl into C,H,(NO)(OEt), [123°] 
and C,H,(NO)(OH)(OEt), whence BzCl forms 
yellow crystals of C,H,(NO)(OEt)(OBz) [155°] 
(Kraus, M. 12, 374). 

Hexa-chloro-di-vinyl ether 
C,H|(OC,C1 j)2 . [54°]. Formed by heating 

CjIIijOAc), with PCI, at 100° (Michael, Am. 9, 
210). Long prisms, insol. hot water. 

Di-propyl ether C,II,(OPr)y (251°). 
V.D. 7 02 (obs.). Liquid, m. sol. hot water, 
sol. alcohol, ether, and ligroin (Kariof, M. 1, 
258: B. 13, 1077). Br forms C,H2Br(OPr)2 [70°]. 

Mono-benzyl ether C,H,(OH)(OC,n,). 
Formed from resorcin, KOH, alcohol, and benzyl 
bromide (Schifl a. Pellizzari, A. 221,376; G. 13, 
604). 

Di-benzyl ether C„n,(OC,H,),. [76°]. 

Glittering tables (from alcohol). 

Tetra-nitro-di-phenyl ether 
CjH,(O.C,H3 (NO.,)2).2. [184°]. Formed from 

resorcin, NaOEt, and (l,2,4)-ohloro-di-nitro- 
benzene in alcohol (Nietzki a. Schiindelen, B. 
24, 3586). Colourless plates. Converted by 
HNOj into a penta-nitro- derivative [68°], and 
by HjSO, and HNO, into the hexa-nitro-di- 
pbonyl ether [220°]. 

Di-acetyl derivative C,H,(OAe)~ 
(273°) (Nenoki, S. pr. [2] 23,147); (278° i.V.) 
(Typke, B. 16, 662). Formed from resorcin 
and AcCl (Malin, A. 138, 78). Oil. 

Di-benzoyl derivative CjHdOBz),.' 
[117°]. H.F. 124,698 (Stohmann, J. pr. [2] 
36, 10). From resorcin (6 g.), benzoic acid (11 g.) 
and POCl, (13 g.), the latter being added slowly 
(Basiuski, J. pr. [2] 26, 64). Formed also by 
shaking resorcin with BzCl and NaOHAq (Hins- 
berg, A. 254, 264). Plates (from ether). 

Anhydride C„H„0, i.e. 0(0,H,.0H)p 
Besorcinyl oxide. Besordn ether. Formed by 
heating resorcin with NaOH and CO, (BSttinger, 
B. 9, 182), with Ha and CO, (Barth, B. 9, 303), 



KESOROm. 


with HOIA.q tmder prenore (Barth a. Welder, 
B. 10,1464), or with (Barth, A. 164,122; 
Eopp, B. 6, 447; Annaheim, B. 10, 976). 
Formed also by heating resoroin at 195° with 
tlie disulphonio acid of resorcin or of phen* 
anthrene (Hazura a. Julius, M.6,191). Brownish- 
red amorphous powder, acquiring by pressure a 
green metaUio lustre. Nearly Insol. water, v. 
bI. sol. cold alcohol and ether. KOHAq forms a 
dark red solution with green fluorescence. Pot¬ 
ash-fusion reconverts it into resorcin. Oxidised 
by nitric acid to isophthalio acid. Yields 
Cj^HgAcjOg, which forms a reddish-violet solution 
In alkalis, and Cj;jHjBr40>. 

Anhydride C24 H,bO(. Formed, together 
with OijHjflO,, by heating resorcin with HClAq 
at 180°. Brick-red powder, v. sol. alcohol and 
ether. Its alkaline solution is brownish-yellow 
with violet-blue fluorescence. Yields Ci4H,„ACjOj 
and Oj^Hj^Br^Oj. Oxidised by nitric acid to 
isophthalic acid. 

Besazurin C,,jH,,N04 (B. a. K.), or C, JljNO^ 
(Niotzki, B. 22, 3021; 2-1, .3366). Diazoresorcin. 
Azoresorcin. Rcsazciin. Formed by the action 
of nitrous acid on an ethereal solution of resorcin 
(Weselsky,B.4,613; M. 1,889; 5.007). Formed 
also by the action of MnO^ and H^jSO, on an al¬ 
coholic solution of resorcin and nftroso-rcsorcin. 
Prepared by adding fuming UNO., (6 c.c.) to re¬ 
sorcin (10 g.) dissolved in ether (500 c.c) at —7°. 
Dark-red prisms with green reflex. Insol. water 
and ether, v. si. sol. cold alcohol and HO Ac. Its 
alkaline solutions are bluish-violet. Gone. H.SO4 
forms a red solution. IICl forms a crystalline hy¬ 
drochloride. Yields Ba(C,jHBN04)2 crystallising 
in brown needles, and a sodium salt, which forms 
greenish needles, v. sol. water, si. sol. NaOHAq, 
fluorescing brick red in dilute alcoholic solution. 
Besazurin forms CjallaBr^NOi on bromination. 

Reactions.—\. AoCI in a sealed tube at 100° 
forms Cj.^HiiCl^NOj (?) crystallising from HOAo 
in golden plates and amorphous C.^ JIjiClaNjjOa (?) 
(VVeselsky, A. 162, 288; Brunner a. Kramei^ 

B. 17,1854).—2. Cone. H2SO4 at 210° and cone. 
HClAq at 100° form resorufln.—3. On heating 
with tin and cone. HClAq an emerald-green solu¬ 
tion is got, from which on cooling ‘ hydrodiazo- 
resorufin hydrochloride ’ separates as colourless 
leaflets or needles, which, when exposed to air, ac¬ 
quire a coppery lustre, and when heated in a cur¬ 
rent of air produce resorufln. Hydrodiazo-reso- 
rufln is dioxyphenoxazine, the formula being 

C. H,(OH) (Niotzki, B. 22,3020). 

4. Hot oonc.HNO,forms‘tetrazoresorcinnitrate’ 
GigHfNyO,) (?), crystallising in lustrous garnct- 

needles, sol. water, alcohol, and ether with 
indigo-blue colour. According to Brunner a. 
Kramer (B. 17, 1864; 18, 587) these crystals are 
tri-nitro-resazurin 0,.^g(N0.^)sN04. By heating ; 
them with cone. HNO, Weselsky obtained 
* tetrazoresornfln nitrate’ C3„HgN,40.^,(?),crystal¬ 
lising from NHOg in dark-red needles, and from 
wet ether in purple needles (containing 11 aq). 
Tin and HClAq acting upon either of these 
bodies form a red body, probably tri-amido- 
resorufln hydrochloride, and a colourless body, 
probably tri - amido - di • oxy - phenoxazine. By 
passing air through an ammoniacal solution of 
the oolourldss body there are formed lustrous 
green er^staU 9^ * h^droimidotetrazoresorufln * 
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0|8H24Nj40,aq (W.) or C|9Hg(KH2)3N04 (B.) 
(possibly tri-amido-resorufln). — 6. Bromine 
added to its solution in NaOHAq forms 
(C,2H,Br2N04)HBr as a lustrous green mass, 
forming a blue alcoholic solution with red 
fluorescence (Jirunner a. Kramer, B. 17, 1862). 
Niotzki obtained 0,2H3Br,N04, which gave 
C,Jl2NaBr4NO,2aq, crystallising from dilute 
alcohol in lustrous green prisms.—6. Oxidised 
in KOH solution by H^O^ to oxyresazurin 
C,bH,.^N 20, {?), which forms almost colourless 
crystals giving a reddish-yellow solution in 
alkalis. This compound is also formed by 
alkaline KMnO,. It is reduced by zinc-dust to 
CisHiflNaO, (?), crystallising in colourless needles 
(Ehrlich, Jlf. 8, 425). 

Acetyl derivative C,2H4AcN04. [222°]. 
Formed by heating the sodium compound with 
NaOAo and AoJO at 100° (Nietzki, B. 22, 3024). 
Buby-red needles. 

Ethyl cf/ier t/,2H«FjtN04. [215°]. Formed 
from the Ag salt, alcohol, and EtI. Dark-red 
needles. According to Weselsky the formula of 
the ether [202°] got from resazurjp, alcohol, and 
HCl at 100° is C„H,Et2N,0|. 

Reaorufia C.oHjNOa i.c. 
CO.CH:C.O.C.CH:C.On . . n- 

CII;CH.C:N.C.CH:CIi ' Diana- 

resonifin. 

Formation.— By heating resazurin with 
cone. H.^S04 at 210’.—2. By heating resorcin 
vdth a solution of nitrous acid in IIBO4 (Brunner 

а. KrUnicr,B.17,1847).—3. By warming nitroso- 
resorcin with resorcin and 11.804 (Fevre, Bl. [2] 
39, 693).—4, By heating resoroin with nitro¬ 
benzene and H2SO4 at 170°.—6. By the action 
of zinc-dnst on an ammoniacal solution of 
resazurin (Weselsky a. Bcnedikt, M. 6, 608).— 

б. By boiling resazurin (1 pt.) with FeClj (2 pts.) 
and fuming HClAq (10 pts.) and ppg. with water 
(W. a. B.).—7. By action of nilroso-phenol on 
resorcin or of nitroso-resorcin on phenol in 
presence of H.BO4 (Nietzki, B. 22, 3020; 23, 
718).—8. By adding MnO, to a solution of p- 
amido-phenol and resorcin in cone. H2SO4. 

Properties. — Small dark-red grains (from 
dilute HClAq), insol. water and ether, st. soL 
alcohol. Forms a bluish-violet solution in H3S04. 
Alkalis form a crimson solution with scarlet 
fluorescence. 

Reactions. —1. Beducod by tin and HClAq 
or by zinc and HClAq to dioxy-phenoxazine 
Cj.HsNOs, cfystallisiDg in nearly colourless 
needles, which soon become green in the air, and 
yielding C,3H„Ac3N05 [216°] crystallising in 
colourless needles, si. sol. hot alcohol.—2. Bro¬ 
mine added to the alkaline solution yields the 
sodium salt C,3H.4Br4N03Na 2aq, crystallising in 
lustrous green needles.—3. Nitric acid (8.G. 1*37) 
forms a body crystallising in green needles, 
forming a purple solution in water, alcohol, and 
ether. This body is probably tri-nitro-resorofin. 
4. Fuming HCl at 100° forms * azoresorufyl 
chloride’ 0^,11,UCI4N3O3(?) crystallising in red 
plates, sol. ether (Brunner a. Kramer, B. 17, 
1857). Its alkaline solution exhibits red 
fluorescence. 

Acetvl derivative G^H^AcNO,. ^28°]. 
Formed by heating resorufln with AOaO and 
NaOAc. Orange scales, v. sol. acetone, si sol 
alcohol ar 1 ether. 
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Bfhvl C„H.EtNO,. [225®]. Orange- 
red needles (Nietzki). 

Hitroso-resorcin v. to), iii. p. 619. 

Sireeoroia v. TETu-oxy-DiPHEiiYii. 

Bs/erences.—A hido-, AMlDo-ni-iumo, Bromo-, 
Di-bbomo-auido, BnoMO-inTRo-, Gulobo-, Iodo-, 
DMODo-!in'Bo-,NiTBO-,NrrEo.AMiDO-,andNiTR 030 - 
BBSOBCIN. 

KBBOBCIH-AZO- v. Azo. comfodncs and 
Dibazo- couponNDS. 

KESOBCIir-BElfZElN v . Tetba-oix-tbi- 
rHBNTL-OABBraoI.. 

BESOaCIN CABBOXtMC ACID v. Di-oxx- 

BEHZOIO AOIO. 

Besorein {a)-diearbOEylic aoid 
0,H,(0H),(C0,H)j. [276®]. Formed, together 
with di-oxy-benzoio acid, by heating resorcin 
(1 pt.) with ammonium carbonate (4 pts.) and 
water (5 pts.) in a sealed tnbe (Senhofer a. 
Brunner, Bn. 2, 1266). Minute tables (from 
water), v. el. sol. hot water. FeCl, colours its 
aqueous solution red.--KHA" aq: needles.— 
K^" 3aq: needles, v. e. sol. water.—Ba.A" Olaq: 
needles.—CuA"5jaq.—Ag A" : amorphous pp. 

Besorein (Bbdicarbaxylic acid 
C,Hj(OH)2(COiH)j. [250°]. Formed by heating 
(l,3,5)-di.ozy-benzoic acid with ammonium car¬ 
bonate and water (S. a. B.). Four-sided prisms 
(containing aq), si. sol. cold water. FeCl, colours 
its solution violet. — K.jA''.—Ba(HA").i 7aq.— 
BaA" 4aq : needles. — Ba .C,H,.0„ 2aq (dried at 
160°).—PbC.H,0„ Uaq.-Cu.V' 3laq. 

Besorein dicarboxylic acid 
C.H,{OH),(CO.,n),[4:2;5:l] (?). [192°]. Formed 
by oxidising the corresponding aldehyde [127°] 
(Xiemann a. Lewy, B. 10,2212). Slender needles. 

Diresorcin dicarboxylic acid o. Tetba-oxx- 
DIFHENYL DIOABBOXYLIC ACin. 

BESOBCIN ALDEHYDE v. Di-oxy-benzoio 

ABDEBYDB. 

Besorein dicarboxylic aldehyde v. Di-oxy- 

ISOPHTHAUO AUDEHYDE. 

BE80B0IH-IHD0PHANE C,H,N,0,. Ppd., 
as E salt, by wanning potassium tri-nitro- 
resorcin with aqueous KCy (Schreder, A. 163, 
297). Small lustrous needles, forming a blnish- 
violet aqueous solution.—NajCjHjNjOjaq. — 
KjC,HjN,0, aq : d.ark-brown lustrous crystals, 
exploding when heated.—BaC^H^NjO, aq. 

DIBESOBCIN-PHTHALEiN Oj,HaO,o 6^aq 
(Link, B. 13, 1654) or (Beneikt a. 

Julias, M. 6,182). [245°]. Formed by heating 
diresorcin (tctra-oxy-diphenyl) with phthalio 
anhydride and SnCl^ or HjSO^ at 115°. Silvery 
plates or needles, forming an indigo-blue solu¬ 
tion in alkalis. Converted by heating with zinc- 
dust and caustic soda into diresorcin-phthalin 
0„H„0,,8^aq (L.) or C2,H„0.2aq (B. a. J.), 
orystallising from water in colourless plates 
[2S8°], forming a colourless solution in alkalis. 

BESOBCIN 8DLFHONIC ACID 
C,Hj(OH)iSO,H). Formed by potash-fusion 
from the disulphonio aoid (H. Fischer, M. 2, 
337).—EA'2aq: crystals. 

Msorein disulphonic acid C,H,(OH)2(SO,H)2. 
Prepared by sulphonation of resorcin (Piccard a. 
Humbert, B. 9,1479; Tedeschi, B. 12,1267). De¬ 
liquescent needles (containing 2aq), sol. water 
and alcabol, insol. ether. FeCl, gives a red 
oolooi. Qives phlorogluoin on fqsion with 


potash. Bromine forms tri-bromo-resorcin oval 
in the cold.—E,A" aq: needles.—E,A" 4aq: deli¬ 
quescent needles. — Na.iA" aq. — BaA" 3aq. — 
BaA" SJaq.—Ba,C,H,S,0,4aq.—CuA" lOaq; tri- 
clinic crystals.—Bs,C,H,S20,5aq: crystals.— 
PbAHjSA^aq. 

Besorein disulphonic acid 
C,H,(OH).,(SO,H)2. Formed from di-amido- 
benzene disulphonic acid by the diazo- reaction 
(Limpricht, B. 8, 290). Long four-sided needles. 
BaA" 2aq : crystalline pp., got by adding alcohol 
to its aqueous solution. 

Besorein trisulphonio acid C,H(0H)2(S03H)2. 
Formed by heating the disulphouie acid with 
laming 11,80, at 200° (Piccard a. Humbert, B, 
10,182). In neutral solution it gives a violet 
colour with FeCl,.—Ba^A'", 3.;aq. Insol. water 
and HClAq. 

References .— Iodo-, Nitro-, and Nirnoso- 

nEBOBClN SniPHONIO ACID. 

BESOBCYLIC ACID v. Di-oxy-benzoio aoid. 

BESOBCYLIC ALDEHYDE o. Di-oxy-benzoio 

ALDEUYDE. 

Besorcylic dialdehyde v. Di-oxy-isopuxiialio 

ADDEDYDE. 

BETEKE C„H„ i.e. cH.C,H2MePr[l:2:C:3] 
Mol. w. 234. [98'5°]. (394°) (Schweizer, A. 264, 
195). V.D. 8-3 (calc. 81) (Knecht, B. 10, 

' 2074). 8. (95 p.c. alcohol) 3 in the cold; 69 at 
i 78°. S.G. (solid) 1-13 at 16°. II.O.v. 2,323,600. 
i H.C.p. 2,326,100. H.F. -13,100 (Berthelot a. 
j Vieille, A. Gh. [6] 10, 447). Occurs in scales in 
I fossil pine-stems, accompanying fichtelite in 
' peat bogs, and is a product of the distillation of 
I wood (Fritsche, J.pr. 75, 281; Fehling, A. 106, 
i 388 i Wahllorss, Z. [2] 5, 73; Erauss, A. 106, 
391; Ekstrand, Bl. [2] 24, 53; A. 185, 76; 
Bamberger a. Hooker, A. 229, 115). Produced 
by passing acetylene through a red-hot tube 
(Berthelot, J. 1866, 516). White plates, sol. 
alcohol, V. sol. hot IIOAc, ether, and CS,. Not 
attacked by potash-fusion or by alkaline KMnO,. 
Dissolved by fuming HNO,. It is not attacked 
by sodium-amalgam or HIAq at 200°. 

Reactions. —1. Absorbs chlorine, forming 
CisHuCl,, which splits up on heating into HCl 
and chloro-retone 0|,H|,C1, a crystalline body.— 

2. Bromine and water form di-bromo-retene 
CnHjjBr, [180°] crystallising from CS, in colour¬ 
less tables. Exeess of Br at 100° forms viscid 
CijHijBr, and crystalline C„H„Br, [212°].— 

3. Oxidised by chromic acid mixture to retene- 
quinone, phthalio aoid, and HOAo. CrO, in 
HOAo forms retenequiuone, retenioaoid CuHi.O,, 
and an aoid C„H„03 crystallising from hot alco¬ 
hol in plates [139°], forming NaA' and BaA'„ 
both crystallising in plates. 

Compound with picric acid 
C„H„C,H2(N0.,),0H. [124°]. 8. (95 p.c. aloo- 
hoi) 2-3 at 10°; 20 at 78°. Orange-yellow 
needles (from alcohol). Decomposed by water. 
Crystallises as (C|,H„)(C,H,)C,H,N,0, from 
benzene. 

Compound with di-nitro-anthra- 
guinone. Dark orange-red needles (from 
HOAc). 

Tetra-hydride CggH,,. (280°at 50 mm.). 
Formed by adding Na to a solution of retene in 
isoamyl alcohol (Bamberger a. Lodler, B, 20, 
8076). Pale-yellow liqui£ 
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Dodeea-hydride 0„Hk. (336° uneor.). 

Fomed by heating letene with HI and P at 
200° (Liebermann a. Spiegel, B, 22, 780). 
Colourless oil with bluish lluorescenee. Yields 
no retenequinono when oxidised by HNOj. 

Perhydride C|,Hjy [43°]. (335° i.V.) at 
719 mm. V.D. 8-69 (calc. 8-58). This is pro¬ 
bably the constitution oi fiohtelite (Pamberger 
a. Strasser, B, 22, 3361; Spiegel, B. 22, 3369 ; 
cf, vol. ii. p. 548). By heating with iodine it is 
converted into C|8H,„ (346° cor.) at 714 mm. 

EETENE-FLVOEENE o. METiivn-isosuorvL- 
rnnonEHa. 

KETENE-OLYCOILIC ACID Ci^H.A i.e. 
C,8H„:C(OH).CO.iH. Formed by boiling rotene- 
quinone with NaOlIAq (Bamberger a. Hooker, 
A. 229,132). White crystals, si. sol. hot water. 
—AgA': flocculent pp., el sol. hot water. 

EEIENE KETOEE v. MKiuix-isopiiorytr 


SirnENXLENS EEIOHE. 

EETENEftEINONE C„H,A 
Ca&ePr- BetutenepUnone. Dioxy 

ralisUm. [192°]. S. (95 p.o. alcohol) -15 at 
0°; 2-2 at 78°. Formed by oxidising reteno 
with CrOj in HOAc (Wahlforss, iC, [2] 5, 73; 
likstrand, A. 185, 75 ; Bamberger a. Hooker, B. 
18, 1024: A. 229,117). Orango-red prisms, v. 
si. sol. cold alcoliol and ether, si. sol. aniline 
and HOAc, sol. benzene and ohlorotorm. Not 
attacked by Cl in the cold. Not allected by hot 
HNOj. Cone. H2S08 forms a green solution. 
Alcoholic potash imparts to its alcoholio solu¬ 
tion a claret colour which disappears on shaking 
witli air, but reappears on warming in absence 
of air. 

Beaxtions.— l. Bromim forma C„H„BriO, 
[252°], crystallising from HOAc in orange prisms. 

2. Cold NaOIlAq does not dissolve it, but on 
boiling converts it into retene-glyoollic acid.— 

3. On distillation with baryta it yields reteiie- 
ketone and oily 0„Hj. (215-220°).—4. Distil la- 
tion with linc-dust forms reteno.—5. Ill and P 
reduce it to rctone.—6. In boiling alcoholic solu¬ 
tion it is reduced by sodium-amalgam to reteno 
diphenio acid C„H„(COJI).i, an unstable resin 
yielding Ag.A".—7. KMnO, forms oxy isopropyl- 
diphenyleno ketone carboxylic ueid.---8. Phenyl- 

cnc-o-dtomine forms crystal¬ 


lising in needles [164°], insol. water, si. sol. alco¬ 
hol, V. sol. ether, resinided by strong acids.— 
9. Alcoholic ammonia added to a solution of the 
quinone in chloroform slowly forms the imido 
CisH|,0(NH), crystallising in unstable golden 
needles.—10.AqueousSOjforms hydroretene- 

quinone crystallising in white 

plates, sol. alcohol ani alkalis. The same body 
IS got by reducing the quinone with Zn and 
NaOHAq. It is oxidised by air to retenequinone. 

Oxim 0„H,.O(NOH). [128-6°]. Golden 
needles (from ^cohol), decomposed by acids into 
the quinone and hydroxylamine. Forma green 
compounds with iron mordants (Von Kostanecki, 
B. 22, 1347). 

EETENE SISELPHONIO ACID 
0,.H„(SO,H),. S. 0. 40 in the cold. Formed 
by sulphonation (Ekstrand, A. 185,86). Needles 
(containing 10 aq), v. sol. water and alcohol, 
its aqueous solution is ppd. by U^SOj, forming 
Veu lY. 


H.iA"6H,S04, crystallising in hair-like needles.— 
KsA''4aq (dried at 100°). S. c. 18. Small silky 
needles.—Na2A"Aaq (dried at 100°). S. c. 40 in 
theoold.-BaA"6sq. S. l-6.-SrA"lJaq. S.4.— 
CaA''8aq. S.5.—MgA"2aq(dricdatl0o°). S.4.— 
CuA''5aq: long needles. S. 0. 30.—PbA"aq 
(dried at 100°). S. 2. 

Chloride C,.H„(S08C1),. [175°]. Prisms 
(from H0.4c). 

Betene trisulphonio acid 0,8lI,,,(SOiH),. 
Got by heating retene with fuming' il-SO, at 
100°. Crystalline mass, v. sol. water, alcohol, 
and ether; not ppd. by lIjSO,.—BajA"'jl8aq. 
Needles. B. 7.—PbjA'"..18aq; slender needles. 

EETENIC ACID C„H„0.. [222°]. A pro¬ 
duet of oxidation of retene (Kkstrand, A. 185, 
111). Needles (from aleohol), v. sol. alcohol, 
ether, and HOAc. May bo sublimed.—NaA : 
plates, m. sol. water. 

EETINAPHTHA, is Toloenb. 

EETINDOLE v. Iedoi/E. 

EETISTENE is Betene. 

BHAMNETIN is the Methyl ether of 
Qoeboetin (j. «.). * 

EHAMNITE C,H„Oi i.e. 
CH„.CH(OH).CH(OH).CII(OH).CH(On).CH20n. 
[121°]. [a]D = 10-7°. Formed by reducing isodul- 
cite with sodium-amalgam in a solution kept 
nearly neutral by ILSO, (E. Fischer a. Piloty, B. 
23, 3104). Triclinic crystals, with sweet taste, 
V. sol. water and alcohol, si. sol. chloroform, v. 
si. sol. ether. Dextrorotatory. Docs not reduce 
Fehliug’s solution. 

EHAMNOHEPTOSE C,H,.0, <.8. 

CH(OH).CH(OH).OH(OH).CH, 
CII(OH).CH(OIi).CH(OH).CIIO' '•“Jo-'* • 
Formed by the action of sodium-amalgam 
on tho lactone, [c. 160°], [a]u = 55-6°, of hexa- 
oxy-octoio acid, which is formed from rhamno- 
hexose by successive treatment with HCy and 
baryta (Fischer a. Piloty, B, 23, 3106). Sweet 
syrup. Dextrorotatory. Yields C,II,„0„(N2lIPh) 
[200°] and C.H,.08(N2HPh)2 [o. 200°]. Con¬ 
verted by treatment with HCy, followed by 
saponification, into hepls-oxy-ennoio acid 
CH(OH).CH(On).CH(OII).CH, 
OH(OH).CII(OH).CH(OH).CH(OH).C02H' 
lactone of which [o. 172°] is hevorotatory 
[a]„=-61°. 

EHAMNOHEXITE C,H,„0. t.«, 
CH(on).CH(on).cH(on).cH, . 

CH 0H).CII(0H).CU2(0H) “ ■" 

[a] „ ^ 11-6°. Fbrmcd by reducing rhanmohexosa 
with sodium-amalgam (Fischer a. Piloty, B, 23, 
3106). Small colourless prisms (from hot al* 
cohol). Does not reduce Fohliug’s solution. 

BHAMNOHEXOSE 0,n,.08 i.e. 
ou,cii(;oii).ou(OH).cH(ou).oinoii).on(on).CHa 
[181°]. Wd = - 61°. Formed by reducing the 
lactone of isodulcite carboxylic acid with sodium- 
amalgam in acid solution at a low temperature 
(Fischer a. Piloty, B. 23, 3104). Small tables, 
si. sol. alcohol. Its aqueous solution tastes 
sweet. Yields a di-phenyl-di-lydrazide [200°]. 

EHAUNOSE V. Isodulcite. 

EHATANINE C,.II„NO,. S. -8 at 100°. 
S (alcohol) -01 at 15^ ; -04 at 78°. Occurs in 
tho extract of rhatany root (Wittstein, Ji_1854, 
656; Huge, Yiertelj. d. nat. Qes. in Zurich, 6, 
Heft 3; Gintl, Site. W, [2] 60, 668; Kreitmair,' 
4.176,69). Spherical groups of white needle*, 
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Insol. etha. Not ppd. by lead acetate or sob- 
acetate. Resembles tyrosine. On heating with a 
little solution of Hg(NOa)] it becomes rose-red, 
and gives a brown pp. on further addition of 
Hg(NOJr Boiling HNO, gives a red colour 
changing to blue, and finally to a fluorescent 
green. Sulphuric acid forms a sulphonic acid 
C|„H|jN0,,(S03H)aq crystallising from alcohol in 
plates yielding BaA',2|aq and BaA'jSaq. 

Salts.—HjA"HW: monoclinic prisms, de¬ 
composed By treatment with water or alcohol.— 
(HjA")jHjPtCl,.—NSjA": deliquescent amor¬ 
phous m.nss.—KjA''.—Ba A" 2aq.—SrA" 2aq.— 
CaA".—MgA".—AgjA": minute needles, el. sol. 
cold water.—H2 A"HNOj.—H,A"II.,SO,: tri- 
metric crystals.—H.,A"H,PO,: small prisms. 

BHATANITANNIC acid 0,,H.aO, (Baabe, 
y. 1880, 1060). Occurs in rbatany extract from 
the root-bark of Kranieria triandra (Wittstcin, 
J. 1854, 656; Grabowski, A. 143, 274). Amor¬ 
phous, sol. water. Beduces Fehling’s solution. 
Gives a dark-green colour with FeCl,. Yields 
phloroglucin and protoeatechuic acid on fusion 
with potash. 'Boiling dilute H^SO, forms ‘ rha- 
tania-red ' Oj,H,,0„ which yields pyrocateohin 
on distillation. 

BHINACANTHIN 0|,H„0,. Occurs in the 
root of Rhinanlhus communis (Liborius, J. 1881, 
1022). Tasteless resin, sol. alcohol. Docs not 
form glucose on boiling with IIClAq. 

BHINANTHIlf 0„H„O„ (L.) or 
A glucoside occurring in the seeds of the yellow 
rattle (Bhinanthna crista-galli), and giving rise 
to the violet colour of bread prepared from rye 
contaminated with these seeds. Occurs also in 
the seeds of Alectrolophus hirsutus (Ludwig, Z. 
[2] 6, 303! -4r. Ph. [2] 142, 199], and in the 
leaves and stalks of the snap-dragon {Anti- 
rhinum majus) (Phipson, C. N. 68, 99). Stel¬ 
late groups of prisms, with bitter-sweet taste, v. 
sol. water and alcohol. Gives a bluish-green 
solution on warming with alcoholic HCl. Re¬ 
solved by dilute HClAq into brown amorphous 
rhinanthogen and a sugar. 

BHIZOPOGOKIC ACID 0„H,„0,. [127°]. 

Obtained from the mushroom lihisopogon ru- 
hescens by extracting with ether (Oudemana, 
B, T. C- 2,165). Red needles, insol. water, v. e. 
sol. ether, chloroform, and boiling alcohol. Its 
alkaline solutions are intensely violet.—KA' aq ; 
minute dark-violet crystals. 

BHODAUM1KB8 v. Rhodium -AMMONIUM 

COMPOUNDS, p. 406. 

BH0DAHIDE8, another name for Sulplio- 
cyanides (g. v. vol. ii. p. 348). 

BHODAHIO ACID C,H,NS.,0 t.s. 

HS.OH2.CO.S.ON or (Andreasch, 

Af. 10,73). [169°]. Formedbywarminganaqueous 
solution of chloro-acetio acid (1 mol.) with am¬ 
monium sulphooyanide (8 mols.) (Nencki, J. pr. 
[2] 16,1; S. 17, 2279; Ginsberg a. Bondzynski, 
B. 19,113). Formed also by passing HCl into 
an alcoholic solution of thioglycollio acid and 
potassium sulphooyanide (Freydl, M. 10, 82). 
Yellow six-sided prisms and tables, v. el. sol. 
cold water, v. sol. alcohol and ether. Acid in 
motion. Boiling baryta-water splits it up into 
HOyS and thioglycollio acid. Water at 200° 
forms 0O„ H|S, NH„ and thioglycollio acid, 
neacts with aldehydes in presence of HOI, form¬ 


ing oomponnds of the typeB.CH:0(SH).OO.S.'OS'. 
Ethylidene-rhodanic acid 0,H,NB,0 [148°] 
forms yellow needles, sol. hot water. Benzyl- 
idene-rhodanio acid C„H,NSsO [200°] also forms 
yellow needles, converted by hot H,SO, (4 pts.) 
into 0,jH,NSjOj, crystallising in needles, yield¬ 
ing NaA', KA', and NH,A', end converted by 
HNOj into 0|,HsN.^SjO„ crystallising in yellow 
needles yielding NaA' aq. o-Nitro-benzylidene- 
thodanio acid 0,„H.N.AO, [189°] crystallises 
from^ dilute alcohol, and may be reduced to 
o-amido-benzylidene-rhodanio acid, which yields 
C„H AcNjS,0 [280°-285°] and C,oH.Ao.AS,0 
[189°]. p-Nitro-benzylidcne-rhodanic acid [262°] 
is also crystalline (Bondzynski, ill. 8, 357). 
FeClj added to a hot solution of rhodanic acid 
forms a brown pp., from which alcohol extracts 
B»HiNjS.,Oj as a brownish-red powder, forming 
a red solution in alkalis. 

Salts.—CuA'jaq: yellowish-green amor¬ 
phous pp.—(OaH3NSjO)2CuCl: golden needles. 

BHODATBS. No salts have been isolated 
the acidic radicle of which is composed of Rh 
and 0 ; but there is some reason to think that 
such salts exist in the solution obtained by pass¬ 
ing Cl into an alkaline solution of Rhj(OH)3; v. 
under Hydiiated ehodium dioxidb, p. 405. 

BHODINOL C|.n„0 i.e. 

CH.,:C(C3H,).0H:CH.CnMe.CH,0H. (217°). S.O. 
1- '83. Occurs in German and Turkish oil of 
roses (Eckart, B. 24,4205). Oxidised by chromio 
acid mixture to an aldehyde, rhodinal, and rhodi- 
nolic acid. P^Os yields a terpeno. KMnO, forma 
Valerio, butyric, acetic, oxalic, and carbonic acids 
and C,H|,0„ possibly an alcohol. 

BHODltfH. At. w. 102*7. Mol. w. unknown. 
Melts at 0. 2000° (Pictet, 0. B. 88, 1317). 8.G. 
12*1 (Deville a. Debray, J. 12, 240). S.H. *05803 
fl0° to 97°; specimen contained trace of Ir) 
(Regnault, A. Ch. [3] 63,1). C.E. *0000085 at 
40° (Fizeau, G. B. 68, 1126). 

* Occmrence. —With the other Pt metals in 
■platinum-ore; the p.c. of Rh varies from 0 to 0.5; 
as much as 12*3 p.c. was found in a South 
American ore by Deville a. Debray {A. Ch. [2] 
29,137; cf. Kern, C. N. 35, 88). 

Del Rio (u. p. a. D., f.c.) found an alloy of Rh 
and Au in Mexico, containing from 34 to 43 p.o. 
Rh. Rhodium was separated from the other Pt 
metals in 1803 by Wollaston (T. 1804. 419), at 
the same time as he isolated Pd. The name 
rlwdium was given by W. because of the rose- 
ooleur of the salts {(i6Sm=^a rose). 

Formation.—1, By reducing RhCl,.8Na01Aq 
by Zn,H, formic acid, <2o.—2. By strongly heat¬ 
ing Rh01,.3NH,01. 

Preparation. —Rh is generally prepared by 
adding iren to the mother-liquors from which 
Pt has been extracted («. Platinum, this vol. p. 
286), and then treating the solid so ppd. The 
processes for the treatment of this residue are 
many; that described here is the one employed 
by Claus (J. pr. 86,129), and by Gibbs {5. pr. 84, 
65; 94, 19), and is a medification of Claus's 
older method (cf. Deville a. Debray, C. B. 78, 
1782). The platinum-residue—which contains 
Rh, Hu, Pd, Ir, Cr, Cu, and Pb—is fused at a 
bright red heat with 1 pt. Pb and 1 pt. PbO; 
the re^lus, after separation of slag, is treated 
with nitric acid (equal vols. cone, acid and water); 
the insoluble residue is washed, dried, and mixed 
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with iii bwn weigU of NaOl, aod thii mixtnn 
is heated to low redness, in a large porcelain 
tnbe, in a stream of 01, for some time; the 
treatment with NaCl and Cl is repeated; after 
cooling, the contents of the tube are lixiviated 
with water, when BhClj-SNaCl dissolves with 
small quantities of the corresponding salt of Ir 
and traces of some of the other metals. The 
solution is heated with HNO^iq, to transform 
IrCl, into IrCl„ and Ir is then removed, as 
IrCl,.2AmCl, by fractional ppn. with cone. 
AmClAq. The filtrate from the last pp. of 
IrCl,.2AjnCl, which is almost quite tree from all 
metals except Bh, is evaporated to dryness with 
HNOjAq, to decompose the AmCl; the residue is 
mixed with 3 or 4 times its weight of S, and 
heated to bright redness in a covered porcelain 
crucible, which is packed in powdered charcoal 
in a larger earthen crucible. The regains thus 
obtained is boiled for sumo time with aqua 
regia, and then with cone. it is then 

fused, at a losv rod heat, with 3 or 4 pts. Zn, 
whereby an alloy of Bh and Zn is formed, with 
the production of so much heat that part of the 
Zn is volatilised. After cooling, the alloy is 
digested with cone. HClAq,to remove impurities, 
and is then dissolved in aqua regia. NlI,Aq is 
added to this solution till the pp. which forma 
has dissolved; the solutionis boiled, and evapo¬ 
rated until yellow Klij(NHj),„01, separates; the 
whole is then evaporated to dryness at 100°, and 
the residue is treated with warm dil. HClAq 
until the washings show no yellow colour; the 
residue is dissolved in boiling water, and the 
liquid is filtered, hot, into dil. HClAq; the small 
yellow crystals of Eh.i(Nnj)|,Cl, which separate 
are re-crystallised several times from hot, dil. 
NHjAq, whereby the salt is obtained quite pure. 
The pure Eh,{NH3)„Clj is decomposed by heat¬ 
ing strongly in a paphito crucible, and the Eh 
thus obtained is fused in a lime crucible in the 
0-H fiame (ti. vol. iii. p. 642). The fusion re¬ 
moves the lest traces of Os and Si. For other' 
methods of preparing Eh v. Bunsen, A. 146, 
265; Fremy, G.li. 3S, 1008; Lea, Am. S. 38,81, 
248; Schneider, P. Supp. B, 261; Philipp, D. F. J. 
220, 95; Martius, A. 67, 357; Wilm, Bl. [2] 34, 
679. 

Properties _A very hard, white metal, with 

a tinge of blue-grey; about as ductile and malle¬ 
able as Ag. Melts only in the full 0-H flame, 
without volatilising; spits on cooling; is super- 
floially oxidised when very strongly heated in 
air. Insoluble in acids when compact, but the 
finely divided metal ppd. from solutions is sol. 
HNOaAq, and also si. sol. HClAq in presenqo of 
air (Wilm, Bl. [2] 34,679). Alloys of Eh with Bi, 
Cu, Pb, Ft, or Zn are attacked by HNO,Aq. Eh 
is obtained as a black porous solid by reducing 
solutions of Bh compounds by Zn, Hg, EtOH, 
or HCOjH (». Claus, J. pr. 86,139; Wilm, J.c.). 
The finely divided Eh obtained by heating the 
purpureochloride takes up o. 18 p.c. 0 when 
heated in a stream of air (llhO requires 13-5 p.o. 
0), and the 0 is given up by heating in H. 

In its chemical relationships Bh is closely 
allied to Bu and Fd, and less closely to Os, Ir, 
and Ft; v. Nobui mbtilb, vol. iii. p. 628. 

The at. w. of Bh has been determined (1) by 
analyses of BhOV^^^ (BeraeUas, P. 18, 442 
[1828]); (2) by analyses ol a large nnmbet of 


different Bh compounds (Claus, J.pr. 85, 139 
[1862]); (3) by analyses of Bh,(NH,)„01, and 
Ehj(N^„Br, (Jorgensen, J.pr. [2] 27, 433,489 
[1883]); (4) by reducing pure Eh.3(NH,)„01, in 
H, and determining the residual Bh (Seubert a. 
Kobbd, A. 260,314 [1890]); (6) by determining 

5. H. of Eh (Begnault, A. Gh. [3] 63, 1). No 

compound ol Bh has been gasified. The older 
values for at. w. ol Bh varied from 104'3 to 103. 
Seubert a. Eobbil have shown that the true value 
is less than 103. * 

Reactions and Gombauitiotis.—l. Bhodium 
black heated in air combines with 0 to form 
BhO, according to Wilm {B. 15, 2225). Leidid 
{Bl. [2] 50, 664) says that the products contain 
from 14'5 to 17’8 p.o. 0 (EhO requires 13'5 p.o. 
0).—2. Oxidised to RlijO,, and then to RhO„ 
by fusion withpotash atul nitre (Claus, i.c.); also 
by heating strongly with barium peroxide (D. a. 
B., I.C.). —3. Fusion Bh black with potassium- 
hydrogen sulphate produces what is probably a 
double Eh-K sulphate (Claus, J.c.).—4. Heated 
in chlorine to o. dOO^iEhClj is formed (v.Leidid, 
Bl. [2] 50, 664).—6. Mixed with scdium-chloride 
and heated in chlorine, BhCl,.3Na01 is produced; 
KCl and Cl, and BaCl, and Cl, act similarly 
(Berzelius, P. 13, 435; Bunsen, A. 146, 266).— 

6 . EhS is formed by heating Eh black in 
vapour of sulphur (B., l.c.).—7. Bh dissolves in 
molten phosphoric acid (Fischer, P. 18, 257), 
also in molten acid phosphates (Bose-Finkner, 
Hand. d. anal. GItetn. 6th ed., 1,354).—8. Finely- 
divided Eh dissolves in molten zinc (JSrgensen, 
J.pr. [2] 27,433,489).—9. Hydrogen is absorbed 
in large quantities by Bh. The finely divided 
metal obtained by heating BhClj.fiAmCl becomes 
sensibly hot when H is passed over it (Wilm, 
l.c.).—10. Bh black decomposes chlorine water, 
forming HClAq and 0, and solutions of hypo¬ 
chlorites, forming chlorides and 0 (Jorgensen, 
lx.). It also decomposes hydrogen peroxide, 
giving off 0.—11. Eh black decomposes formic 
acid solution to H and CO.,; alcohol in presence 
of alltali is oxidised to alkali acetate, end H is 
given oft, at c. 30^ (D. a. D., A. Gh, [2] 29,137; 
50,385; cf. Hoppe-Seyler, B. 16,117).—12. When 
Eh black obtained by heating RhCl,.3AmCl is 
heated in coal-gas, or in ethylene, the volume of 
the Bh increases and C is absorbed (Wilm, Bl, 
[2] 34, 679). 

Detection.—llh may be brought into solution 
in water, cither by repeated fusion with KHSO„ 
or by mixing with NaCi and heating to low red¬ 
ness in Cl. To detect Eh in solution, Demarqay 
(C. R. 101, 951) recommends to add AmCl to a 
neutral, or an almost neutral, solution which 
has been boiled with HClAq, then to add fairly 
cone, freshly prepared NaClOAq, and then a 20 
p.o. acetic acid solution, drop by drop, with 
constant shaking, till any pp. formed by the 
NaClOAq dissoves to an orange-coloured solu¬ 
tion ; on standing, this solution decolourises, 
deposits a greyish pp., and finally acquires an 
intense sky-blue colour, which remains for some 
time. Free HNO, or GL,SO, should be absent, 
not much acetic acid should be added, and the 
temperature should not be raised. By taking 
two equal portions of the liquid to be tested, 
dilating one with water to the same bulk as the 
other occupies when the reagents are added, 
and comparing the two, '00019 g. Bh can h« 
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detected in 3 e^. liquid. The other Ft metals 
give no reaction with NaClOAq under the above 
eonditions. 

Shodium, alloys of. Bh alloys with many 
metals, by iuslon with them. Some ol the 
alloys seem to have definite compositions, e.g. 
BhjPb and EhZnj. Descriptions ol the alloys 
will be found in the papers referred to:—As 
(Wollaston, T. 1804. 410); Bi (W., Ic.) ; Au (W., 
I.C.; van Hiemsdyk, J. 1880.1269); Fe (Faraday 
a. Stodart, 0. A: 60,167); I‘b (Debray, C. li. 
90,1195; Deville a. D., 0. R. 44,1101; 94,1557)! 
Ft p. a. D., l.e.) ; Ag (W., U .}; Sii (D., U. ; 
Leidi6, C. R. 106, 1076); Zn (D. a. D., l.c.; 
Bunsen, A. 146, 271; Jorgensen, J. 2 >r, [2] 27, 
434h 

Bhodium, ammonio-salts of, v. Ituonivu- 
IHIIOHIUU COUPOUNDS, p. 405. 

Bhodium, chlorides of The only chloride 
of Eh which has been isolated with certainty 
is EhCl,. The lower chloride EhCl, probably 
exists. 

EnoDioH DioHLoniDB EhCL. This chloride 
probably existe. Berzelius obtained a greyish- 
red powder, to which ho gave this composition, 
by heating Eh in Cl, warming the product rvith 
KOHAq, and treating the hydrated o.xide so 
formed with HGlAq, when EhCl, dissolved and 
EhCl, (?) remained (P. 13, 437). According to 
Fellenbcrg (P. 60, 03) EhCl, is obtained, as a 
rose-red powder, insol. water, IIClAq, or HNOjAq, 
undecomposed by KOHAq, by heating EhH in 01. 
Claus (J. 1865.423) and Lcidid (0. R. 106,1076; 
107, 234) regard the existence of EhCl, as un¬ 
proved. According to L., no substance of con¬ 
stant composition is obtained by F.’s method. 

(?)Double salt,Am,EhCl,.xH20. Thecom- 
pound to which Wilm gave this composition, 
and which he said was obtained by adding AmCl 
to EhCljAq in presence ol much agua regia (B. 
16, 3033), is almo.st certainly identical with 
Am,BhCl,.NH,NO,.3.UI.,0, obtained by Leidid (v. 
Amuokium cnnoB-HnODiiB, infra). 

Enfeninsi 'rnicnnoitiDE EhCl, {Rhodo- 
chloride, Rhodo-rhodic chloride, EhCLEhCI,. 
Bhodium sesguichloridc, Eh.,Cl,). EhCl, is 
the simplest formula possible, but it is not 
necessarily molecular. Leidid (C. R. 106, 
1076; 107, 234) prepared EhCl, by heating 
the alloy i^Sn, in a rapid stream of dry, air- 
free Cl at the B. F. of S, until SnCl, ceased to be 
formed, allowing to oool, and removing Cl by a 
current of CO,. The chloride is' thus obtained 
as a sealing-wax-red powder. The alloy EbSn, 
is farmed by fusing 1 part finely divided Hh 
with 30 to 50 parts Sn, and treating the product 
lor a day or two with fairly cone. HClAq at 0” 
pebray, C. B. 104, 1470, 1577). EhCl, was 
also formed by JSrgensen (X pr. [2] 27, 433) by 
heating Cl,Bh,(NH,)„Cl, in a stream of Cl. 
Deidie {Bl. [2] 60, 664) says that EhCl, is not 
obtained pure by Claus' method ol heating Eh 
in Cl, as part of the EliCl, is decomposed at the 
temperature which must be employed to cause 
combination of Eh and Cl. Leidid (2.c.) could 
not obtain pure EhCl, by heating Eh.,S, in Cl, 
nor by heating the doable chlorides of Eh and 
alkali metals with H,SO„ as recommended by 
Claus; in the latter reactions L. obtained alkali 
iulphate and Eh,(SO,),. EhCl, is a red powder, 
insol. water and aci&; decomposes to Eh and 


(3 at 0. dSO'-SOO” (It., I.C.). When moist HhC^ 
is heated in vacuo, or in a stream of E, it is 
partially decomposed at 100°, and wholly at 360°, 
to Eh,0, and HCl (L., Iji.). Slowly reduced by 
H at low redness (n. Claus, J. 1855. 423). 

HyDIUTE OT BHODIUn TBICHLOBIDU 
EhClj.4H,0. Said to be formed by Claus (fc.) 
by dissolving freshly ppd. Bh(On), in HClAq, 
and evaporating; by Berzelius (P. 13, 437) by 
decomposing K,EhCl,Aq by H,,SiF,Aq, filtering, 
and evaporating. Described as a dark-red, glassy, 
deliquescent solid; e. sol. alcohol, insol. ether. 
Leidid (Rl. [2] 50, 664) could not obtain this, 
nor any definite, hydrate of EhCl,. 

Double salts. Chloro-rlwdites 
EhCl,.3MCl, or MjEhCl,. M = Am, 'Ba, iPb, Hg, 
K, Ag, Na. Also MphCl,; M = ?Am, and K. 

Ammonium chlor-rhodite 2Am,EhCl„.3H20 
(Ammonium-rhodium trichloride). Large, red, 
rhombic prisms («. Keferstein, P. 99, 275); by 
adding cone. HClAq to Na.|EhCl,Aq, filtering 
from NaCl, and adding cone. AmClAq (Claus, 
l.c.-, Wilm, B. 16,3033; Leidii, l.c.). Sol. water, 
or dil. AmClAq ; insol. alcohol. The salt 
AmJthOlj.H.p, said to bo formed by heating a 
solution of the preceding salt (Vauquelin, A. Ch. 
93, 204), could not bo obtained by Leidio (l.c.). 

Double salt with ammonium 
nitrate, 2(Am,EhCl,.NH,N0:,).7n.20. Obtained, 
as violet-rcd crystals, by adding HNO,Aq to 
Am,EhCl,Aq, and then excess of AmClAq, con¬ 
centrating, and drying the crystals t» vacuo. 
Scarcely sol. HNOjAq; when boiled with water 
gives ofl same gases as are obtained by boiling 
AmClAq with aqua regia. 

Potassium chlor-rhodilcs (1) K,EhCl,.3H;0. 
Dark-red triclinio prisms; by adding cone. 
KClAq to EhCljAq, and allowing to evaporate 
(Claus, 2.C.). Obtained by Seubert a. Kobbi (B. 
23, 2,556) by saturating the filtrate from the salt 
KjEhClj (infra) with IICl, filtering from KCl, 
and evaporating. Leidio (l.c.) failed to obtain 
this salt. 

(2) K.EhClj.HjO (no water, according to L.). 
Brown triclinio prisms, si. sol. water. Gives Eh, 
KCl, and Cl when he.ated to redness. Formed 
by heating a mixture of 1 part spongy Eh with 
2 parts KCl, in a stream of Cl, so long as Cl is 
absorbed, dissolving in water, filtering, and 
evaporating under reduced pressure (8. a. E., 

1. C.). 

Sodium chloro-hodite Ka3EhCle.9HjO. Pre¬ 
pared like the E salt (Berzelius, Claus, Leidid), 

The lead, mercurous, and silver salts ore 
obtained by adding Pb(NO,).2Aq, HgNOjAq, or 
AgNOjAq, to solution of an alkali salt (Claus, 

2. C.). The barium salt is obtained like the K 
and Ka salts (Bunsen, A, 146, 276). Compounds 
of BhCl, with mcthylamine chlorides are de¬ 
scribed by Vincent (Bl. [2] 44, 613). 

Bhodium, cyanides of, and derivatives, v, vol. 
ii. p. 346. 

Bhodium, hydrosnlphide of, 
BhS,H3(=EhjSj.3H2S). A brownish - black, 
voluminous pp., obtained by passing into 
solution of a Eh salt at 0.100° (Leidid, Bl. [2] 
50, 664). Insol. acids, or alkali sulphide solu¬ 
tions ; decomposed by Br and aqua regia. Gives 
oS H^S, and forms I&jS, when boiled with much 
water in N, or when heated with water in • 
sealed tube to 100°. 
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Ithodlma, liydrozldefl of, v. Bhodivu oxides 
UID KTDBA7BD OUDSS* 

Bbodium, iodido o£ The black substance 
obtained by Jorgensen in making Bh2(NH3),jl4 
(v. lODOPDRFUBEOBnODlUU IODIDE, p. 40G) WaS 
probably Bhia; analysis gave 21*8 p.c. Kh, the 
formula requiring 21*3 p.c. According to Claus 
[l.c.) an iodide of Bh is formed when ElAq is 
added to solution of a salt of Bh. 

Bhodium, oxides and hydrated oxides of. 
Bh and 0 combine, when Bh is strongly heated 
in 0, probably with formation of BhO. The 
only oxides of Bh which have been isolated with 
certainty are Bh^O^ and BhO,; BhO also pro* 
bably exists, and there are indications of the 
formation of BhO^. The hydrated oxides, or 
hydroxides, are Bh.Oa.SH^O [s5Bh(OH)3], and 
Bh0,.2H20 [ = Eh(OH},]. 

Bhodium monoxide BhO {Uliodom oxide). 
Probably formed when Bh black is heated in a 
stream of air (Wilin, B, 15, 2225). Lcidid {Bl. 
[2] 50, 604) says that from 14*5 to 17*8 p.c. 0 is 
taken up; BhO requires 13*5 p.c. 0. The grey 
powder obtained by heating Bh(OII),was looked 
on by Clans as probably BliO. Dcville a. Debray 
{A. Ch. [3J 61, 83) obtained what they regarded 
as BbO containing a little PbO by melting Bh 
with PbO, Pb, and borax, cupelling, and treating 
the residue with IINO^Aq. BhO is said to bo 
fairly easily reduced to Bh by heating in H. 

BnoDiDM siiSQuioxiDE BhjOa {Ithodo-rhodic 
oxide). This oxide may bo formed when Bh 
black is heated to redness in air. Lcidi6 found 
from 14*5 to 17'8 p.c. 0 taken up {Bl. [2] 50, 
664); lih^Oj requires 18*92 p.c. 0. Bh^^Oj was 
obtained by Claus {J. pr. 76, 24; 80, 282; 85, 
129) by heating Bh(NOa)3 ^ crucible till 
oxides of N ceased to come off; also by fusing Bh 
with BaO^ and Ba(NOa)2. Pvemy (.4. Ch. [3] 44, 
385) says that BKOa is produced by heating 
Ntt^BhOln to redness in a stream of 0. BhoO, is 
also formed by heating BhOaH.,. lUi-O, forms a 
grey solid; insol. acids; reduced by li to Bh 
(Claus, I.C.). Premy obtained it as lustrous, 
metal-like, crystals, somewhat volatile when 
heated in a stream of 0, which decomposed 
ClAq giving IlClAq and 0. 

Hydrated rhodium sesquioxide. (L) 
EhjOs.SH^O {BUodo-rhodic hydroxide, BhOjIia). 
A black gelatinous pp. formed by adding excess 
of KOHAq, and a little alcohol, to Na3BhCl,jAq. 
81. sol. cone. HClAq (Claus, l.c.). (^ Bh^Oa.SH^O 
{nydratcdrhodO‘rh<^ichydroxide,U\iOJl-yliX)). 
Obtained by adding KOHAq to solution of lUi'Cl,, 
the latter being in excess, allowing to stand till 
the pp. is citron-yellow (the first rose-red pp. 
contains the hydrate mixed with K,BbClo), and 
washing with hot water (Claus, Z.c.). The whole 
of the KOH cannot be removed from the pp. 
by washing, Sol. HCIAq, HNOj,Aq, H-SO^Aq, 
H^SOjAq, and when freshly ppd. also in acetio 
acid. Also sol. cone. KOHAq, but reppd. on 
dilation (Descotils, Qm.’K. 3, 1261). Said by 
Leidid (0. R. 107, 234) to be sol. in solution of 
alkali hydrogen oxalates. Solutions of this hy¬ 
drate in acids yield the salts Bh^SX on evapora¬ 
tion ; Xa» 2 N 0 „ 0,04, SO4, SO3, <&c. 

Bbodxum DioxtDB BhOj {Bhodi- or rhodic 
oxide). A brown solid; obtained by repeatedly 
luaiog finely divided Bh with EOH and KNO,. 


Jnsol. acids, or boiling KOHAq. Beduced to Bh 
by H at a high temperature (Ciaus, l.c.), 

HydbXted rhodium dioxide Hb02.2H20 
{Bhodic hydroxide,^ Bh04H4). Obtained by Claus 
jZ.c.) by leading Cl into a solution of BhjOa.GHaO 
in KOHAq till a dark-brown gelatinous pp. was 
formed, then adding pieces of KOH from time to 
time, and continuing the passage of Cl until pp. 
became more compact, and green, and the solu¬ 
tion became blue-violet. A greenish solid, sol. 
HCIAq, forming a greenish-blue solution, which 
evolves Cl and becomes tho doep-red colour of 
BhClj solution (c/. Jorgensen, pr. [2j 27, 
446). 

Bhodic acid and rhodates (?). The 
blue-violct solution obtained by passing 01 into 
Bh.3O3.5HjO in KOHAq {supra) is fairly per¬ 
manent, but after some time it ppts. a blue 
powder, gas is given off, and the liquid becomes 
colourless. AVhen the blue powder is dried it 
becomes green BhCf .2Hi;0. A blue pp. is also 
obtained by carefully neutralising the blue- 
violet solution by HNO;,Aq; this powder, when - 
moist, is sol. JlGlAq, with evolution of Cl; on 
heating, more Cl is ovolved, and*tho liquid be¬ 
comes tho red colour of BhCl., solution. Claus 
{l.c.} regarded tlio biuc-violet solution as contain¬ 
ing potassiuvi rhodate, and the blue pp. he 
looked on as rhodium trioxidc or rhodic anhy^ 
dridc, BhOa. 

Bhodium, salts of. But few salts are known 
obtained by replacing H of oxyacids by Bh ; tho 
chief arc nitrate,nitrite,oxalates,phosphates, and 
sulphates', a few double salts are also known. 

Bhodium, sulphides of. Bh and B combine 
when heated, probably foriniiig BhS. IthgS, is 
formed by ppn. from Bh salts. 

Bhodium mososulpiiide BhS {Bhodom ml- 
phidc). Said by Berzelius to be formed by heat¬ 
ing finely divided Bh in S vapour; also, accord 
ing to Vauquelin {A. Ch. 88, 167), by heating 
AinjBhCla with S. Kelleubcrg (P. 50, 63) ob¬ 
tained BhS by licating dry Bh^Sj in CO.4 (?). A 
while-blue, lustrous solid; heated in air gives 
spongy Bh; heated in Cl forms BhCl^ and SjCl^ 
(b\, l.c.), BhS is insol. aqm regia, according to 
l)ebray {0. li. 97,1333.) (v. also Gibbs, J. pr, 91, 
171; Lecoq de Boisbaudran, 0. B. 96,152). 

Bhodium besquisultuide BhjS, {Rhodo- 
rhodic sulphide). Formed, by passing H,S into 
solution of a Bh salt, as a black pp. according 
to Lcidid (0. It. 106, 1070, 1533) tho pp. is 
BluSa.SHjS (p. Bhodium, HYDROHuni’niDB or, p. 
404), which becomes BIvSj by heating for some 
time with water at lOO*^, in a closed vessel or in 
N. Leidi6 (Z.c.) obtained Rh^Sj, in black crystal- 
lino tablets, by heating RhClj to 360'^ in a stream 
of lIjS; according to L., this is the only method 
whereby pure BhsS, can be prepared. Loses 
8 p.c. S when heated in N to dull redness; all S 
expelled only in 0-H flame (L., 2.c.). Insol. al¬ 
kali solutions; not acted on by HCIAq, HKO^Aq, 
BrAq, or aqua regia (L., l.c.). Forms the 
double salt Bb.,S3.8Na3S, by adding excess 
of cone. NajSAq to NagHhCi^Aq; decomposed by 
water, stable in presence of excess of alkaU 
sulphide (LeidiA, l.c.). M. M. F. M. 

BHODIBX . AMMOKIUK COKFOtnSBB. 
^hodammines. Ammoniacal rhodium bases.) 
when a solution of Bh in aqua regia is eva¬ 
porated with excess of KH^q a oompoond 
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BhyOlplOKH, is obiained. By treating this 
body with moist Ag^O and water in the cold 
BhfOl^OfH^lONH, is formed; if heat is used, 
the prodnot is Bh 3 OKH^. 10 NH, These com* 
pounds react as definite salts, which exchange 
their more negative radicles without losing Bh 
or NHj. The classification of the rhodium* 
ammonium compounds generally adopted is 
similar to that used for the Cr and Go com* 
pounds (o« voh ii. pp. 158 and 222). In the 
following general formulse M and X represent 
negative radicles, which may be the same or 
different 

Ma.Eh 3 . 10 NH 3 .X* or N 4 H„fNH,),(Eh,MJ.X^ 
Purpureo-rhcdiiim series. 
Eh,. 10 NH,.X„. 2 H 3 O or N 4 H«(Nn,) 3 Rhj.X 3 . 2 H ,0 
Boseo-rhodium series. 

Rh,. 12 NH 3 .X, or N,H,{NH,) 3 Rh 3 .X, 
Luteo-rhodium series. 

The Rh compounds wore investigated by 
Berzdius {Lehrbuch, 6 th ed*., B, 956); Yauquelin 
{A. Ch. 88 , 167); Glaus {Beitrdge eur CItemie 
d&r PlaUnmetallet Dorpat, 1854); and more 
recently by Jorgensen {J pr. [2] 27, 633; 84, 
894; 44, 48). 

I. PuBPUBXO-BBODinU GOUPOUNDS 
M 2 .Bh,. 10 NH,.X 4 . Ghangod to roseo salts, with* 
out loss of NH,, by boiling with alkali solution. 
The two atoms of radicle represented by bL are 
not removed by the ordinary reagents for remov* 
ing this radicle from salts. 

Chloro^purpureo’ series(J3rgensen,f.c.). 

Ckloropurpureorliodiuin cJiloride 
GI{.Bh 3 . 10 Nn,.Gl 4 . This salt is prepared by 
dissolving the alloy BhZn, in aq;m regia, 
evaporating to dryness, treating the residue 
with water, filtering, adding excess NHjAq, 
evaporating to dryness at 100 *^, heating with 
dil. HGIAq, and filtering while hot; the insoluble 
salt is washed with dil. HClAq, dissolved in 
boiling water, and the hot solution is filtered 
into HGIAq (1:1 by volume); the purpurco* 
chloride which separates is washed with dilute 
HGIAq, and then with alcohol. Small lustrous 
yellow rhombio crystals; isomorphous with 
ohloropurpureo-cobalt chloride (o.Topsoe, J. pr. 
[2] 27, 433; Keferstein, A. Ch. 99, 275). S.G. 
9*079 at 18®. S. *56 cold water, considerably 
more sol. hot water. Sol. without deoomposi* 
tion in hot cone. H^SO^, also in boiling NaOHAq. 
Easily reduced to Bh, but not acted on by 
such oxidlsera as aqua regia or HClAq and 
XOlO,. Heated in GO, gives Kh„ NH^Gl, NH 3 , 
and N; heated in H, gives Bh, NH,GI, and NH,; 
heated in HCI gas, gives Bh and NH^Cl; heated 
in 01 gives I^Gl, and NH^CI. Bcocts with 
varions substances to exchange CI 4 for equi* 
valent quantities of other negative radicles. 
Combines with FtCl^ to form the double salt 
Cl,.Rh,.10NH3.Cl4.2PtCi4. 

O^opurpureorhodium hydroxide 
Ol 3 .Bb 2 . 10 NH 3 .(OH) 4 . Known only in solution, 
which is obtained by rubbing the chlorochloride 
with, a little water and moist AgjO for a few 
minutes, and filtering. Reacts strongly alkaline; 
pves salts by neutr^sation with various acids. 
After warming, the solution contains roseo* 
sbloride, and hydroxide Bht.lONH 3 . 0 l 2 (OH) 4 , 
ilong with Bh 2 . 10 NH,.(OH} 3 , and gives a pp. 
vith AgNOjAq. 

The other salts of this series are the 


chloro-carbonaU M(CO,] 3 . 2 aq, chhro-nA^k 
M{N 0 ,) 4 , sUicofluoride M(SiF,) 2 , and ehloro^ 
sulphates M(S 04 )s. 4 aq and MJS 04 ) 3 . 3 H 2 S 04 « 
M-Ol3Jlha.lONH3. 

Bromopurpureo^ series (Jorgensen, f.e.)« 
Brome^urpureorkoditm bromide 
Br 2 .RhylONH,.Br 4 . Deep*yellow rhombic crys¬ 
tals ; S.G. 2*65 at 17*6°; scarcely sol. water. 
Prepared similarly to the chlorochloride, using 
HBrAq in place of HClAq; also by dissolving 
the chlorochloride in 7 p.o. hot NaOHAq, digest* 
ing for about an hour at 100 ®, adding excess 
cone. HBrAq.washingthepp. which forms with dil. 
HBrAq and then with alcohol; also by saturating 
solution of roseo'hydroxide, Bh 3 . 10 NH,.(OH) 3 , 
with dil. HBrAq and heating for some time at 
100®. Forms a double salt with platinio 
bromide, Br 3 .Rh.HlONH 3 .Br 4 . 2 PtBr 4 . The hrotno- 
nitrate, Brj.Rhj.l 0 NH 3 .(NO 3 ) 4 , and 6 romo- 
silicojluoride, Br 3 .Bh 3 . 10 NH 3 . 2 SiF 3 , have been 
. isolated. 

lodopurpureo- series (Jorgensen, l.c.)* 
lodopurpureorhodium iodide I 3 .Rh 3 .lONHj.I 4 , 
Prepared by heating the roscohydroxide with 
excess of IIlAq for some time; tiien transform- 
: ing the impure product into iodochloride by 
washing with water, then with alcohol, rubbing 
repeatedly with dil. HClAq, dissolving in hot 
water, and filtering into dil. HClAq. The iodo* 
chloride is then dissolved in hot wafer and 
poured into KIAq; the ppd. iotlo.iodide is 
crystallised from hot water. Reddish-yellow, 
rhombio crystals; S.G. 3*11 at 14*8®; very si. 
sol. cold water. Forms a double salt with 
2 rtl 4 . The other salts of this scries are the 
iodO'Chloride MCI4, iodo-nitrate M(NOa)4, iodo- 
silicojluoride MfSiF^),, and iodo^sulpliats 
M(S 04 ),. 6 aq. M - I..Bh,,. 10 NH 3 . 

Nitratopurpureo- series (Jorgensen, 
J. pr. [2] 31, 49). Nitratopurpicreorhodium 
nitrate (NO 3 ) 3 .Eh 3 . 10 NH 3 .(NO 3 ) 4 . Formed by 
boating the roseonitrate Rh 3 . 10 NH 3 .(NO 3)4 to 
JOO®; also by adding an equal vol. cone. HNOjAq 
to an aqueous solution of the roseonitrate, and 
heating at 100®. Yellowish-whito crystals; de¬ 
flagrates when heated. The other salts of this 
series are nitrato-chloride MCI4, and nitraio-di- 
thionate 2 aq. M - (NOJa.Rh 2 .lONH,. 

Nitritopurpureo- series or Xantho- 
series (Jorgensen, J. pr. [2J 31, 49). Nitrito- 
purpureorh^ium nitrate 
(NO2)3.Bha.l0NH3.(NO3)4 ^Xanthorhodiwn »t* 
trate). 6 g.* chlorochloride arc heated with 
50 c.o. water and 30 c.o. NaOHAq (7 p.c.) till 
dissolved; after cooling, 10 g. crystallised NaNO, 
are added and then a slight excess of dil. 
HNOjAq (1 acid : 2 water). The powder which 
separates after a time is washed with dih 
HNOjAq, and then with alcohol, and is crystal* 
lised from hot water. Octahedral crystals, iso¬ 
morphous with corresponding Go sdt. Insol. 
alcohol and dilute HNOgAq; si. sol. cold water; 
easily sol. hot water and cone. HNOjAq. No 
reaction with ordinary reagents for nitrites, e.g. 
KIAq, KMnOfAq, <&o. Gone. H 3 SO 4 does not 
evolve NO,.. 

The other salts of this series are: xaniho- 
bromide MBrf, aanihochloride MCI,, xantho- 
dithionate U{SiOJ}p 2aq, oxalate 
sUicoJlztoride ^(SiF,),, sulphates M(SOj, m 
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IL fioBBofidODioii cauroniits 
Bh,.10NH,.X,.SHjO. All the atoms ol the nega¬ 
tive radiole in these salts react similarly; e.g. 
AgNOjAq ppts. 601 from the chloride. Heated 
to 100° 2H,0 is given o9, and purpareo- salts re¬ 
main. These oomponn^ are generally formed 
by treating the chloropnrpureo- compounds with 
hot alkali solutions. Many are prepared from 
the hydroxide by the action of acids (Claus, he.; 
jdrgensen, he.). 

Moseorliodium hydroxide Bhj.lONH,.(OH)„. 
Prepared by heating ohloropurpureochloride with 
excess of moist Ag,0 and water for some days, 
filtering from AgCl, and evaporating in vacuo, 
A yellow deliquescent solid, with strongly alka¬ 
line reaction; ppts. metallic hydroxides from 
salts; decomposes Nil, salts, giving o3 NH,. 
Neutralises acids, forming roseo- salts., 

Boseorhodium bromide Kh,. 10 NH 3 .Brj. 2 H 2 O. 
Ppd. by adding ecno. HBrAq to solution of the 
hydroxide; also by boiling chloropurpureo- 
chloride with NaOHAq, and then adding excedb 
of cone. HBrAq. Pale-yellow crystals; changes 
to the purpureo- salt at 100°, or by crystallising 
from hot water. The other salts of this series 
are : carbonate M(COdj.aq; iodo • sulphate 
MI,(SO,),; nitrate M(NOJ„ and the double 
salt M(NOJ,.PtCl,; phosphate M(IIPO,),,.4aq, 
and the sodium pyrophosphate 
M(NltP,0,),.23aq; siti!pAa(<!M(SO,),.3aq, and the 
double salt M(SO,),.PtGI,. 

III. Luteokhodiuu courouNDS Rh,.12NH,.X,. 
Tliese salts are very stable. Their colours are 
the same as those of corresponding rosco- salts. 
The chloride can be prepared by healing the 
ohloropurpureochloride with cone. NI^Aq ; 
moat of the other salts are obtained from the 
chloride (.Torgensen, J. pr. [2] 44, 48, 03). The 
negative radicles are all acted on similarly by 
reagents. 

Luteorhodium chloride Rh,.12NH,.Cl,. Pre¬ 
pared by heating chloropurpureochlorido with 
0 . 30 times its weight NH,Aq (25 p.c. NEI,) tor 
several days at 100°-102°, dissolving in hot water, 
and ppg. by cone. HClAq. S. c. 12 at 8°. Not 
changed to ohloropurpureochloride by digestion 
with HClAq at 100°. Norms the double salt 
Rh,.12NH,.Cl,.3PtCl,.0aq. The other salts of 
this series described by Jorgensen are: bromide 
MBr„ nitrates M(NOJj and M(NO,)„.HNO„ 
phosphate M(PO,),.8aq and sodium luteo- 
pyrophosphate M(NaP,0,),.23aq, and sul¬ 
phate M(SO,),.6uq. 

Bhodinm.pyridine compounds. Compounds 
of Ilh with pyridine, CjH,N, and negative ra- 
ioles have been prepared by Jorgensen {J. pr. 
[2] 27, 433). The compeunds examined con¬ 
tain SOjHjN, and correspond with the ohrom- 
tetrammonium series of ammoniacal compounds 
(vol. ii. p. 159), and with the octammine series 
of ammoniacal Co compounds (vol. ii. p. 225). 
The composition of these pyridine compounds 
is represented by the formula M,Bh,(C,HjN),X,; 
where M = Cl and X - Br, Cl, OH, NO, and 5 SO,. 
The salts resemble the N^ compounds generally. 
The chloride (X=C1) is prepared ^ilarly to 
ohloropurpureorbodium ohloride, using pyridine 
in place of ammonia; the other salts are pre¬ 
pared from the eUoride by the action of acids. 
AgNOjAq ppts. one-third of the halogen only from 
Iho nitride and bromide. M. U. P. U. 


BEODIZOHIO ACID v. Di-oxx-siquntoYL. 

KHffiADIHE 0„H„NO,. [232°]. S.(80p.o. 
alcohol) -09. S. (ether) -08 at 18°. An alkqloid 
occurring in all parts of the red poppy Pa^ver' 
Bheeas, and in the white seed capsules of the 
white poppy Papaver somniferum (Hesse, A. 
140, 145 ; 149, 35; 153, 47). Small white 
prisms, nearly insol. water, alcohol, and ether. 
May be sublimed. Tasteless, and not poisonous. 

Its solution in very weak IICI is colourless, but 
in cone. HClAq and in H,SO, it forms purple 
solutions, the base being partially decomposed. 
The colourless solution is ppd. by tannin and by 
HgCl,. 

SaltsB'jHjPtCl, 2 aq; yellow amorphous 
pp.—B'HI 2aq: mass of minute prisms. 

Bhesagenine C„n,|NO,. [223°]. S. (80p.o, 
alcohol) '07. S. (ether) ‘00. Formed by boiling 
rhocadine with dilute H,SO,. Small crystals 
(from alcohol), si. sol. ether, alcohol, aud water, 

V. sol. dilute acidsf Its alcoholic solution turns 
litmus blue. Cannot be sublimed. Not coloured 
by acids. Its salts taste bitter.—B',HjPtCV— 
B'HI: short prisms, m. sol. hot water. 

EIBONIC ACID C,H,„0, i.e*. 

CH,(0H).CH(0H).CH(0H).CH(0H).00,H. 
Tetra-oxy-vaUric acid. Formed by heating 
CH,(OH).CII{OH).CH(OH).CH(OH).CO,H, ara- 
bonio acid, with pyridine in a closed vessel at 
130° (E. Fischer a. Piloty, B. 24,4210). When set 
free from its salts it changes into the lactone.— 
HgA',: needles.—CdA',. [a]D = 0’6°. Needles. 

Lactone [72°-76°]. [a]„=.-18°. 

Colourless prisms, v. e. sol. water and alcohol, 

V. el. sol. ether. Converted by heating with 
pyridine, and water at 135° into arabonio acid. 
HNO, yields tri-oxy-glutario acid. Phenyl 
hydrazine forms C,UA(N.,II,Ph) [164°]. 

KIB03E “CsH^Oj. Formed by reducing the • 
lactone of ribonio acid with sodium-amalgam 
(Fischer a. Piloty, B. 24, 4220). Colourless 
syrup. Yields a phenyl-hydrozide [155°] and a 
p-bromo-phenyl-hydrazide C|,H|,0,N,Br [166°]. 

KICINEhAIDIO ACID C„H„0,. [58°]. 

Formed by the action of nitrous acid on rioinolefo 
acid (Boudet, A. 4, 16; Playfair, A, 60, 322; 
Bouis, A. Gh. [3] 44, 82; Ulrich, Bl. [2] 9, 225).' 
Got also by saponifying ricinelaidin. White 
silky needles, v. sol. alcohol and ether. Beddens 
litmus. Yields n-heptoic acid on oxidation with 
HNO, (Krafft, B. 21, 2735). Alkaline KMnO, 
yields two tri-oxy-stcaric acids [ 120 °] and [116^ 
(Grussner a. Hazura, M. 10,196; Mangold, M- 
13, 326). Forms oily C„II,|Br.,0„ converted by 
KOHAq in the cold into C„H.aBrO„ whence 
alcoholic potash forms an acid melting at 71°. 

Salts. —BaA'j: unctuous powder. —AgA' i 
white powder, sol. NH,Aq. 

Ethyl ether EtA'. [16°]. Crystalline. 

Amide C|,H,sNO.,. [93°] (Eowney, Ohem. 
aos. 1855,361). 

Be/crcnce.—B eouo-bioiseuidio aoid. 

EIOINEhAIDIN. [45°] (Bouis); [ 66 °] (Bou¬ 
det). Formed by the action of nitrous tumeson 
castor oil. Solid, v. sol. alcohol and ether. 
Split up by boiling KOHAq into glycerin and 
potassium ricinclaidate. Yields heptoic tdde- 
hyde (oenanthol) on dry distillation ffiertagnini, 
A. 85, 282). Yields octyl alcohol and potassium 
sobacate on distillation with potash (Bouis). 
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Monno Aon»c.,H,Af-«- 

C„H„(OH).CO,H. [81^. (252» at IS mm.). 
Formed by distilling barium rioinoleato in vacuo 
(Kraflt, B. 21, 2736). Plates (from dilute alco¬ 
hol). yields, on oxidation by HNOj, n-heptoio 
acid and an acid [o. 103°] not volatile with 
iteam. Converted by HCl into diricinio acid 
0 „H,j( 0 H). 00 . 0 . 0 „H,j.C 02 H, triricinic acid 
C„H„{OH).CO.O.C„H„.CO.O.C„H,j.CO,H, and 
polyricinic acids. Sulphuric acid forms these 
acids, as well as SO,H.O.C|,Hjj.CO,H, 
sofl.o.o„H„.co.o.c„n„.co,H, &c. n^so, 

acting on castor oil forms the compound 

SO<o:%^VcC:.C„H,pH 

acids, constituting Turkey red oil. The poly¬ 
ricinic acids are converted by boiling KOIIA.^ 
but not by Na^^COa intoricinic acid. Hot water 
decomposes the polyricino-sulphuric acids into 
and polyricinic acids (Juillard, Bl. [3] 6, 

688 ). 

BICIKIKE. An alkaloid occurring, accord- 
bgto Tnson [0. J. 17, 195; 0. N. 22,229; cf, 
Werner, C. 22, 203), in the seeds of the 
castor oil plant {Eicimis communis). Rectan¬ 
gular prisms or laminte, insol. water, nearly 
inaol. ether, sol. alcohol. 

BZ0INI80LIC ACID v. T]ti-oxT-&T£;Anic acid. 

EIOINOIiEiO ACID C„H„0, i.e. 
CH,.[CH,]..CH(OH).CH;CH[CH.,],.CO.,n(?). 
[17°J. Occurs as glycoride in castor oil (Bussy 
a. Lecanu, J. Pit. 13, 70; SaalmiUIer, A. 64, 
108; Svanberg a. Kolmodin, J. pr. 45, 431 ; 
Bonis, A. Ch. [3] 44, 103; 48, 99; Peterson, A. 
118, 69). Prepared by saponiHeation of castor 
oil by KOH or HCl and puribed by means of its 
Ca or Ba salt (Claus, B. 9,1916; KraOt, B. 21, 
2731). Crystalline mass, miscible with alcohol 
and ether. Its alcoholic solution is alkaline in 
reaction. Does not absorb oxygon from the air. 
yields 0 |,HjjAoO,. yields polymerides when 
heated with water in closed vessels (Scheurer- 
Kestner, C. B. 113, 201). 

Beactiona.—X. Oxidised by HNO, to azclaio 
acid C„H|,0„ oxalic acid, and heptoic acid.— 
2. Alkaline KMnO, foms two isomerie tti-o.xy- 
stearic acids (Diefl, J. pr. [2] 39, 345; B. 20, 
1211; Haznra a. Grussuer, U. 8 ,475; Mangold, 
M. 13, 326).—2. Nitrous acid forms ricinelaidic 
acid.—3. yields methyl hexyl ketone (173°) and 
an acid 0„H„Oj [81°] on distillation of tlie Ba 
salt.—4, The Na salt on distillation with NaOH 
yields methyl hexyl ketone, scc-Octyl alcohol 
and sodium sebacate NajOuH,,,©,.—5. Bromine 
forms oily Ci.HjiBrjO,, oonvevtod by alcoholic 
potash into 0„H,jB'r6j, whence Br forms oily 
C„ 3 aBr, 0 „ converted by alcoholic potash at 
120 ° into ricinostearolio acid which 

combines with bromine forming unstable oily 
C„H,^r,0,-6. PClj forms C„H,,Cl.,,0.-7. HI 
and P give C„Hi,IO.j. 

Salts.—BaA?,; soft scales (from alcohol), 
si. sol. water.—SrA'j: small grains (from alco¬ 
hol).—CaA', (dried at 100°). [80°].—MgA',: 

slender needles, v. sol. alcohol.—PbA',. [100°]. 
Crystalline mass, v. sol. ether.—ZnA'j.—AgA': 
ourdy pp. 

Ethyl ether EtA'. OU. 

Amide 0„H„COKHr [ 68 °]. Nodules 
(from alcohol). 


Befereneea.-Bnouo- and OxT- awnrotafo 

acm. 

BICINOLIC ACID v, TBi-oxv-sTEimo icin. 

SICI1I08TEAE01I0 ACID C„H.,0,. [61°]. 
Formed by heating the dibromide of rioinoleio 
acid with alcoholio potash (Ulrich, Z. 1867, 
647). Groups of needles (from alcohol), v. sol. 
ether. Volatile.—BaA',: plates (from alcohol) 
[135°].—AgA': granular pp. 

EICINOSTEAEOXYLIC ACID C,,H„0,. 
[73°]. Formed by heating ricinostearolic acid 
with moist Ag.jO (Ulrich, Z, 1867, 650). Den¬ 
dritic groups of needles (from alcohol), v. sol. 
ether.—BaA’j.—AgA'; granular pp. decomposed 
by hot alcohol. 

EOBINIlf OjjHjjO,,. [195°]. Occurs in the 
blossoms of the acacia {Bobinia pseudacacia) 
(Zwenger a. Dronke, A, Suppl. 1, 257). Thin 
yellow needles (containing 6 iaq). Neutral in 
reaction. Tasteless, si. sol. cold water and alco¬ 
hol, insol, ether. Bol. alkalis, forming yellow 
solutions. The ammoni<acal solution turns 
brown in air. FeCl, gives a brown colour. Its 
alcoholic solution is ppd. by lead - subacetato. 
Eeducos hot Fehling's soiution. HNO, forms 
oxalic and picric acids. Split up by boiling 
dilute acids into quercetin and a sugar, 

EOCCEhLIC ACID C„H,.,0,. [132°]. 8 . (boil¬ 
ing alcohol of S.G. ‘819) 55. Occurs in various 
species of Roceella (Ileoren, S. J. 59, 346; 
Liebig, P. 21, 31; Sohunck, A. 61, 64; Hesse, 
A. 117, 332). Four-sided prisms, insol. water, 
V. sol. alcohol and otlior, si. sol. warm benzene. 
Sol. NaUOjAq and borax. 

Salts.—BaA" (dried at 100°).—CaA"aq: 
amorphous pp.—PbjA".(OH)j2aq; white powder. 
—AgA": amoiqihous pp. 

Ethyl ether EtA". Oil. 

Anhydride C,,rij„Oj. Got by heating the 
acid above 220°. Oil, v. sol. hot alcohol and 
ethor. 

Anifids C,.H„0,;(NnPh)j. [55°]. Got by 
heating the acid with aniline at 190°. Colour¬ 
less laminiD (from alcohol), insol. water, NH,Aq, 
and HClAq. 

EOCCELLININ 0„H|,0,. Occurs in Roceella 
ftneforio (Stonhouso, d. 68 , 69). Silky needles 
(from alcohol), nearly insol. cold alcohol and 
ether. Its solutions in alkalis aro not coloured 
by air. Not decomposed by boiling EOHAq. 
Dues not pp. metallic salts. 

BOCHELLE SALTS, Potassium-sodium tar- 
traie; v. TABiBiXES. 

EOSANILINE 0..oH.;,N,0 i.e. 

([4:l]0,H,(NHJ)jC(OH).0,n,Mo(NH,)[l:3:4]. 
Tri-amido-di-pitenyl-tolyl-carbinol. Formed by 
oxidation of a mixture of aniline, o-toluidine, 
and y)-toluidino (Hofmann, J. pr. 77. 190; 87, 
226; Pr. 12, 2; Miihlhiiuser, D. P. J. 266, 456, 
503, 647). SnCl„ AsA, HNO„ Hg(NO,)„ 
FoClj, and nitrobenzene may bo used as oxidising 
agents. For the production of a red colouring 
matter it is essential that there should be pre¬ 
sent a base with methyl in the p- position to 
amidogen (p-toluidine, (l,3,4)-xylidino, or mes- 
idine), and also a base with U in thep- position 
to amidogen [e.g. aniline, o-toluidine, or (1,3,2)- 
xylidine) (Bosenstiehl, C. B. 82, 416; 94, 
1319; 95, 238; 98, 433; A. CA. [ 6 ] 2, 360). 
When nitre-benzene is used as oxidising agent 
itappeara to be itself reduced to benzene and 
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fljtrogen, and not to take part in the formation i Bed crjitals with green lustre. Insol. ether, si. 
of rosaniline. TJius, when chloro-nitro-benzene, sol. water, m. sol. alcohol. Its solution in water 
nitro-aniline, or di<nitro-honz 6 ne is used, a sub- j or alcohol is crimson. Dyes wool and sUk 
itituted rosaniline {e,g. chloro-rosaniline) is not | magenta. The absorption-spectrum has been 
formed (Lange, B. 18,1918). Colourless needles j studied by Hartley (C./.51, lC9).—Ca,H,,N,3HCl, 
or plates, obtained by ppg. a solution of one of Ppd. by cone. HCiAq. Yellowish-brown needles, 
its salts with NHjA-q and rocrystallising. Nearly more sol. alcohol and water than B'"HC1.— 
insol. water, si. sol. NHjAq, m, sol. alcohol, Decomposed by much water, forming 
insol. other. Turns red in air. Dyes silk and ; 0 ,^H, 9 Na 4 HCl or {0,II,;NH,Cl).CCl(C«H^NHsCl)^ 
wool in acid, neutral, and even in slightly am- Got by passing dry HCl into rosaniline powder 
moniacal solutions. (Rosenstiolil, BL [;JJ 9,122). Beddish-brown and 

Iteactions.—l. lleduced by ammonium sul- hygroscopic, forming a magenta solution. Fumes 
phide or powdered zinc to tri-amido-di-plienyl- in air, giving off HCl. After keeping it is not 
tolyl-methane (Icucaniline) (Hofmann, Pr, 12, completely soluble.--C.|,H,.,Ns4H13r. Bosemblea 
2).—2. Yields alkyl derivatives on heating with the preceding salt.—C.flHi.,N.,IIOAc. Large crys- 
alkyl iodides and phenyl derivatives on heating tals with green inclallic lustre; v. sol. water 
a salt with aniline (Hofmann, Pr. 13,9). Benzyl and alcohol. - ( 0 ,^H,yN 3 ).H 4 ‘t 0 l„. Amorphous, 
chloride, methyl iodide, aud MeOII form — (CouH,,jN 3 ) 33 H.PtCly.—C^jiHigNaUBr. Bl. sol. 
Ca)H, 3 (C,H,) 3 N 3 MeI, crystallising in lustrous water, — 0.^11,^N^HT. Green needles, v. sol. 
green needles (Hofmann, B. G, 2G3).—3. The water. — C..JIn,N.,HN 03 : small crystals. — 
hydrochloride, heated with water at 235^’, forms ! (C 3 JTji,N 3 )JJ 3 SO, (dried at 130’). Crystals with 
NH,Cl, phenol, red crystals of CauHyjN.O^ [176*^], ' green lustre. Docs not fonn an alum with 
and colourless crystals, which turn rod in air ; Al..(SO,) 3 (Wood, C’.27.38,l).~C 2 oII,aNjC,,H 3 N 307 , 
and then crystallise from alcohol in red needles Red needles, very siiglitly sol. water. — 
(Licbermami, B. 5, 144; 0, 951).— ! (C.,„TImN 3 )Hl.^C 30 ^aq. — Tannate: ppd. by 

4. The hydrochloride, heated with dilute HClAq adding tannin to an aqueous solution of a salt 
at 240'^, yields aniline and toluidino (L.).— of rosaniline. R<'<1 mass, insol. water, sol. al- 

5. Water at 270^ forms di-oxy-benzophenono, cohol and lIOAc (F. Kopp, J. 18G2, 094).— 
di-amklo-phenyl-tolyl-ketone,oxy-amido phenyl- Aurinate: (iot by liealing equivalent quantities 
tolyl-kotone, phenol, and NTI, (Liebcrmann, B. of rosaniline and aurin with alcohol (Dale a. 

6 . 951; 11, 1435; 10, 1927).—0. Potassium Schorleinmer, C. J. 43, 180). Hexagonal 
cyanide added to rosaniline acetate ia alcohol crystals with green lustre (Dyson, C. J’.43, 471). 
yields C 3 ,H.^,N,, a white crystalline powder, sol. Wore sol. alcohol than cither constituent. Dyes 
HClAq, and roppd. by NlI^Aq. It separates ; silk magenta.—Phenato C 3 „H,,,NaC,jH« 0 . Got 
from alcohol in monoclinic crystals. It forms : by lieating rosaniline with phenol, dissolving io 
crystalline salts.—7. A solution of a rosaniline alcohol, and ppg. with water (Dyson, 0. J. 43, 
salt is decolourised by SOj, and the solution is 470). 

turned red, and afterwards violet, by aldehydes, Para-rosaniliue CmHj^NaO i.c. 

and gradually deposits coppcr-coloured scales ([l: 4 ]CaH^(NHj)) 3 COri. Tri-amido-tri-^henyU 

of alkylidcne derivatives (SchitI, Bl. r21 7, 518). carbinol. 

Thus cenanthol forms CuH, 3 .CII:C,„H„Nj, Forimtion .— 1. From tri-nitro-tri-phenyl- 
which yields BTIAsOa and methane by oxidation by CrOj and HO Ac fol- 

8 . (Enanthol reacts with rosaniline acetate ip lowed by reduction of tho resulting tri-nitro-tri- 
the cold, forming (OjH,,) 3 (C„Jl,„N 3 ). {Schill, Bl. phcnyl-carbinol with zinc-dust and HOAc (B. a. 
[2] 6 , 291).—9. 13y exhaustive clifoviuation it ; 0. Fischer, B. 11, 195, 473, 012,1079,1598; A. 
yields CCl^ and per-chloro-bsnzene {^lerz a. 194, 242).—2. By heating a mixture of aniline 
Weith, B. 16, 2870).—10. Boiling Ac.O yields a and ^j-toluidino with arsenic acid (BoscnsUehl, 
tetra-acctyl dcrivativo as a reddish amuphous A. Oh. [5] 8,192); formed therefore in the pre- 
powder. The same body is got by treating tri- paration of rosaniline (Graebe, B. 12,2241).—8. 
acetyl-tii-araido-di-phonyl-tolyl-methane with By heating p-nitro-di-amido-tri-phenyl-mcthane 
KA'jO, and HOAc (Benouf, B. 10, 1303). A with FcCI.^ at 170*’ (0. Fischer, B. 15, 678).—4. 
mono-acctyl derivative CaoH,„AcN 3 , got by lieat- By heating p-nitro-benzylideno bromide with 
ing rosaniline hydrochloride with acetamide, is aniline (ZimpierinaDn a. Hiillor, B. 17, 2936).— 
reddish-brown and yields dark-blue B'HCl with 5. Hy heating aurin with NHjAq at 180^' (Dale 
metallic lustre (Beckerhinn, J. 1870, 708).—11. a. Schorlemmcr, B. 10, lOlOl.— 6 . By heating 
May be sulphonatcd by H-^SO, containing SO 3 at * di-amido-di-phcnyl-methane (from aniline and 
130’’ (Schoop, Chem. Zeii. 11, 572).—12. By formic aldehyde) with aniline, aniline hydro- 
diazotisation followed by reduction with tin and chloride, and nitro-bonzene or arsenic acid. 

HCl in tho cold it is converted into ‘ roshydraz- Properties. — Crystalline plates. Nearly 
ido,’ the Hydrochloride of which forms green colourless; si. sol. water; absorbs CO 3 from air. 
crystals, and dyes cotton brownish-red (Ziegler, Its solution in cone. HClAq is coloured grass- 
J5.20, 1657).—13. Br forms a tetra-brorao-ros- green by a crystal of KCIO*. 
aniline (?) crystallising from benzene in prisms Reactions .— 1. Yields o-toluidine and di- 
(Caro a. Graebe, A. 179, 203).—14. Aldehyde amido-benzophenono [237^] on boiling with 
forma a blue product which ia converted by HClAq for a long time (\Vicoelbaus,B. 19,110). 
NasSjO, into aldehyde green an 2. HIAqatl90° forms aniline and i^-tolnidine 

amorphous green mass, sol. alcohol and ppd. bv 3. Nitrous add forms the tri-diazo- derivative, 
ether (Oherpin; Us^be, J. pr. 92, 337; Hof- which on boiling is converted into aurin.—4. Be- 
mann, B. 8 , 761; Gattermann, B. 22, 227). duced by ginc-dust and HClAq to tri-amido-trl- 
SaUe.-~^e 8 e are derived from the anhy- phenyl-methane.— 6 . ECy added to its hydro- 
drous base 0 ,H,N:G( 04 H 4 .NH 2 )^—OJBli^iHCl. chloride in presence of alcohol forms * hydro- 
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Woonol in colourless prisms, forming 
Jj rl,OI, 2 aq,— 6 . Pararosanilina (5 g.) is slowly 
converted by cone. HOlAq {5S g.), water {65 g.), 
and aldehyde (22 g.) in the oold into aldehyde- 
blue, a dark-blue hygrosoopio powder, ppd. by 
adding NaCl to the product after dilution with 
water (Gattermann, B. 22, 227). Aldehyde blue 
yields, on distillation, a solid base 0,.H.N. 

aalt.-C„H„N,Cl. S.-24 at 9°; 

Tri-methyl-rosaniline v. Tri-methyl-tbi- 
ainDO-ni-PHENtL-TOLyL-OABDlNOL. 

Hexa-methyl.pararosanilineu.HEXA-MBTHYL- 

IBl-AHIDO-IBI-PHENVL-OAnniNOL. 

Phenyl-rosanilines v. Hexa-phentl-tri- 
AMIDO-TRI-PHENXL-CARBIJfOL and TBI-PnEVXL-TRI- 
AMIDO-DI-PHENTL-TOLTL-OARBINOI.. 

Eosahiline 

BOSEHABT oil. S.G. a -gos. o =. -i- 42 
100 mm. (Sehimmel, Ph. [3] 21, 
940 ; 22, 328). Obtained By steam-distillation 
irom BosTnarinus officinal^ (Kane, Trans. Irish 
18,135; Lallemand, A. 114,197 ; A. Ch. 

’ Gladstone, J. 1863, 549; Mont- 
’ Efuylanta, J. Ph. [4] 29, 
608). Contains a terpene (165°), dextrorotatory 
camphor, borneol, and oineol C,.H,,0 <176°- 

“'“aol lonns a 

hydrochloride (0 H,.0)..JIC1, a tetra-bromide 
[124 J, and the iodide [79°]. 

BOSE OIL. Obtained by steam-distillation 
'!P®® Contains a stearoptene C,.H„ 

[34p (365°) which is not attacked by chromic 
Mid mixture and appears to be a paraffin (Mar- 
kownikoff, B. 23, 3191; J. pr. [2] 48, 311; cf. 
Blanohet, A. 7, 154 ; Gladstone a. Dale, O. J 
17’ i,’ Salkuliinski, N. B. P. 24,129; Bauer, 

«■ [ 2 ] 6 , 126; 
Panajotoff, B. 24, 2700; Eckart, B. 24, 4205)! 
Eose oil also contains rhodinol (q.v.). Bulgarian 
oil of roses contains roseol C,.Ho.O (225°oor.). 
which 18 oxidised by KMnO, to O.-H.JOH) 
<240°) S G § P0445 ;^iP 10343‘, and Is r'elucell' 
by HI to C,.14, (159°) S.G. g -7700: -7654 

(Ladenburg, J. pr. [2] 48, 293). 

BOSEOCOBALT SALTS c. Cobaltamines, 
TOl. ii. p. 226. 

BOSEOCHEOUIUH SALTS v. CiiRoa-Aanio- 
Hinji SALTS, Tol. ii. p. 160. 

BOSEOBHOBIEIE SALTS v. Euodium-ammo- 
HIOM OOKPOOND8, this Tol. p. 407. 

A- •’y Bteam- 

distiUation from the wood of Convolvulus scopa- 
n«ii contains a terpene C,.H.. (249°) (Gladstone 
5 ; contains a black resin 

GjiHjiO, [96°] S.G. 1’266, which is insol. 
water, sol. alcohol, and gives a blood-red colour 
(Terreil a. Wolff, Bl. [2] 33, 435). 

BOSINOOLES. Bed colouring matters, 
peatly resembling rosaniline, formed by heating 
indoles with BzCl, and by oxidation of benzyl- 
idens derivatives of indoles (E. Fischer a. Wag- 
‘*®’. methyl-ketole yields di- 

rpfc/n ®’ Ga^N„whioh may possibly bo 


NO.H, 

bosihbokb 

[ 262 °]. Formed by heating rosin- 
®* pressure 

(Fischer a. Hopp, A. 266, 238 ; 262, 244). 


Form^ tJgo from oxy-naphihdqnluone ail4 
(Kehrmann, J. pr. 
1 ®ed hexagonal tables, 

insol. hot water, m. sol. boiling alcohol, forming 
a scarlet solution with briek-i-ed fluorescence. 
Eoduced to naphthopbenazine by distilling in a 
current of H over zinc-dust. Converted by 
p-toluidine at 130’ into p-tolyl-rosinduline. 
Oxidised by CrO, to rosindonio acid ChH,,N- 0,, 
which crystallises in colourless needles, si. sol. 
alcohol, insoI. water, v. sol. ether. 

EOSIKDITLINE i.e. 

‘^•®’<7c(NH).CH:C.NPh!>^«^<- P99°]- 

Formed by heating benzene- azo- (o)-naphthyl- 
amine with aniline and alcohol at 165° under 
presaure (Fischer a. Hepp, A. 256,236). Formed 
also by heating phenyl-o-phonylene-diamine 
with oxy-naphthoquinone imidc, HOAc, and 
al®ohol at 100 ° (Kehrmann, J. pr. [ 2 ] 43 , 269; 
,B. 24, 587). Eeddish-brown plates, v. sol. alco¬ 
hol and ether, insol. water. Cone. H,80, forms 
a green solution, becoming red on dilution. The 
alcoholic solutions exhibit reddish-yellow fluor¬ 
escence. B'HCl 3^aq; red needles. 

Eosinduline. This name has also been given 
to the phenyl derivative of the preceding body 
(v. vol. iii. p. 9). *• e r 

SOSOLIC ACID u. TRi-oxT-Di-pnENvn-TOLTir 
CARBINOL and Tri-oxy-tri-phentl-carbinol. 

EOTTLEEIE C„H,oO,? [200°]. A yellow 
substance occurring in the fruit of Bottlora 
toictorm, which grows in India (Anderson, 
N. Ed.P. J. [ 2 ] 1 , ,300; Jawoin, B. 20, 182). 

It 18 identical with Mallotoxin (a, v.), 

BCBAZONIC ACp C^II„NA. Formed by 
oxidation of oxy-amido-phenyl-methyl-pyrazole 
(Knorr, A. 238, 137). Got also by boiling pyr- 
azole-blue with NH^Aq. Prepared from the 
phonyl-hydrazido of oxy-phenyl-methyl-pyrazole 
by reduction with zinc-dust and HOAc, followed 
,^’®°‘’ (Bbohka a. Sprague, 

■P- “l-l, 3561). Insol. water and dilute acids, v. 
sol. ether and benzene. Its solutions in alkaUs 
are deep violet, but on boiling become vellow 

^ ^^^berythbic acid ii 

acid. 

with boiling absolute alcohol (Rochleder, A. 80. 
321: 82,205; Schunck, A. 66,176; Liebermann 
a.Dergami, B. 20,2241), Lomon°yellow needlea, 

V. sol. hot water, v. el. sol. alcohol, insol. ether. 

Its alcoholic solution is yellow. Alkalis form 
blood-red solutions. It does not ferment with 
yeast. Boiling dilute acids split it up into 
ali^rin and sugar. Ac^O and NaOAo yield 
fo^Aoi ^ystallising in yellow neeies 

J* - BaA'jj aq. 

BuBIAlf OasHaiO,*. A glucoside in madder 
root, split up by acids, alkalis, or the madder- 
ferment (erythrozym) into glucose, alizarin, and 
other bodies (Schunck, P. M. [4] 12, 200, 270 { 

69, 465), Amorphous resin, v. sol. water, 
m. sol alcohol, insol. ether. Its solutions are 
very bitter. Yields ruberythrio acid on treat¬ 
ment with baryta. It is probably a mixture of 
ruberythrio acid and other bodies. 

EUBIAKIO ACU) V, Btokbtthbio ion>, 
BDBIDIKE. A general name for homoloffues 
ofpyridme of theformaJaO„H„N,Aff.»MiBTBHr 

ISODUTYL-PTBIllDm. 
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BabUia* 0„H„K. (SSO"). 8.G.M1'017. 
Ooouis in oottl tar (Thenins, Rep. Chim. app. 4, 
181). Liquid, si. sol. water, miscible with uco- 
bol and ether. Its salts redden in the air. 
Bleaohing-powder gives a red colour. Colours 
acidified fir-wood rod. — B',HjPtCI,: reddish 
crjstallins powder. 

EDBIDIUM. Eb. At. w. 85-2. Mol.w.un- 
known. Melts at o. 38'5° (Bunsen, A. 126,367). 
S.G. 0.1‘62 (B., I.C.). Kelraction-equivalent 12-1 
(Gladstone, Pr. 18, 49); 11-6 (ICannonikolI, J. R. 
1884 [1] 119). Chief lines in emission-spectrum 
are two in the red, Rbj and 7800 and 0297; 
and two in the violet, Eb# and Eb., 4216 and 4206 
(EirchoS a. Bunsen, P. 113, 337; Lecoq do 
Boisbaudran, Spectres lumineux [1874] 46; v. 
also B. A. 1884.438). Bekctoff (J. R. 1888.363) 
gives [Eb^O] =94,900. 

Occurrence.—Revet free. Salts are widely 
distributed, but in very small quantities, along 
with salts of Cs, and frequently also salts of Id, 
K, and Na. Many lepidotites contain Eb salts 
amounting to o. -24 p.c. Eb (K. a. B., P. 113,337; 
119, 1; Grandeau, A. Gh. [3] 07, 155; Allen, 
Am. S. [2J 34, 367). Traces of Eb salts have 
been found in specimens of ortlwclase (Erdmann, 
J. pr. 86, 377, 448; Laspeyres, A. 134, 349; 
petalite (Grandeau, f.c.); micas (Schr5tter,t7.pr. 
85, 458); basalt (Engelbach, A. 135, 126); 
earnallite (Erdmann, l.c.) ; in alum obtained on 
the island of Volcano (Cossa, Acc. dei Lined, 
11, 9); saltpetre (Dieulatait, 0. R. 98, 1545). 
Small quantities of Eb salts, varying from o. 
•0002 to c. '03 g. EbCl per litre, occur in mineral 
springs (v. Bunsen, A. 122, 347; Grandeau, 
A. Ch. [3J 67, 155; SchrOtter, J. pr. 85, 458; 
Ecdtenbacher, J. pr. 85,458; Bottger, J. pr. 89, 
378). Traces of Eb salts have been found in 
sea water (Sonstadt, C. N. 22, 25, 44); in 
fumaroles giving out boric acid (Hofmann, 
J. 0. T. 1863. 354); in coffee, tea, cocoa, and 
tobacco (Grandeau, lx.) ; in the ashes of beetroot 
(G., l.c. ; Lefivre, G. R. 65,430); in tho ashes qf 
various plants (von Than, A. Suppl. 2, 84); 
in normal human urine (Schiaparelli a. I’eroni, 
O. 10, 390). According to Lockyer a well- 
marked Eb line occurs in tbs solar spectrum 
(Pr. 27, 279). 

Historical. —In 1860 Bunsen applied the 
method of spectroscopic analysis, then being 
worked out by him along with Eirchoff, to tho 
examination of the residue obtained by eva¬ 
porating very large quantities of the water from 
a mineral spring at Durkhoim. Two red lines 
appeared which were not known to belong to 
any element. By further investigation Bunsen 
separated the chloride of the element, and on 
electrolysing the molten chloride be obtained 
metaUic globules, which rose to the surface and 
took fire. By strongly heating an intimate mix¬ 
ture of the carbonate of the new element with 
finely divided charcoal and distilling into a re¬ 
ceiver under rock-oil, Bunsen obtained the metal 
in some quantity. The name rubidium was given 
because of the characteristic lines in the red 
part of the spectrum (ruber=dark red) (v. Bun- 
ten, A. 113,337; 122,347). 

formation.—1. By distilling the mixture ot 
Bb,CO, and 0 obtained by carbonising Bb.H 
tartrate (Bunsen, lx, ; Setterberg, A.211, lOO)..— 
t. By distillihg amixlareot BbOHond A1 (Beke- 


ioff, /. B. 1888. 363).—8. By passing a strong 
electric current through molten BbCI, the posi¬ 
tive electrode being graphite, and the negative 
an iron wire, globules of Bb rise to the surface, 
and there take fire. If the negative electrode 
is surrounded with H (v. Litbidv, vol. iii. p. 
148), a smalt-blue substance is formed, whiw 
dissolves in water with formation of BbOH and 
H; this blue solid is probably a lower chloride 
than EbCl, perhaps Eb,Cl (Bunsen, lx.). 

Preparation.—The saline residues from the 
m,anufacture of lithium compounds from Saxon 
lepidolito (at Struve’s works in Leipzig) wore 
found by Bunsen (i.c.), Heintz (J. pr. 87, 310), 
and Erdmann (J. pr. 86, 294) to bo rich in Bb 
salts. The specimen examined by Bunsen con¬ 
tained 19'75 p.c. EbCl. Cossa (B. 11, 811) re¬ 
commended the natural alum from the island 
of Volcano as a good raw material tor preparing 
Eb salts. ^ 

1. Bunsen’s method (A. 122, 361) lor separa¬ 
ting Eb is based on the different solubilities in 
water of the platinochlorides of E, Eb, and Cs; 
these solubilities at 17° are in the ratio of 
15:2:1. One kilo, of the saline residue from the 
preparation of Li compounds from Saxon lepi- 
dulito is dissolved in 2'5 kilos, water, and ppd., 
when cold, by 30 g. I’t in aqua regia. After 
settling the liquid is drawn off, and tho pp. 
is boiled 25 times in sueccssiun with small 
quantities of water (1'5 kilos, in all), each portion 
being poured into the liquid which was drawn 
off from tho pp. by the PtCl,. The 4 kilos, ot 
liquid and washings are evaporated to 2'5 kilos. 
While this evaporation is proceeding, the washed 
platinochloride pp. is dried at 100°, heated 
nearly to redness in a stream of H until a mix¬ 
ture of Ft with EbCl, and perhaps a little CsCl, 
remains (if the solid melts reduction is incom¬ 
plete) ; and tho EbCl is dissolved out in liot 
water. Tho Ft which remains is dissolved in 
aqua regia, and added to tho liquid which has 
been evaporated. The pp. is washed with small 
quantities of water as before, dried, and reduced 
in H, tho supernatant liquid and washings being 
evaporated. 'The reduced Ft is dissolved and 
added to the liquid, and so on. These processes 
are repeated seven or eight times. From 1 kilo, 
material Bunsen obtained -125 kilo. BbCl, con¬ 
taining 3-4 p.c. ECl and a little CsCl. To 
separate ECl, the approximately pure EbCl is dis- 
solved in water (36 g. in 1 litre), heated to boil¬ 
ing, and a boiling solution of FtCl- (30 g. Ft in 
aqua regia, diluted to 1 fltre) is added; the pp. 
is washed repeatedly with water at 40°-60°, then 
dried, and reduced in H; the BbCl is dissolved 
in water, and the Ft in aqua regia, and these 
processes are repeated until the EbCl shows no 
trace of the red lines ot E in the spectro¬ 
scope. Finally, Bunsen separated CsCl by trans¬ 
forming the chlorides into carbonates, and treat¬ 
ing the powdered salts with boUing absolute 
alcohol until the insoluble BbCl ceased to show 
the blue lines of Os in the spectroscope (BbCl is 
insoluble, while CsCl dissolves, in absolute Mco- 
hoi). 'This process has been modified by Heinta 
{J.pr. 87,310), Grandeau (A. Ch. [8] 67, 166), 
Piccard (j. pr. 86, 449), B8ttger (J. pr. 89, 878), 
Sebrfitter (/. pr. 86, 468), de Boisbandran (Bl, 
[2] 17, 661), and others. 

2. Bedtenbacher’s method [J. pr, 96,148) if 
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ttued on the different solubilities of the alnms 
ot E, Bb, and Cs ; the solubilities in water, at 
17°, are as 22:4:1. The method has been modi¬ 
fied by Stolba (J.pr. 99, 49), Godeliroy (A. 181, 
176), Petersen (J9. P. J. 224, 176), Cossa (3. 11, 
811), Setterberg (A. 211, 100), Bobinson a. 
Hntohins (C. if. 49, 253). The mother-liquor 
from which Li^CO, has been separated by 
SehrStter’s method (vol. iii. p. 149) is evaporated 
with HjSOjAq, with addition of Alj(SO,)„ 
whereby Rb and Cs alums are obtained mixed 
with E alum. Or lepidolite may bo decomposed 
by heating with H.,SO, and CaF», the residue 
boiled with five or six volumes water, KOH added 
equal to 6 p.o. of the quantity oi lepidolite used, 
the whole boiled with water, and filtered hot, 
when the alums crystallise out on cooling 
(Stolba, I.C.). The alums are dissolved in half 
their weight of boiling water, half as much cold 
water is added, and after stirring tho whole is 
let cool to 45°, when almost all the Rb and 
Cs alums separate, leaving much K alum in 
solution. The solution in water, and cooling, 
are repeated, tcgnperalure being allowed to fall 
to 40“ j the alum which separates is dissolved 
in water equal to hall tho weight ot tho original 
quantity of mixed alums, boiled for some time, 
and allowed to cool to 60° while being stirred. 
The crystals which separate are almost pure Cs 
alum; the mother-liquoi', when evaporated, yields 
almost pure Rb alum. 

To prepare the metal, RbCl or Rb alum ean 
be transformed into RbOII, and Rb prepared 
therefrom; or the RbOH may be dissolved in 
the proper quantity of tartaric acid to form 
BbH tartrate, which may then bo charred, and 
Rb obtained from the mixture of Rh^CO, and C 
so formed. 

To prepare RbOH, the RbCl is eonverted 
into RbjSO, by HjSO,Aq, the RbjSO, is dis¬ 
solved in water, boiled, RaOAq is added, the 
liquid being kept boiling. BaSO, is removed by 
decantation, and the liquid is evaporated to 
dryness in a silver dish as quickly as possible. 
RbOH is obtained from Rb alum by dissolving 
in hot water, ppg. Al^O^ by slight excess of 
NHjAq, filtering hot, evaporating to dryness in a 
Ft dish, strongly heating till (NHJ.SO, is re¬ 
moved, and then proceeding to decompose the 
RbjSO, by BaOAq as already described. RbOH 
is mixed with A1 clippings in the ratio 2UbOH:Al 
( = 1 part A1 to 7'5 parts RbOH), and the mix¬ 
ture is heated to full redness in a furnace, in an 
iron cylinder, connected by an iron tube with a 
glass receiver. ThcRb distils over, and appears 
like Hg in the receiver. As H is given off, tlie 
Bb is surrounded by a non-oxidising atmosphere 
(4BbOH -P2A1 = Rb,O.AlA + 2Rb + 2HJ. From 
28 to 33 p.o. of the Rb in RbOH is obtained 
(Beketoff, J. B. 1888. 363; abstracts in C. J. 58, 
108, and B. 21, Bef. 424). For a description of 
the method of preparing Rb from Rb^CO, and C 
V. Bunsen (A. 125, 367) and Setterberg (A. 211, 
100). An explosive compound similar to the 
compound of K and CO (this vol. p. 300) is liable 
to be formed. 

For a method of separating Bb from Cs and 
£, based on the formation of double compounds 
of RbCl with BbClj, and with SnCl,, ii. Muth- 
mann (3. 26,1019 [1893]). 

Propertia.—k very lustrous, white metal, I 


[ with an extremely faint tings of yellow. Soft 
as wax, even at -10°; melts very easily (o. 
88'6°). Lighter than water. Bunsen (A. 125, 
867) made one determination of S.G., which gave 
1'62, but the result is not final. Heated in ab¬ 
sence of 0, the metal distils below redness, 
forming a blue vapour. Rb dissolves in liquid 
NHj (Seeley, C. N. 23, 169). When exposed to 
air Rb is at once covered with a greyish-blue 
film, which is supposed to bo a suboxide; much 
heat is produced, and the metal soon takes fire. 
Decomposes cold water very rapidly, with evolu¬ 
tion of H, which takes fire. Bb is the most 
positive element next to Cs. It closely resembles 
E in its chemical relations (e. Alkaus, hstals 
OP THE, vol. i. p. 114). The at. w. of Rb has 
been determined (1) by determining Cl in RbCl by 
Bunsen {P. 113, 339; 115, 684 [1861]), I'iccard 
(/. pr. 86, 454 [1862]), and Godeffroy {A. 181, 
189 [1875]); (2) by determining V.D. ot RbCl 
and Rbl at c. 1200° (Scott, Pr. B. 14, 410). 
The S.H. of Rb has not been determined; but 
from ob.scrvation3 of the molecular heats of RbCl 
and Rh^CO,, and comparisons of these with those 
of the corresponding salts of metals that have 
normal atomic heats, it is probable that the 
atomic heat of Rb is o. 6'4, and, therefore, that 
the S.H. is c. '075. The atom of Rb is mono¬ 
valent in tho gaseous molecules RbCl and Rbl. 

Bcactions and Combinations. —1. Rapidly 
oxidises in air ; much heat is produced, and the 
metal ignites. Beketoff {J. B. 1883. 363) gives 
[Rb’,0] = 94,900.-2. Decomposes cold water, 
with rapid evolution of H and production ot 
RbOHAq; Beketoff (l.c.) gives [Rb,H-OAq] 
= 90,400, with formation of RbOHAq and H.— 
3. Burns in vapour of chlorine, bromine, iodine, 
sulphur, and arsenic, forming compounds with 
those elements (Bunsen, l.c.). 

Detection and Estimation. — Phospho- 
molybdic acid gives a yellow pp. insol. acids 
(Debray, 31. [2] 5, 404). Silicotnngstic acid 
(SiW,20,iH„.x^O) ppts. Rb salts, but not salts 
of K (Godeffroy, B. 9, 1365). As Cs salts are 
ppd. by SbCl, in cone. HClAq, added to solu- 
I tions containing cone. HCl (as dCsCl.SbCl,), 

I while Rb salts give no pp., Rb can be separated 
i from Cs salts by addition of HClAq and SbCl, 

I in HClAq (G., 3. 8, 9). Bb is best detected by 
the spectroscope. The most characteristic lines 
are in tho blue-violet, Rb„(\ —4200), and 
Rbs(\ = 4216); '0002 mgm RbCl can be de¬ 
tected (Bunsen, l.c.). Rb is determined in the 
form of RbCl. For tho separation of Rb from 
K, and estimation of the Rb, v. Bunsen (l.c.), 
Bunsen determined RbCl in presence of CsCl by 
finding the sum of tho two chlorides, then esti¬ 
mating the total Cl, and calculating tbe quantity 
of each salt. 

Rubidium, amalgam of. When cone. 
RbClAq is electrolysed, using Hg as negative 
electrode, a solid, white, lustrous, crystalline 
amal|Bm is formed. Decomposes cold water 
rapidly; becomes oxidised superficially in air, 
and then deliquesces with formation of RbOH. 
Is electropositive to K amalgam (Bunsen, A. 122, 
347). 

Bobidinm, bromide of. RbBr. Formula 
probably molecular, from analogy of RbCl and 
Rbl. Formed by burning Bb in Br. Also by 
saturating HBrAq with Bb^CO,, and evaporating. 
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\^rhllo, Instrons, regular ootahedra. S. 98 at 6 °, 
104’8 at 16° (Eeissig, A. 127, 38). Melts at o. 
683° (CarneUey, 0. J. 83, 279). Combines with 
IBr, to form EbBr.IBr; and with Br to form 
EbBr.Br, (Wells a. Wheeler,*im. S. [3] 43,476). 

Babidinm, chloride of. EbCl. Mol. w. 
120-67. V.D. at 1200°-1600° 69-7 (Scott, Pr. E. 
14, 410). Melts at c. 710’ (CarneUey, 0. J. 83, 
279). By burning Eb in Cl. Also by saturating 
HClAq with EbjCOj, evaporating, and crystal- 
Using from water. Also by reducing Bb.jPtClj 
in H, and dissolving out BbCl in water {cf, 
Pr^dTdtion, p. 411). White, lustrous, cubi¬ 
cal crystals; unchanged in air; decrepitates 
when heated, and then molts, and volatilises at 
a very high temperature. S. 70-38 at 1°, 82-89 
at 7°; sol. alcohol (Bunsen, !.c.). Molten EbCl 
is a good conductor of electricity (Hampe, Chem. 
Zeiltmg, 1887.No. 64). Double compounds : 
EbCl combines with many metallio chlorides; 
some at any rated the produots.e.g.theplalmO’- 
and platini-ehlorides KbjPtCl, and Eb^PtCl,, are 
best regarded as Kb salts of acids containing 
metals and Cl. The following compounds have 
been prepared: M = KbCl. •— eM.SbOla (1); 
3M.2SbCl, ( 6 ); eM.BiClj (1); 2M^dCl2, 
M.CdCl..itH.,0 (1): 2M.Ci-Cb,aq (2); 2M CuCl, (1); 
M.AnCi; (3)'; 3M.FeCl, (1), 2 M.FcCl 3 .aq (2); 
2 M.MncC 3 aq (1): 2M.HgCl,. 2 M.IIgC 4 2aq, 
M.2HgCl.., M.4HgCI,(l); 21ENiClj(l): 
2M.PtCl3 (4), 2M.PIC1, ( 6 ); BM.TICI, (2); 
2 M.SnCl, (1); 2 M.ZnCl., (1). ^ „ , _ „ ^ 

Jlefcrences to above. —(1) Godeffroy, If. o, 
9; (2) Neumann, yl. 241, 32U; (3) Bosenbladt, 
B. 19, 2635; (4) Nilaoii, Bl- [2] 27, 210; (5) 
Bunsen, A. 122, 347; ( 6 ) Muthmann, B. 20, 
1019, 14-25. , , 

EbCl also combines with IBr to lonn 
KbCblBr; with ICl, to form EbCl.ICl; with 
BrCl, to form KbCl.BrCl; and with Br to form 
KbCl.Br, (Wells a. Wheeler, Am. S. [3] 43,47o). 

Eubidium, cyanide of, Setterberg (A. 211, 
100) probably obtained a cyanide of Kb by pass¬ 
ing di-y HON into an alcoholic solution of KbOIi. 
Eeissig (A. 127, 33) failed to obtain the saH 

free from products of decomposition. 

Eubidium, ferrocyanide of; o. vol. ii. p. 33o. 

Eubidium, fluoride of, EbP. Formula pro¬ 
bably molecular, from analogy of EbCl and 
Bbl. S.G. 3-202 at 16-6° (Clarke, Am. S. (3) 
13, 293). Melts at o. 763° (CarneUey, 0. J. 39, 
279). Forms a double compoitnd with 
uranyl fluoride, 4EbF.UO,F,.baq (Ditte, C. B. 

Euliidium, hydroiide of, EbOH. A white, 
brittle solid, with slight grey-isli tinge; very 
alkaline and caustic; easily sol. water, with 
production of much heat; sol. alcohol. Formed 
by decomposing H..0 by Eb; also by boiling 
Eb-SOjAqtill air is'driven out, adding BaOAq 
graduaUy, keeping the liquid boiling till BaSO, 
ceases to be formed, decanting from BaSO„ 
which separates out rapidly, and evaporating 
in a silver dish. Melts below redness; is not 
decomposed by heating. When molten attacks 
pt BekotoS (X B. 1888. 363) gives [Eb,0,H] 
-164,800; [E¥0,ffO]-69,900. 

Eubidium, iodide of, Bbl. Mol. w. 211-63. 
V.D. 110-8 at 1200°-1600° (Soott, Pr. E. 14, 
410). Melts at o. 642° (CarneUey, 0. /. 33,279). 
Jiustroai, white, regular ootaheora i unchanged 


in air. 8.187-5 at 6-9°, 152 at 17-4°. Permed 
by saturating HIAq with Kb^CO,, evaporating, 
and crystallising from water. Also by heating 
Eb in I vapour (Eeissig, .A. 127, 33). EbP com¬ 
bines with I to form Ebl.l^ (WeUs a. Wheeler, 
Am. S. [3] 43, 475). 

Eubidium, oxides of. No oxide of Eb has 
been isolated. Eb burns in air, possibly with 
formation of an oxide and peroxide sim^ilar to 
K,0 and K,0,. The groyisli-bluo film which is 
fomed on the surface of the metal when ex¬ 
posed to the air is perhaps a suboxide. According 
to Bekctoll (X B. 1888. 363), tho thermal value 
of [Eb'.O] is 94,900. , , 

Eubidium, salts of. The principal salts 
formed by replacing H of oxyacids by Eb are 
borate, carbonates, chlorate and perchlorate, 
chromate and dichromate, molybdate, nitrate, 
oxalate, silicotungstate, sulphite, and thio¬ 
sulphate (v. CAimogATES, Nitoates, Ac.). 

Enbidium, silicofluoride of. Eb,Sil,. White, 
regular crystals. S.G. 3-338 at 20°. 8. o. -16 at 
20°, 1-35 at 100°. By ppg. hot Eb alum solu¬ 
tion by CuSU?, (Stolba, X fr. lOfl, 1). 

M. M. P. M. 

EBBIJEEVINE o. Jeuvink. 

EUE OIL. The essential oil (a. 229°) ob¬ 
tained by distilling Buta graveolens contains 
methyl ennyl ketone C|,HjG (224°), a ketone 
C H,,0 (232°), and a sinall quantity of terpeno 
(Gerkrdt. 0. B. 20, 225, 361; Cabours, C. B. 
26, 262; Grevillo Williams, 2'. 1858 [1] 99; A, 
107, 374; Ilallwachs, A. 113, 108; Ilarbordt, 
A. 123, 293). By boiling oil of rue with nitrio 
acid (8.G. 1-2) on acid C.H„NA. ““y 
taiued (Chiozza, A. 85,225; Alexojoft, E. 1865, 
730). This acid is a heavy oil, forming KA and 
NaA', crystallisiug from alcohol in greenish- 
yellow tables (Tdmpach, A. 190, 298). 

EUFICOCCIN V. Cabuinio acid. 

REFIGALLIO ACID v. Hexa-oxy-anthba- 

qUlNOSE. 

EUFIN C2,IL„0,. a product of the action 
of beat on phlorizin (Mulder, Hev. Scientif. 3, 
50; Stas, A. 60, 198). Dark-red resin, sol. alco¬ 
hol, nearly insol. ether and water. Its alkaline 
solutions are red. Ao.^0 forms 02iIlj#AcO„ (Sohifl, 
A. 156, 6). 

ETJFIOPIHE is TETKA-oxr-ANinBAqoraom. 

EUFOL 0. Dl-OXX-ANTmUCENE. 

RDTHENAMMINES t>. Euimsnrou- 
AMSIONIOM COJirOUKUS, p. 418. 

EUTHEUATES v. Butiienium, sat.ts o# 
OXYACIDS OF, p. 417. 

EOTHENITES o. Ruthenium, salts o» 
oxYAOins or, p. 417. 

EDTHENIEM. At. w. 101-4. Mol. vr. un- 
known. Molts at highest temperature attainable 
by 0-H flame, which is above 2000° (DeviUe a. 
Dcbray, A. Ch. [3] 66, 385). S.G. 12-26 at 0° 
(crystallised) (D. a. D., C. it. 83, 928); older de- 
terminations varied from 8-6 to 11-4. Joly (0. B. 
116, 430) gives S.G. of Eu melted in an electrio 
furnace as 12-63 at 0° referred to water at 4°. 
S.H. -0011 from 0° to 100’ (Bunsen, P. 141,1). 
O.E. at 40° (linear) -00000963 (Fizeau, 0. B, 68, 
1125). 

Occurrence. —In many platinum ores; Ku II 
a constant ingredient of osmiridimn (toI. iii. p. 
47), the quantity varying from 8 to 6 p.o. (u. 
Claus, 4. 66, 267 i 69,234 i Gibbs, Aia. S. [2] 29, 
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427; 81, 68; 84, 841). Wohler found Bn, 8, in 
laurtfe. a rare mineral occurring in Borneo and 
in Oregon (J. vr. 98,226). 

In 1828 Osann (P. 13. 283; 14, 829; ef. 64, 
197) thought he bad discovered three new metals 
in the portion of a Pt ore insol. in agva regia ; 
to these metals he gave the names polin, plura- 
niam, and ruthenium (from Rutiienia - Bussia). 
In 1846 Olaus (.4. 66, 267; 69, 234; cf. 63, 369) 
examined the substance called ruthenium oxide 
b; Osann, and found it to consist chiefly of SiO„ 
TiO„.Pe,0„ and ZrO,; from this material Claus 
isolated a new metal, to which he assigned Osann’s 
name, ruthenium. 

Formation. — 1. By reducing llUjO, by 
heating in H or 0.—2. By strongly heating 
(NH,),BuCl„ (NH,),EuCl„ l{u(NHj,.Nn,Cl)„ or 
Bu(Nll,.NH,01),.HgCI,.—3. By heating BuSn,in 
a graphite boat in a stream of HCl. 

Preparation. —Deville a. Djbray (C.Jt.82, 920) 
prepared pure Bu by heating the ordinary metal in 
a stream of 0 till every trace of Os was removed 
as OsO, (vol. iii. p. 640), fusing with KOH and 
KNOp dissolvingin water, saturating with Cl,and 
distilling off EuO, into KOHAq, by heating in 
a stream of Cl on a water-bath, ppg. Bu.,0, by 
adding alcohol to the solution of KltuO,, heating 
the pp. in coal-gas till reduced to Bu, melting in 
a graphite crucible with 5 to 0 parts pure tin, 
treating with boiling HClAq, washing and drying 
the crystalline EuSn, which remained, and heat¬ 
ing this strongly in a graphite boat in a stream 
of HCl.—2. Osm-iridium is mixed with 2 parts 
KNO, and 1 part KOH, and the mixture is heated 
to redness in a large silver crucible, embedded in 
MgO in an earthenware crucible; the molten 
portion is poured off, and the residue is heated 
with more KNO, and KOH. The fused mass is 
lixiviated with water; the orange solution, which 
contains KOH and K salts of HNO„ HNO,, 
U.,OsO„ and H,RuO„ is neutralised by HNO.,Aq, 
when a black pp. forms containing OsOj.xHjO 
and Eu,0,.a!H.,0. This pp. is flitered off, the 
filtrate being set aside, and is washed and boiled 
with HClAq and HNO,Aq in a retort connected 
with a receiver which is kept very cold; the 
boiling is continued till a drop of the distillate, 
when brought alternately into the oxidising and 
reducing parts of the Bunsen flame, ceases to 
give a bright flash in the former, t.e. until OsO, 
ceases to distil off. The residue, which con¬ 
tains BuCl, and BuCl„ is dissolved in a little 
water, excess of NH,C1 is added, to the hot 
oono. solution, the liquid is poured off from 
(NHjl^EuCl,, evaporated and mixed with more 
NH,C1, when (NH,) 2 UuCl, ppts. Excess of 
NH.Cl is removed from the pps. by washing with 
alcohol. By strongly heating the pps. Bu is ob¬ 
tained. The solution filtered from the pp. of 
030 ,.zH., 0 and Bn:0,.zH.,0 contains OsO, and 
EuO,; it is made strongly acid by HClAq, OsO, 
is distilled off, the solution is evaporated till most 
of the ENO, crystallises out, the motlier-liquor 
is evaporated to dryness, the. residue is dissolved 
in water, and Bu,S, is ppd. by adding (NH,),8Aq 
and then acidifying; after washing and drying, 
the Bu A is roasted, and the EujO, so formed is 
reduced by heating in H, or by strongly heating 
in a grapUte cmcible; or the Bu^O, may be 
dissolved in HClAq, and NH,-Ba chlorides ob- 
tinned from this solution and decomposed by 


heat (Olaus, J.pr. 85, 129; Carey Lea, Am. S, 
[2] 88, 88). 

For other methods of separating Bu from 
osm-iridium ». Deville a. Dpbray (A. Ch. [8] 66, 
886; C. B. 83, 927;* Fremy, A. Ch. [3] 44, 386; 
Gibbs, Am. S. (2J 34, 343; 37, 61). Debray ob¬ 
tained ruthenium in crystals by dissolving the 
spongy metal in molten lead, heating strongly, 
and, after cooling, dissolving out the lead (with 
which Bu does not alloy) in HN0,Aq (C. 11. 90, 
1195). 

Properties. —A white, lustrous, hard, heavy, 
brittle metal. As obtained by heating the double 
ammonium chlorides, Bu foims a white spongy 
mass; the metal formed by reducing the oxide 
by H appears in white porous fragments, which 
can be powdered; after fusion in an electrio 
furnace Bu appears greyish (Joly, 0. B. 116,430). 
Next to Os, Bu is the most infusible metal; small 
pieces can be melted at the highest temperature 
of the 0-H flame (D. a. D., A. Oh. [3] 50, 386); 
a little BuO, is formed and then decomposed to 
BuOj (D. a. D., G. B. 80, 457). Insoluble in all 
acids if in compact pieces; very finely divided 
Bu dissolves slightly and slowly in boiling aqua 
regia. Not attacked by molten KHSO,; oxidised 
to K^uO, by fusion with KOH, KNO„ or KCIO,. 
Bu dissolves in molten Zn or Bb; treatment with 
HNOjAq leaves the Bu undissolved. Small quan¬ 
tities of Bu when alloyed with Pt metals soluble 
in acids go into solution, with the Ft metals, in 
these acids. Finely divided Bu combines with 
0, when heated in 0 or in air. 

Bu is closely related to Bh and Fd, and less 
closely, but very distinctly, to Os, Ir, and Ft; 
n. Nobus metals, vol. iii. p. 028. 

The atomic weight of Bu has been deter¬ 
mined (1) by determining the ratio of Bu to 
KCl in K.,EuCl, (Claus, P. 66, 218 [1846]; 
(2) by analyses of the salts M:Bu(NO)Cl„ where 
M = IC, No, and NH, (Joly, C. B. 107, 994; 108, 
946 [1889]; (3) by determining V.D. of BuO, 
(Debray a. Joly, C. B. 100, 328); (4) by mea¬ 
suring S.H. of Bu (Bunsen, P. 141,1). Claus’s 
determinations gave values team 102'2 to 104 8 
for the at. wt. 

The only compound of Bu whose mol. weight 
is known in the gaseous state is BuO,; the 
valency of the atom of Bn cannot be determined 
from this datum. 

Reactions and Combinations. —1. Finely di¬ 
vided Bu, when heated to redness in air or in 
oxygen, rapidly absorbs 18'6 p.o. 0 (Claus, J. pr, 
42, 364); after 10 hours, o. 23 p.o. 0 has com¬ 
bined (D. a. D., 0. B. 87, 441); the product is a 
mixture of BuO, and Bu (Claus failed to obtain 
a lower oxide than BuO, in this way). Crys¬ 
tals of BuO, are obtained by heating the metal 
in a tube in a rapid stream of 0; according to 
Dobray and Joly (C. B. 106, 1494h BuO, is 
formed and then decomposed (u, Butbekium 
TETKoxiDB, p. 417).—2. Ifeatod in chlorine, a 
small portion is changed to a chloride; mixed 
with sodium chloride and heated in chlorine, 
Na.,BuCl, is formed (Claus, l.c.).—8. Spongy Bu 
is said to form HClAq when placed in chlorine 
water ; and to produce chlorides in solutions of 
hypochlorites, 0 being given off (SohOnbein, 
J. pr. 98, 76).—4. Very finely divided Bu dis¬ 
solves slightly when kept in boiling aqua regia 
for some time, BuOl, being formed.—6. MgBuO, 
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loloUe in wafer, it formed by fasing Ba with 
oaoatio alkaliSt alkali chlorates, or alkali ni- 
tratea* Alkaline earth nitrates or chlorates also 
form rothenates (v. BnrasNATBS, p. 417). 

JDeiecfion.—A few mgms. of the substance to 
be tested are heated, in a spoon of Ft, with ex> 
cess of KNO, until the whole melts and oeasos 
to give off gas; when oold,the mass is dissolved 
in water, when a strongly coloured orangO'yellow 
solution is obtained; a little HBO^Aq is added to 
this solution, followed by HClAq, and warming 
till the voluminous black pp., produced by 
HNO^Aq, dissolves to an orange-yellow solution; 
H,S is passed into this liquid, until it appears 
black from the presence of suspended Bu sul* 
hide (or oxysulphide); on hltering, an azure- 
lue Liquid is obtained, probably containing 
BuOl, (Bunsen, A» 146, 265). For estimation 
v.Deville a. Debray (G. B. 83, 927). 

Buthenlum, alloys of. An alloy with iridium 
was obtained by Deville a. Debray {A. Ch. [3]» 
66 , B86). A crystalline alloy with tin, BuSn^, is 
formed by melting Bu with 10 to 15 parts Sn, and 
when cold treating with HClAq. The tin is 
removed, and crystalline Bu remains, by beat¬ 
ing, in a graphite boat, in IICl gas (D. a. D., l.c .; 
V. also C. A 83, 927). Hu alloys with zinc ; 
much heat is produced (D. a. D., /.c.). Bu dis¬ 
solves in molten lead, but separates out again on 
cooling pebray, C. It. 90,1195). 

Buthenlum, ammonio-salts of; v. Bqtub- 
MIUM-AMUONinil C0UP0UMD3, p. 418. 

Buthenlum, chlorides of. Two chlorides, 
BuGl, and KuCl<„ are obtained by healing finely 
divided Bu in a stream of Cl. No other chloride 
has been isolated; the existence of double com¬ 
pounds of BuGli with alkali chlorides is doubt¬ 
ful. The molecular weights of the chlorides are 
not known. 

Butubnium nicHLORiDB BuGl^. {Ituthenous 
chloride. Ruthenoso-chloride.) Prepared by 
heating very finely divided Bu in a stream of 
Cl. Action begins at o. 3G0° (Joly, C. H. 114, 
291) with formation of BuCL,, which is removed 
by subliming, and the temperature is kept at dull 
r^ness for an hour or two; the residue is 
powdered, and again heated in Cl; and this 
treatment is repeated several times (Claus, A. 
59, 234). A black crystalline mass; insoluble 
water, acids, or alkali solutions. The azure- 
blue liquid formed by the action of reducers, 
Buoh as Zn or H^S, on solutions of BuCla, was 
thought by Glaus (l.c.) to contain BuCi;.. 

BUTHENtOM TRICHLORIDB BuCly. {ttutll^nO-, 
or ruthenoso^thenic, chloride. Seaquichloride 
of ruthenium.) Obtained, as a brown, crystalline, 
very hygroscopic solid, by dissolving BulOH), 
(Claus. A. 69, 234), or EuO, (Joly, C. R. 107, 
994), in HClAq, and evaporating to dryness. 
Joly (Q. R. 114,291) obtained BuOlj by heating 
finely divided Bu at SCO'’ to 440® in a mixture of 
CO and Cl, the Cl being in excess. Claus says 
that BuCl, is sol water, with partial decompo¬ 
sition to an insol. oxychloride; and that, on 
heating, the solution decomposes with separation 
of a black powder (partly oxychloride, partly 
BaO,H,), the colouring power of which is so 
great that 1 mgm. sufiloes to make 500 c.o. water 
appear quite black. Joly (C. B. 114, 291) says 
that BuOlf, prepared by heating Bn in 01 and 
CO, IB insol. cold wator, acid solutions, GCl^, CBp 


CH01„ Eip, or FOl,; It Is decomposed slowly 
by hoi water; slowly dissolved by digesting with 
60 times its weight of absolute alcohol, in a sealed 
tube. Solution in alcohol is purple-violet; 
slowly decomposes in moist air, more rapidly at 
60^, giving BuClj,.OH (o. EuTHENruM hydroxy- 
cHLORiDB, p. 416). BuGI, absorbs HE, to form 
2HuGl,.7NH,; another compound containing 
NHj, viz. BuaCl4(OH).i.7NHa.3HaO, is formed by 
throwing BuCl^ in small successive quantities 
into cold saturated KH,Aq and then heating to 
40® (Joly. 0. R. 116,1299). 

Double salts. Chlor^ruthcnites, 
BuCl,.2MCl, or M*BuCl,; M = NH„ K, Na 
(Glaus, A. 59, 234; 63, 359). Formed by eva¬ 
porating UuOyH, in HClAq nearly to dryness, 
dissolving in water, and adding cone, solution 
of the alkali chloride; also by heating a mix¬ 
ture of Bu with £C1 or NaCl in Cl (Joly, G. B, 
107,994). Thopofo^sium salt, which scorns to 
be the most definitf, is a brownish-violet, crys¬ 
talline powder, scarcely sol. cold water, some¬ 
what sol. boiling water, insol. alcohol of 80 p.c. 

Joly (C. R. 108, 854) obtainojJ ruthenium 
nitrosochloride BuCla.NO.H..O, by heating 
BuCl;, with a largo excess of HNOyAq, and eva¬ 
porating at 120®. Heated in vacuo, or in CO,, 
at 440®, gives off NO, and leaves a mixture 
of BuCl, and BuOj,. Solution of the nitroso* 
chloride is not ppd. by alkalis in the cold; but 
on boiling with enough alkali to combine with 
3G1, a brown gelatinous pp. of nitroso-oxide, 
BU;,0;,.2N0.2IL0, is obtained. For compounds 
of BuCl, with NO and alkali chlorides, v. NitrosO’ 
chlor-ruthenates, infra. 

RuTUBNIOM TETlUCntORIDK RuCl,. {Ritthe- 
nichloride. RtUlicnic chloride.) Claus {A. 69, 

234) supposed that a solution of liuO^H^ in 
HClAq contained this chloride; ho also de- * 
scribed various alkali chlor-ruthcnatea, M;,ltaCl„ 
obtained by adding alkali chlorides to the sup¬ 
posed solution of BuCl,. Joly, however {G. ii. 

107, 994), has shown that Claus' salts contain 
NO; and bo assorts that the compound used by 
0. and supposed to bo BuO,II, itself contained 
NO. Joly failed to obtain either BuCl, or the 
salts M.,UuCl,. The compounds described by 0. 
as M.,UuClj, but shown by J. to be M3Bu(N0)01a, 
may be called nitrosochlor-ruthenates. 

Nitrosochlor^ruthenates, 
M,Ru(N0)Cl,(RuCl,.N0.2MCl). M-Am, K, Na. 
These salts were obtained by Joly (C. B. 107, 

994) by heating BuGI, in HNO,Aq lor some time 
and adding alkali chlorides, also by adding 
alkali nitrites to warm solutions of BuCl, in 
HClAq. According to Joly, the salts described 
by Glaus as MjBuCl, are in reality nitroaochlor- 
rulhenates. These salts yield NO when heated 
with CaOO,. Solutions of these salts are not ppd« 
by alkalis in the cold; on boiling with alkali suffi¬ 
cient to combine with 3C1, a pp. of Ba,0|i(N0)2.2aq 
is slowly formed (J., C. B. 108,864). The group 
NO evidently forms part of the aoidio radicle <» 
the salts {cf. BoTHBKiutf-x&nioiiiuii coxPonHDS, 
p. 418). 

Potassium niirosochlor-rulhenate, 

K,Bu(NO)Cl,. Prepared by fusing Bn with £0H 
and KNO„ dissolving in HClAq, and evapora¬ 
ting somewhat till excess of KCl and ENO, crys- 
tallise out; by evaporating the mother-liquor 
a mixture of K^uCl| and K^u(NO)Cl| is oV 
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taln«d, ^om irhieh water dissolves the latter I iridiom oontaining Bu In a poteelain tab* 
salt. Purified by crystallisation from water, (Fremy, A. Ch. [3] 44, 386). Also cbtained by 
wherein the salt is fairly soluble. Black, ortho- strongly heating finely divided Bu for some 
rhombic prisms; transparent when in thin time in a stream of 0 (D. a. D., A. Oh. [3] 66, 
crystals. Solution in water is violet-red. 885; C. il. 83, 927; 87, 441). The whole of 

Suthenium, cyanide of, and derivatives ; v. the Eu is not converted into EuO^, bat some 
vol. ii. p. 846. _ metal remains nnoxidiscd (D. a. J., C. B. 100, 

Euthenium, hydroxides of; y. EniHENinM, 1494). At a very high temperature EuO, is 
OXIDES AND HYDBATKD OXIDES OF, infra. formed, and at a lower temperature this is ro- 

Euthenium, hydroxychloride of, Ba(OH)Clj. solved into EuO, and 0 (D. a. D., G. B. 80,457; 
Described by Joly (0. B. 114, 291) as a solid, D. a. J., C. B. 100, 1121). D. a. J. (C. B. 106, 
obtained by heating, in moist air to 60®, a solu- 328) obtained EuO,, partly amorphous and partly 
tion of EuCl, in absolute alcohol. Very sol. crystalline, by heating EuO, to 107°; also by 
water; the deep indigo-blue solution slowly heating Ea,0, to 440°. , 

deposits EaO,H,, Dark-violet, quadratic crystals; isomorphous 

Euthenium, iodide of, Eul,. This com- with rutile (Fremy, lx. ; D. a. J., l.c.). S.G. 
pound is formed, according to Claus (A. 69, 7-2 (D, a. D., A. Ch. [3] 66, 385). Insol. acids, 
234), as a black pp. by adding KI to K.,RuCl>q, sol. molten KOHAq. Easily reduced by H. The 
Euthenium, nitrosochlorlde of, Eu.NO.Cl,, only salt of an oxyacid corresponding with EuO^ 
ti. under Euthenium tiuchlokide. which has been isolated is Eu(SO,)., (Claus, l.c.). 

Euthenium, nitrosopentdkide of, HvonATED butueniuh dioxide EuO^.eHjO or 

Eu,(NO),Oj.2H.,0, V. under Euthenium pent- EuO,H,.3IIjO. The existence of this compound 
OXIDE. is doubtful. Claus (A. 59, 234) gave this com- 

Enthenium^ oxides and hydrated oxides of, position to the gelatinous, yellow-brown pp, 
Claus described four oxides of Eu: EuO, Eu ,0„ formed by decomposing KEuCl„Aq by Na,COj; 
EnO.„ and EuO,; and the hydrated o-xides ; but Joly has shown that Claus’K.,ltuCl, contains 
Eu.,0,.3H,0 and ltuO.,.2II,,0. According to Do- | NO (c/.EoTnENiUM tetkaciilobide, p.416). Claus 
bray and Joly, EuO and Eu.O, have not been ' also obtained hydrated EuO, by evaporating 
isolated, but the oxides Eu,0, and Eu,0, exist, i Ku(SO,),Aq with KOIIAq; but as the sulphate 
besides EuO.j and BnO,. According to Joly, I employed was obtained by oxidising Eu sulphide 
Claus’ EuO.,.2H-0 contains NO. Itu combines byllNO,,!! mayhavecontainedNO. Joly((7.7J. 
with 0 when melted in the 0-H flame, with 107, 994) gives the formula Eu^O ,(NO),.2H,0 to 
formation of EuO,; it is prob.able that EuO, is ! to the brown gelatinous pp. formed by boiling 
formed, and then decomposed to EuO., i 0,. Eii(NO)Cl, or K,llu(NO)Cl, with KOHAq or 
Euthenium monoxide EuO. (Ruthenous K^COjAq. It seems probable that Claus’ 
oxide.) According to Claus (A. 59, 234), this j RuO,.5H.O is the same as the nitroso- com- 
oxide is formed, as a dark-grey, metal-like solid, pound obtained by Joly (c/. infra Hydrated 
by calcining EuCl., mixed with rather more than nitroso-pentoxidc). 

an equivalent of NajCO, in a stream of CO.„ and Euthenium pentoxide Eu., 0,( = EuO,.EuO,). 
washing with water as long as anything die- When EuO.Aq stands tor some time in a closed 
solves. Debray and Joly (C. R. 106, 328, 1424) vessel, a black pp. settles down and a black 
could not obtain this oxide. crystalline crust forms on the sides of the vessel, 

Euthenium sesquioxide Ea.,0,,. (Biithc.no- while 0 is sot free and escapes when the vessel 
oxide.) When Eu black is strongly heated in a is opened. The composition of the pp. and 
Pt crucible, o. 18'5 p.e. 0 is rapidly taken up; crystalline crust after drying at 100° is given by 
0 is then slowly absorbed till from 23 to 24 p.c. Dcbray a. Joly as Eu^O, (0. R. 106, 328), 'This 
has combined, and a blue-black mass is formed, oxide is also obtained by allowing a dilute solu- 
This blue-black solid is EUjO,, according to Cl.aus tion of a ruthenate to stand for a long time, or 
(A. 66, 267 ; 69, 231); according to D. a. J. (l.c.) by adding a dilute acid to such a solution, 
it is a mixture of Eu and EuO,. Bu D,, dissolves in IICIAq, giving off Cl; heated 

Hvdbated buthenium SEsquroxiDB to 3(i()° Eu.O, is formed. 

Eu.,0,.3H,0 or EuOjH,. (Black ruthenium Hydrated nitroso-pentoxideIiafi,(J^O)i.2H^O. 
hydroxide.) A black powder; prepared by ppg. A black solid, formed by boiling Hu(NO)Clj or 
solutions of EuClj by alkali, or by alkali car- K,Ru(NO)Cl, (v. Nitrosochloride, and Nitroso- 
bonate, phosphate, or borate (Claus, A. 59,234). chlor-ruthenatcs, p. 415) with sufiicient alkali 
Also ppd.from an aqueous solution otEu(OII)Cl 2 or alkaline carbonate to combine with 3C1, and 
(v.Hydroxychloride,supra). Even after washing drying the pp. at 160° (Joly, C. E. 103, 854), 
for several days the pp. retains o. 1 p.c. alkali. Slowly decomposes when heated to 360° in CO„ 
Eedueed, but incompletely, by H at ordinary giving Eu,0,; above 440° decomposes violently, 
temperature. Insol. KOHAq or NaOH.Aq, si. giving off N oxides; reduced by H below 100°, 
sol. NHjAq (Claus, l.c.) ; sol. in acids. The only giving off NH,. Sol. in acids, forming nitroso- 
salts of oxyacids derived from this oxide which salts. 

have been prepared are Eu(NOj),.3KNO, and Euthenium nonoxide Eu,0, ( = 3EnO,.RuOj). 
the corresponding Na salt (Claus, J. 1803. 697; This composition was given by D. a. J. (0. B. 
Gibbs, Am. S. [2] 29, 427 ; 31, 63; 34, 341). 106,328) to the black, lustrous, crystalline crust 

Eut-henium dioxide EuO., (Buthmic oxide.) obtained by heating EuO,Aq to 100°, The same 
Formed by strongly heating Eu sulphide, or oxide is formed by heating Eu,0, to 860°, 
En(SO,) 2 , in ur (Claus, A. 69, 234). EuiSO^), Heated to 440° this oxide gives amorphons 
is obtained by ppg. EuClj solution by H^S, and EuC, and 0. 

oxidising the pp. by HNO,. EuO, is also formed, Euthenium tbi-oxide BoO,. (Buihenio 
AS a crystalline sublimate, by roasting osm- anhydride.) This oxide has noi been isohtte^ 
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bai salis derived from It Are known. BnO, is 
the hypothetical anhydride of rnthenio acid 
which has not been isolated. For 
the salts corresponding with this oxide v, 
RuthenateSt under Bdtubniuu, salts . or oxy< 
ACIDS or, infra. 

Bctheniou bbptoxidb HUaO,. {Per’ruthenic 
anhydride.) This oxide, the hypothetical 
anhydride of the non*isolated per*rathenio 
acid (HBuOJ, has not been prepared. For the 
salts corresponding with this oxide v. Per- 
ruthenatest under Buxiieniuu, salts or oxyacids 
or, infra. 

BoinENiuu TETRoxiDE BuO^. (Somotimes 
called pcr-ruthenic acid, and frequently rwi/icuic 
acid.) Mol. w. 165‘24. V.D. 83*3 at 100'’ and 
106 mm. pressure (Dcbray a. Joly, G. R. 100, 
828). 

Formation. —1. Bypassing Cl into a solution 
of the product of fusing Bu with KOH and 
KNOa.—2. By tho action of KCIO, and ilCI, not 
aqua regia, on KjBuCIjAq (Glaus, A. 69, 234).— 
8 . By heating finely divided Bu in a stream of 
0 to 0 . 1000 ®, and cooling rapidly by means of 
ice. If the temperature is allowed to fall slowly 
the BUO 4 formed decomposes explosively at 0 . 
108® (Debray a. Joly, C. R. 106,100). 

Preparation.--A mixture of 1 part finely 
divided Bu, with 8 parts KOH and 1 part KNO 3 , 
is heated to dull redness in a silver crucible till 
fused; the product, when cold, is dissolved in 
16 parts water; the solution is placed in a 
tubulated retoit connected, by a long tube, with 
a very well cooled receiver (the connecting tube 
being also cooled), and a rapid stream of Cl is 
passed into the solution; a considerable amount 
of heat is produced, and BuOf passes over and 
solidifies in the receiver (Doville a.Debray,.<4.C/(. 
[ 6 ] 4, 637). To free the preparation from water 
D. a. J. (0. R. 106, 328) place it in a tube with 
fused CaClf, contract the tube in the middle, 
pump out the air, and seal off the tube. The 
BuO, slowly sublimes into the upper part, which 
is then separated from the rest. The BuO^ is 
finally distilled in vacuo into tubes which have 
been very carefully cleansed from all traces of 
organic matter, and dried by heating to redness 
in a stream of H. BiiO, may be obtained in 
well-formed crystals by subliming in vacuo at 
tho ordinary temperature. 

Properties.—(D. a. J., C.R. 106,328.) Oolden 
yellow crystals, molting at 25*6® to an orange-red 
liquid, which solidifies slowly to a vitreous solid. 
Smell resembles that of ozone; the vapour 
causes coughing, but does not affect the eyes 
(Claus, J.pr. 80, 282). Sublimes at 3 to 4 mm. 
pressure on the slightest rise of temperature; 
the vapour is golden yellow. Decomposes at 
106®-107® without boiling. The vapour-pressure 
of the crystals is almost nil at 0 ®, 20 mm. at 
42°, and 182 mm. at lOO'S®. May be distilled in 
water-vapour containing Cl or HCIO. Gradually 
reduced to BuO^ by sunlight (Joly, C. R. 113, 
693). Dissolves in water, forming a golden* 
yellow solution, which gradually decomposes 
with ppn. of Bu.p. 4 .a;H.p. BuOf attacks Hg, and 
slowly acts on glass. BuOf does not form cor¬ 
responding salts, either by reacting with acids 
or alkalis. Moist BuO^ is very easily reduced, 
c.p. by contact with paper. 

Reactions.^!. Decomposed by heal \ no ao- 
VoL. IV, 


m 

tion below 106°; at 107° lodOea deoompoeitioa 
oconrs, with a smokr flame and iormation o( 
amorphoas BuO, on the walls of the vessel, and 
crystalline BnO, from the part that has melted 
(D. a. J., l.c.'j. According to D. a. J. (0. B. 106, 
100), BuO, IS formed when 0 is passed over 
spongy Bu at c. 1000°, and the prodiiot is 
rapidly coolod. If cooling is allowed to take 
place slowly the BuO, decomposes at o. 108°.— 
2. Dissolves in water ; solution keeps unchanged 
for some time, but slowly deposits Bu,0,.!rH,0. 
Deeomposition is more rapid at higher tempera¬ 
tures ; at 100° BUjOj.xlDO is formed (D. a. J., 
Z.e.).—3. Solution in water, or moist EnO„ is 
quickly reduced by alcohol and several other or- 
ffiinic compounds (Clans, J. pr. 80, 282).— 
i. With solutions of alkalis forms ruthenates 
and por-rutheuates, witli evolution of 0. Alco¬ 
holic solution of potash ppts. ltu,0,.3H,0.— 
5. Heated with hydrochloric acid, Cl is given 
ott and KuCl, formeiWn solution.— 6 . Hydrogen 
sulphide gradually throws down a blaok pp. of 
an oxysulphide, from BaO,Aq (Claus, Z.e.). 

Butheuiam, oxyacids of. No oxyaoid of Bu 
has been isolated, but some 8 alts*of the hypo¬ 
thetical acids H,BaO, and HEuO, are known 
(®. BuTnEHinu, baltb or oxtaoids or, infra), 

Bntheniam, oxysulpUde of. A current of 
H.jS passed into BuO,Aq slowly ppts. all the Bu 
as a black substance, which is said by Claus 
(J.pr, 80,282) to bo an oxysulphide, whoso com¬ 
position varies according to the quantity of H,S 
passed in. The pp. suddenly glows when dried 
at 100°, and bums, giving off SO,, 

Butheuiam, salts of. Very few salts are 
known obtained by replacing the H of oxyacids 
by Bu. Tho doable nitrites Ku(NOj),.3MNO„ 
where M = K or Na, are the only salts which have 
been prepared corresponding with HUjO,; and 
Bu(SO,), is the only salt of BuO, which has 
been isolated; the double sulphite BaS0,.K,8O, 
corresponds with BuO. 

Buthenium, salts of oxyacids of. A few 
'salts of the hypothetical acid H,BuO„ and two 
salts of the hypothetical acid HBuO,, nave been 
isolated. 

Bdxubhatxs, M'jBuO,. Salts of hypothetical 
H,BuO, (formerly called mlhenites). These 
salts are formed by heating Bu, or an oxide of 
Bu, with an oxide, hydroxide, nitrate, or chlor¬ 
ate of an alkali metal (Claus, A. 66 , 257; 53, 
234), or of an alkaline earth metal (Deville a, 
Debray, A, Ch,^ [3] 66 , 385). Buthonates in 
Bohition are easily reduced by organic bodies, 
with ppn. of black Ua.,0,.3H,0; acids added to 
cone, solutions form per-rnthenates, M'BuO,. 

Barium ruthenate BaBaO,.aq. Obtained 
by adding BuO, to BaOAq. The solution is at 
first green, probably from formation of per- 
ruthenate; a black pp. is thrown down, wMch 
soon changes to the oinnabar-coloured oiystal- 
lino Ba salt. This salt is also formed by adding 
BaCljAq to a solution of the E salt (Debtay a. 
Joly, 0. B. 106,1494). 

Potassium ruthenate E,BaO,.aq (D. a. 
J., I.C.). 60 g. BnO„ melted under water, ate 
slowly added to 70 g. EOH in 600 o.o. water at 
60°; temperature ie kept at 60° until the evolu¬ 
tion of 0 has ceased, when the solution is 
evaporated t» vacuo ; long, blaok, orthorhombis 
prisms, reflecting green light, are formed (for 
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erystalllne meaaarements v. D. a. J. {le. p. U97). 
After drying in vcumo, the crystals absorb 
moisture and CO^ from the air. Unchanged at 
106° in vacuo ; loses H,0 at 200°, and may then 
be heated to 100° without decomposition. Very 
sol. water; solution is orange yellow; it soon 
decomposes in air, depositing Itu,Oj.xH„0, and 
probably forming KIiuO,Aq. Organic bodies 
dipped into the solution become black from de¬ 
position of KajOj.SliiO. Acids hasten forma¬ 
tion of KliuO |Aq and UujOj; from cone. 
KBuOjAq acids ppt. KltuO,, which decomposes 
to EUjO. and HuO, (D. a. D., C. R. 8S, 927). 

The magnesium, silver, and strontium salts 
are obtained by adding MgCljAq, AgNOjAq, and 
SrCljAq respectively to KjKuO.Aq. The sodium 
salt has not been isolated; it cannot be separated 
from excess of soda. 

PEB-nntiiENATES, M*BuO» Salta of hypo¬ 
thetical HUuO, (formerly^ called ruthenates). 
Obtained by the action of Cl on ruthenates, or 
of acids on cone, solutions of ruthenates. 
Alkalis produce ruthenates from solutions of 
per-ruthenato". 

Potassium per - ruthenate KEuO, 
(Deville a. Uebray, C. B. 83, 927). 50 g. EuO„ 
melted under water, are slowly added to GO g. KOII 
in 250 c.c. water at 00°; 0 is evolved, and the 
solution becomes green ; after 0 ceases to come 
off, the liquid is allowed to cool in a closed 
vessel; the cold (red) liquid, which contains 
KjEuO,, is poured off, and the crystals of 
KBuO, that adhere to the sides of the vessel 
are dried in vacuo on an unglased porcelain 
plate. Black, opaque, quadratic pyramids (tor 
crystallographic measurements v. D. a. J., G. R. 
106, 1490). Unchanged in air after drying in 
vacuo ; decomposes suddenly at 440°, giving off 
0 (?with formation of K.jltuOj and KuCJ. Cl 
reacts in the cold to form KuO, and KCl. 
Slightly sol. water; solution is blackish-green 
and soon decomposes, KOII being formed. 
Alkalis added to KUuO,Aq produce KjEuO,Aq, 
with evolution of 0. 

The sodium salt, NaEuO,.aq, has been 
isolated; it forms black crystals. Addition of 
chlorides of alkaline earths to solution of KEuO„ 
or NaBuO„ ppts. M'‘EuO„ not Mn(UuO,)j, and 
the solutions contain EuO,. 

Euthenium, sulphides of. No sulphide of 
Bn has been isolated with certainty. Claus 
could not obtain a sulphide by heating Bu with 
S in CO, {A. 66,257; 59,234). The pps. formed 
by H,S in solutions of Bn compounds vary in 
composition, and contain free S. By ppg. BuCI, 
solution by H,S, and heating the solid in CO,, 
S and H,0 ore given off, and a greyish-black 
metal-like substance remains, which is perhaps 
Ea,S, (0., I.C.). The pp. which H,S produces in 
BuO<Aq is probably an oxysulphide [g. u.). The 
mineral laurite, from Borneo and Oregon, con¬ 
tains Bu,S, with Os sulphide (W6hler, A. 139, 
116; 191, 874). M. M. P. M. 

SOTHENItJM-AMMONIirM COMPOUNDS. 
^uthenammines, Ammoniacal ruthenium 
oases.) These compounds have not been ob¬ 
tained by treating Eu chlorides with NH,Aq. 
The starting-point for the compounds described 
by Claus was EnCl,.2NH,Cl. By treatment with 
NH,Aq, Claus obtained EuCl,.4NH,.3aq, and 
from this he prepared various salts EuX,.4NH„. 


where X - monovalent acidic radicle (If, Petmb, 
Acad. Bull. 1, 97; 2, 168). By evaporating a 
solution of the base Bu(OH),.4NH, in vacuo 
over H.,SO,, Clans obtained a new base, to which 
he gave dhe formula Bo(OH),.2NII,.4aq; ha 
did not prepare any salts of this base. Joly 
(0. B. 107, 994) found that Claus’ EuCl,.2NH,Cl 
is a nitroso- compound, and has the composi¬ 
tion BuCl3N0.2NH,Cl. Joly also showed (0. R, 
108,1300) that Claus’ EuCl,.4NH, has the com¬ 
position BuCl,.NO.OH.4NH„ and that the 
salts obtained by Claus belong to the form 
BuX,.NO.OH.4NH,. Whether the base described 
by Claus as Eu(OH),.2NH, contains NO or not 
has not been determined; it is described hers 
provisionally. 

The nomenclature adopted in this article 
must be looked on as only provisional. 

NiTBOSO-BOTireNI-DUMMINES, 

X.NO.Bu(NH,.NH,E),; E may or may not bo the 
same as X. (Joly, 0. R. 108, 1300; 111, 969.) 
Described by Claus as ammonium ruthenoso di- 
ammonium compounds, N,Hj(NHj),Eu.X 2 , or 
ruthcnoso-diammincs, Eu(NHj.NH,X) 2 . 

Series I. Hydroxy-compounds, 
OH.NO.Eu(NH,.NH,B),. The chloride, B=C1, 
was obtained (Joly, C. R. 108, 1300) by boiling 
Eu(NO)Gl, (described under BuTnENiUH tbi- 
ciiEOHiDE, p. 415) with excess of NH,Aq, until 
the liquid became golden yellow, and deposited 
orange-yellow crystals of the salt. 'The bromide 
E=Br, and iodide E = I, wore prepared similarly. 
The carbonate E=*CO„ nitrate E-NO„ and 
sulphate E = |SO„ were prepared by the reaction 
of the chloride with Ag salts. By reacting on 
the chloride with moist Ag.O, Joly obtained a 
strongly alkaline liquid which probably con. 
tained the hydroxide, B=OH. The chloride 
forma a double compound with PtCl,. 

Series II. Ghloro - cotnpounds, 
Cl.NO.Eu(NH,.Nn,B), (Joly, C. B. Ill, 969). 
The chloride, E = Cl, was obtained by dissolving 
the hydroxy-chloride in much IIClAq, evapora¬ 
ting, and crystallising from boiling water; it 
combines with PtCl,. The bromide and iodide, 
E = Br and I, were obtained similarly to the 
chloride. 

Series III. Nitrato - compounds, 
N 03 .NO.Eu(NH,.NHJR),. The nifrafe, E = NO„ 
was formed by the action of AgNO,Aq, or boil- 
ling HNOjAq, on the chloro-chloride (J., l.c.). 

Series IV. Sulphate - compounds, 
SO,.2[NO.Bu(NH,.NH,E).J. Two sulphates, the 
normal salt where E = >80, and the acid salt 
2(SO,.2 [NO.Eu(NH,.NH,),SOJ).H,SO„ were ob¬ 
tained by the action of H,SO,Aq on the chloro- 
chloride. 

These compounds give off NH, when heated 
in KOHAq, and separate Eu nitroso-bydroxide 
En(OH),NO, from which nitroso- salts are ob¬ 
tained by the action of acids. 

??Rotheno8-immines, Ha(NH,X)„ or ruthenos- 
diammonium compounds, NH,(NH,)Eu.Xr The 
only compound of this class which has been 
isolated is the hydroxide, En(NH,.OH),.4aq, 
obtained by Clans (AT. Petersb. Acad, Bull, 1, 
97; 2,168) by evaporating, over HjSO, in vacuo, 
a solution of the base to which he gave the 
formula Bu(NH,,NH,.OH),. As the compound 
from which Claus obtained the supposed 
rutbenos-ammine hydroxide hM b«eh loqnd 
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lo ooutain BO, (I if piobiUt tbRi Iba prodnet 
nf aTuontioa vu ■ nitron- oompomd. 

U n P U 

BTTIX O-HmOh- [kbora 190°]. S. 'eB at 
IOO°. B. (boillDg olooliol) 10. B. (ether) '29. 
Bxtraotad 07 alcohol or HOAo tram the learei 
d{ the garden rue (ilnla graoeoteiu) (Weiss, 
Pham. OitiiT, 1913, 903; Sorntriiger, A. 63, 
886 ; Fdrfiter, B. 16, 317). Occurs also in 
oapeia, the dowcr-buda ot CapparU spinoaa 
(Itvohleler a. lllasivetz, A. 83, 107 ; Oil, 133; 
Zweaget a. Drooko, A. 123, llSj, in satHowcr 
(Stein, J.pr. 68 , 399; 88 , 280), in rose leaves 
(Filhol,/. 18G3,694), in the leaves of tliobuek- 


srheat (Potj^FOMMi Jhnnmm (Sohonek, 0. J, 
63, 393). Or^statlieea (tt^ 'water in pale-yellav 
needles (oontaining 8aq). BoL atkatis, twining 
a yellow aolutloB, from whioh it is rappd. by 
acids. FeCl, givea a dark-green eolout. Lead 
acetate added to its alooholio snlatioo forms 
a yellow pp. Pb,G,,H„Oo. Does not redoes 
Fehling's solution. Decomposed by boiling 
dilute H,SO, into quercetin (1 mol.) and iao- 
duloite (3 mola.). 

BOTTL. A name sometimeB used for deooyl 
C„Ti„0 or dccyl C„H„. 

BVTYLEHB s. DecmiiKE. 

&1ITSLISBHE V. UsNDacismn, 


B 


BACCSASIC ACn) Cfi„0. i$. 

CO.H.CH(OH).CII(OH).CU(OH).CU(OH).CO.a 
Mol. w. !210. Fuctned b; tbs Dution oi uitrio 
acid (bpta.ot I'lS) ga deitn»e (glucose), 
aud tbcrolorg ou gang sugar aud gu luilk sugar 
(Ugbegle, Cjpuscula, il. '203 1 Tromiusdorll, A. 
g, 80; Qudrm-Varr;, A. Ch. [U] 49, ’J80; 69, 
818; G6, 889; Erdruunn, A 21, 1; Hess, A. 
2(i, 1; TliuuloH, A. 27,118 ; Liebig, ^1. 80, 818 ; 
113, 1: Heiutz, P. Cl, 816: 106, 211; 100, 
98: in, 206, 9'JJ ; A. 61,185 ; 'lollcus, D. 21, 
9149). Foruigd also by osiilatigu of dextrin, 
maltose, and dextioso by Br, and subsequent 
addition of ZnCO^ (Uerxfeld, A. 290, 852j, and 
by the action of Br oa glycuronic acid (TUicr. 
ieldsr, B. 19. 8148). 

PnporcUion.~i. Dextrose (6g.) is avapo- 
rated witli HNQ, (80 o.e. of B.U. 115) to a tltick 
syrup. The syrup is dissolved in water (20c.c.) 
and nenlraiiscd with K,CO,; HOAe is then 
added and the solution evaporated until the acid 
K salt cryataUleos out (Tuilcns, Jl. 249, 918).— 
9. Btavch (lODg.) is ground up witli water (100, 
S.C.1, poured into HUO, (600 o.e. of S.D. 1'16), 
ana heated on the water-bath till red lunies 
begin to coma off. The temperature is then 
lowered sod Ireptat (16^ until syrupy. The pro- 
duet is converted as ulerve into the acid K salt 
(20 g.), which ia dissolved in water, neutralised 
with ammonia, and ppd. by AgNQ,. The Ag 
salt is then deoomposod by EOl (Bohst a. Tol- 
lena, A. 916, 4). 

iirr^rfus.-^Bilttle deliqncscent mass, v.sol. 
water and alcohol, t. bL sol. ether. Dextro¬ 
rotatory, [«]u varying from 8“ to SS", Itcduces 
aurio uhloride and oiumoniacal AgbiO, (forming 
a minor) but not Fehling’s solution (Xiliani, 
B. 14, 2599).. 

BtacUow .—1. Oxidised by HNO^ to dcxtio- 
tartarie, racemic, and oxalic aeids.—2, Poiaah 
at 260^ yields acetio and oxalic acids. — 
8. PCl^ forms chloromneonio acid 0,11,01/), 
[269’] (Bell, B. 12, 1272).—4. Boiling ^ule 
(89 p.c.) HClAq lonns dehydromnoio acid (B. a. 
t; Sonrbtter, if. 9, 442).—6. HIAq and P at 
160’ forms some adipic a^ (Do la Motte, 21.12, 
1672).—6. The anunonitun salt deoumposes at 
IfiO" into CO„ HH„ and pynola (Bell a. Lapper, 
B. 19,1961). The etbylu^ salt yields, in like 
maniMr, tthyl-pyirole.—7. Phcnuf-Awdraiiiu 
tettok «t W uiqu a 


yellowish substance^lO’], insol. water, aloobol, 

, and ether; not dooomposed by alooholic potash 
, (Uaquonne, Bl. [2] 48,721), 

I 8alts. — KHA"; trimetrio onstals ; atbic 
; = 1-763:1:2.234. b. M at 7'’.-K,A''! oryalal. 

. lino oruets, v. sol. water.—(HU,)EA”. B. l'2i 
at 16’; 24-1 at 100’. Four-sided prisms,—. 
baA'': minute crystals, v, al. soL water.— 
BaA"3aq; amorphous.—CaA" aq.—BrA" l^aq. 
—UgA" 3aq: orystaUinc, m. aoL hot water.— 
ZnA" aq. — CdA". — PbA". — Pb/J^Or — 
Pb,C„H„0.,, - Pb.0,/I„O„. - Pb.O J.O, - 
PbjCijA'',—bi,GJ£,0,2aq,—Agpk": weite pp. 

Art Apt stAor Et,A''. Crystalline mass, v» 
sot. water and alcohol.—(lit,A'‘)/lBCL,. PriAsS, 
V. sol. water, el. sol. alcohol, insol. ether. 

rstra-acetpi tteriiiaiivs o/iAs (tAvI 
etAsr C,H,Aa,Et,0,, [61°]. Uonoolinic tabln 
(from alcohol), insol. Aq, v. e. soL hot aloohol. 
Anhydride CJI,0, dfs. 

CU(OE)<^l°^j|>CH.CH(OB).CO^ Sm. 

I cfiarola£tone> [1^2^, Fornifid bj allowing 
ajTupy aacchario acid to ataad otcr P|80. for 
some days (Sohal ie Tollana, Ae 245, A)» Thio 
pktea (from water). Tioldi* pyromuoio addon 
beating, lieduced in acid aolutioa by tioaV 
ment with aodiom-amalgam to ^lyciironio aoid 
CO^£.OH(0U).CH(OH).CH(OH).Ca(OlI).OHO 
(Fiwher a. Pilot/, if. 23.937; 24, 621). 

Vi-acelpl derivative o/ the dontU 
a SI Ay dride i.c. 

^O.C^Si~CH(OAe)' [««"]• 

from Ac,0, acid potaseinm saoebarate, and 
E)SO, (Moquenne, Bl. [2] 48, 720; c/. Baltawt, 
Bl. [2] 10, 963; A. 149, 238). White plates, T. 
si. sol. alcohol and ether. 

Atnt<{BC,,U,0,(NUJ,. Amorphoospowder 
IsoiAccliaric acid C,H„Or [186°]. [ajg 
1.^46° at 20°. Formed by careful oxidation 
glucosamine hydrochloride by dilute HKO, 
[B.O. !■» (Ticmann, B. 17, 246; 19, 1268, 
1273). Trimotrio crystals (from water), y. soL 
water and olcohal, E. sol. ether, Dextrorota¬ 
tory. Converted by heat into CO, and pjro- 
mnoic acid. Beuuced by HI to adlnic acid. 
Heated in a ouirent of dry HQ it jielda fui. 
torane (cia’)4icaibazylio acid. POL lonni 
^ oXao|O0,H)., whieh yields Et^7 [iap)r^. 
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KHA."4ft(i: T. Bol. water.—B8A."r— 
OaA''.-SrA''.-m"2aq.-CuA'’.-Ag,A". 

Stkyl ether Et,A". [VS"]. (250°). [a]„ 
— -f SS'S”. Needles, v. sol. water. Yields a 
tetra-aoetyl derivative C,H,(OAo),(CO,Et), 
[47°] V. sol. water and alcohol. 

Amide of the anhydride 
0,H,0(OH),(CONH.J, [226°]. [o]„ = 7-2°. 

Anilide of the anhydride. [231°]. 

Acetyl derivatioe C,H,(OAo),(C 02 H) 2 aq. 
[101°]. Noodles (from water). 

Parasacohario acid C,H,oO,. Formed, to¬ 
gether with glyoyrrhetin, by boiling glyoyrrhizin 
with dilute H.jSO| (Habermann, G. G. 1680, 
253). Hygroscopic mass, sol. water and alcohol. 
Its salts are amorphous. 

Metasaccharin acid C,H„0,. The salt 
CaA" aq, got by boiling an aqueous solution of 
the dianhydride with CaCOj, forms crystals, si. 
sol. water. KA' and Ag;C„II,0, have also been 
prepared (Fischer, B. 23, 2u21). Solutions of 
metasaccharates turn deep red when exposed to 
air. 


{■ Mannosaccharic 
15°. fain =-202° 


Dilactone O^H^Oj 
CH(OH).gH.O.gO 
CO . O.CH— CH(OH) 
acid. [ 68 °j. 8 . 5-5 at 15°. [a]„ 

(Fischer, B. 24, 541). Formed by oxidation of 
arabinose-carboxylic (mannonic) acid 
by digesting its lactone with HNO, (S.G. 1-2) 
lor 24 hours at 50° (Kiliani, B. 20, 341, 2710; 
21, 1422). Long colourless needles (containing 
2 aq), si. sol. alcohol, insol. ether. Bcadily re¬ 
duces Fehling's solution. Beduced by HI to 
n-adipio acid. Sodium-amalgam reduces it to 
mannite. Phenyl hydrazine hydrochloride and 
sodium acetate solution in the cold form 


gH(On).QH(OH) 

CO . O.CH.CH(OH).CO.N.,HjPh J ciTs- 
tallisiag ia minute plates (containing Jaq), v. e. 
sol. hot water. Phenyl hydrazine hydrochloride 
and boiling sodium acetate solution forms 
04 H 4 ( 0 H)^(C 0 .N.^jPh) 2 , crystallising in minute 
plates t. si. sol. water. 

Di-acetyl derivative of the dilactone 

^0.‘o-lci-^H(OAc)- 
adding a lew drops of H.;S 04 to a mixture of the 
dilactone and Aep (Kiliani, B. 22,524). Prisms, 
V. sol. hot HOAc. 

Amide C,H.(OH),(CO.NH 4 ). 4 . [190°]. 

Formed from the lactone and NH,Aq. Mono- 
clinic tables. 

Deztro-metasacoharic acid. d-Mannosaccha- 
tic acid C,H|,0,. Balts.—CaA": crystalline 
powder.—BaA" : minute tables, m. sol. water.— 
SrA".—CdA"; minute tables, v. si. sol. water. 

Lactone C.Hp,. [180°-190°]. [o]b = 202>> 
at 23°. Formed by oxidation of mannose, of 
mannite, or of d-mannonic acid by HNO, (S.Q. 
1-2) at 60° (Fischer a. Wirthle, B. 24,530Eastor- 
field, C. J. 59, 306). Long needles (from alcohol 
or water), v. sol. hot water. Bcadily reduces 
Fehling’s solution. Turns yellow on boiling with 
potash. Phenyl-hydrazine acetate in the cold 
QH(OH).gH(OH) r,o,oi 

forms co.O— OT.CH(OH).CON,H 4 Ph 
while at 100° it forms 0,H,(OH),(CO.N,H.,Ph), 
[ 212 °], almost insol. hot water. 

Amide C,H„N. 40 ,. [189°]. Formed from 
the lactone and NH,Aq in the cold. Crystals. 


I]UctiTametaiaccharioaoldOJ9„0,. i-Man- 

nosaccharic acid. The salts of this aoid greatly 
resemble thbse of the preceding acid. 

_ Lactone C,H,0,. [o. 190°]. Formed by 
mixing equal parts of the dextro- and Isevo- 
lactones in aqueous solution. Formed also by 
oxidising i-mannonic lactone (E. Fischer a. 
Stanley Smith, B, 23, 2622 ; 24, 544). The 
aqueous solution ia inactive to light, and gra¬ 
dually becomes acid on standing. Phenyl-hy¬ 
drazine acetate reacts, farming in the cold 
pH(OH).gH(OH) jggo- 

CO.O — CH.CH(OH).CON,H.,Ph ■* 

and at 100° C 4 H,(OH),(CON,H,Ph), [220°-225°]. 

Amide. [185°]. 

SACCHABIN, The lactone of saccharinio 
aoid {v. infra). The name has also been ap¬ 
plied to the imide of SuLPnoimNzoio acid, 

SACCHARINIO ACID 0„H,.p, i.6. 

Cn.,(0H).CH(0H).CH(0H).CMc(0H).00,H. 


Formed by boiling an aqueous solution of dex¬ 
trose, la)vulo 3 e, or invert sugar with lime (P61igot, 
Bl. [2] 36, 226; C. B. 90, 1141; Soheibler, B. 
13, 2212). On setting the aoid free it changes, 
especially on heating, into the anhydride. The 
suits are v. e. sol. water.—KA': monoclinio 
tables.—NaA'. [a]D => —17'2°.—CaA', (dried at 
100°). Formed by boiling the lactone with 
water and CaCO,. Amorphous. [a]n=—5'7°.— 
CuA', 4aq: blue nodules (Kiliani, B. IS, 2955). 

Anhydride C,H,„0,. [161°]. [a]B-=94°. 

S. 13 at 15°. Electrical conductivity : Walden, 
B. 24, 2028. ILC. 656,900. H.F. 252,100 (Stoh- 
mann, J.pr. [2] 45, 313). 

Preparation.—K cold solution of 1 kg. of 
invert sugar in 9 litres of water is treated with 
100 g. of powdered lime and allowed to stand, 
agitating at intervals. After 14 days 400 g. 
more CaO.,H 2 is added, and the mixture again 
allowed to stand tor one or two months, until it 
no longer reduces Fehling’s solution. It is then 
saturated with CO„ the remaining Ca precipi¬ 
tated with oxalic acid, and the filtrate evapo¬ 
rated nearly to a syrup. The saccharin which 
separates ia recrystallised from hot water; the 
yield is 100 g. (Kiliani, B. IS, 2954). 

P’rqpcrti&s.—Prisms, with bitter taste, v. sol. 
hot water. Dextrorotatory. Converted by 
alkalis into lievorotatory salts of saccharinio 
acid. May be volatilised almost without decom¬ 
position. Can be extracted by ether, even from 
solutions containing Na,CO,. Does not ferment 
with yeast. Does not reduce Fehling’s solution, 
even after long boiling with dilute H.,S 04 . Not 
attacked by dilute HNO,. done. HNO, forms 
oxalic acid and sacebaronio acid C,H,gO,. 1 g, 
reduces 4-6 g. of KMnO,. Oxidised by moist 
AgjO to formic, acetic, and glycollic acids. Boil¬ 
ing HIAq reduces it to the lactone of 7 -oxy- 
isohexoic acid CH,.CH(OH).CH.,.0HMe.C0,H, 
which is further reduced by HI at 200° to 
CHMoPr.COjH (Liobormann a. Soheibler, B. 16, 
1821; Kiliani, A. 218, 371). I and KOH give 
iodoform. Potash-fusion forms formic and lactic 
acids (Hermann a. Tollens, D. 18,1333). Boil¬ 
ing HClAq has no action. Phenyl-hydrazine 
forms 0,H„0,(N,H,Ph) [166°], crystalUsing from 
alcohol in needles, v. sol. water (Fischer a. Pass- 
more, B. 22, 2733). Phenyl oyanate at 165° 
forms CuH„N, 0 „ orystnllising in silky needlM 
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[330^-346^ got hoi &nillng» gl. sol. alcohol 
(Teslner, B. 18, 2607). 

Iiosacobarinic acid G,H„0« 

CH,(OH).CH{OH).CHj.C(OH)(CO^).CHjOH? 
Formed by the action of Imie on molt-extraot at 
20^ or on milk'SUgar (Guisinicr, Bl. [2] 38, 512). 
The free acid at once splits up into water and 
lactone. The Na salt is Ifevorotatory.—CaV,. 
S. 1 in hot water. Crystalline powder. 

Lactone Isosacchatin. [95®]. 

[a]y=63® in a 10 p.o. aqueous solution; **74® in 
HOAc. Electrical conductivity : Walden, B. 24, 
2028. Prepared by allowing a solution of milk* 
sugar 11 kilo) in water (9 litres) mixed with 
slaked lime (450g.) to stand for G weeks; filter¬ 
ing ; saturating the filtrate with CO.^; boiling, 
again filtering, and evaporating to 500 o.o. The 
c^oiuin isosaccharinate {110 g.) which then 
crystallises is decomposed by oxalic acid (Eiliani, 
B. 18, 631). Large crystals, v. e. sol. water, al¬ 
cohol, ana ether. Dextrorotatory. Does not 
ferment with yeast or reduce Fehling’s solution. 

Reaclions.~l. Keduced by HI and P to the 
lactone of oxy-hexoic acid, and finally to 
CHrrMe.CO,H.-2. Oxidised by UNO, to di- 
oxy-propanc tricarboxylic acid C,H;,(OH)a{CO.H) 3 , 
whicli is split up by heat into CO., and ay-di-oxy- 
glutaric acid CH,(CH(OH).CO,n), (Kiliani, B. 
18, 2614). -3. Phenyl cyanate at 1G5® forms 
Ca^HjoN^O,, [181®] a white amorphous powder 
(Tesmer, B. 18, 2609). 

Anilide C„H,;NOa. [165®]. Formed by 
heating the lactone with aniline at 115® (Sorokin, 
Bl [2] 47,168; J. ^yr. [2] 37, 318). Needles, v. 
sol. water. Decomposed by acids and alkalis 
into aniline and isosaccharin. 

Metasacebarinic acid i.e. 

CHj(OH).CH(OH).CH(OH).CH(OH).CH,.CO,H. 
Formed, together with isosaccbarinic acid, by the 
action of lime on a cold rolution of milk-sugar, 
its Ca salt being contained in the mother-liquor 
from which calcium isosaccharinate has crystal¬ 
lised (Kiliani, B. 16, 2625; 18, 612). Tncfre^ 
acid splits up at once into water and lactone.— 
CaA'j 2 aq: crusts of minute prisms, v. si. sol. 
cold water.—CuA '2 2 aq: groups of minute green 
plates. 

Lactone Mctasaccharin. [142®]. 

[o]i>as-48®. Large triractrio plates; a:b:c^ 
•624:1: *899. V. sol. cold water and alcohol, v. 
si. sol. ether. Losvorotatory. 

Reactions.—1. Beduced by HI to the lactone 
of oxy-n-hexoio acid.—2. Oxidised by HNOj to 
tri-oxy-adipic acid.—3. Phenyl cyanate at 165® 
forms Cs^H^N^O,, a white amorphous powder 
[205®-210i]Te8nfcr, B. 18, 2008). 

SACCHAitOXiACTONE v. Anhydride of 8 x 0 - 

CHAllIC xcio. 

SACGHAEONIC ACID 

CO.H.CH(OH).CH(OH).CMc(On).CO,n. 
Formed by heating saccharin (1 pt.) with UNO, 
(3 pts. of B.Qr. 1*375) at 85®, diluting, adding 
CaCO,, filtering, evaporating, and extracting 
with ether (Kiliani, A. 218, 361). The product 
80 obtained is the lactonic acid; the free acid at 
once splits up into water and lactone.—Na^A''. 
Formed by boiling the anhydride with Na-^COgAg. 
Crystalline. — (NHJjA".—CaA" ; gummy, — 
Ag}A'^: fiooculent pp. 

Laetonic acid Saceharone. 

m - 6®. Formed as above. Lar^^ trimetrio 


ai 

crystals (containing aq), T. iL sol. ether. Gone. 
HIAq converts it into a dibasic acid OiHgOi 
[139®] orystaljising from water in small prisms, 
and finally to a-metbyl-glutario acid. Does not 
reduce Fehling’s solution.—NaA'aq. Formed 
from saceharone (2mol8.) and Na^COiAq (1 mol.). 
Trimetrio prisms with neutral reaction.—NH^A': 
crystals. Its aqueous solution is ppd. by lead 
subacetate, but not by lead acetate or AgNOa. 

SACCHABDMIC ACID A product 

of the action of baryta on dextrose (Iteiohardt, 
Vierteljahrschrift pr. Pharin. 19, 384, 608). 
Yellowish-brown powder with bitter taste, v. sob 
water and alcohol, si. sol. ether. Its solution 
becomes dark on exposure to air or on addition 
of alkalis. — BaH^A'*. — 5aq: pp. —• 
CujA'* 8aq : greyish-brown pp. — rbaA‘% — 

PbsOnH,;;0,i. 

8ACCVLMIC ACID C„H„0^ ? Formed, 
together with sacculmin, by boiling cane-sugar 
(300 g.) with HjjSOi (15 g.) and water (420 g.) 
(Stein, A. 30, 84; Bestini, O. 10, 121). The 
yield of the two bodies is about 10 p.o. of tba 
sugar used. Glittering blacky mass, si. sol. 
water and alcohol, insol. ether. The alcoholic 
solution is red, with reddish-brown reflex. 8ol. 
KOHAq and reppd. by acids. AgNOj gives 
brown amorphous GffHjtAgOif. BaClj ppts. 
brown aq. Chlorine passed into 

water in which sacculmio acid or sacculmin is 
suspended gives yellow fiocculent di-chloro-oxj* 
sacculmido C,,II„C1,0«. Di-chloro-oxy-saocuU 
niide boiled with KOHAq forms oxysacculmic 
acid CiingOfl, which is sol. water, but insol. water 
containing GuSO, gives in its aqueous 

solution a brown pp. of CnHjuCuOj,. Bromine 
and water form amorphous orange Cj^UjaBraO^, 
(Bestini, 0. 12, 292). 

Sacculmin C4,U.u,0,y Formed as above. 
Black amorphous mass, insol. KOHAq, Beacts 
with chlorine water in the same way as sac- 
culmic acid. According to Conrad and Guthzeit 
(B. 18, 443; 19,2844), sacculmin and sacculmio 
acid are mixtures of variable composition. 
SAFFLOWEB v. Cabtiiamin. 
8AFFBANINE(PHEN0.)C„H„N,O. Plum- 
saffranine. The hydrochloride may be represented 
as (Bernthsen, 

B. 20, 179, 2090; cf. Andresen, B. 19, 2215; 
Nict/.ki, B. 19, 3017, 3103; Witt, B. 19, 3121), 

(Witt). 

Formation.—!. Formed by gently warming 
phenylene-y-diaraine (1 mol.) with aniline (2 
mols.) and K^Cr^O, (Nietzki, B. 16, 460). A blue 

compound (?) ii 

first iormed, and changes at 100° into the red 
safiranine (Barbier a. Vignon, Bl. [2] 48, 838 
772 ; C. B. 105, 939). The blue compound ii 
reduced by zinc and hydrochloric acid to 

w; ich is ozidised by wr 

to amido phenazlne. According to Nietzki, how¬ 
ever, the blue intermediate compound is the 
indamine C.H,(NH,).N'.C.H,:NH,C1 and yields 
di-amido-diphenylamine on reduction.—2. From 
benzene-azo-aniline (amido-azo-faenzene) by 
treatment with nitro-benzene, Fe, and HCiA^ 
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(B. a. V.).--S. Bjr oxidising a mixture of 
NH(0,H..MH,[1:4]), (1 mol.) and aniline (1 moL) 
with K,0r,0, (B.). 

Properties.—Golden plates. When freshly 
precipitated by baryta from the sulphate it is 
C,3i>B,OH, but alter frequent recrystallisation 
from hot water it approximates to 
(Nietzki a. Otto, B. 21,1590). V. sol. hot water, 
sol. alcohol, almost insoh ether. Cone. H^SO, 
gives a green colour, changing to blue and red on 
dilation. Cone. HClAq gives a blue colour. NaNOj 
added to a solution of saffranine hydrochloride 
forma the diazo- compound C„H|jNjClj, which 
gives a blue solution and yields C„H„N,C1^2AuCl,. 
This diazo- compound on boiling with alcohol 
forms 0„H„N„ the salts of which form red 
aqueous solutions and dye wool and silk a bluer 
shade than saSranine. The base is 

also got by adding H^SO, till the colour is vio¬ 
let, then adding excess of NaNO, and boiling: 
it yields B'HNO,, B'H^SO,, and a violet acetyl 
derivative. Alcoholic potash forms NH, and 
saSranol. Zinc-dust and UCl give Ibuco-safira- 
nine and, on^ong boiling, C,jH„N,,0 [130^], 
crystallising from water in long needles yielding 
C|||H|,AcNjO [173°] and converted by nitrous 
ether into C,,H.,N.,0 [117°], crystallising from 
alcohol in needles. 

Salts. — (C,,H,,N,Cl).^tCl^. — C„H„N,C1. 
Flat needles with green lustre, si. sol. cold, v. 
Bol. hot water, insol. HClAq.—B'HNO,. Almost 
insol. HKO,. 

Di-acetyl derivative C|,n„Ac 2 N,.— 
B'HCl. Got by heating safiranine hydrochloride 
with Ao,0 and NaOAo (Nietzki, B. 16, 463). 
Lustrous brown plates, forming a violet solution 
in alcoholic soda.—B'HI. 

Di-methyl-saffranine. The chloride of this 
substance C.,,H„N,C1 is formed, together with 
NjICjH^NMe.,),, by the action of p-nitroso-di- 
methyl-aniline (1 mol.) on aniline (1 mol.) in 
alcoholic solution at 100° (Barbier a. Viguon, 
O. B. 105, 672). An isomeric (?) di-methyl- 
•affranina got by oxidising a mixture of 
C,H,(NH.,)NMe., and aniline yields B'.,n.,PtCl, 
and B'HNO, (Nietzki, 71.16,369 ; 19,3103). An 
isomeride is formed by heating bonzono-azo- 
xylidine with aniline at 160° (Menton, A. 263, 
837). Crystalline, forming a rose-rod aqueous 
solution. A tetramothyl-sallranino C^^H^N, is 
got by oxidising di-methyl-phenylene-green 
mixed with aniline acetate (Bindschedler, B. 
16, 867). It yields B'HCl, v. e. vol. water and 
B'HNO, aq. 

Ethyl-saffraniue CuHuEtN,. Formed by 
boiling p-pbenylene-cthyl-diamine with aniline, 
E,Cr,0„ and dilute HOAo (Schweizer, B. 19, 
160). Formed also by oxidising phenylene-p- 
diamine, aniline, and ethyl-aniline with KjCr,^, 
and dilute HOAo (S.). The hydrochloride forms 
bluish-green hygroscopic crystals, sol. water and 
alcohol, insol. ether. Its solutions exhibit olive- 
green fluoresoenco.-B',H 2 FtCl,: dark lustrous 
needles. 

Di-ethyl-iaffi’anine C„H.„N,. Formed by 
oxidising a mixture of C,H,(NHJ(NEy (1 mol.) 
and aniline (2 mols.) with E,Cr,0, (Nietzki, B. 
16,470). Formed also by oxidising a mixture 
of phenylene-p-diamine, aniline, end di-ethyl- 
aniline with E,Cr.,0, (N.). The alcoholic solution 
is fluorescent. The hydrochloride is sol. HClAq. 


NaNO, added to iU eolation in HOlAq ^ves a 
greenlsb-blue colour due to the diazo-chloride 
which forms OaHaNjCljPtCl,. — B',H,PtCl,; 
green needles. 

Acetyl derisaftvs C„H„Et,AoN,. The 
hydrochloride is ppd. as glittering brown 
needles on adding NaCl to ite aqueous solution. 
-B'.,H,PtCl.. 

Tetra-ethyl-safilaniao C„H„N, or 
C„H„N,.OH. Formed by oxidising a mixture of 
phenylene-di-ethyl-p-diamine, aniline, and di¬ 
ethyl-aniline with K,Cr,0, (N.).—B',H 2 PtCl,. 

Para-saffi-anine Ca(H„N,. Prepared by dis¬ 
solving mauveine in dilate acetic acid and boil¬ 
ing with PbO,. NaOH is added to slight ex¬ 
cess, and the rod filtrate boiled with some pow¬ 
dered zinc and CaCO, and then NaCl added. 
Commercial saSranino contains some para- 
saffranine (Perkin, C. J. 35, 728). 

Prcpertiea. —Eed-brown pp., dissolving in 
■ water or alcohol. It is isomeric or identical 
with commercial saffranine, prepared from equal 
molecules of tolylene p-diomine, o-toluidine, and 
aniline. Salts.—B'HCl.—B'HNO,. These salts 
dye silk a shade more scarlet than saffranine. 

Saffranine C„H„N, or C„H„N,OH. Formed 
from o-toluidine by treatment with nitrous acid 
and oxidation of the product with E.,Cr,0, (Mdne, 
C..M. 25,215; Hafmanna.Gcygcr,B. 6,526; Bale 
a. Schorlemmer, C. J, 35, 683). Obtained by 
heating toluenc-azo-o-toluidino with o-toluidiue 
hydrochloride at 160°-160° (Witt, B. 10, 873), 
and by adding K,CrO, to a hot solution of 
tolylene-p-diamine hydrochloride (1 mol.) and 
0 - or p-toluidino hydi'oohlorido (2 mols.) (Witt, 
B. 12, 9.39; Bindschedler, B. 13; 207). The 
commercial saffranine (saffranine hydrochloride) 
can bo purified by recrystallisation from water 
containing HCl, or by treatment with alcohol 
(Bottger, N. B. P. 23, 181). Eeddish-brown 
crystals, v. sol. water and alcohol, insol. ether. 
Cone. HCl changes the colour of its solution 
through violet to blue. H,S 04 turns it blue and 
finally green. Decolourised by zinc and HClAq, 
Saffranine is also decolourised by glucose and 
NaOHAq on heating, and hence may bo used as a 
test for sugar in urine (Crismor, C. G. 1888,1510); 
the colour is restored by atmospheric oxidation. 
Commercial saffranine ('5 g.) is fatal when ad¬ 
ministered to dogs by subcutaneous injection 
(Weyl, B. 21, 2191).-B'HC1. 'Thin reddish 
crystals, sol. water and alcohol, insol. ether and 
NaClAq.—B',H.,PtCl,. Yellowish-red crystalline 
powder, almost insol. water, alcohol, and ether. 
—»B'HBt: minute needles.—B'HNO,. Slender 
reddish-brown needles, v. sl.^ol. cold water.— 
Sulphate: needles, m. sol. water.— 
B'C,n,N,0,: brownish-red insoluble needles. 

Substances of the saffiranine class are formed 
by heating NH(C.H.Niy, with (4,3,1)- and 

(4.2.1) - xylidine and with (5,4,2,l)-oumidine, 
but not with mesidine, (6,4,3,l)-cumidine, or 

(5.2.1) -, (6,2,1)-, (5,3,1)-, and (3,2,l)-iylidina 
(Nietzki, B. 19, 3163). 

Saffranol C„H,J!l,(OH),. Formed by boiling 
saffranine bydrpohlonde with alcoholic potash 
for B days (Nietzki a. Otto, B. 21, 1593). Ppd. 
as yellowish needles by adding HCl to its solu¬ 
tion in alkalis. Nearly insol. water, alcohol, and 
HOAc. Cone. l^SO. forms a brown solution. 
Yields a crystalline diaeetyl deiivatiTS. 



3ALI01N. 


iifi 


SAFFBOK. The deied Btigmas ol urocus 
$ativu3, used lu a colouring matter. It contains 
crocin (^.«.), crocose (j.ti.), pioroorocin (j. o.), 
polyohroite, and an oil 0„H„0 (209°) miscible 
with alcohol and ether bat decomposed by water 
(Quadrat, /.pr. 56, 68; Weiss, iTlpr. 101, 65). 

Folychrolte C^HmO,,. Dried saffron is 
washed with ether and extracted with water. 
The extract is mixed with alcohol and filtered, 
and the filtrate ppd. by ether. Orange deli¬ 
quescent mass, V. sol. water, insol. alcohol. 
Yields glucose on boiling with dilute acids. 
SAFBOLE 0,.H,A i-e- 

®^‘^aaCH;O.CH.CH:CHj ' t®*’]- 

(232°). S.G. IS 10956 (S.); us 10963 (Glad- 
stone, 0, J. fid, 290). V.O. 81 (obs. and calc.). 
Md* 1*639 at IP (G.). Boo =45*57 (Bnihl, B, 
21. 477). II.C.V. 1,243,800. H.C.p. 1,244,700. 
H.P. 40,300 (Stohmann a. Langboin, J. pr. [2] 
40, 633). The chief constituent of the essential 
oil of sassafras {Sassafras o^icinalis) (Griraaux 
a. Huottc, A. 152, 88; J. Schill, D. 17, 1935; 
Poleck, B. 17, 1940; 19, 1094 ; 22, 2861). 
Occurs also in the oil obtained from the leaves 
and fruit of lUicium rclighsum (Eykman, 
B. T. G. 4, 30, 45 ; B. 22, 2757 ; 23, 804), and 
in the oil of the camphor tree, Cinnainomum 
tamphora (Fluckiger, Bh. [3] 17, 989). Mono* 
clinic crystals, sol. alcohol and ether. Smells 
like oil of sassafras. Inactive to light. Oxidised 
by dilute KMnOi to CO., formic, oxalic, and 
piperonylic acids, and piperonal. Alcoholic 
potash converts it into isosafrolc. Does not 
react with hydroxyl amine or BzOl. Does not 
combine with NaHSOj. Bromine forms 
Cy,UJit,0., [170'^J S. (chloroform) 7. 

Isosafrole CjjIIiuO.j i.e, 

CHj<q>C.H3.CH;CH.0H,. (247°). V.D.80'3 

(obs.)! 81 (calc.). H.C.T. 1,233,600. H.C.p. 
i,234,.500. H.F.50,f)00. Formed by boiling safrqjo 
(100 g.) with KOH (250 g.) in alcohol (500 c.c. 
of 94 p.o.) for 24 hours (Schiff; Giamiclan a. 
Silber, B. 23, 1160). Liquid, even at —18°, 
miscible with alcohol, ether, HOAc, and benzene, 
insol. water and alkalis. Cone. forms an 

intensely red solution. Oxidised by KjCr^O, and 
H.SO, to piperonal and acetic aldehyde. Alka¬ 
line KMnOg gives piperonylic acid. Bromine in 
CSj forma [110°], crystallising from 

ligroin in colourless needles. Sodium reduces 
it in alcohol solution to or 

CBHaPr<;^Q^CH^(228°), a liquid miscible with 

alcohol and ether. Isosafrole is converted by 
treatment with KOH and MeOH into a com¬ 
pound, apparently different from methyl- 
eugenol, but yielding isovanillic acid on oxida¬ 
tion, and [4:2:1] 0«H3(CsHi,)(OAc)2 on treatment 
with Ac^O (Giamician a. Silber, B. 25,1470). 

Nitrosite C,oH 3 Nj 04 
caA;C.H,.g—24, 3994 ; 

25, 1956). Mol. w. 224 (by Baonit’a method). 
[124°]. Aa,0 forma a white modification [124°]. 
Alcoholic potash forms an isomeride [165°] 
which yields a mono-aoetyl derivative [129°], 
and a benzoyl derivative [146°]. KMnO, oxidises 


it to piperonylio acid. Bednoed by tin and BOlAq 
to 0.,H,NA or CH,0,;C,HrC- pMe , 

Mol. w. 197 (by Baoult’s meth^). Zinc and 
HOAc yield OiaH^O,, probably represented by 
(CHA)CJI,.CH,.C 0 .CH 3 which yields 

a phonyl-hydrazide C,oH,A(N^PJi) {97®]. 
Another product of the action of zinc and EOAo 
is C,«H,«N 204 [180°]; and a third is 0 ,.H,.N ,04 

or Cn202:C,U3.0-GMe , 

N.O.H HON ^ 3. which 

yields a di-acelyl derivative [138°]. 

SA6AFEN0M. A gum resin imported from 
Egypt and Persia, consisting of yellow agglo¬ 
merated granules, smelling like garlic and 
having an acrid bitter taste. Softens m 
the hand. Yields umbclliferone on distillation. 
HNO, forms styphnio acid. Potash-fusion 
forms resorcin (Brandos, N. Tr. 2, 2, 97; 
Pelletier, Bull. Pharm. 3, 481; Johnston, 2V. 
1840, 361). After*moistening with alcohol it 
dissolves in H^SO^, forming a brown liquid. 
Sagapenum is. only partially soluble in alcohol 
and ether, but the ethereal extract is not clouded 
by addition of alcohol. FeGI, dbloura its solu¬ 
tions black (Hirschsohu, J. 1875, 859; ,<4r. Ph. 
[3] 10, 481; 11, 54, 152, 247, 312, 434; C. C. 
1877,182). 

SAGE OIL. Obtained in the south of Europe 
by distilling sago {Salvia ofjicinalis) with water, 
the plant being cut down in the autumn (M. M. P. 
Sfuir, a J. 33, 292 ; 37, 078 ; cf. Bochkdor, 

44, 4; Herborger, R. P, 34, 138; Illasiwctz, 

J. 2 )r. 51, 355). Contains a torpene (166°), 
salviol {q.v.), C,„H,kO (c. 200°), a camphor 
C, JI,aO, probably a little cymene, and, especially 
when prepared from English plants, cedrene, 
CisH.^, (c. 260°). The amount of salviol and uf 
camphor is very small at first and increases < 
with the ago of the oil, being formed by oxida¬ 
tion of the terpenes. Pure salviol, pure sage 
terpene, and pure cedrene do not resinify when 
singly exposed to Imat and light; but a mixture 
of these rapidly darkens. 

SAGO. Balls of starch got from the pith of 
certain species of Sagus and Cycas by stirring 
with water, allowing to settle, and rubbing the 
deposit through sieves. 

SALAMANDBINE An alkaloid 

obtained from the poisonous secretion of the 
cutaneous glands of the salamander {Salaman* 
dra maciilatn). Crystalline, v. sol. water and 
alcohol (Zalesky, Bl. [2] 6, 344). Alkaline in 
reaction. Poisonous.—BTLCI,: needles. 

8ALICIN C,,H,hO, i.e. 

C H„OyO,C,HvCH..OH. Mol. w. 28C. [201°] 
(Schiff, B. 14, 304): S. 3*3 at 11° (Piria, A. 96, 
378). (a]u = - 62 (>° (Tiemann, B. 18,1600; cf, 
Hesse, A. 176, 116; Sorokin, /.pr, [2] 37, 831). 
Occurs in the bark of several species of willow 
and poplar, e.g. Salix helix, S. amygdalinat 
Popnlus trcmxda, P. graca (Leroux, A. Oh. [2] 
43, 440 ; Braconnot, A. Ch. [2] 44,296 ; Felouzi 
a. Gay-Lussao, A. Oh. [2] 44,220; 48, 111; Kria, 
A.C/i.[2]69,281; [3] i;,257;Bouoharda4,O.B, 
18, 299; 19, 602,1179; 20,610,1635; Gerhardt, 
A. Ch. [3] 7,215; Tischbauser, A. 7,280). Occurs 
also in castorcum (Wdhler, A. 67, 360). 

Formation.^!. By digesting an aqueous so¬ 
lution ol helicin with sodium-amalgam (Lisenko, 
Z, 1864,677) or with sino and H^SO^ (Miohaal^ 



m 


SAMOm. 


Am, 6, m).—9. By boning popolin with lime- 
water (Firia). , 

Preparation, —Willow bark (0 Ibe.) le boiled 
with water; the filtrate evaporated (to 18 lbs.) j 
mixed while hot with PbO (2 lbs.); digested for 
24 hours and filtered; the filtrate evaporated to 
a syrup and left to crystallise (Bufios, A. 8 ,200 1 
tf, Pesohier, A, Ch, [2] 44, 418; Erdmann, B. J. 
83,1,136). 

Properties.—iTimeicia tables; 
o:6:«=‘-927:l:2-494. Sol. water and alcohol, 
insol. ether. Lievorotatory. Tastes bitter. 
Neutral to litmus. Its solutions are not ppd. by 
lead aeetato or subacetate, by gelatin, or by 
tannin. Cone. H-^SO, gives a red colour. IClAg 
forms a crystalline body (Stenhouso, C, J, 17, 
8271. After injection of salioin, salicylic alde¬ 
hyde and salicylic acid are found in the urine 
averan a. Milion, A. Ch, [3] 13,145; Ranke, 
pr. 66 , 1 ). . 

Beactions. —1. Decomposed at 240° into sali- 
retin and glucosan.—2. Split up by emulsin ani 
saliva at 40° into glucose and saligcnin (Piria; 
Btadeler, J. pr. 72, 350).—3. Boiling dilute 
forms glucose and saliretin.—4. Oxidised 
by chromic acid mixture to CO^, formic acid, 
and salicylic aldehyde.—5. Cold dilute IINOa 
forms helicin. Hot cone. HNO, forms picric 
acid.—6. Potash-fusion forms salicylic acid.— 

7. Boiling NaOHAq forms saliretin.—8. HOI 
and KCIO, give tetra-ohloroquinone. 

- Metallic derivatives. — C,jH„NaO,. 
Formed from salicln and NaOEt in alcohol 
(Perkin, 0. H. 18, 110). Crystalline. — 

Pb,C„H„0,. Got by adding NHjAq to a hot 
cone, solution of saliein, and then adding lead 
subacetate. Bulky white pp. 

Acetyl derivative C,jII,,Ac,0,. Needles 
(from alcohol), nearly insol. water-(Schitf, Z, [2] 
6,61). 

Benzoyl derivative %.e. 

C,.H,,BxO,. Populin. [180°]. S. -05 at 9° 
(Piria)! -04 at 16°; -24 at 100° (Schiff); S. 
(alcohol) 1 at 16°. Occurs in the bark and 
leaves of the aspen (Populus Irciiiula) (Bracon- 
not, A. Ch. [2] 44, 296; Piria, A. Ch. [3] 34, 
278 ; 44, 366; A. 81, 245). Formed by heating 
salioin with BZgO (Schiff, A, 154, 6). Prepared 
by boiling the leaves of the aspen with water, 
ppg. with lead subacetate, removing lead from 
the filtrate by H^S, and evaporating to crystal¬ 
lisation. Light silky needles (containing 2aq). 
Tastes sweet. Loivorotatory (Biot a. Pasteur, 
C. R. 34,607). 81. sol. water and alcohol, nearly 
insol. ether. K,CrjO, and H.,SO, form salicylic 
aldehyde. HNO, (S.Q. 1-3) forms benzoyl- 
helioin. Cone. HjSO, forms a deep-red solution, 
whence water ppts. a red powder (‘ rutilin ’). 
Boiling dilute acids split it up into glucose, 
benzoic acid, and saliretin. Alcoholic NHg at 
100 ° forms benzamide, benzoic ether, and salioin. 
Populin is not hydrolysed by emulsin. 

Di-benzoyl derivative OnH,,Bz,0,. 
Formed, together with the mono- and tetra- 
benzoyl derivatives, by heating saliein with 
Bz,0 (Sohiff). Flocculent mass, nearly insol. 
water, si. sol. ether, 

Tetra-benzoyl derivative 0„H,,Bz,O,. 
Amorphous resin, not coloured by cold HjSO,. 

0Uoro.sallein 0„H„010,. Formed by pass¬ 
ing Cl into water in which salioin is suspended 


(Piria, A. Ch. [8] 14, 276). tong silky nMdlas 
(containing 2aq), sol. water and alcohol, insol. 
ether. Tastes bitter. Resolved by emulsin 
into glucose and ohloro-saligenin. Yields a tetra- 
acetyl derivative, crystallising from alcohol in 
prisms. 

Di-ohloro-salicin C„H„Ci,0,. Formed by 
the action of Cl on ohloro-salicin. Silky needles 
(containing aq), nearly insol. cold water, m. sol. 
alcohol. Gives no colour with FeCl, or H^SO,. 
Split up by emulsin into glucose and di-chloro- 
saligcnin. 

Iri-chloro.salioin 0„H,501,0,. Formed by 
chlorinating the preceding body in presence of 
water and CaCO,. Yellowish needles (contain¬ 
ing aq) (from dilute alcohol), almost insol. cold 

WQitCFs 

Bromo-salicin C,aH,yBrO,. [160^]. Formed 
by slowly adding Br to saliein (1 pt.) in water 
(20 pts.) {0. Schmidt, Z. [2] 1, 320). Four-sided 
.prisms, v. sol. water and alcohol. Split up by 
emulsin into glucose and bromosaligenin. 

SALICYl. The radicle o-oxy-bonzoyl 
[1:2 ]CcH4 (OH).CO. The same name is some- 
times applied to the radicle o-carboxyl-phcnyl 
[1:2 JCOj,H.ChH 4 and, rarely, to o-oxy-benzyl 
C.H^{OH).CII.,. 

SALICYLAMIC ACID. An old name for 
o-Amido-benzoio acid. 

SALICYLAMIDE. The amide ot o-Oxx* 
benzoic acid. 

SALICYLAMINE. A name for o-Oxx-BENZtL. 

AMINE. 

SAUCYL-GLYCIDIC ACID v. Oxx-phenzi.' 

QLXCIDIO ACID. 

SALICYL-GLYCOLLIC ACID is o-Carboxy- 
phbnoxy-acetio acid. 

SALICYLIC ACID v. o-Oxy-bbnzoio acid. 
Homosalloylio acid v, Oxy-toluic acid. 

1 SALICYLIC ALDEHYDE v. o-Oxy-benzoio 

I ALDEHYDE. 

SALICYL-LACTIC ACID v. Di-oxy-puenyl- 
^BOPtONIO ACID. 

8ALICYL-PHEK0L v, Di-oxy-benzophenone. 
8ALIGYL-KEB0RCIN v. Tm-oxy-benzophen- 
ONE. 

SALICYL-SDLYHDKIC ACID v. Cauboxt- 

PHENYL SULPHURIC ACID. 

SALIGENIK V. o-Oxy-benzyl alcohol. 
8ALIOEN0L. Another name for o-Oxy- 
BENZYL alcohol. 

SALIBETIK V. o-Oxy-benzyl alcohol. 
SALOL V. Phenyl ether of o-Oxy-bbnzoio 

ACID. 

SALT-FOEUIHG OXIDES. Oxides which 
form salts, either by reacting with acids (ot 
acidic oxides)—in which case the oxides are 
basic—or by reacting with basic oxides or 
liydroxides—in which case the oxides are acidic. 
For a table showing the compositions and gene¬ 
ral characters of the characteristic highest salt- 
forming oxides of each group of elements, v. voL 
iii. p. 6G1. 

SALTPETRE. A common name for potassium 
nitrate; v. vol. iii. p. 514. 

SALTS. The earliest use of the word salt 
seems to have been to designate the solid ob¬ 
tained by evaporating sea-water. ^ The term 
was afterwards applied to solids which more ot 
less resembled sea-salt, espeoi^y to those i^d 
bodies which were easily soluble in water. The 
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•tody of tbe compositioni of salt-like sobsiancea 
led to the view that they were made op of two 
parts, one of which was electro-positive with 
regard to the other. When the compositions of 
aoida had been generalised in the statement that 
acids are compounds of hydrogen with non- 
metallic, or negative, elements, the relation of 
salts to acids was indicated by calling salts me¬ 
tallic derivatives of acids. This conception of 
the composition of salts included the older view, 
inasmuch as the metallic derivative of an acid 
is necessarily a compound of a positive metal 
with a less positive non-metal, or with a (less 
positive) group of elements, which non-metal, or 
group of elements, was combined with hydrogen 
in the parent acid. 

The most general conception of the compo¬ 
sition of salts is that which formulates them as 
where M is the positive, or basic, or 
basylous part, and E is the negative, or acidic, 
or chlorous part of the salt. Both H and E 
may be either simple or complex. Common 
salt, NaOl, is the typo of all salts as regards 
composition; the positive radicle, Na, may be 
replaced by other metals, or by groups of ele¬ 
ments which are positive with regard to the 
other part of the compound; so the negative 
radicle Cl may bo replaced by other non-metals, 
or by groups of elements which aro negative 
with regard to the other part of the compound. 

When an aqueous solution o! a salt is elec¬ 
trolysed, the positivo radiclo is separated at the 
negative electrode, and the negative radicle at 
the positive electrode (secondary reactions may 
occur). An element may form part of the posi¬ 
tive radicle of a salt, and the same clement 
may form part of the negative radicle of another 
salt. Thus in the electrolysis of a ferric salt 
the iron travels to the cathode, but in the elec¬ 
trolysis of K.jFe{CN)* the iron travels, with the 
cyanogen, to the anode. In tho electrolysis of 
PtClf the Pt is separated at the negative elec¬ 
trode, but in the electrolysis of Na^lHCl^ the Rt 
is separated, with tho Cl, at the positivo elec¬ 
trode. We must then regard the radicles of, 
say. FeCl;,, as Fe and 3C1, the radicles of PtCI, 
as Pt and 4C1, and the radicles of NaCl as Na 
and Cl; but we must look on the radicles of 
K^Fc(CN)^ as 4K and Fe(CN)j, and the radicles 
of Na^PtCl,:, not as 2Ka, Pt, and 6C1, but as 
2Na and PtClg. Again, neither the salt 
K,Fe(GN) 0 , nor the salt Na^PtCh, in aqueous 
solution, gives tho ordinary reactions of iron or 
platinum; but if these salts were composed of 
the radicles 4K, Fe, and 6 CN, and 2Na, Pt, and 
6C1 respectively, we should expect them to 
show the same qualitative reactions as solutions 
of Fed, and PtCl,. In contrast with these salts 
is tho compound formed by evaporating a mix¬ 
ture of KfSO^Aq and CuSO^Aq. The salt thus 
produced, E 2 SO 4 .CUSO 4 .CH.P, when dissolved iu 
water, gives the ordinary reactions of sulphates, 
of K compounds, and of Gu compounds; more¬ 
over, on electrolysis the K and Cu appear at the 
cathode, and the group SO 4 is set free at the 
anode (where it reacts with H. 4 O to give H 3 SO 4 
and 0 ). 

But all these salts—NaGl, Pt 0 l 4 , Fed,, 
E 4 Fe(GN)„ Na^PtClf, and OUSO 4 .K 2 SO 4 —are re- 

n mted, as regaroB composition, by the general 
iih This formula satisfactorily ex¬ 


presses the composition of all salts; but it says 
nothing about the properties of these com¬ 
pounds. When solutions of two salts are mixed, 
a more or less complete interchange of positive 
radicles generally takes place. This capability 
of reacting as if they were composed of two 
parts—or, one may say, of reacting in a binary 
way—is characteristic of salts. Saits in solution 
are most probably dissociated into two parts, 
each of which carries an electric charge. Even 
if the whole of the salt is not dissociated, the 
portion which readily takes part in chemical 
changes is most probably dissociated binarily 
(c/. Electbical metuods, p. 181). 

Salts, then, may be regarded as compounds 
of the form MfRif, which readily exchange M 
and B with other compounds of similar compo¬ 
sition, and which in aqueous solutions are wholly 
or partially separated into their positive and 
negativo radicles, o^ch radicle carrying with it 
an electric charge. 

Salta are often classified as nonmlt acid, 
basic, and double salts. 

An acid salt is one whose )}egative radicle 
contains hydrogen that can be eliminated by 
causing the salt to react with an alkali or basic 
oxido, while a normal salt contains no replace¬ 
able hydrogen. As an acid is described as a 
compound containing hydrogen, all or part of 
which is replaceable by metal whoa the acid 
interacts with a metal or a basic oxide, it is 
evident that an acid salt cornea under the de¬ 
scription of an acid, and, stricUy speaking, Is an 
acid. According to tho meaning already given 
to the term * salt,* tho class of salts includes acids. 
It is, however, conveniont to give a special name 
to the compounds of hydrogen with negative 
radicles. A basic salt contains a positive radicle 
or radicles which can be replaced by a negative 
radiclo with formation of a normal salt. This 
positivo radicle is sometimes the group OH, 
sometimes it is a group whero M is the 
metal of the salt. Thus Bi( 0 n) 2 N 0 , and 
Fb(Pb 0 )N 03 are basic salts. When treated with 
nitrio acid the former gives tho normal salt 
Bi(N 02 ) 3 , and the latter the normal salt Pb(N 0 ,) 2 . 
The basic salt is an intermediate stage between 
the baso and tho normal salt, just as the aoid 
salt is an intermediate stage between the acid 
and the normal salt. 

Basic salts are formed by fairly weak bases ,* 
the very strong bases, Na^O, EjO, OaO, <ko., do 
not form basic salts. 

Normal salts frequently combine with other 
normal salts to form double salts. Generally 
speaking, one of the components of a double 
salt is a salt of a strong base which forms aoid 
salts but not basic salts, and the other com¬ 
ponent is a salt of a weaker baso which readily 
forms basic salts but does not form aoid salts. 
That component which is itself tho salt of a 
strong base—C.J. K 2 SO 4 , NaCl, Ac.—may be re¬ 
garded as the more acidic or negative radicle of 
the double salt, while the oomponent which ia 
itself the salt of a weaker base—e.g. Ai 2 (SOJ ,4 
Zn,(P 04 ) 2 , &o.—may be regarded as the more 
basio or positive radicle of the double salt, l^e 
doable salt belongs to the typeMjBy; both M 
and B are themselves salts. And just as many 
normal salts are formed by the direct union of 
their radicles—NaCl by combining Hi nad 



BALm 


m 


Cl, BaSO. by oombinbig BaO and SO,—so donble 
■alts ais lonned by the union of a more positive 
with a less positive radicle, which is, in such 
eases, itself a salt. 

The reactions of some doable salts indicate 
that these salts are to be regarded as composed 
of the two simple salts which were brought 
together when the double salts were formed; the 
■alt MgSO,.E,,SO,. 6aq, for instance, gives, in 
solution, the reaction of sulphates, of Mg, and 
of E, and on electrolysis the Mg and E go to the 
negative electrode. On the other hand, the re¬ 
actions of some double salts indicate that these 
salts are not to be regarded as composed of the 
simple salts by the union of which the double 
salts were formed ; the salt Crj(C, 0 ,) 3 .K.,C, 0 „ 
foi; instance, does not give the reactions 
of oxalates, nor the reactions of Cr: this 
salt must be looked on as the potassium 
salt of the acid H2Cr,(C20,),. If the salt 
(NHj3Cr.,(Cj0,),.2H,0 is ffeated with NH,Aq, 
a new salt is formed having the composition 
Cr,{C,0,),.(NH,).3C,0j.4NH,.a:H20, and the re¬ 
actions of this salt show that it is an oxalate, 
and therefore lhat it has a different constitution 
from that of the salt (NH,) 3 Cr,(C,OJ, from which 
it is obtained. 

The salts of the haloid acids combine to form 
many double salts, e.g. PbI,.EI, BiCl,.3KCl, 
AuClj.ECl, &c. Most of these doable haloids 
are generally regarded as double salts in the 
usual acceptation of the term; but several of 
them do not give the ordinary reactions of the 
less positive metal they contain, nor the re¬ 
actions of the halogen which enters into their 
composition, For instance, PtCl,.2NaClAq re¬ 
acts with two equivalents of AgNO, to give 
PtCl,.2AgCl j if PtCl,.2NaCl were a double salt, 
reacting in solution as if it were composed of 
the two radicles PtCl, and NaCl, it would inter¬ 
act with six equivalents of AgNO,, and the pro¬ 
ducts would bo Pt(NO,)|, NaNOj, and AgOl. It 
is evident, then, that the Na-Pt chloride is the Na 
salt of the acid H^PtCl,, and that the constitu¬ 
tion of this salt is similar to that of the ordinary 
simple salts. 

Benisen (Am. 11, No. 5 [1889]) proposes to 
regard all the so-called doable haloids as simple 
■alts similar to ordinary oxysalts. It scorns to 
me that the constitutions of those salts cannot 
be determined by an examination of their com¬ 
position only, but that the reactions of each 
salt must be examined. Some of the double 
haloids are undoubtedly simple salts, as some of 
the doable oxysalts are certainly simple salts of 
metal-containing acids; but as some oxysalts 
containing two metals react so as to show that 
they are composed of two radicles, each of which 
is a simple salt, so some of the double haloids 
also give the ordinary reactions of both the 
metals, and also of the acidic radicle, which they 
contain, and must therefore be regarded as true 
double salts. M, M, P. M. 

SALVIOI, C,.H„0. (200“). S.G. « -938. 
PD-l-4C2at20°. Bo, 74-2. (M. M. P. Muir, 
C. J. 38, 292 ; 37, 683). A constituent of oil of 
SxoB (q. V.), It is a dextrorotatory liquid. On 
distillation some of it splits up into H-0 and 

BeactioM,— l. Chromic add mixture or 
iilote nitric acid produces acetic and oxalic 


acids and camphor 4. P,0, produeds 

polymerides of 0„H|„ a terpene (171°), on 
aromatic hydrocarbon (o. 130°), and a paraffin- 
like hydrocarbon (170°-180°). Cymeno is not 
formed. Hence salviol is not C„,H,„0. However, 
according to Semmler (B. 23, 3350), salviol is 
identical with tanacetone. 

CoitsWfuiioit.—Eefractive index appears to 
indicate absence of C:C groups. 

SALTLIC ACID. A name given by Eolbe to 
a supposed isomeride of benzoic acid got from 
salicylic acid by successive treatment with PCI, 
and sodium-amalgam. It is identical with 
benzoic acid (Beichenbach a. Beilstein, A. 132, 
309). The name is also applied by StSdeler (A, 
Suppl. 7,159) to two acids: (a) C, ,H, ,0, [101°] 
and (8) C.„H„0, [95°), obtained by allowing 
salicylic aldehyde to stand for 12 years under 
water. The (a)- acid forms small four-sided 
prisms, gives no colour with FeCl,, and yields 
"Ag A". The {$)- acid forms aggregates of needles, 
gives an intense violet colour with FeCl„ and 
yields Ag,A"'. Both acids are T. sol. alcohol and 
ether. 

SAMABItlM. This name was given by Loooq 
de Boisbaudran (0. R. 88, 322; 89, 212) to the 
metal of an earth which he separated from 
what was then known as didymia, occurring in 
samarskite, Delafontaine (0. R. 89, 632).ob¬ 
tained from didymia an earth which he called 
decipia, and when this had been' removed by 
ppn. as sulphate, the new earth, samaria, 
remained in solution, and was obtained by frac¬ 
tionally ppg. by NHjAq. Clove (C. J. 43, 362) 
separated what ho regarded as pure samaria 
from orthiU ; he prepared and described several 
salts of the new element. Clevo found the at. 
wt. of Sm to be 150, supposing the oxide to be 
Sm.,0,; this number was conhrmed by Betteu- 
dorff (A. 263, 164). It is still very doubtful 
whether samaria is a homogeneous substance; 
according to Crookes, it contains at least four 
'different bodies («. Met.u:.s, kaee, vol. iii.p.244). 
Because of the great uncertainty attaching to 
the homogeneous nature of the so-called samaria 
it does not seem desirable to give an account of 
the bodies which have been described ns com¬ 
pounds of Sm. The student is referred to the 
memoirs cited above,and also to the following:— 
L.de Boisbaudran, G.B. 114,575; 116,611 (spec¬ 
trum and compounds of samaria); Marignao, 
Ar. Sc. [3] 3, 413 (spectrum, and compounds); 
Erussa.Nilson, B.20,2134; 21,2310(speotrum): 
V. also, for spectrum, B. A. 1884.438. The com¬ 
pounds of the supposed element are described 
by Cleve (l.c., and also Bl. [2] 43,162) (ef. also 
EiiiTHS, vol. ii. p. 422). M. M. P. M. 

SANDAL WOOD. A dye wood furnished by 
Pterocarpia santalinus, which grows in tropical 
Asia. It dyes mordanted cotton red. It con¬ 
tains santalin (Meier, A. 72, 320). Yellow 
sandal wood (from Santalum album), yields 
by steam-distillation an oil containing santalol 
0|,H.„O, and santalal (Chnpoteaut, Bl. 

[2] 37, 303). After treatment with Na the oil 
yields a terpene 0„H,„ S.G. '919, Pi-1'487 
(Gladstone, 0. J. [2] 10, 6). The crude oU 
heated in sealed tubes at 310° forms 0„H„0, 
(c. 340°), C„H«0, (860°) and l(«40°) 

whence P,0, forms OJS„ (e. 177°), 



SANTONIO AOID. 


(m 


taatalol fflI0°) Is converted by PjO, into 
water and C,s^j (260°). HOAe at 160° forma 
the acetyl derivative C„H 5 jOAo (298°), and a 
compound 0„H,a0 (283°). 

Santalal (300°) ia converted by P.Oj into 
0,.H„(248°). 

Sandal wood oil from Santalum Preissiannm 
contains a cryatalline aolid [105°] {Ph. [3] 22, 
828). 

SANPABACH. A gum resin which exudca 
from Thuja artmilala growing in Barbary, and 
from various epecios of Callitris growing in 
Australia and Now Zealand (Johnston, J. pr. 
17, 157; Maiden, Ph. [3] 20,662). Transparent 
yellowish mass with vitreous fracture, resembling 
pine-resin in taste and smell. Sol. alcohol. Com¬ 
pletely sol. ether. Its alcoholic solution is ppd. 
by Pb(OAc),j. It appears to contain several resins 
(c.j. 04 „H„., 0 „ and C,.H„0,) differing 

in solubility in alcohol. 

SANQUINAKINE C„H„NO, (E. Schmidt, 
Ar. Ph, [3] 20, 022). Prepared from the root 
of Sanguinaria canadensis (Dana, Annals of 
the Lyceum of New York, 2, 245; Probst, A. 
29, 120; 31, 241; Schiel, A. 43, 233; Am. S. 
[2] 10,220; Naschold, J. pr. 106, 385). Accord¬ 
ing to Probst and Schiel it is identical with 
chelerythrine, but Naschold and Schmidt assign 
the formula C|;II„NO, to sanguinarino and 
C|,H„NO, to chelerythrine. Prepared by ex¬ 
hausting the root with ether and ppg. tho 
hydrochloride by HCl. Pearly grains, insol. 
water, sol. alcohol and other. Poisonous.— 
Salts: B'lIClacj.—B'^ILPtCl,(driedat 100°).— 
B'^HjPtCya. According to Konig (C. G- 1891, 
i. 321) sanguinarine has the formula C.j,H|,,NO„ 
crystallises with Jaq, melts at 211°, and forms 
tho red salts B'UC15aq,BTINO,nq, B'HAuCl,, 
and B'jHjPtCl,. 

SANTA! CglljOj. Obtained from sandal 
wood by extracting with very dilute KOn, ppg. 
with HCl, and extracting the pp. with other 
(Weidol, Z. [2] 6, 83). It is accompauied by, a 
scarlet crystalline powder ChHi.O,? Santivl 
. crystallises from alcohol in colourless iridescent 
four-sided laminie (containing llaq), insol. 
water, si. sol. cold alcohol, sol. KOHAq, si. sol. 
NHjAq. I’eClj colours its alcoholic solution 
dark red. Potash-fusion yields prolocalechuio 
acid. 

SANTAIIN C„H„0. (Meier, A. 72, 320); 
0,,H,,O, (Wegermann a. Hiiffely, A. 74, 226); 
C„H,.Og (Franohimont, B. 12,14). [105°]. Tho 
colouring matter of sandal wood and of coliatur 
wood. Extracted by ether or alcohol, and purified 
by ppg. its alcohohc solution with Pb(OAc)„ and 
decomposing the pp. by dilute H^SO,. Minute 
red prisms (M.) or amorphous (F.), without 
taste or smell, insol. water. Its alcoholic solu¬ 
tion is blood-red. Sol. alkalis, forming violet 
solutions in which BaCl, ppts. Ba(C,,H„02h as a 
dark-violet amorphous pp. Pb(OAc).; added to its 
alcoholic solution ppts.PbC|,H|,0,(dried at 100°). 
On heating with HCl, santalin gives off MeCl 
(1 mol.). Gives resorcin and HOAc on fusion 
with potash. EMnO, gives off' an odour of 
vanilla. 

BAHTONIO ACID 0„H„O, U 

OA<CHMloH!cH|offi.CH5.CO^ 

Sizzuo, B.ie, 2748). [171^ (Hvoalei,B.6,U71). 


I S. -66 at 17°. [•}» - -74° at 20° in ohiorofona 
I (Nasini, B. 13, 2210; 0. 13, 164). Formed by 
! boiling santonin with baryta-water (Cannizzaro 
! a. Scstini, Q. 3,241; Hesse, B. 6,1280). Colour- 
' leas trimetrio plates (Striiver, 0. 6, 849), m. sol. 
hot water, v. sol. ether, v. e. sol. alcohoL Acid 
to litmus. Lievorotatory. HIAq forms 
(235°-246°) and 0, .HaI (144° at 3 mm.) (Can¬ 
nizzaro a. Amato, B. 7, 1104). Boiling IIIAq 
' and P form (a)- and (3) metasantonin. By boil- 
j ing with HOAo and heating the residue it ia 
i converted into santonide and parasantonide. 

I Sodium-amalgam yields hydrosantonic aoid. 

I Does not react with hydroxylamine. When its 
1 chloroform solution is heated with I’OClj as 
long as HCl comes off, and a current of damp 
air passed through tho product, there is foi-med 
PO(C,sII„OjCl)j [98°] (Cannizzaro, 0.10, 459) 

Salts.—NaA'. Stellate groups of needles. 
—BaA'.^.—AgA': white pp. 

Methyl ethet MeA'. (80°). Colourless 
needles (Cannizzaro, G. 6, 335). 

Ethyl ether m\.'. [95°]. [«]„=.-45°at 
26°. Trimetrio crystals. 

n-Propyl ether PrA'. (2^0° at 3mm.). 
S.O. f 1-125. [a]„=-40°at 20°. 

Isobutyl ether CH.PrA'. [67°]. 
[a]„= -41°. Needles (Carnelutti a. Nasini, 
B. 13, 2208; 0. 10, 530). 

Allyl ether G,K.,k', [55°]. [a],,--40°. 

Acetyl derivative C,,,H|,AcO,. [140°]. 
Qot by boiling the acid for six hours with AoCl 
(Scstini, Q. 5,121). Prisms (from CHClJ. It 
is accompanied by C|,H,,0, [128°]. 

Cl(iorideC,,H„0,Cl. [155°]. 

Bromide CuHuOjBr. [145°1. 

Iodide CJluO,!. [136°]. 

Hydrosantonic acid CijH-.Oj. [170°]. 
Formed by reducing santonic aciil with sodium- 
amalgam (Canni-zzaro, Gf. 6, 341). Colonrless 
triinetric crystals (from ether), less sol. alcohol 
than santonin aoid. Dextrorotatory. Oxidised by 
Ag ,40 to metasantonio aoid. HOAo at 150 ’ forms 
hydrosantonid e CijH^Oj [156°], which is re¬ 
converted into hydrosantonic acid by alcoholic 
potash (Cannizzaro a. Vaicnte, 0. 8,309). AcCl 
converts hydrosantonic acid into acetyl-hydro- 
santonido C,,,H„AcOj [204°], which is converted 
by alcoholic NH, at 130° into hydrosantonamide 
0,sHj,0,.NHj [190°]. BzCl forms benzoyl- 
hydrosantonide C, 5 H|,BzOj [157°]. 

Salts.—NaA'3aq: trimetrio crystals.— 
KA' 2aq: mpnoolinic crystals. 

Santoninic acid t.e. 

giI:OH.gH.CHMe.gO ,,, 

CH:CH.CH.CHMo.CH.CH(OH).CHg.CO,H ''' 
(Cannizzaro, B. 18, 2746). SanUmous acid. 
ej- 20° in alcohol at 22°. Formed by heating 
santonin with KOHAq (Hesse, B, 6, 1280). Tti- 
metric tables, si. sol. cold water, m. sol. ether, 
v. 0 . sol. alcohol. Not turned yellow by light. 
Acid to litmus. Not coloured rod by alcoholic 
potash. At 120° it splits up into water and 
santonin; dilute H,SO, acts in like manner. 

Salts.—NaA' 8Jaq. S. 33 in cold water. 
S. (90 p.o. alcohol) 25 (Lepage, J. 1876, 618). 
Stellate groups of needles. LBsvorotatoryj 
a) = -18° at 22°.—BaA'j aq. 

Ketaiantonic acid O^H^Oj. [161°]. Formed 
by heating silver hydrossntonate with water. 
Got also by distilling santonic add at 46 1 
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by boiUog Muiionlda with EOHAq, and by ihe 
•mon of Na,00,Aq on isosantonin. Trimetrio 
cryatala (ficom ether). IrfBvorotatory. Its K and 
Na salts are very eoluble.—AgA': pp., m. sol. 
water. 

Methyl ether MeA'. [102°]. 

Chloride 0,jH„0,Cl. [139°]. 

Farasantonio acid O^H^O,. [173°], 

[o] = — 99° in chloroform (Carnelutti a. Nasini 
0. 10, 634). Formed by boiling parasantonide 
with NaOHAq or HCIAq. Triraetric crystals, 
m. sol. water and ether. Converted hy AoCl, 
ACjO, or PCI, into parasantonide. Boiling niAq 
and P form (a)- and {$)■ metasantonin. The 
parasantonates are mostly v. sol. water.—BaA',; 
slender needles (from water). 

Methyl ether Ue^'. [184°]. [a]„=-109° 
In chloroform at 27°. 

Ethyl ether mM. [173°]. [a]B»-100° 
in chloroform at 20°. , 

n-Propyl ether VrM. [113°]. [a]„= -91° 
at 26°. Colourless prisms. 

Allyl ether C,K^k'. [149°]. [a]B=-92°. 
IiSBVorotatory. , 

Photosantonic acid C^H^^O, i.e. 
CH:CH.CH.CHMe.CO.ja ’ ,,, 

CH:CH.CH.CHMc.CIi;.Cn(OH).CH,.CO,H 
[166°]. [a]D=—125°. Formed, as ethyl ether 
of the lactonio acid, by exposing a solution of 
santonin in 66 p.c. alcohol to. direct sunlight 
(Sestini, Bep. ital. chim. pharm. 1806). Formed 
also by exposing an aqueous solution of sodium 
santonate to sunshine. Prepared by insolation 
of a 1 p.c. solution of santonin in diluted HOAc 
for one month (Cannizzaro a. Villavecchia, B. 
18, 2760, 2869). Trimetric prisms (from alco¬ 
hol). Gives off H,0 at 100°, forming the Iso¬ 
tonic acid CijHaiO,, and then melts at 165°. V. 
si. sol. water, v. sol. alcohol and ether. Lfevo- 
rotatory. 

Salts,— (NH,),A''.Gaq. — BaA" aq: white 
amorphous pp.—Call^A"., 3aq: silky needles, si. 
sol. cold water.—CaA" raq.—AgjA": while pp. 

Methyl ether of ihe lactonic acid. 
[67°]. Got by the action of sunshine on a solu¬ 
tion of santonin in MeOH. Long prisms (from 
UeOH). 

Ethyl ether of the [a)-lactonic acid 
C„H„0,. [69°]. (305°). [a]„=-118° in a 

6 p.o. alcoholic solution at 14°. Got by exposing 
an alcoholic solution of santonin to sunlight 
(Sestini, /. 1876, 622). Formed also from 
AgsOiiH^O, and EtI (V.). Formed also by the 
action of alcohol and H.BO, on photosantonic 
acid. Thin tables, almost insol. cold water, v. 
sol. alcohol and ether. Lsevorotatory. NaOH 
converts it into sodium photosantonate. 

Ethyl ether of the (S)-lactonic acid 
0 „H„ 04 . [166°]. Mb = 77^ in alcohol at 14°. 
Formed, together with the preceding, by insola¬ 
tion of a solution of santonin in absolute alco¬ 
hol. Tables (from ether). Dextrorotatory. 

Anhydrophotosantonic acid C„H„0« i.e. 
C„H„(COjH),. [133°]. Mb »+31-9. Obtained 
by saponification of its ether, which is formed 
by passing gaseous HC! into a solution of photo- 
santonio acid in absoiute alcohol (Villavecchia, 
B. 18,2862). Crystalline solid. Y. sol. alcohol 
and ether.—BoA": white amorphous solid, v. e. 
yoL water. 


Di-ethyl ether fit,A": (l80»-186f|, 
Mb “ -t 20'4°. Colourless liquid. 

Isophotosantonic acid C,,H«0, i.e. 
gH;CH.QH.CHMe.g(OH), 
CH:CH.CH.CHMe.CJlI.CH(OH).CHj.CO,H''' 
Mb = 124° in a 3 p.c. alcoholic solution at 11°. 
Formed, togetlier with photosantonic acid, by ex¬ 
posing a solution of santonin (1 kilo.) dissolved 
in HOAc (62 litres of S.G. 1-054) for several 
months to sunshine (Cannizzaro a. Fabris, B. 
19, 2260). Thick triroolric crystals (from alco¬ 
hol), si. sol. water, m. sol. ether, v. sol. alcohol. 
Dextrorotatory. At 100° it gives an anhydride 
C|,H,,0,. Sol. alkalis and hot NajCOjAq, form¬ 
ing orange-red solutions.—BaA', aq: white amor¬ 
phous powder, v. e. sol. alcohol and water. 

Acetyl derivative 0„HbAoO,. [183°]. 
Mb = 59°. Transparent needles. Dextro¬ 
rotatory. 

Di-acetyl derivative “CuHaAo-jO,. [o, 
106°). Crystals, v. si. sol. alcohol and ether. 
Converted into C|,Hj,AcO, by heating with 
absolute alcohol at 120°. 

Pyrophotosantonic acid C„Ha,Oj. [94-6°]. 
Formed by healing photosantonic acid in a 
current of CO, or H, (Sestini a. Danesi, 0. 12, 
83). Got also by heating photosantonic acid 
with HI (Cannizzaro a. Fabris, B. 19, 2260). 
Crystals, sol. alcohol and ether.—BaA',. Forms, 
on distillation, C^Hb, (222°). 


SANTOlfIDE 0„H„0,. [127-6°]. M„ = 764° 
in chloroform at 20°; 666° in alcohol at 20°. 
S.V.S. 206. Formed by evaporating a solution 
of santonic acid in HOAc and heating the residue 
at 180° (Cannizzaro a. Valente; Carnelutti a. 
Nasini, 0. 10, 628 -, 13,149). Trimetric crystals. 
Dextrorotatory. M. sol. chloroform, v. si. sol. 
alcohol. Not attacked by PCI,. Boiling KOHAq 
forma mctasantonic acid. 


Parasantonide C,5H|,0,. [110°]. S.G. 

1-202. MD = 897°at26°. S.V.S. 206. Formed 
by boiling santonic acid with HOAc, evaporating, 
and heating the residue at 260° (Cannizzaro, O, 
8, 309; 10, 528). 'Trimetric crystals, v. si. sol. 
alcohol, m. sol. Ao,0. Not attacked by Ao,0 or 
PClj. Boiling KOHAq converts it into para- 
eantonic acid. 

Metasantonide. [138°]. Mb^— 223° at 
26°. S.V.S. 236. Prepared by heating santonin 
with cone. H^SO, for some hours at 100° and 
ppg. by water (Cannizzaro a. Valente, Bend. 
Accad. Lined, ii.; O. 10, 42). Crystals (from 
ether). Converted by Na^CO^q into metasao- 
tonic acid. 


SANTONIN 0„H„O,tA 
gH:CH.QH.CHMe.QO „„ 
CH:CH.OH.CHMe.CaCH<^Q»>CO or 


gH,.gMe.C.CH,,.gH.O-Vpo 

CO ■.CMo.6.CH,.CH.CHMe>’^° (Cannizzaro). 

Mol. w.246. [170°]. S.G.as 1-247. Mb-- 174° 
in alcohol of 90 v. p. c. (Hesse, A. 176, 126); 
= -172° in chloroform at 20°. S. -02 at 17-6°; 
•4 at 100°. S. (alcohol) 2-8 at 22-6°; 8 at 60°; 
87 at 80°. S. (ether) 2-4 at 40°. S. (chloroform) 
23 (Schlimpert, N. Br. Arch. 100,161). Occurs 
in wermseed (semen contra, semen cinss, or 
semen santonici), the undeveloped flower heads 
of Artemisia VahUana and other species of 
Artemisia (Kohler, Brandes Archiv, 84,818; 8f^ 
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816; Ainu, ibid. 34,319; 88,190; H. Tromma- 
dorff, A. 11,190; Heldt, A. 63,10,40). 

Prc^ralion, — From Artmisia maritima 
(Linn.) rrbioh contains 2 p.o. The seeds (6 pts.) 
are treated with lime (1 pt.) and water, and ex¬ 
tracted with alcohol. The extract is freed from 
alcohol by evaporation and neutralised with HCl, 
when santonin crystallises ont. In this process 
a lime- compound (C„H,„0,)jCa, is first formed, 
and afterwards decomposed by HCl, which forms 
santonio acid, CuH^O,, whence santonin is 
formed by splitting off HjO (Busch, J. pr. [2] 35, 
822). 

Properties. —Flattened hexagonal prisms, 
which turn yellow in light. May be sublimed. 
Lievorotatory, the specific rotation being but 
little affected by temperature or concentration 
of the solution (Hesse; Nasini, 0. 13, 139). 
Nearly insol. cold water, v. sol. hot alcohol and 
ether. Poisonous, exerting an anthelmintic 
action, and producing temporary colour-blind-^ 
ness (Lavater, Pharm. Viertelj. 2, 110; tVells,’ 
J. Ph. [3] 16, 111; Martini, C. B. 47, 259 ; 60, 
646). Beacts with hydroxylamine, forming an 
oxim (Cannizzaro, B. 18, 2746); santonin is 
best administered as oxim (Coppola, C. 0. 1387, 
1200,1301). Not attacked by aqueous KMnO,. ^ 
Eesinified by boiling cone. HCIAq. KOH turns 
santonin crimson (especially in presence of ! 
alcohol) and forms C, 5 H„KO,. AcCl has no j 
action. Cone. H^SO, containing FeCl, gives a 
violet colour (Liudo, 0. N. 36, 222; Knapp, 
D. P. J. 268,42). 

Beactims. —1. By treatment with 1 mol. of 
PClj it gives a compound C„H,,CIO, [125° nncor.]. 
With 2 mols. of PCI, it gives a compound 
C|,H„C1,0, [182° uncor.) (Pawlewski, B. 18, 
2900). According to Klein {B. 26, 982) the 
compound is C„H|,C1,0,.—2. Reduced by HI 
and P to santonous acid C|,Ha,0,.—3. UNO, 
(S.G. 1-123) at 95° forms CO„ succinic, oxalic, 
and acetic' acids, and HCy (Wagner, B. 20, 
1662). — 4. Boiling baryta-water forms san- 
tonic acid.—6. Hot KOHAq forma santoniniD 
acid. —6. Potash-fusion forms formic and pro¬ 
pionic acids (Banff a. Chiozza, A. 91, 112).—7. 
An alcoholic solution exposed for some months 
to sunlight forms the ethyl ether of the lactonic 
acid of photosantonic acid (v. supra). —8. A 
solution in HOAc exposed to sunshine yields 
photo- and isophoto- santonio acids.—9. Forms 
santonol on distillation with zinc-dust. Distil¬ 
lation over red-hot zinc-dust gives di-methyl- 
naphthalene (Cannizzaro, 0. 12,416).—10. Cold 
cone. HCIAq forms an iaomoride C|,H„0„ [260°], 
si. sol. hot alcohol, insol. water (Andreooci, B. 
26,1373). [a]D = -6112°. This body is not noted 
upon by hydroxylamine or phenyl-hydrazine, but 
yields an acetyl derivative C„H„AcO, [166°]. 
Like santonin it is insol. NnjCOjAq, but sol. 
NaOHAq. It is reduced by zinc-dust and HOAc 
to C„H.„0, [175°] Mn-" -63-3° an acid isomeric 
with santonous acid, which when fused with 
potash yields propionic acid and di-methyl-(3)- 
naphthol.—11. Br in glacial acetic acid forms 
C„H„0,.HOAo,Br,. Crystals (from alcohol), de¬ 
composing above 60°. On boiling with alcohol 
and aniline it yields bromo-santonin G„H,3tO, 
[161°]. On boiling with KOHAq the acetate 
bromide yields santonin (Klein, B. 25, 3317). 

Quint 0„Hrt0,(N08)aq. [209°] (Klein, B, 


26,411; cf. Oncoi, 0. 19, 867). Needles (from 
dilute alcohol). Ao,0 yields OuH„0,(NOAo) 
[166°] or [170“] (K.); [203°] (0.). The oxim 
prepared by alkaline hydroxylamine gives with 
HCl and FeCl, a violet-red colour [syn-oximio 
acid]. 

Bensyl ether of the oxim [162°]. HIAq 
forms benzyl iodide. 

Phenyl-hy dr aside 0„H„O,(N,HPh). 

[220°]. Pale-yellow needles (from alcoWl), not 
decomposed by cold acids (Cristaldi, Q. 17, 526 j 
Grassi, C. G. 1887,1163). 

Chlorosantonin C„H„C10,. Formed from 
santonin and chlorine-water (Heldt, A. 63, 34; 
Sestini, Bl. 6,202). Crystalhne. Turns yellow 
in light. 

Di-chloro-santonin 0|,H„C1.,0,. Formed by 
passing Cl for a long time through water con¬ 
taining santonin in suspension (Sestini). Groups 
of small plates (from alcohol). Coloured orange- 
red by alcoholic potash. 

Xri-chloro-santonin 0„H„C1,0,. [213°]. 

Monoclinic prisms, not coloured by sunshine, m. 
sol. alcohol and ether. 

(a).Metasantonin C„H„0,. (161°). (239°). 
S.V.S. 205. [a]i, = 124° in chloroform at 20°. 

Formed, together with (/3)-raela3antonin, by 
boiling santonio acid or parasantonide with 
HIAq and P (Cannizzaro, 0. 4, 446, 452 ; 8, 
318; 10, 461). Trimetric hemihcdral plates 
(from ether). Dextrorotatory. Not affected by 
light. Yields 0,jH„BrOj [212°] and C„H„Br20| 
[184°]. 

(fij-Metasantonin C|,H|,0,. [136°]. S.V.S. 
211. [a]B = 124°. Formed as above. Mono- 
clinic crystals. Yields C, 5 H„BrO, [114°] and 
C„H„Br,p,[186°]. 

Fhotosantonin. A name for the ethyl ether 
of the (u)-lactonic acid of photosantonic acid (v. 
supra). 

SANTONOUS ACID C„H„0, sa 
C„H,M e,(OH).C.,H,.CO.,H? [179°]. [a]„=74° 
j in alcohol at 20°. Formed by boiling santonin 
with HIAq and P (Cannizzaro a. Carnelutti, B, 
12, 1574; a. 12, 393; 13,385). White needles, 
V. e. sol. alcohol and ether, si. sol. cold water, 
sol. Na,CO,Aq. May be distilled in vacuo. 
Distilled over powdered zinc in a current of 
hydrogen it yields di-methyl-naphthalene, di- 
methyl-naphthol, propylene, and a little xylene. 
On heating with Ba(OH)., above 360° it yields 
COj, CH„ and di-inethyl-naphthol 0|jH|,OH 
[135°], which yields 0,2U,,OMe [68°]. Converted 
by heat into the anhydride of isosantonous acid, 
and, finally, into di-methyl-naphthol dihydride 
and propionic acid. 

Salts.—NaA'. Needles, ppd. by adding 
ether to its alcoholic solution. V. sol. water.— 
BaA'.,.—“AgA': whitepp., quickly turning black. 

Methyl ether MeA'. [82°]. 

Ethyl ether EtA'. [117°]. [a]o = 78° in 
chloroform or 67° in HOAc at 20°. Whits 
crystals, sol. alcohol and ether. Dextrorotatory, 
Converted by BzCl into C„H„BzEtOj [78°]. Na 
added to its ethereal solution ppts. 0,,H„NaEtO,, 
whence EtI produces 0|jH|,EtjO, [82°], which 
on saponification yields etbyl-santonooB acid 
0„H,.EtO, [116°], [a]»- -675° in alcohol. 

Isosantonoas acid [165°]. Formed 

by beating santonous acid, dissolving the re¬ 
sulting ai^ydride in NaQ^^, and ppg. with 
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DOlAq, Cot also by beating santonous acid (1 
pt) with Bs(OH), (3 pts.) in a bath of molten 
lead (Cannizzaro a. Camelutti, B. 12, 1674; 
Q. 12, 400). Small plates, si. sol. water, sol. 
lUoobol and ether. Inactive to light. May be 
distilled in vacuo. 

Ethyl ether EtA'. [125°]. Crystalline. 
BzCl at 100° yields C|jH,J3zEtOj [91°]. Na 
added to its ethereal solutions gives no pp., but 
on adding alcohol C„H„NaEtO, is thrown down 
as an amorphous powder, readily decomposed 
^ water. The Na derivative is converted by 
Ml into 0|s5„Etj0, [64°]. whence alcoholic 
potash produces C„H|,Et 03 [143°], v. sol. alcohol 
and ether. 

SAPONIFICATION. The conversion of the 
natural fats into soap (and glycerin) by boiling 
with alhalis. In a more general sense it is used 
to denote the resolution of compound others into 
acids and alcohols. In th^ widest sense it is 
need to denote the production of an acid from a 
neutral substance by hydrolysis. 

SAPONIN C,^mO„ (Rochleder, Z. [2] 3, 
632); C,A.O|# (Stutz, d. 218, 231); C„U.jO., 
^esse, A. 261, 373). Struthiin. Oithagin. 
Polygalin. Pohjgalic acid. Senegin. Aglucoside 
occurring in the common soapwort (Saponaria 
officinalis) (Schrade, N. Jnurn. d. Chem. 8,648), 
in the Oriental soapwort {Gypsophila Strulhium) 
(Bley, A. 4, 283; Bussy, A. 7, 168), in quillaja 
bark (0. Henry a. Boutron-Chariand, J. Ph. 4, 
249), in the corncockle (dprosfcmwni Githago) 
(Malapert, J. Ph. [3] 10, 339; Scharling, A. 74, 
851; Christophsohn, Ar. Ph. [3] 6, 432, 461), in 
the root of Polygala Senega (Bolley.d. 90, 211; 
91, 117), and in many other plants. White 
amorphous powder, insol. alcohol and ether, v. e. 
spl. water. The dilute aqueous solution froths 
like soap when shaken; the lather is jrrevented 
by addition of alcohol. Impure saponin pro¬ 
duces sneezing. Saponin begins to turn black 
at 146° (Blyth), but does not molt or sublime 
when heated. Baryta forms amorphous 
(P|,H„0,,)jBa(OH),. A solution of saponin is 
ppd. by lead acetate. Decomposed by boiling 
dUute acids into sapogenin and sugar C,H,.,0, 
([a]D“‘62° at 25°) (lloohleder a. Schwarz, Site. 
W. 11, 339; Overbeck, N. Br. Arch. 77, 135; 
Schiaparelli; cf. Crawford, Pham. Viertclj. 6, 
361; Fluckiger, Ph. [3] 8, 488). 

Acetyl derivativesCi,H^A(i,0,i,. [161°].— 
C„H,,Ac,0,.- [99°].-C„H^Ao,0,.. [137°].- 
C„H„Ao,0„. [84°] (Stutz).-C°II„Ao,0„.— 

Qa^n^tSgO,,. — OajIIjjAOijO,,. C3.^H4 oAc,jO^ 
(Hesse). 

Butyryl derivative 0„H2,(C4H,0),0„ 

a ; 0 ,^„( 04 H, 0 ), 0 „ (Hesse). [68°-72°]. 

ing to Schiaparelli (G. 13, 422 ; Ph. [.3] 
14, 801), saponin obtained from soapwort has 
the formula 0,paj,0,„ is Imvorotatory, [a]n= -8 
at 20°, yields amoiqrhous Ba 2 H,(CjjH 520 „)„ and 
is split up by boiling dilate H^^Oi into glucose 
and saponetin C,gH„0„. 

SAPOGENIN 0,,H,Or Formed by hydro¬ 
lysis of saponin. Concentric groups of needles 
(from alcohol), sol. ether, insol. water. From 
■plution in dilate potash it is ppd. by cone. 
EOHA(| as flocoulent potassium-saponin. Pot¬ 
ash-fusion gives acetic and butyric acids and a 
arystaUiiM compound [128*]. 


Ozysapogsalit 0,,H„0, it obtained by tb« 
action of HClAq on a glnooside present in tht 
alcoholio extract oCBemiaria (Barth a. Hetzig, 
M. 10,172). 

6AFFANIN C,,H„0,. Formed, together with 
resorcin and a little pyrooatechin, by fusing 
extract of sapan wood with NaOH (Sebreder, 
B. 5, 572). Crystallises from water in plates 
(containing 2aq), nearly insol. cold water, v. sol. 
alcohol and ether, insol. OHCl,. Neutral in re¬ 
action. Fed, colours its aqueous solution red. 
NaOd gives a grass-green colour. May be dis¬ 
tilled. Pb{OAc), gives a yellowish pp. Seduces 
hot Fohling’s solution and ammoniacal AgNO,. 
HNO, forms tri-nitro-resorcin (styphnio acid). 
Yields diphenyl on distillation with red-hot zinc- 
dust. AcCl gives OijHjACjO,, crystallising from 
alcohol in prisma. Br and HO Ac give C, ABtjO,, 
crystallising from dilute alcohol in needles. 

SAFSINE CsHijN,. [From oarpis, putrid.] 



SASCINE V. HvpoxaHxmNis. 

SASCOLACTIC ACID ». Lactic Acm. 

SABCOIiEMMA v. Musenn. 

SABCOSINE V. MKTnvL-AHiDO-ACETic Acn>. 

SAECOSINIC ACID C,H,NO,. [195°]. Oo. 
curs in a variety of shellac known as Sonora 
gum (Hertz, J. 1876, 912). White silky scales, 
V. sol. water, insol. alcohol and ether. Cannot 
bo sublimed. Converted by nitrons acid into 
lactic acid. Forms salts with acids and bases. 
It is a weaker acid than alanine. 

SABCOSINUBIC ACID v. vohiii. p. 260. 

SABSAPABILLA ti. PAnn.LiN. 

8ASSAFBAS OIL. Obtained by steam-dis¬ 
tillation from the bark and wood of the root of 
Laurus sassafras of North America. Contains 
saffvole (J. u.) and a terpens C„H„ (156°). S.G. 
2 -835. 

SATIVIC ACID V. Tetiu-oxy-steaeic acid. 

SATDBATION, CAPACITY OF.' When a 
base is added to an acid, a point is reached 
whereat the properties of the base are neutralised 
by those of the acid, and the properties of the 
acid are neutralised by those of the base. The 
compound that is produced—a salt—has neither 
the properties of the acid nor the properties of 
the base. The capacity of saturation of an acid 
is measured by the quantity of a base, taken 
in formula-weights, which must be added to the 
quantity of the acid expressed by its formula in 
order to form a normal salt. The capacity of 
saturation of a base is measured by the number 
of formula-weights of an acid which must be 
added to a formula-weight of the base in order 
to form a normal salt. The study of the capa¬ 
cities of saturation of acids and bases leads to 
the classi&cation of acids as monobasic, dibasic, 
tribasic, &o., and of bases as mono-acid, di-aoid, 
tri-acid, &o. (o. Acids, vol. i. p. 49 ; and Aoidb, 
Basicity of, vol. i. p. 61). The notion of equi¬ 
valency also arises from the study of the capa¬ 
cities of saturation of acids and bases (v, voL ii. 
p. 446). 

When chlorine combines with potassium, one 
atom of the metal is saturated hy one atom of 
the halogen; but three atoms of chlorine are 
required to saturate a single atom of bismuth or 
antimony. The notion of a definite capMity of 
saturation I^as b$en ex(ende4 trpm);^ acids jui4 
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bu«l to the atomiof the elements. The develop* 
ment ol this conoeption leads to the hTpotbeses 
ot valency and atom-linking (S. Classifiostion, 
vol. ii. Fp. 213-215; Equivalekcv, vol. ii. p. 446; 
and Formol*, vol. ii. p. 672). M. M. P. M. 

BAVINF OIL. OUum Sabina, The essen¬ 
tial oil from Junipertis Sabina contains a 
sesquiterpene C„H„, which has a crystallino 
hydrochloride C„Hj,2HCl [118“] (Wallach, A. 
238, 8^. 

SAVOEY. Essence of savory (from Satureja 
mmtana) contains 40 p.c. oarvacrol (232°) and 
two terpenes (174“) and (183°) (Haller, C. li. 
94,132). The oil from Satureja Iwrtmsia con¬ 
tains 20 p.c. oymene, 60 p.o. carvacrol, a terpene 
(179°). S.G. 15 'SSS, and avery small quantity 
ol a phenol which differs from oarvacrol in not 
being extracted by ether tram its dilute alkaline 
solution, and yields a phosphate [69“] (Jahns, 
2.16,816). 

SCAUlifONT. A purgative gum-resin com¬ 
posed of the dried milky juice of Convolvulus 
scammonia and of other species ot Convolvulus. 
It is purified by boiling with alcohol, neutralising 
the alkaline filtrate by dilute H^SO^, filtering, 
and evaporating (Ferret, Bl. [2] 28, 622). It 
contains jaiapin {q. v.). 

BCANDIFM. So. At. w. 44. Mol. w. un¬ 
known. The oxide of a now element was 
isolated in 1879 by Nilson (2.12, 654) from 
suxenite and gadolinite\ the same oxide was 
obtained, about the same time, by Cleve, also 
from Scandinavian minerals (Bl. [2] 31, 486 
[1879]). The name scandium was given to the 
metal ot the new earth by Nilson to denote the 
locality of the minerals from which the oxide 
had been obtained. In his first memoir Nilson 
represented scandia as ScO,, and determined the 
at. w. of Sc to be c. 170; in his second memoir 
(2.13,1439) he adopted Clove’s correction, and 
formulated the oxide as SaP„ and gave the 
at. w. of the metal as 44. The element scandium 
has not yet been isolated. 

Occurrence. — So.jO, is found, along witlf 
yttria, yttorbia, &e., in very small quantities 
in a few rare minerals—padoftmte, keilhauitc, 
yttrotitanite, and euxmite. From 4 kilos. 
gadolinite Cleve obtained -8 g. So,,Oj, and 1-2 g. 
Sc.O, from 3 kilos, yttrotitanite. 

Premration.—'Sho metal has not been 
isolated (o. SoiunioM oxide, infra). 

Detection. —So salts give a very brilliant 
emission-spectrum, rich in rays. Thaldn 
(2.12, 566) gives the wave-lengths of the most 
characteristic lines as 6304, 0079, 6037 in the 
orange; 6626 in the yellow (very marked); 
6031 in the green; 4416, 4400, 4374, 4326, 
4326, 4314, and 4249 in the indigo (u. also 2. A. 
1884. 440). 

Ohemuxtl relations.—Teo years before Nilson 
discovered So, Mondeldoff asserted that an 
clement would be found in the group of which 
boron is the first member, and that this element 
would resemble B and AI. To this unknown 
element MendeldeS gave the name ekaboron, 
and he stated the properties of the element and 
its compounds in detail. The properties of the 
compounds of scandium correspond with great 
closeness with those of M6ndel6e9's ekaboron 
jp, tables in voL L p. 352; of. vol. iii. p. 816). 
the properties qt ekaborea were arrived at bp 


comparing the properties ot pain ol elements 
related to one another, as regards positions in 
the periodic arrangement, similarly to ekaboron 
and its atom-analogues. The relations ex¬ 
pressed by the following scheme were specially 
studied by Mendeldeff: 

Bb; Al = Ca;Mg = Ti:Sl = V:P = Cr:3: 

Eb:B = Ca:Be = Ti;0=V:N = Cr:0 =. Mn:P. 

These statements mean, the relations between 
the properties ot Eb and Al are similar to the 
relations between the properties of Ca and Mg, 
&c. For a brief working out ot similar rela¬ 
tions in the case ol eka-aluminiura v. Oalliuu 
(vol. ii. pp, 698-9). Scandium is the second 
even-series member of Group III. It follows B, 
and is followed by Y, La, and Yb in the even 
aeries ol this group. So resembles Al in many 
respects, but the difference between these ele¬ 
ments is shown, among other ways, in the fact 
that the double sulphate of So and K— 
So.,(SO,)j.3K2SO,— is-'not an alum (t). Earths, 
METADS OF THE ; VOl. U. p. 424). 

Scandium, chloride of, ScCI,(?), White 
hygroscopic needles separate on evaporating a 
solution of the oxide in HOlAq to-a syrup; HOI 
is given off on heating, and an oxychloride 
remains as a white powder (Cleve, f.c.). 

Scandium, oxide of, So^O,. (Scandia.) Pre¬ 
pared by ppg. solutions of So salts by NH,Aq, 
washing the white, gelatinous, very bulky pp. of 
hydrated oxide, drying at 100°, and then heating 
strongly; also obtained by heating to redness So 
nitrate, sulphate, or oxalate. A white, light 
powder, resembling MgO; sol. in hot cone. 
H..SO,Aq or HNO,Aq. S.G. 3-864 (Nilson a. 
Petter3son,.B. 13, 1461). S.H. from 0° to 100° 
= •153 (N. a. P.). 

Scandia is best obtained from euxenite. 
The finely-powdered mineral is fused with 
KHSO„ the product is dissolved in cold water, 
and ppd. by NHjAq, the pp. is dissolved in 
HNO,Aq, the solution is boiled for some time, 
filtered from any pp. which forms, and ppd. by 
oxalic acid; the ppd. oxalates are dried, heated 
strongly, washed with hot water to remove the 
K.jCO„ dissolved in HNOjAq, and the solution is 
evaporated to dryness and the residue heated till 
it melts; the fused nitrates are treated with 
water, when a pp. forms, consisting ol oxide ol 
Thwith small quantities of oxides of Ce, U, and 
Fe; the filtered solution is evaporated to dryness, 
the nitrates are partly decomposed by heating, 
and then treated with water; &e residue, which 
contains a batio nitrate of So, is evaporated with 
HNOjAq, and the residue is again heated tor 
some time, treated with water, and the insoluble 
evaporated with HNO,Aq, and so on. This 
process separates didymia, yttria, and terbia, the 
nitrates of which earths are not so readily de¬ 
composed by heat to basic nitrates as Sc 
nitrate is. By repeating this process 68 times 
Nilson (2.13,1442) obtained a nitrate solution 
which showed no absorption bands, and con¬ 
tained only salts of So and Yb. The solution ot 
So and Yb nitrates is evaporated with cone. 
H.jSO„ saturated K,SO,Aq is added, the salt 
So2(SO,),.3K,SO, which separates (Yh sulphate 
remains in solution) is dissolved in water, and 
ppd. by NHjAq; the ppd. SCjOi-zBfsO is washed 
and dissolved in HNO..,Aq, and So oxalate is 
ppd. bjt oxalic acid; the ppd. oxalatq is washodi 
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Barium lelenate BaSeO,. A white salt, 
obtained by decomposing an alkali selenate by 
BaCI^q, tilteriog, and washing. Insol. water 
and &10tAq; boiled with HClAq gives BaSeO,, 
which dissolves. S.6. 4'67 at 22° (Sohafarik, 
J. 1868.15: Michel, 0. B. IOC, 878). 

Beryllium selenate BeSeO,.4aq. Bhombic 
crystals (TopsSo, W. A, B. 66, 6). 

Cadmium selenate CdScO,.2aq. By dis¬ 
solving CdO.xHjO in ILSeO.Aq, and crystal¬ 
lising ; lustrous, rhombic plates; S.G. 3 632 
(von Hauer, J. pr. 80, 214). h'orms double salts 
with Nfl, and K (TopsOe, l.c. ; von H., lx. ; von 
Gerichten, B. 6,162). 

Calcium selenate CaSeOj.2aq. Resembles 
CaSO,; obtained by ppg. KjSeO,Aq by 
Ca(NOj),_Aq, dissolving in cold water, and ppg. 
by heating (von Hauer, I.c.). Also formed by 
fusing CaCl, with KjSoO, and NaCl (Michel, 
C. B. 106, 878). 

Chromium selenate. bfot isolated. Double 
salts,, which are alums, are known, of the com¬ 
position Cr 2 (Se 04 )j.M 2 Se 0 ,. 24aq (Wohlwill, A. 
114,162; Fabre, C. B. 105,114; Pettorsson, B. 
6, 1466). Alums are also known of the com¬ 
position Cr2(SeO,)j.M2SO|.24aq (von G., l.c.). 

Cobalt selenate CoSeO,. 7aq. Hydrated salts 
have been obtained with 6aq and 5aq (n. Mitsch- 
erlich, P. 11, 327; Tops6e, IF. A. B. 66, 5). 
Forms double salts with K^SeO,, and (NHJjSeO, 
(T., l,e.; von G., l.c. j von H., i.c.). 

Copper selenate CuSeO,. 5aq. Blue, trans¬ 
parent, lustrous crystals, isomorphous with the 
sulphate. By dissolving CuO-H. in HjSeO|Aq 
(Mitscherlich, P. 11, 330). Forms double salts 
with selenates of NH„ K (Topsoe, l.c.; von G., 
1.0.); also with Mg and Zn selenates (Wohl- 
will, lx.), 

Bidymlum selenate Dij(SeOJj (Cleve, Bl. [2] 
43, 362). Also with 6aq (C., l.c.); and with 6aq 
(Frerichs a. Smith, A. 101, 350). Forms double 
salts with NH, and K selenates (0., l.c.). 

Iron selenate FoSeO,.7aq {Ferrous selenate). 
By evaporating, in H, a solution of Fe, or 
FeCO„ in HjSeOjAq; resembles FeSO,. 7aq 
(Topsoe, 1.0.). Obtained by Wohlwill {A. 114, 
189) with 5aq. Forms a double salt with 
^SeO, (von G., l.e.). 

Lanthanum selenate La^(SeO,) 3 .12aq (F. a. 
S., I.O.). 

Lead selenate PbSeO,. A white powder; by 
ppg. K.;Se 04 Aq by Pb(NOj)jAq (Schafarik, J, 
1863.16). 

Magnesium selenate MgSeO^. 6aq. White, 
monoclinio crystals; isomorphous with the sul¬ 
phate ; S.G. 1'928 (Topsde, l.c.). Forms double 
salts with NH, and E selenates (T., l.c.; von 
G., 1.0.}. 

Klokel selenate NiSeO^. aq. By evaporating 
solution of NiCO, in HjScOjAq (Mitscherlich, 
1.0.; Wohlwill, l.c.). Forms dotible salts with 
selenates of NH, and K (von G., l.c.; von Hauer, 
Jlpr. 80, 214). 

Mercury selenates. 1. Mercuric selenate, 
HgSeO,. By digesting HgO with*H,SeO,Aq, or 
by adding excess of H,SeO,Aq to mercuric 
acetate, and evaporating; a yellowish-white 
solid. Decomposed by water, giving a basic salt 
HgSeO,. 2HgO (Cameron a. Davy, IVans. I. 28, 
187). 2. Mercurous selenate, Hg,SeO,; by ppg. 


HgNO,Aq by K,SeO,Aq (0. a. D., Ic.). With 
NH,Aq forms (NHg.JjSeO,.2aq. 

Potassium selenates. The normal salt, 
KjSeO,, is obtained by fusing So, KjSeO„ or 
native lead selenide, with KNO„ dissolving in 
hot water, allowing to cool parfly, pouring off 
from excess of KNO, which separates, and col¬ 
lecting the crystals which separate from the 
mother-liquor. Equally sol. hot and cold 
water (Mitscherlich, P. 9, 628; 11,827). Closely 
resembles It,SO,. The acid salt KHSeO, is 
obtained like, and closely resembles, EHSO, 
(M., 2.O.). E.,SeO, forms many double salts', 
with MSO„ M = Cd, Co, Cu, Fe, Mn, Hg, and 
Zn (von. Gerichten, B. 6,162); with Al,(ScO,), 
and Cr.,(ScO,)„ the compounds being alums 
(von G., 2.0.; Pettersson, B. 9,1559,1676; Schro¬ 
der, J.pr. [2] 22, 432; Fabre, C. B. 105,114). 

klver selenate Ag.,SeO,. Similar to, and 
isomorphous with, Ag.,SO, (Mitscherlich, 2.C.). 

Sodium selenate Na,SeO,. Prepared like 
K.ScO,; separates with lOaq when crystallised 
below 40° (M., 2.C.). 

Strontium sslenate SrSeO,. Obtained by 
lasing SrClj with NaCl and an alkali selenate; 
S.G. 4'23. Exactly resembles celestine in crys¬ 
tallographic and optical properties (Michel, C. 72. 
106, 878). 

Thallium selenate TljSeO,. By dissolving 
Tl.,CO, in H.,SeO,Aq, and evaporating. Forma 
white, prismatic needles, isomorphous with 
K,SeO,; si. sol. cold water; insol. alcohol or 
ether (Kuhlmann, 752. 1864 [1] 330; Oettinger, 
Beit. Chem. Pluirm. 1864. 440). Forma double 
salts, which are alums, with A^SeO,), and with 
Cr,(SeO ,)3 (Fabre, C. 72.105,114). 

Zinc selenate ZnSeO,. 7aq. Various hydrates 
arc known (u. Mitscherlich, P, 11,326; 12,144; 
Topsoe, 2.C.). Forms a double salt with Tl.,SeO, 
(Werther, 752. 1865 [1] 60); also with K.,SO, 
(von Gerichten, 75. 6, 162). 

THIOSELENATES M‘,SeSO,. {S^enothio- 
.sulphates. Selenosulphates.) Solutions of the 
normal alkali sulphites dissolve So, forming 
these salts. The acid has not been isolated. 
The salts correspond with the thiosulphates, 3 
being replaced by Se. . 

Potassium thioselenate E^SeSO,. aq. Formed 
by mixing E.,SeAq with SO^Aq (Clo6z, 752. 3, 
112; [2)4, 419). Belter prepared by digesting 
EjSOjAq with excess of Se, filtering the cold 
liquid from Se, and concentrating without heat; 
crystals of E.BO, mixed with KjSeS.O, («. infra) 
separate, and !^SeSO, crystallises from the 
mother-liquor (CloSz, 2.c.; Rathke, J. pr. 95,1). 
White, lustrous, six-sided tablets; deliquescent 
in moist air; effloresce over H,80,. Decom¬ 
posed rather easily by heat, giving E poly- 
selenides; cold water separates Se, and forms 
EiSeSjO, (u. infra) ; acids evolve SO, and sepa¬ 
rate Se; BaOljAq ppts. BaSO, and Se from an 
aqueous solution of the salt; an ammoniaoal 
solution of Ag.,0 forms Ag,Se and E,^0,Aq on 
heating. 

DITHIO - TRISBLBNATES Mt,SeS.,0,. 
{Selenotrithionates.) These salts may be re¬ 
garded as derived from trithionates pi‘,8,0,) by 
replacing S by Se; as the salts M,S,6, are called 
trithionates, so the salts Mi,Se,0, might be 
called triselenatea if they were isolated, and the 
salts Mi,S,SeO,may be called ditbio-trl^lenates. 
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PotMitnm ditUo-triieUaate E,SeS,0,. 
This salt is formed in the preparation of potas¬ 
sium thioselenate (». supra); if KHSO, is 
present in the KjSO, used considerable quan¬ 
tities of KjSeSjO, are produced (Bathke, J. pr. 
95,1). It is also obtained by railing K,SeSOj 
with excess of K^SO, and oono. HjSeOjAq. 
Forms lustrous, greenish-yellow, monoolinio 
prisma, isomorphbua with KAO^; stable in 
air; sol. water without change (Bathke, J.pr. 
[2] 1, 33). Acids evolve SOj and ppt. Se, on 
warming; ammoniacal solution of AgjO ppts. 
AgjSe, forming also KjSO,Aq and HjSO,Aq. 

Dithio-triselenlc acid, H^SeSjO,, is said to 
be present in the solution obtained by tlie action 
of excess of SO, on SeO-Aq (Schulze, J. pr. [2] 
32, 390). M. M. P. M. 

SELENHYDRIC ACID tt^Se; v. Hydrogen 
SELENIDB, vol. ii. p. 724. 

SELENIO ACID H^SeO,. Mol. w. not de¬ 
termined. S.G. 2-9508 at 15°; S.G. of super- 
fused acid, 2-6083 at in" (Cameron a. Macallan, 
Pr. 46,13). Melts at 58°; the molten acid may 
bo cooled below 5° without solidifying (0. a. M., 
I.C.). H.P. [Se,0’.Aq] = 76,660; [SeO-Aq,0] 
=20,500 (2V>. 2, 279). 

Formation.—1. By passing Cl into HjSeOjAq, 
and evaporating.—2. By fusing Se or SoO.^ with 
KNO„ ppg. BaSeO, from solution of the fused 
mass, decomposing by KjCOj, filtering from 
BaCO„ neutralising any K^COj present by 
HNOjAq, ppg. PbSoO,, and decomposing this 
salt by H,S (von Gorichtcn, A. 108, 214).-- 
3. By heating Se with HNOjAq, boiling with 
HClAq (to reduce any H.iSeO^ to H^SeOj), ppg. 
traces of H2SO4 by adding a little Ba(N03)aAq, 
filtering from BaSO„ neutralising by Na.,CO„ 
evaporating to dryness, heating to dull redness, 
boiling with HNO,Aq, ppg. PbSeOj by addition 
of Pb(NOj),Aq, and decomposing by H,S (Fabian, 
A. Snpal.'l, 241).—4. By fusing SeO, with 
excess S KNO„ boiling with HNO^Aq, ppg.^ 
CaSeO, by addition of Ca(NO,).Aq, decomposing 
the CaSeO, by addition of Cd0.40„ and decom¬ 
posing the CdSeO, so obtained by H,S (von 
Hauer, J. pr. 80, 214).-5. By adding AgNOj or 
Ag^CO, to a solution of pure SoO^ in water, 
digesting the ppd. Ag...SeOj with water and a 
slight excess of Br, filtering from AgBr, and 
evaporating the filtrate, which contains HjSeO, 
(Thomsen, B. 2, 698). — 6. By oxidising 
H,SeO,Aq by K,CrO.Aq, PbO.^, or MnO, (Wohl- 
will, A. 114,169,176). 

Prcparalicm .—ScOj is heated till sublimation 
begins; it is then dissolved in water, and BaOAq 
is added so long as a few drops, when filtered, 
continue to give a pp. with BaOAq; the filtered 
liquid is now free from H-iSO^ and H-^SeO,, it is 
evaporated to dryness, and the residual Se0.j is 
heated till it sublimes (Thomsen, B. 2, 698). 
The pure SeOj thus obtained is dissolved in 
water, excess of AgNO,Aq is added, the ppd. 
Ag,SeO. is washed with water and shaken with 
water and Br—at first Br is added, and then 
BrAq till the liquid shows a faint orange colour; 
the liquid filtered from AgBr contains only 
H. SeO,, it is evaporated and treated as described 
hereafter (T., Z.c.). Another method oonsista m 
neutralising the solution of pure SeOj by 
evaporating to dryness, fusing wittt • 


little KNO, for some time, dissolving in water, 
slightly acidifying with HNO.Aq, boiling for 
some time to decompose any nitrite present, 
allowing to cool, adding Pb(NO,)jAq, washing 
the ppd. PbSeO,, suspending this salt In water, 
and decomposing it by a rapid stream of H,S ; 
the filtered liquid is then evaporated (von 
Gerichten, A. 168, 214). 

Tire solution of H.,SeO,is concentrated by eva¬ 
poration in an open dish on a water-bath so long 
as water passes off; an acid containing c. 83-84 
p.o. H.,SeO, is thus obtained; this acid is placed 
in a small flask connected with a short wide tuba 
containing solid KOII, which is connected with a 
largo U tube also containing solid KOH; the U 
tube is connected with the receiver of an air- 
pnmp, or with a vessel in connection with a good 
water-pump. The air is pumped out of the 
apparatus, and when a good vacuum is obtained 
the small flask is heated to 100° so long as acid 
distils over (this is known by the KOH effervescing 
slightly, ns ordinary KOH contains K.,CO,,); 
the temperature is then raised to 180° (an oil- 
bath being used to heat the fiasl^, and heating 
at this temperature is continued so long as acid 
distils off; ns soon as the potash ceases to be 
acted on the heating is stopped and the flask is 
at once cooled; a very good vacuum must be 
maintained throughout the process. HjSeO, 
crystallises as the flask is cooled. A small quan¬ 
tity of IIjScO,Aq should bo evaporated thus at a 
time (Cameron a. Macallan, Pr. 46,13). 

Properties.—K white crystalline solid, crystal¬ 
lising in long hexagonal prisms, and melting at 
58° to a colourless oily liquid. The liquid Mid 
may be cooled below 6° without solidifying if it 
is not stirred; a crystal of H.,SeO, dropped into 
the liquid causes it to solidify at once, the tern- 
perature rising to 58°. The liquid acid is 
specifically lighter than the solid (u. data at 
beginning of article) (C. a. M., l.c.). H-^SeOiis 

_I-...ivao wft.li water, with hro- 


ductiou of heat. 

Tho following table is 

taken 

from Cameron 

and Macallan (Z.c.):— 

P.c. S.a. H.SeOAd 

P.c. 

ao. n,SrO.Aq 

H,SeO* 

at 15. 

n.sco. 

at 16 ° 

99*73 

2-6083 

90 

2-3848 

99-5 

2-6051 

89 

2-3668 

99*0 

2-5975 

88 

2-3291 

98*5 

2-5863 

87 

2-3061 

98*0 

2-5767 

86 

2-2795 

97*5 

•2-5695 

85 

2-2558 

97 

2-5601 

84 

2-2258 

. 96 

2-5388 

83 

2-1946 

95 

2-5163 

82 

2-1767 

94 

2-4925 

81 

2-1479 

93 

2-4596 

80 

2-1216 

92 

2-4322 

79 

2-0922 

91 

2-4081 

73-5 

1-9675 


lleactiotis.—l. With water much heat is pro¬ 
duced, and hydrates are probably formed (». 
infra, Hydrates of selenir acidf. H.,SoO, Mts 
as a dehydrating agent, similarly to HjSO, 
(C. a. M., f.c.).—2. Heated in vacuo begins to 
decompose into 0, H,,0, and SeO, at 0. 200°; the 
water formed dilutes tho remaining acid, which 
then distils over. When dilute iljSeO,Aq is 
heated at ordinary pressure water distils off till 
temperature rises to 205°, when the acid has thf 
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oomposition H,Se04.H20 j'traosj ol HjSeO, then 
distil over; at 260° white fumes of H-jBeOf come 
oft. When HjSeOj is strongly heated at the 
ordinary pressure, some of it is decomposed to 
SeOj, 0, and H,0; the remaining acid is diluted 
by the water till a dilute acid distils off 
(0. a. M., lx.). —3. Dilute HjSeO.Aq dissolves 
many metals, with evolution of H; warm oono. 
acid dissolves copper and gold, with partial re¬ 
duction to HsSeOj.—4. Digestion with hydro¬ 
chloric acid reduces HjSeOjAq to H^SeOjAq, with 
evolution of Cl; the acid is not reduced by 
sulphur dioxide nor by sulphuretted hydrogen .— 
6. Sulphur reacts with liquid H^SeOj at o. 60°, 
farming a deep-blue, very unstable substance 
(? BeSO,) which decomposes to SOj and H^SeOj 
(C. a. M., lx.).—6. Seienion dissolves in H^SeO,, 
giving a green unstable substance—7 Se^O, 
(C. a. M., lx.). —7. Tellurium dissolves in HjSeO,, 
forming a reddish bod^, probably TeSoOj 
(0. a. M.).—8. Heated with phosphoric anhy¬ 
dride, SeOj is given off; but at a lower tempera¬ 
ture crystals were obtained which C. a. M. think 
were SeOj. 

Hydbates*' of SEiENio Acm. The mono¬ 
hydrate IIjSeOj-H^O was obtained by 0. a. M. 
(l.c.) by diluting H^SeO, to 88 ‘J6 p.o., freezing at 
-23°, melting and re-crystallising by freezing 
several times. Thishydrate forms long needles, 
melting at 25°, and remaining liquid even 50° 
below its melting-point j Pickering {priv. comm.) 
gives melting-point as 16’6°. S.G. of solid 
hydrate = 2 6273 at 16°; S.G. of superfused 
hydrate = 2'3567 at 16°. 0. a. M. did not 

succeed in obtaining other hydrates as solids. 
For salts of K^BeO, v. Selenates, p. 433. 

M. M. P. M. 

8EI.ENIDES. Be combines with most metals 
when heated with them. Be also combines with 
many non-metals, e.g. with B, Br, Cl, P, H, I, 
U, P, and B. Many metallic selenides are 
forfhed by heating the elements together (Uols- 
mann, A. 116, 122; Schneider, A. 97, 192; 
Little, A. 112, 211); also by the interaction of 
Be and metallic salts (Schneider, P. 127, 642; 
Potilitzin, B. 12, 697); sometimes by the inter¬ 
action of Be and n^etallic sulphides at high 
temperatures (P., lx.). For thermal data regard¬ 
ing the formation of many metallic selenides o. 
Fabre(O.B. 102,1469; 103,269,345). Selenides 
of the alkali metals are sol. water; they are 
formed by saturating the hydroxides in water 
by HjSe (Fabre, 0. B. 102, 613(, by reducing 
the selenites by 0 (Wohler a. Dean, A. 97,1), 
by reducing selenates by H at 200° (Fabre, C. if. 
102, 1469), and by heating the elements to'- 
gether (Uelemann, A. 116,122). The selenides 
of metals other than the alkali metals are insol. 
water. M. M. P. M. 

BfflENION. Be. (Selenium.) At. w. 78'8. 
Mol. w. 167’6 infra). M.P. 217° for crystal¬ 
line variety (Hittorf, P. 84, 214; Draper a. 
Moss, C. B. S3,1; v. Action of heat on selenion). 
Boils at 676°-683° (Carnelley a. Williams, 0. X 
86, 6631. S.G. c. 4'7 crystalline; c. 4-3 amor¬ 
phous (for more details v. description of varieties 
of Be, infra). VJ>. Ill at 860°, 92 at 1040°, 82 
at 1420° (Deville a. Troost, 0. JS. 49, 239 ; 66, 
891). 8.H. crystalline —20°to +7°•■•0732,crys¬ 
talline 20° to 98° = -0762, amorphous - 27° to -i 8° 
- -0746, amorphous 19° to 87° =. -iQse (Eegnault, 


A. Oh. [8] 46, 267). OJS. vitreous at 40* 
= -0000368 (Fizeaii, G. B. 68,1126; cf. Spring, 

B. 14, 2580). For E.O. v. infra. Pi=2-664, 
(1.-2-692, (t„ = 2-98 (v. Sirks, P. 143, 429). 
For emission and absorption spectra ti. B. A. 
1884. 440. H.C. [Se,0'] - 67,080; tSe,0“,Aq] 
= 66,160; [Se,0>,Aq]=. 76,660 (Th. 2, 274). 

Historical. —In 1817 Berzelius (S. 23, 809) 
obtained a new element from the crystals 
formed in the leaden chamber of a sulphurio 
acid works at Gripsholm in Sweden; as the new 
element was found to resemble tellurium (dis¬ 
covered in 1798 by Klapstock), Berzelius gave it 
the name selenion (ceKiirri = the moon). As Be 
is distinctly a non-metallic element, and as the 
termination um is characteristic of the names 
of metals, it seems altogether improper to use 
the name selenium rather than selenion. 

Occurrence. —In small quantities uncombined 
with other elements; in combination with various 
metals, such as Bi, Cu, Pb, Hg, Ag, generally 
along with sulphur. Most selenion-oontain- 
ing metallic sulphides are very poor in Be; but 
certain selenides from the Argentine Bepublic 
contain from 29 to 48-5 p.o. Be, combined with 
Cu, Pb, and Ag. Minerals containing Be are 
fairly widely distributed, but occur only in small 
quantities (Stromeyer, S. 43, 452; Macivor, 

C. N. 56, 251; Nordstrom, B. 12,1723; Pisani, 
C. B. 88, 391; Henslor a. Klinger, B. 18, 2666; 
Stelzner.di 1874. 1234). When sulphides which 
contain Be are roasted, the Be candenscs in the 
flues. The deposits that form in sulphuric acid 
chambers often contain Be; and many specimens 
of the acid also contain this element. Com¬ 
mercial HClAq sometimes contains Be, derived 
from the H.,S04 used in making the' HClAq 
(Kemper, J. 1860. 84; Nilson, B. 7, 1719; 
Lamy, 0. B. 74, 1285 ; Soheurer-Kestner, C. B. 
74, 1286; Personne, 0. B. 74, 1199; Drink- 
water, An. 8, 63). 

formation.— 1. By passing BO^ into 
.H,SeO,Aq; HjBeOjAq-e 2SO,-t H.,0 
= 2it,SO,-fSe.—2. By allowing the solution of 
an alkali sclcnide to stand in air (BOttger, J. pr. 
71, 512).—3. By adding acid to solution of a 
thio-selenate (BSttger, J. pr. 94, 439), or to 
KCNSoAq (Oppenheim, J. pr. 71, 266).—4. By 
the action of such metals as Zn or Fe on 
HjSeOjAq made strongly acid by HCl or H,SO,. 
6. By heating (NHJjScOj or (NHJjSeO,. 

Preparation. —1. From the flue-dust formed 
in roasting sulphides containing Se. The flue- 
dust is washed with water, dried, and distilled; 
this method is applicable to dusts rich in Se. 
Dusts poorer in Se are washed, the heavier 
particles are lixiviated with dilute HClAq and 
then with water, dried, fused with pearlash and 
soda, and washed with water; the solution of 
alkali selenide thus obtained is allowed to stand 
in the air, and the Se which ppts. is washed, 
dried, and distilled (Bottger, J.pr. ll, 612). Or 
the washed dust is made into a thin paste with 
equal volumes of H,SO, and H,0, heated to 
boiling, with addition from time to time of a 
little HNO, or KCIO,, till the red colour of the 
liquid is destroyed, oono. HClAq is added equal 
to half the volume of the liquid, and the whole 
is evaporated to one-fourth its bulk, whereby Cl 
is evolved and HjSeO^ is reduced to H,SeO,; 
SO, is passed into this solntioDt the ppd. Se if 
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•Asbed, ^rled, and distilled {Wehler, 0. A. 69, 
964).—3. jVom the deposit in the leaden cham- 
here of sulphuric acid works. The washed 
deposit is boiled with oono. NsjSOjAq till it is 
black (from formation of PbS), and the liquid, 
which contains Na^SeO,, is ffltered into dil. 
HClAq, whereby So is ppd. This process is re¬ 
peated several times (Bottger, J. pr. 94, 439). 
Or the washed deposit is digested at 80°-100° 
with fairly cone. KONAq until the red colour of 
the liquid has changed to grey, the liquid 
is filtered, the residue washed with boiling 
water till HClAq ceases to produce a reddish 
opalescence in the washings, and excess of 
HClAq is added to the filtrate and washings, 
whereby Se is ppd. (KCNAq + Se=KCNSeAq; 
KCNSeAq + HClAq = KClAq + HCNAq + Se). The 
ppd. So is dissolved in HNOjAq, the solution is 
evaporated (slowly, to prevent loss of SeOJ to 
dryness, the SeOj is sublimed in a tube of hard 
glass in a stream of dry dust-free air, the subli¬ 
mate is dissolved in water, HClAq is added, and 
Se is ppd. by SOj (Oppenheim, J.m. 71, 2G6). 

Se, as prepared by reducing cold H.,SeO,Aq, is 
a red amorphous powder; an amorphous 
vitreous variety is obtained by melting ppd. 
Se and cooling very rapidly by pouring on to a 
porcelain plate (Hittorf, P. 84, 214; Itammels- 
berg, P. 162, 151; Kegnault, A. Ch. [3] 46, 
257); a black crystalline variety of Se is 
prepared by allowing cone. K,SoAq or Na^SeAq 
to stand in air until a ernst forma on the sur¬ 
face (H., l.c. ; It., l.c,), also by crystallising any 
form of Se from ScjClj (Rathke, A. 152,181); 
a red crystalline variety is prepared by 
slowly and repeatedly heating a solution of Se 
in CS2 yi a sealed tube to somewhat under 100°, 
and allowing to cool (R., l.c. ; Rathke, A. 152, 
181), also by subliming amorphous Se (Born- 
triiger, D, P. J. 242, 55); a grey thetal-like 
variety is prepared by very slowly heating 
amorphous or red crystalline Se to 90°-97‘’ 
(H., Icfi B., l.c. ; Fabre, 0. B. 103, 63). Ac- 
cording to Schutse {J. pr. [2] 32,390) a col* 
loidal soluble form of Se is obtained by 
reducing H,SeO,Aq by SO^; no acid must be 
present. The colloidal Se remains in solution, 
colouring the liquid dark red. The solution is 
not changed by boiling but on adding an acid 
or a salt Se is ppd. in red flocks. 

Properties,—&e exists in several, probably in 
five, forms. 

I. Amorphous seleniom sol. in OS,. — 
(i.) Bed-powdery amorphous Seforms sealing-wax- 
red flocks, or when dried at a low temperature a 
dark-red powder; when formed by reductionof hot 
HjSeOjAq it appears as a black powder (Hittorf, 
P. 84, 214). S.G. at 20° = 4-3 (llammelsberg, P. 
163,151; Schaffgotsoh, P. 90,66); 4-2 (Rathke, 
A. 152,131). This variety is a non-conductor 
of electricity (Hittorf, l.c.). It is sol. GS,; 8. 
at b.p. of 03,(46-6°) = •!, at 0°=-016 (Mitscher- 
licb, J. 1855. 314); according to Bammelsberg 
(2.C.) the solubility in C3, varies much. For 
S.H. V. beginning of this article. Petersen 
(Z. P. C. 8, 601) gives H.O. of this variety 
[Se,0*l=67,260, and at. vol. 18-4; the change 
from this form to any other form of Se is 
attended with contraction and the production 
of a small quantity of heat. For action of heat 
V, infra. 


(ii.) Amonhous oitreous Se forms a black 
lustrous solid,' appearing red in thin layers. 
S.O. 4-282 at 20° (SchaSgotsch, J. pr. 43, 308; 
60,312). Sol. inCS,. No fixed melting-point; 
when heated it softens at 60°, and becomes 
gradually less viscous till at 260° it is quite 
liquid; if this liquid is rapidly cooled, the 
vitreous variety is re-formed (Hittorf, J.c.; 
Draper a. Moss, C. N. 33, 1). Heated very 
slowly to 96°-97° this variety changes to metal¬ 
lic Se, with production of heat (R., lo,; Regnault, 
A. Oh. [3] 46, 257; Fabre, C. R. 103, 63). 

II. Crystalline selenion-, insol. in 
CS,.—(i.) Black crystalline Se. Small, micro¬ 
scopic, glittering leaflets. S.G. 4-8 (B., l.c,) ; 
4-76 to 4-78 at 15° (Mitscherlich, J. 1855.314). 
Insol. CS,. H.C. [Se.O-l=65,820; at. vol. = 16-6; 
change from amorphous Se to this form is ac¬ 
companied by slight production of heat and 
contraction (Petersen, Z. P. C. 8, 601). 

(ii.) Bed crystalline Se. Small, thin, trans¬ 
parent, lustrous crystals; in thicker layers ap¬ 
pears black and opaque. S.G. 4-46 to 4-6 at 16° 
(R., l.c. ; M., i.c.; Eathke, l.c.). Melts at 217° 
(H., I.C.; D. a. M., l.c.). Insol. ittCS,. Petersen 
(l.c.) gives H.O. [Se,0-] = 56,200; and at. vol. 
= 17-7. This variety is a conductor of elec¬ 
tricity, the conductivity increasing with increase 
of temp, and also by exposure to light. (For 
details, v. infra.) When heated to c. 110° this 
variety becomes black. The crystals arc mono¬ 
clinic, ratio of axes -1-62:1 :l-6 (M., l.c. ; Beguault, 
l.c.) ; isomorphous with monoclinio S (B., l.c.). 
For S.H. V. beginning of this article. 

(iii.) Orey metallic Se. Lustrous, grey, 
metal-like, granular solid, resembling grey pig- 
iron ; somewhat malleable (Regnault, l.c.). In- 
Bol. in CS,. S.G. 4-4 to 4-5 (B., lx.). Melts at 
217° (H., lx.) ; on cooling, the vitreoils variety 
is chiefly formed, but if the cooling is stopped 
at 210° after a time there Is a sudden rise to 
217°, and the whole solidifies in the metallic 
form. All varieties of Se are sol. Se,Cl, and 
SeEt,. 

Action of heat on selenion. Any one of the 
crystalline varieties of Se melts at 217°; when 
the molten Se is allowed to cool slowly it 
gradually becomes less soft, a thermometer 
placed in the cooling substance continuously 
falls and shows no point of rest (Hittorf, lx. ; 
Kegnault, l.c.) -, the final product is crystalline 
Se, but if the cooling is caused to take place 
rapidly the amorphous vitreous variety is 
formed; if tSe cooling is stopped at 210°, and 
that temperature is maintained for some time, 
there is a sudden rise to 217° and the Se again 
solidifies in the erystallino (metallic) form. 
When amorphous Se is heated it softens at 0. 
60°, and becomes gradually less viscous until 
at 250° it is quite liquid; if the beating is very 
gradual, there is a sudden evolution of heat at 
96°-97° (Regnault, lx., found temperature rise 
to 200°-230°), and the metallic variety is pro¬ 
duced. Se boils at 676°-683°, forming a red&h- 
yellow vapour, the Y.D. ot which does not 
come constant until 600°-700° above the b.p. 

Effects of light and heat on the electrical con- 
ductivily of crystalline selenion. Amorphous 
Be does not conduct electricity; but when heated 
rapidly it begins to conduct at 165°-176°, and 
conductivity increases nntU it attaiu • 
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rttaximnm at o. S17° (Draper a. Moss, 0. N. 33, _1). 
Crystalline Se conducts, the conductivity in¬ 
creasing proportionally with increase of tem¬ 
perature to 217'’, after which it decreases and 
reaches a minimum at 250° (Hittorf, P. 84,214; 
D. a. M., lx.). If 8e is heated for a considerable 
time to 200° and is thou allowed to cool, con¬ 
ductivity decreases as temperature rises and 
increases as temperature falls (W. Siemens, 
P. 159,117). This observation seems to show 
that at 0. 200° a variety of Se is formed which 
behaves like a metal, and that on cooling this 
•form remains mixed with the ordinary crystal¬ 
line variety, so that the conductivity depends on 
the relative quantities of the two forms, and 
therefore on the temperature (c/. Kalischer, 
W. 81, 101). The electrical conductivity of 
crystalline Se increases enormously when the So 
is exposed to light (Sale, Pr. 21, 283; Smith, 
B. 6, 204; Eosse, P. M. [4] 47,101; Forssmann, 
W. 2, 613). Adams and Day (Pr. 24,163) found 
that the resistance of Sc varied directly as the 
square root of the intensity of the source of 
light; also that light caused an electric current 
in So from tbo less to the more illuminated part 
(Pr. 25,113; c/. Bidwell, G. N. 62, 191). 

Se may be sublimed and distilled in vacuo, 
or in an indifTcrent gas (Schuller, J. 1884. 
1550); heated in air it is burnt to SeO.,. Se 
dissolves in cone. H^SO,, forming SeSOj, and is 
ppd. again on adding water; Sc is sol. in alkali 
solutions, forming alkali sclcnides; also in 
KCNAq, in alkaline sulphite solutions, in Se^Clj, 
SejEr.;, and SeEt^; the amorphous varieties are 
■1. sol. GS, 

Se resembles S and Te in its chemical cha¬ 
racter ; it is somewhat less negative than S and 
more negative than Te; it shows distinct 
analogies with Cr, Mo, W, and U (v. Oxvoen 
onoop OP ELEMBHTS, vol. iii. p. 705; and Chro- 
ailCM OROUP OP XLEMP.NTS, vol. ii. p. 168). 

The atomic wt. of So has been determined 
■ (11 by analysing SeCl, (Berzelius, P. 8,21 [1818]); 
(2) by analysing K.;ScO, (Mitscherlich a. Nitzsch, 
P, 9, 627 [1827]; (3) by oxidising Se to SeO.,, 
by reducing ScO, to Se, and by analy.sing 
BaSoOj (Saoe, A. Ck. [3] 21,119 [1847]); (4) by 
analysis of HgSc (Erdmann a. Marchand, J.pr. 
65, 202 [1849]); (5) by converting So into SeCl^ 
(Dumas, A. Ck. [3] 55, 186 (1859]; (6) by re¬ 
ducing SeOj to Se and by analysing Ag^SeOj 
(Pettersson a. Ekman, B. 9, 1210 [1876]; (7) by 
determining S.H. of Se (Hegnault, A. Ck. [3] 
46, 257): (8) by determining V.D. of, and 
analysing, SeH,;, ScO.j, SoXl„ ScCl,, and SoBrClj. 

The molecular wt. of Se has been found by 
determining the V.D. of Se at 860°, o. 1000°, 
and 0.1400°; the values at 1400° agree with the 
formula Se.^. 

The atom of Se is divalent in the gaseous 
molecule SeH.„ and tetravalcnt in the gaseous 
molecules ScCl, and SeBrCl,. 

Reactions and Combimtions. —1. Water and 
Clone produce IL,SeO, (Mailfert, G. B. 94, 860, 
1186), Water alone does not react at 160° 
(Cross a. Higgin, G. J. 35, 249).—2. Gone, sul- 
phuric acid dissolves Se on warming,^ forming 
H.,SeO„ and some H^SeO,, and giving' off SOj. 
Fuming sulphuric acid forms a greenish solu¬ 
tion containing SeSO, (v. thio-oxide, p. 441); 
pn boiling 11,^0, is formed and SO, evolved 


(Divers a. Shimosd, B. 18, 1209).—8. Etoi eviii, 
nitric acid oxidises Se to H.SeO,, with evolution 
of NO. Hydrochloric acid does not react with 
Se.—4. Se dissolves in alkali solutions, forming 
alkali selenides; fusion with alkalis produces 
the same compounds.—5. Fusion with nitre or 
potassium chlorate forms K,SeO,.—6. Potas¬ 
sium cyanide solution dissolves Se to EONSeAq. 
7. Solutions of alkali or alkaline earth sul¬ 
phites dissolve Se, forming thioselenutes (Bathke 
a. Zsohiesohe, J. pr. 92, 141; Uelsmann, A. 116, 
123 ; V . also Tuiosjslenates, p. 434). —8 . Se 
vapour passed over heated lead fluoride forms 
So fluoride (Knox, Pr. Irish Acad. 1841. 299).— 
9. Se combines with oxygen to form SeO.„ when 
heated in 0 or air.—10. Se combines with chlor¬ 
ine, bromine, and iodine at the ordinary tem¬ 
perature.—11. Heated tolow redness with hydro¬ 
gen, H,So is formed (Uelsmann, A. 116,122).— 
12. Phosphorus combines at the ordinary tem¬ 
perature.—13. Se combines with arsenic and 
antimony, by heating the elements together.— 
14. Selenides of most metals are formed by heat¬ 
ing Se with metals {v. Selenides, p. 436). Some¬ 
times the combination is effected without heat, 
under the influence of light (o. Bidwell, P. M. 
[6] 20, 178; Moss. G. N. 33. 203).-15. So dis¬ 
solves in molten sulphur, but no definite com¬ 
pounds are formed in this way.—16. With 
sulphuric anhydride Se combines to form 
SeSO, (i). Thio-oxide, p. 441). 

Selenion, acids of. Sdcnhydric acid H,Se, 
vol. ii. p. 724; selcnic acid H.SeO,, p. 435; 
sclcnious acid H^SeO,, p. 445; Selenocyan- 
hydric acid HCNSo, vol. ii. p. 348; also Seleno- 
cyanic acid, this vol. p. 443; salts of thioselenic 
acids, HjSeSOj and H,SeS,Ot, are known, p. 434; 
and salts of sclenosamic acids, Se(NHj)OM‘ and 
2SeO(NKJ.OH.OMi, have been isolated, p. 446. 

Selenion, antimonide of; v. vol. i. p. 283, 
Aniiuony, Combinatiom of. No. 6. 

Selenion, arsenides and arsenosulphides of; 
®. vol. i. p. 303, Arsenic, Combinations of. No. 7. 
' Selenion, boride of. A yellow-grey solid is 
formed by strongly heating amorphous B in a 
stream of H^Se; the solid is decomposed by 
water with rapid evolution of H^So (Sabatier, 
0. R. 112, 865). As S. gives the formula B.S., 
to the boron sulphide formed by passing H^S 
over B, it is probable that the Se compound has 
the composition B,Se,. 

Selenion, bromides of. Two compounds of 
So and Br are known, Se.,Br., and SoBr,; both 
are formed by the direct union of the elements. 
Both are decomposed by heat, but they are more 
stable towards heat tlian the corresponding S 
compounds (Evans a. Eamsay, C. J. 45, 62). 
As the V.D. of neither has been determined, the 
formulie are not necessarily molecular; but 
from the analogy of Se,Clj and SeCI„ which 
formuliB represent the compositions of gaseous 
molecules of these chlorides, it is probable that 
the mol. wts. of the bromides correspond with 
the formulie SejBr., and SeBr,. 

Selenious brosiidb Se^Brj. {Selenion mono¬ 
bromide.) Formula probably molecular, from 
analogy of Se^Clj. To 16-9 parts powdered Se 
covered with three times its weight of dry CS^, 
16 parts Br are gradually added; after a time 
the OS, is distilled off; and Se,Br, remains as a 
thin oUy liquid, haring a dark reddisb-btowa 
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eolonr (app«ariag black in a thiokish layer), and 
an unpleasant smell resembling that o{ SiCI, 
(Semilas, A. Ch. [2] 35, 349 ; Schneider, P. 123, 
327). A thin layer oi Se^r, transmits rose-red 
light; the absorption spectmm has been ex¬ 
amined by Gemez (C. B. 74, 1190). S.O. of 
SCjBrj=3'604 at 16“. Br is given off on heating, 
then a little SeBr„ and at 225°-230° most of 
the Se 2 Br 2 distils over, and finally some Se is 
obtained (Schneider, f.c.). So,Brj dissolves in 
all proportions in CS„ less easily in CIIClj, 
EtBr, and EtI. It sinks in mater, and then de¬ 
composes to H.SeO,Aq, HBrAq, and Se. Abso¬ 
lute alcohol forma SeBr, (which remains dis¬ 
solved) and Se. Se.iBrj dissolves Se (c. 22 p.c.), 
on adding CSj the Se separates. Br is absorbed 
by SOiBr.;, with formation of SeBr^. A solution 
of Se^Brj in CS; shaken with dry AgCN forms 
a little Se cyanide (Schneider, P. 129, G34). 

Selenio bkomidk SeBr,. (Selenion tetra- 
bromide.) Formula probably molecular, from 
analogy of SeCl,. To a solution of 1 part So^Br, 
in CSj IJ parts Br are gradually added, the 
SeBr, which separates is allowed to stand in 
contact with the CSj for some days, whereby it 
becomes crystalline, and the CS.; is distilled off; 
the compound obstinately retains some CS^. 
By heating to 75°-80’ Br is given off, and the 
SeBr„ containing Se^Br.^, sublimes in black, 
lustrous, six-sided leaflets, mixed with a little 
pure SeBr, in dark-orange crystals, and Se^Brj 
remains (Schneider, P. 129,450). SeBr, is also 
obtained by dissolving 1 part powdered So in 
10-12 parts Br, pressing the crystalline mass 
between filter-paper, and removing excess of Br 
by gently warming. SeBr, dissolves in CS^, 
GHClg, and EtBr ; it dissolves with decomposi¬ 
tion in alcohol, also in HClAq. SeBri is very 
hygroscopic; in moist air it gives Br and 
So,J3r2; in much water it forms H.^SeO,,Aq and 
HBrAq. Combines with SO, to form SeCl,.SO, 
(o. Selenion THio-oXYCBLORinn, p. 441). Forms 
compounds with KBr and NH,Br, I^SeBr, and 
(NHJjSoBr, (o. Muthmann a. Schafer, B. 215, 
1008). 

Selenion, bromoohlorides of. Two com¬ 
pounds of Se, Br, and Cl were obtained by 
Evans and Kamsay (C. J. 45, 68) by the inter¬ 
actions of Se.,Cl 2 and Br, and Se,13r, and Cl. The 
bromoohlorides thus formed are SeBrCI, and 
S6Br,Cl. 

Selenion TBiBROMoouLORinE ScBrjCl. 

Orange, hygroscopic crystals formed by adding 
2-1 parts Br, in CS„ to 1 part ScjCI,, crystal¬ 
lising from CS.„ and gently warming in a current 
of air to remove adhering CS, (Se.,Cl, + SBr, 
= 2SeBr,Cl). Decomposes when heated, giving 
off Br; as V.D. at 200“ was 0 . half that calcu¬ 
lated lor SeBr,Cl, dissociation is probably com¬ 
plete at that temperature. 

Selenion bkomoteiciilobidb SeBrCI,. Mol. 
w. 264-66. V.D. at 179“ and 764 mm. pressure 
.= 131-6; dissociation begins at o. 190“-200“. 
Yellow-brown crystals; obtained by passing Cl 
into Se.,Br, in CS„ washing the pp. with CS.„ 
and drying in a current of warm sir. Gives oft 
Br when heated above o. 190“, and yields sub¬ 
limate of SeBr,. 

Selenion, carbide of, «. Cabbon sniiENnn, 
red. i. p. 693. 


Selenion, cUoildoi of. Two chlorides are 
formed by passing Cl over heated Se; using an 
excess of Se the product is Se,Cl„ and with an 
excess of Cl the product is SeCl,. Attempts to 
form SeClj, corresponding with SC1„ have been 
unsuccessful. 

Selenious oblobide Se,Cl,. {Selenion mono¬ 
chloride. Selenion selenochloride.) Mol. w. 
228 - 34 . V.D. 110 at 200“-250“ (Evans a. 
Kamsay, C. J. 45, 62; Chabrid, Bl. [3] 2, 803). 
S.G. 2 - 9 O 6 at 17-5“ (Divers a. Shimosfi, 0. J. 45, 
198). Boiling begins at 0 .145“, but no definite 
b.p. can be given (K, a. R., I.c.). H.F. [Se^,CF] 

= 22,150 (Th. 2, 405). 

Formation.—l. By passing Cl over excess of 
heated Se.—2. By heating SoCl, with Se at 100“ 
(Berzelius, P. 9, 225). -3. By passing HCl into 
a solution of Se in fuming H,SO, (Divers a. 
Shimosd, 0. J. 45, 194, 198). 

Preparation. —HCl gas is passed into a solu¬ 
tion of Se in fuming HjSO, till a deep-red liquid 
is deposited and the mother-liquor is yellowish- 
brown ; the mother-liquor is then poured off, the 
red liquid is dissolved in fresh fuming Il,SO, 
and HCl is passed in; this proaess is repeated 
again; finally, the red liquid is digested, in a 
closed vessel, with dry KCl (to remove H,SO,) and 
decanted (D. a. S., I.c.). The reactions are pro¬ 
bably (1) 2SeSO,-l-2HCl = SeSO,.SeCl, + H,SO,; 
(2) SeSO,.SeCl,-sHCl-Se,Cl,-l-SO,.C1.0H (D. 
a. S.). . . 

Properties, Bcactions, and Combimtums.-— 
Se .Cl, is a heavy, deep-red liquid, smelling some¬ 
thing like SCI,; S.G. 2-906 at 17-6“; somewhat 
volatile at ordinary temperatures, giving off 
orange-coloured vapour at 100“, beginning to 
boil at 0 . 145“, but exhibiting no fixed b.p. 
(B. a. R., f.c.). V.D. determined ate. 200“ gave 
results agreeing with Se,Cl,. For absorption 
spectrum of vapour v. Gernez, C. B. 74, 1190. 
SeCl, is easily sol. CS.„ CHC1„ C„H„ and CC!,. 
It is slowly decomposed by H,0, EtOH, and 
Et.,0-, a solution in CS, shaken with water 
gives H,SeO,Aq, HClAq, and Se. Warm Se,Cl, 
dissolves Se freely; on cooling the Se is partly 
ppd. in the metal-like form (Rathke, A. 162, 
181). SojCl., is decomposed by shaking with 
Hg or Ag (D. a. S., l.c.) ; with P it gives PCI, and 
Se (Baudrimont, A. Ch. [4] 2, 5). Sft,CLj com¬ 
bines with PCI, to form a yellow substance 
(B., f.c.). 

Selenio cnLomnE SeCl,- {.Selenion tetra¬ 
chloride.) Mol. w.-220-28. V.D. at 180“-110 
(Evans a. R&msay, C. J. 46, 66). H.F. [So,Cl‘] 
= 46,160 (T/t. 2, 405). 

Formation. —1. By heating Se, or Se,Cl.,, in 
excess of Ch—2. By heating SeO, with PCI, 
{v. Preparation). —3, By the action of SOCl, on 
SeOCl,. 

Preparation. -To 13 parts PCI, in a long, 
necked fiask 7 parts SeO., are added little by 
little, the reaction being allowed to cease after 
each addition before more SeO, is added 
(SeO,-s PCI, = SeOCl,-sPOCl,); the mass be¬ 
comes liquid and thou suddenly solidifies 
(3SoOCl,-l-2POCl, = 3SeCl,-sP,0,); excess ot 
pool, is now removed by heating the flask 
while a rapid stream of dry CO, is passed 
through it; a wide tube is then fitted by a cork 
into the neck of the flask, and the flask is plac^ 
I in a tray containing hot sand (if the flask ia 
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allowed to cool the condensing P,0, may canse 
U to oraok) (Michaelis, J. Z. 6, 79). 

Properties, Reactions, and Combinations. 
A aligntly yellow crystalline solid; volatilises 
when heated, without melting, in yellow vapours. 
Evans a. llamsay (C. J. 45, 65) found V.D. at 
180° to be 110, agreeing with the formula SeCl,; 
dissociation to ^„G1, and Cl began at o. 210°, 
and at 350° c. 66 p.c. was decomposed. 
Ciansnizer (Si 11, 2007) got the value 57 for 
V.!). at 218°, at which temperature E. a. B.’s 
value was o. 86; at 368° Chabri6 {Bl. [3] 2, 803) 
obtained the number 57, which agrees fairly with 
the results of E. a. B. SeOl, is nearly insol. 
CSj. In moist air SeOCl^ and HOI are produced 
(Weber, P. 108, 615); water forms H^SeOjAq 
and HClAq. H^S produces HCl and So sul¬ 
phide; SO, has no action. NH,Aq produces 
Be, N, and H at ordinary temperatures, and 
N selenide at a low temperature (Verneuil, Bl, 
[2] 38, 548). Dry NH, combines with SeCl, 
at -20°, forming a very unstable compound, 
probably SeCl,.4NH, (V., U.). With PCI, the 
compound SeCl,.2PCI, is formed (Baudrimont, 
A. Ch. [4] 2, ». 

Sslenion, chlorobromides of, v. Seleniom 
BBOMOCHLORIDES, p. 439. 

Selenion, cyanide of; v. Cvanooen selenide, 
vol. ii. p. 358. 

Selenion, fluoride of. No definite compound 
of Se and E has been isolated. According to 
Enox (Pr. Irish Acad. 1841. 299) a fluoride of 
Se sublimes when Se vapour is passed over 
molten FbF,. 

Selenion, haloid compounds of. Se com¬ 
bines with the halogens to form two types of 
compounds, Se,X, and SeX, (the fluorides have 
not been examined); the formulm are probably 
molecular, as the V.D.s of 80 , 01 , and SeCl, have 
been determined. The compounds SejX,, where 
X => 01 or Br, are liquids at ordinary tempera¬ 
tures ; the other compounds are solids. All the 
compounds are fairly easily decomposed by heat, 
but less easily than the corresponding S haloid 
compounds. 

Selenion, hydride of; v.HTDnoaKK selenide, 
vol. ii. p. 724, 

Selenion, hydroxides of. The hydroxides of 
Se, SeO(OH)„ and ScO,(OH), are acids; v, 
Beleniodb acid, p. 445, and Selenic acid, 
p. 435. 

Selenion, iodides of. Two compounds of Se 
and I are known, Se,!, and Sel„ corresponding 
with the bromides and chlorides, r 

Seleniods iodide Se,I,. (Selenion mono¬ 
iodide.) Formula probably molecular, from ana¬ 
logy of Se,Cl,. Formed by heating the elements 
together in the ratio Sc:I(l;l'61); also by heat¬ 
ing Se,Br, and EtI at 100' in a sealed tube 
(Schneider, P. 129, 627). Crystalline, steel-grey, 
somewhat metal-like solid; meltiqg to a dark- 
brown liquid at 68°-70°. Decomposed to So 
and I by continued heating at 100°; also by 
solvents of I. Water forms H,SeO,Aq, HIAq, 
and Se. 

Sblenio.IODIDE Sel,. (Selenion tetra-iodide.) 
Formula probably molecular, from analogy of 
SeCl,. Formed by heating together Se and I 
in the ratio Se:4I(l:6-44); also by mixing SeBr, 
and EtI in the ratio SeBr,;4EtI, the Sel, sepa¬ 
rates after a little. Best prepared by adding 
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HIAq to cone. H,SeO,Aq as long as ft pp. is 
produced; the pp. is washed, pressed, and dried 
over H,SO, (Sohneider, I.c.). A dark-grey solid, 
melting at 75°-80° to a blaekish-brown liquid. 
Gives up all I when heated to o. 100°, or treated 
with solvents of I; slowly decomposed by 
water. Attempts to form an iodochloride of 
selenion were unsuccessful (v. Evans a. Bamsay, 
C.J’. 45, 70). 

Selenion, nitride of ; v. Nitbooen selenide, 
vol. iii. p. 670. 

Selenion, oxides of. Only one oxide of So 
has been isolated with certainty; this oxide is 
SeO,. Berzelius thought that an oxide SeO was 
formed, along with SeO,, by heating Se in air oi 
0, by heating Se and SeO.„ and by the partial 
oxidation of Se sulphide by HNO,. According 
to Chabrid (A. Ch. [6] 20, 202) Se takes up 0 
approximately corresponding with that required 
to form SeO, when heated in air to 180°. 
Attempts to prepare SeO, have failed. By pass- 
•ing gaseous SeO, and 0 over hot spongy Ft, von 
Geriohten (A. 168, 214) obtained a white sub¬ 
limate that dissolved in water with a hissing 
sound, forming H,SoO,, but Cameron a. Macallan 
(Pr. 46, 32) failed to confirm this result; C. a. 
if. (l.c.) did not get SoO, by passing 0 over hot 
Ft sponge mixed with Se, nor by the action of 
ozone on ScO„ nor by heating selenate of Sb, 
Bi, Fo, Fb, Hg, or Ag, By heating dry H,SoO, 
with P,0, in a closed flask they got a trace of a 
crystalline solid, analyses of which pointed to 
the composition SeO,. A solution of Se in 
H,,SeO, perhaps contains Se,0, («. Selenic acid, 
Reactions, No. 6, p. 436). 

Selenion dioxide SeO^ (Selenious oxide, 
Sdenioas anhydride.) Mol. w. not determined. 
S.G. 3-9533 at 15° (Cameron a. Macallan, Pr, 
46, 27; Clausnizer, A. 196, 266). [Se,0^ 

^57,250 from amorphous So; 65,820 from 
black crystalline Se; 66,200 from red crystalline 
So (Petersen, Z. P. C. 8, 601). Molts at 340° 
in a scaled tube; at ordinary pressure volatilises 
y/ithout melting, slowly at 250°, rapidly at 280° 
(Chabrid, A. Oh. [6] 20, 202; 0. a. M., f.c.). 
For absorption-spectrum of SeO, vapour v. 
Gernez (C. B. 74, 803). 

Preparation.—!. So is placed in the lower 
part of a V-tube with one limb longer than the 
other, and the longer limb drawn to a fine open¬ 
ing; the shorter limb is connected with a gas¬ 
holder, from which a stream of dry 0 is passed 
into the V-tube; the tube is heated till the Se 
burns; the SeO,condenses in the longer limb of 
the tube. —2. Se is dissolved in cone. HNO,Aq, 
the solution is evaporated to dryness, best in a 
retort (solidification occurs suddenly, with evolu- 
tion of heat); the dry H,SeO, is heated in the 
retort till sublimation begins, then let cool, and 
dissolved in water; the solution is ppd. by 
BaOAq; the solution, after filtering, is evapo¬ 
rated to dryness, and the residue is heated, when 
ScO, sublimes; traces of H,SeO( and HjSO, are 
thus removed, excess of BaO remains in the 
residue (Thomsen, B. 2, 598; cf. Wohlwill, A. 
114,176 ; Fischer, P. 67, 412). 

Properties arid Reactions, —^Long, white, 
lustrous, four-sided needles (for m.p. Ac. v. begin¬ 
ning of this article). 1. Slowly withdraws water 
from moist air, forming ^BeO,; tosolvea in 
water, forming some aoid, with disappeftianoe of 
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beat, [SeO»,Aq3- -920 (Tk. 2,405).—2. SI. sol. 
boUing atelic axhydride, oryetallising un¬ 
changed ; heated to 180°-200'’ oxidation of the 
Ao,0 occura (to CSO,, &a.) and Se aeparates 
(Hinabeig, 4. 260,40).—3. Biaaolvea in aqueous 
acetic add, H^SeO, aepacating on cooling (H., 
J.C.).—4. Diaaoivea in alcohol of 96 p.c., and ia 
re-obtained on evaporation over H^SO, (H., Ijs.). 
6. Beacta with phosphoric chloride to give ScCI,, 
P,0„ and POClj; heated with phosphoryl chlor¬ 
ide givea SeOCl, and P,Oj (Miohaelia, 3. Z. 6, 
79).— 6. Heated with sodium chloride yielda 
SeOCl, and Na^SeO, (Cameron a. Macallan, Pr. 
46, 36).—7. Heated with selenion tetrachloride- 
in a cloaed tube produoea SeOCl,; with SoBr, 
probably forma SeOBr, (Schneider, P. 129, 450). 
8. Deoompoaed by dry ammonia to H.,0, Se, and 
N; when NH, ia pasaed into SeO, in absolute 
alcohol, SeO(NH,).ONH, ia formed (c. SanaMoa- 
AMic AOIB8, SALTS ov,?. 446).—9. Hoated with dry 
HCN and Aa,0, Se cyanide ia probably formed 
(Hinsberg, A, 260, 40).—10. Hydriodic acid 
reduces SeO, to Se and H,0, even at 10°.— 

11. SeO, and sulphur dioxide do not react at 
any temperature (Schulze, J.pr. [2] 32, 390).— 

12. The compounds K,SeBr, and (NH 4 ).,ScBr, 
are produced by dissolving SeO, in hydrobromic 
acid and adding potassium or ammonium brom¬ 
ide (b. Muthmann a. Schafer, B, 26, 1008). 

Gombinaliom. —1. According to Ditte (A. Ch, 
[5] 10, 82), SeO, combines with dry hydrogen 
chloride to form two compounds, one of which, 
SoO,.2HCl, is liquid, and the other, SeO,.4HCl, 
is solid, at the ordinary temperature. With 
hydrogen bromide ScO,.4nBr is formed, and 
when this is kept very cold and IIBr ia passed 
over it, D. says that SeO,.5HBr is produced. 
Hydrogen fluoride ia said also to combine with 
SeO,, but the product has not been ex¬ 
amined.—2. With allcali imlides the compounds 
MX.2SeO,.2H..O arc formed (Muthmann a. Schii. 
fer, B. 26, 1008).—3. Hinsberg (4. 260, 40) de¬ 
scribed a compound with alcohol, SeOj-C-H^O, ob¬ 
tained by evaporating SeO,in absolute alcohol ovdt 
CaCI,.—4. Large white crystals of the compound 
SeO.j.SO, are obtained by warming SeO, and pure 
sulphuric anhydride to 100°, distilling off excess 
of SO, at 60°-70°, and allowing to cool. At 100’ 
the compound gives up SO, (Weber, B. 19,3185). 

Skleniou tuio-oxide SeSO,. {Selenion sulph- 
bxide. Selcnion-sulphur trioxide.) Mol. w. not 
determined. Magnus (P. 10, 491) noticed that 
'Se dissolved in fuming H.,SO, to produce a 
green solution; Weber (P. i56, 631) separated 
and analysed the green compound, and gave It 
the formula SeSO,. Divers a. Shimosfi (0. J. 
46, 201) further examined this substance. 
Powdered Se is placed in liquid SO,; heat is 
given off, and a dark-green liquid is formed; 
after a time the whole solidifies ; after warming 
to 80°-40° for a few minutes the liquid part ia 
drained oft, and the adhering SO, is removed by 
the use of a Sprengel pump (for details v. D. a. 
S. on TeSO,, 0. J. 43, 324). SeSO, is a green 
solid, which may be hoated to o. 35° without 
change; decomposition begins at c. 40°, and at 
0 .120° SO, and 0 are rapidly evolved and Se 
separates; by heating slowly in vacuo it changes 
to s yellow powder, which D. a. S. think to be a 
moduoation of the thio-oxide. SeSO, is sol. 
WHO. 3,80,; on adding mooh water Se is ppd-, 


andH23eO,andH,SO,goint08o1ntion. HClreacts 
with SeSO, in H,SO, to form Se,Cl, and SOrCl.OH 
(v. Selxnious cbloride. Preparation, p, 439). 
Sehulz-Sellaok (B. 4, 113) observed that the 
vapours of SO, react with Se to form a yellow 
powder. 

Selenion, oyaeids of, sad their salts. The 
oxyaoids of So are selenious add H,SeOa (v. 
p. 445) and selenic add H,8c0, (v. p. 435); 
salts of the thioselenic acids *H,SeSO, and 
HBeSaO, have been isolated (t). p. 484); and 
salts of the selenosamic acids SeO(N£y.OH 
and 2SeO(NH.J.(OH), are known (o. p. 439). 

Selenion, oxybromide of. By melting to¬ 
gether SeO, and SeBr, Schneider (P. 129, 460) 
obtained needles which were probably SeOBr,, 
corresponding with SeOCl, formed in a similar 
way. 

Selenion, oxychlorides of. The oxychloride 
of Se, SoOCl„ corresponds with sulphuryl 
chloride SOCL,; an' oxychloride containing Se 
and S, and corresponding with S,0,C1„ has also 
been isolated. 

Selentl cnLoaiDE SeOCl,. {Selenion oxy¬ 
chloride.) Mol. w. not determinld. 

Preparation.—i. Equivalent weights of SeCl, 
and SeO, are heated in a sealed tube to 150°, 
and the product is purified by repeated distilla¬ 
tion (Weber, P. 118,615).—2. SeO., and PCI, are 
brought together in the ratio SeO,;PCl,; SeOCl, 
and POCl, are produced, but the heat evolved 
sufiloes to cause a secondary reaction, which 
yields SeOl, and P,0,,, so that very little SeOCl, 
can bo obtained by this method (Michaelis, J. Z. 
6, 79; cf. Selesio onLOHioE, Preparation, 
p. 439).—3. By distilling SeO, and NaCl in 
the ratio SeO,;NaCl (Cameron a. Macallan, Pr. 
46, 3.5). 

Properties.—k yellowish liquid, fuming in 
the air, boiling at 179'5°, and solidifying below 
0° to colourless crystals, which melt at 10° 
(M., f.c.). 

lieactions and Combinations (M., l.c.). — 
1. Water decomposes SeOCl,, forming H,SeO,Aq 
and HClAq.—2. Ammonia produces SeO,„ Se, N, 
NH,Cl.—3. Sulphuryl chloride produces SeCl, 
and SO,.—4. Phosphoryl chloride forms SeCl, 
and P.,0, («. Preparation of selenic chloride, 
p. 439).—6. With phosphorous chloride POCl,, 
SeCl, and Sc.,Cl, aro produced. — 6. SeOCl, 
combines with stannic chloride to form 
3ScOCl,.SnCl,; also with titanic chloride and 
antimonie chloride to form 2SeO01yTlCl, and 
2SeOCl,.Sbd, (Weber, P. 125, 325); 

Selenion, THio-oxvcnLORioE OE, SeSO,Cl,. 
{Pyrolhioselenyl chloride. Selenion sufpfto. 
oxytetrachleride.) Mol. w. not determined. 

Formation —1. By the interaction of SO, and 
SeCl, (H. Hose, P. 44, 316).—2. By dissolving 
SeCl, in Nordhausen sulphuric acid (Clausnizer, 
B. 11, 2007)«—3. By heating SO.,01, and SeOCl, 
in a sealed tube to 170°-180° (0., I.C.). —4. By 
the interaction of SO,.OH.01 and SeO„ SeOCl,, 
or SeCl, (C., l.c.). 

Preparation.—BePjl, and SO,.OH.Gl aM 
warmed together in the ratio Se01,:2(SO,.OH.01) 
till the SeCl, is quite dissolved; 

SeCl.+SO,.OH.01 - S0r01.0SeCil. + Cl. 
(Excess of SO,.OH.Cl is needed to hasten the reae* 
tion and to serve as a solvent.) The reddish sola* 
^on solidifies on cooling; the white needles aM 
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Mparaiedby prtssitig between porone platea, and 
^ded over H.jSO,. 

Properties and Reactions, — Small white 
needles; unchanged in vacuo or on gentle 
wanning; deliQuesccs in moist air; molts at 
166° and boils at 183°; V.D. at 209° = 48'6, 
calculate for SeSO,Cl, = 150; dissocia¬ 
tion has therefore occurred, perhaps thus: 
2SeSO,Cl, = 2SO, + Sa^Clj -1- 3Clj (C., l.c.). Decom- 
posed by water, at once, to HjSO,Aq, U^SeOgAq, 
and HClAq. 

Selenion, phosphides of; v. Phosphobus 
BEI iBNinSS, p. 144. 

Selenion, sulphides of. The only compound 
of Se and S that has been isolated is SeS. Divers 
a. Shimidzu (C. J. 47, 446) say that this is the 
only compound of the two elements that exists, 
but Eathke (B. 18, 1534) considers that others 
exist, although none but SeS has been obtained in 
a state of purity. Se and S may bo molted to¬ 
gether in all proportions, ‘but no compound is 
produced (Bettendorff a. von Bath, V. 139, 329 ; 
Bathke, P. 141,590). Isomorphous mixtures of 
the two elements crystallise from solutions of 
Seand Sin CSj (B. a. von B., f.c.). The pp. 
formed by passing H-^S into H^ScOj contains Se 
and S in the ratio SeS.., but it is a mixture of 
SeS with S (H. Bose, P. 107,186 ; D. a. S., l.c .; 
Bathke, B. 18,1634). The pp. containing Se and 
S in the ratio Se^S obtained by passing H.Se 
into HjSOj is merely a mixture (D. a. S., i.c.). 

Sblenion monosolphidr SeS. Mol. w. not 
determined. Very dilute H-SeOjAq, cooled to 
0°-6°, is saturated with H-S, which is Orst 
passed through a flask filled with pieces of ice; 
the yellow pp. which forms is washed, dried 
in vacuo, moistened with CS.^, and allowed to 
stand for some days till the mass becomes crys¬ 
talline, the CSj withdrawing S; CS. is added to 
the crystals, after a few minutes the CS, is de¬ 
canted, and the residue is washed with and 
then with alcohol. SeS forms small, orange- 
yellow, lustrous tablets; S.G. 3*056 at 0°, 3*035 
at 62°; S.H. *1274. On heating it melts, gives 
off S vapour, and then vapour of S and Se. Sol. 
CS„ but not crystalUsable therefrom by evapora¬ 
tion ; insol. water and ether (Uitte, C. B. 73, 
625, 660). 

Selenion, snlphozide of; v. Selenion thio- 
oxide, under Seleniok oxides, p. 441. 

Selenion, Bulphoxychloride of; v. Selenion 
thio-oxychloride, under Selenion oxtcblobides, 
p. 441. 

Selenion, thlo-ozide of; v, Selenion oxides, 
p. 441. 

Sslsnipn, thio-oxychloride of; .v. Selenion 
oxychlorides, p. 441. M. M. P. M. 

SELENION, OEOANIC COMPOUNDS OF. 

Methyl lelenlde or Selenion methlde Me,Sc. 
Mol. w. 109. (58°). Formed by distilling a 
solution of barium methyl sulphate with KjSe 
(W6hler a. Dean, A. 97, 6) or of KMoSOj with 
Na,Ba (0. L. Jackson, A. 179, 1). Heavy oil 
with nasty smell. Bums with bluish flame. 
PtCl. forms {MejSe),PtCl„ crystallising from 
alcohol in yellow plates. Cone. HNO, forms 
(MftjSeOjHNO, [91^, whence HClAq produces 
Me.,SeCl, [60°], while HBrAq gives MejSeBr, 
[82°] and KIAq ppts. Me^Sel,. 

Methylo-iodide MejSel. Tri-methyl- 
yclenonium iodide. Fields (Me,SeCl}^tCl,i 


crystallising from water in dark-red ootobedn 
(Jackson, B. 7,1277). 

Di-methyl diselenide Me^Se,. Formed from 
KMeSOj and KjSe, (W. a. D.; Eathke, A, 162, 
211). Heavy reddish-yellow oil, with unpleasant 
odour, sol. HNOaAq. 

Methane selinio acid CH,.SeO.;H. [122°]. 
Formed by oxidising MogSo.j with HNO, (W. a. 
D.). Deliquescent crystals, v. sol. alcohol. 
Gives with HCl crystalline CH,Se0.,01. — 
AgA'; prisms. 

Ethyl aelonide Et.,Se. (108°). (Eathke; 
Pieverling, A. 185, 331). Oil, without unpleasant 
odour. HCl added to its solution in dilute 
HNO, ppts. EtjSeCl,, whence NH,Aq forms 
(Et,Se),,OCl, (Joy, A. 86, 36). 

Ethyl iodide Et,SeI. Crystalline. Con¬ 
verted by moist Ag,0 into a strongly alkaline base 
which forms crystalline salts.—(Et 3 SeCl),EnCl 
thin plates.—(Et 3 SeCl) 2 PtCl,. 

Di-ethyl diselenide Et^Se,. (186°). Liquid 
'with disgusting odour. HCl added to its solu. 
tion in dilute HNO, gives monoclinic crystals of 
C,H,SeO,Cl. 

Ethane selinie acid Et.SO,H. Fields with 
HCi monoclinic crystals of C,H,SeO,Cl. 

Ethyl selenhydrate EtSell. Selenion- 
nicrcaplan. Formed from KSoH and Ca(EtSO,), 
(Siemens, A. 61, 360). Heavy oil, boiling much 
below 100° and having an unpleasant odour. 
Eoaots with HgO. 

Ethyl selenite SeO(OEt),. (184°). S.Q. 
IS 1*49. Formed from Ag,ScO, and EtI, and 
got also by heating SeOCl, with NaOEt and dry 
ether at 180° (Michaelis, A. 241, 158). Thick 
liquid, miscible with water and alcohol. The 
chloride SoO(OEt)Cl [10°] (175°), formed from 
SeOCl, and alcohol, crystallises in needles. 

Selenide of carbon CSc.,. Formed in small 
quantity by passing a mixture of CCl, and H,So 
through a red-hot tube (Bathke, A. 162,199). 
Pungent yellow liquid. Converted by alcoholic 
potash into EtO.CSejK, crystallising in yellow 
needles, v. sol. water and alcohol. 

Seleuido - di - acetic acid Se(CH,.CO,,H).„ 
Formed from ammonium chloro-acctate and 
alcoholic (NH,),Se (Ulrich, B. 8, 773). Mono- 
clinic tables. — *‘(Nn,).,A": insol. alcohol 
—’‘CuA": bluish-green pp. 

Amide. —Formed from CICH^-CONH, and 
alcoholic (NH,) 2 Se. Prisms, m. sol. cold water. 

Di-phenyl selenide SePh... S.G. sa 1*450. 
V.D. 8*17 (calc. 8*09). Formed, together with 
selenophenol and Se,Ph 3 .C,H,Cl (240°-250° in 
vacuo), from SeCl, and benzene in presence of 
AlCl, (Chabrid, 0. B. 109, 183; Bl. [2] 60,133; 
[3] 2, 788). Oil. Boils at 227° under a few cm. 
pressure. Bromine forms Se(C,H,Br )3 [112°], 
crystallising from alcohol in colourless hexa¬ 
gonal plates. H.O,, in presence of HCl and a 
current of air, forms Se(C,H,Cl).0,H,OH [146°] 
converted by HNO, into a crystalline product 
[188°]. 

Phenyl selenhydrate 0,H,SeH. Seleno¬ 
phenol. [60°]. Formed from benzene, SeCl„ 
and Aia, (Chabrid, 0. B. 109,183; Bl. [3] 2, 
788). Sol. alcohol, insol. water. 

Tetra. mo thyl - di - amide - di ■ phenyl-selonlde 
Se(C,^,NMo,)r [124°]. Formed from SeOCl, 
and di-methyl-anilino in ether (Godchaux, B, 
24, 766). Fellowisb needles, m. sol. cold alcohol 
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»nd ether.—B"HjSO,. [66®]. Colourless needle*, 
V. e. sol. water.-B''20,E,(NOJ,OH. [136°]. 
Yellow plates. 

Tetra ■ ethyl. di • amide - dl ■ phenyl - selenlde 
Se(O.H.NEts),. [83°]. Formed from SeOCl, 
and FbNEt, in ether. Silky needles, v. e. sol. 
hot ether and alcohol.—B''HjClj. [73°].— 
B"20,H,(NO.J,OH. [135°]. Yellow plates and 
needles. 

Di-phenyl-selenone SeOPhj. (230° at 65 mm.). 
8.G.l??l-48. Formed, together with the compound 
PhSe0{0,H,Cl) [94°], from SeOCl^, benzene, and 
AlCI,. Amber-yellow liquid. Not attacked by 
cold EdO,. Bromine.watcr yields SeO(C,H,Br), 
[120°]. HjOj, HCl, and a current of air form 
BeO(C^,Cl), [169°]. 

Phenyl seleno-carbimide Ph.NC.Se. Formed 
by shaking Na^So with the chloride of phenyl- 
carbamine, PhNCCl,, and ether tor a day, filter¬ 
ing, distilling with steam, and drying the oil in 
vacuo over (Stolte, B. 19, 2350). Paid 

yellowish-red oil, v. sol. alcohol and ether. 

Phenyl-seleno-urea NHPh.OSe.NH.,. [182°]. 
Formed by passing NIIj into Ph.NC.Se dissolved 
in ether, and also by the action of H^Se on 
phenybeyanamide in benzene (Stolte, B. 19, 
1579, 2350). Crystals (from alcohol). 

Di-phenyl-seleno-urea CSe(NHPh)j. [186°]. 
Formed from aniline and phenyl seiono-carb. 
imide (Stolte, B. 19, 2351). Crystals (from 
alcohol), si. sol. ether. 

Selenaldine C„lI, 3 NSo.j. Formed by passing 
SoHj into an aqueous solution of aldehyde- 
ammonia in absenee of air (Wohler a. Liebig, A. 
61,11). Colourless crystals, with slight odour, 
si. sol. water, v. sol. alcohol and ether. Its solu¬ 
tions are turned brown by air. 

Amido-selenazole CjIIiN^Se f.«. 

SeUnazylamme. [121°]. 

Formed by warming seleno-urea with di chloro- 
di-ethyl oxide and aqueous NaOKt (Q. IXofmanu, 
A. 250, 308). White needles, v. sol. alcohol and 
ether, m. sol. benzene and water. Decomposed 
by prolonged boiling with water.—B'jHjPtClj: 
orange-red pp. 

Acetyl derivative 0,'B-j&.cS,Se. [o.210°]. 
Needles. 

Oxy-amido-selenazole cn’oloil)^^^' 
hydantoXn. [190°]. Formed by boiling seleno- 
nrea with chloro-acctie acid and alcohol (O. 
Hofmann, A. 250, 312). Thick crystals, m. sol. 
hot water and alcohol, insoL ether.—B'UCl; 
needles. 

m-oxy-selenazole ®h;c|oH)^^- 
Formed by boiling oxy-amido-selenazole with 
NaOHAq (Hofmann). Prisms, v. sol. alcohol, 
m. sol. water. 

Amido-methyl-selenaiole 

[80°]. Formed from seleno-urea and ohloro- 
acetone (G. Hofmann, A. 260, 305). Needles, 
T. sol. alcohol and ether. Alkaline in reaction. 
—^B'HCl: prisms (from water).—^B'gH^tCl,: 
orange-red orystalline pp. 

Acetyl derivative 0,H^cN,Se. [122°]. 
Needles (from benxene), si. mL water. 


Amido-methyl-selettMols earboxylle seid 

CO.,H.E®;CMe®'’>N. [196°]. Formed by heat- 
ing seleno-urea with ohloro-acetoacetio ether (G. 
Hofmann, A. 250, 309). Needles, m. sol. water, 
V. sol. alcohol and ether.-^A'HCI: pjates, v. e. 
sol. water. 

Acetyl derfoafiusCjHjAoNjSeOr [220°]. 
Needles, almost insol. hot water. 

Amido-phenyl-selenazole CgHiN^Se i.e. 

ChS^^' M- Formed from bromo- 

acetophonone and seleno-urea (G. Hofmann, A* 
250, 307). Needles or prisms, insol. water, sol. 
alcohol and acids.—B'llBr: yellowish plates, sU 
sol. cold water. , 

Di-phenyl-selenazole Oi^lI^HSe i.e. 

CH*CP^^* formed from w-bromo- 

acetophenone and seleno-benzamide (G. Hof¬ 
mann, A. 250, 317). Plates, v. sol. alcohol 
and ether. Its salts are decomposed by water.-* 
B'-^oPtClg: pale-yellow pp. 

Phenyl-methyl-selenazole OjgHgNSo 

PhCSe-NHa [12C°] and chloro-acetone (G. Hof¬ 
mann, A. 250, 316). Yellow oil.—B'^H^PtCij: 
pale-yellow needles. 

Phenyl-methyl-seienazole carboxylic acid 

C„H.ScNO, i.e. c 03 H.O®;Se>N- 
Formed by saponifying its ether, which is got 
from sclcno-bcnzamide and chloro-acetoacetio 
ether (Hofmann, A. 250, 318). Small needles 
(from benzene), m. sol. alcohol.—AgA\ 

Ethyl ether EtA^ [121®]. Plates. 
Seleno-benzoic acid. Amide CyHy.CSe.NH^ 
[12C®] Formed by passing Ilj^Se into an alcoholio 
solution of bcnzoniti'ile made slightly alkaline 
with NH, (Dechend, B. 7, 1273; G. Hofmann, 
,4.* 250, 314). Golden needles (from water or 
other). Ileacts with a-chloro-ketones, forming 
selenazoles; c.j. X.CO.CHCl.X + CPh(SeH):NH 

Seleno-benzoio aldehyde v. Benzyudehe 

SELENina. 

Selenocyanic acid HSeCN. The K salt is 
got by fusing K^FeCy, (3 pts.) with Se (1 pt.) 
(Crookes, A. 78,177; cf. Berzelius, S. J, 31, 60). 
The free acid is obtained, in solution, by de¬ 
composing (hu lead salt by H,S. It is decom¬ 
posed by acids into Se and HCy. FeCl, does 
not give a red colour, but ppts. Se. Iodine added 
to a solution of KSeCN ppts. EOjNjSe,. Air 
containing a little chlorine passed over a 10 p.o. 
solution of KSeCN forms a red orystalline pp. 
KSOjOjNjaq changing to yellow So,Oy„ which 
separates from chloroform in yellow plates, and 
is decomposed by water into HCy, SeO., and Be, 
and yields in vacuo at 108° a orystalline sob- 
limato of Se^Cy., decomposed by hot water into 
HCy, SeOj, and So (Veruouil, 0. B. 108,14^. 
Alcohol converts KSe.OjNj into Se and KSo,0,N, 
which forma brown crystids, sol. alcohol. 

Balts.—KA'. Formed as above, and also 
by dissolving Se in aqueous KCy (WShler; 
Schiellernp, A. 109,125; G. Hofmann, A, 260, 
296), Very deliquescent needles, alkalins to 
litmus.—NH,A’ (Cameron a. Davy, 0. FT. 44, 
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M).—KA'HgOL s wliita pp.—EA'HgBr^— 
KA'Hglr—KHg^',: prisms.—KHgA',.-Hg^',: 
oUve-gmii pp.—BgA',: felt-like mass of 
yeUowishorystals.—AgA'jHgOlj.—PbA',: lemon- 
yellow needles (from water).—KjPtA',. Dark- 
red scales (Olarke, Jb 11,1326).—AgA'. Satiny 
oryetals, blackened by light. Converted by ICy 
into volatile orystalline BeCy, (Linnemann, A. 
120, 36). 

Methyl ether MeA'. (158'>). Yellow oil 
(Stolte, B. 19,1577). 

AUyl ether C,HjA’. Oil. 

Methylene ether [132®]. Formed 

from MeX and alcoholic KSeCN (Proskauer, B, 
7,1281). Bbombohedra (from alcohol). HNOj 
forms CH,(SeO,H) 2 . 

Ethylene ether CjH,A',. [128°]. HNO, 
forms, on boiling, deliquescent 0 jH,(Se 03 H) 2 . 
which yields BaA", sol. hot water. KOH yields 
diethylene tetraselenide [131°]. 

Propylene ether 

CH,.OH(SeCN).CH,(SeCN). [66°]. Formed by 
heating KScCN with propylene bromide and 
alcohol (Hagelberg, B. 23,1091). White crys¬ 
tals. 


Trimethylene ether 

3H,(SeCN).CH^.CH,(SeCN). [61^. Converted 
by KOH into tnmethylene diselenide [65°]. 

Benzyl ether v, vol. i. p. 602. 

Belenocyano-acetio acid CIi^(SeCN).C 02 H. 
[86°]. Formed from ohloro-acetio acid and 
potassium selenocyanide (O. Hofmann, A. 260, 
300). • Yellowish needles (from ether and chlo¬ 
roform), v. e. sol. water and alcohol.—BaA’^: 
amorphous. 

Selenocyano-acetoacetic ether 
CHj.CO.OH(SeCN).COjEt. Formed from chloro- 
acetoacetio ether and KSeCN (H.). Liquid 

Belenocyano-acetone CH,.CO.GH.,.SeCN'. 
Formed from chloro-acetone and KSeCK (H.). 
Yellowish oil. (lives an oily phenyl-hydrazide 
and an ozim. Mot more sol. alkalis {ban 
water. 

Selenoeyano-acetophenone 
CjHrCO.CHjSeCN. [85°]. Formed by boiling 
01 bromo-acetophenone with alcohol and KSeCN 
(Hofmann). Crystalline. 

Selenocyano-ethyl-phthalimide 
C,H,0,;N.CH,.CH2.SeCN. [125°]. Formed by heat¬ 
ing bromo-ethyl-phthalimide with KSeCy and 
alcohol (Coblenz, B, 24,2133). Crystalline mass. 
Converted by boiling dilute caustic potash into 
Se,(CjH,.NH.CO.C«H,.COjH), [119°], which 
forms yellowish crystals and is converted by 
HCl at 180° into Sej(C 2 H,NH 2 )j, which yields 
B"2HC1 [188°] and B''20.H,NA [178°], both 
being crystalline. 

y-Selenooyano-propyl-phthalimide 
C,H,0,:N.CH,.CHa.CHj.SeCN. [102°]. Formed 
by heating bromo-propyl-phthalimide with 
KSeCN and alcohol (Coblenz, B. 24, 2134). 
Converted by boiling dilute (10 p.c.) KOH into 
orystalUne Se,(CANH.CO.C.H„CO.;H), [84°]. 
vhence HCl at 180° forma Se,(C,HgMH 2 )„ which 
yields B"2HC1 [170°] and B''2CJH,N,0, [166°]. 

w-Selenocyano-o-tolnie acid. Nitrile 
CH,(SeCN).OgH,.CN. o-Cyano-benzyl seleno- 
cyanide. [121°]. Formed by warming the ni¬ 
trile CH,C1.0,H,.CN with KSeCN (Drory, B. 24, 
2664). Long brownish needles (from alcohol) 
0 t prisms (from benzene). Converted by dilate 


H,SO, into Se,(Cng.0A-0N), [110“], HOIAq 
at'lOO® forms 8e and o-oyano-benzyl chloride. 

Beleiloeyannric acid H,Se,C,N,. Formed 
from CljCy, and NajSe (Stolte, B. 19,1678). 

Methyl ether. [174°]. 

Seleno-phthalimidine 0»H,<^Q^^^^Se. 

Formed from CHj{SeCN).0,H4.(^ and cone. 
HjSO, (Drory, B. 24, 2566). Sol. alcohol. 

Reactions ,— 1. NaOH forms the compound 
Seg(CHj.CjH,.CN) 2 ,crystallising in needles [110°], 
sol. alcohol and CS,, and converted by HCl at 
160° into Se and phthalide.—2. When steam is 
blown through a mixture of selenophthalimid- 
ine, alcohol, and KOH there is formed seleno- 

ph thalide CjH,<^Q^^Se, crystallising in broad 

plates [58°], insol. water, sol. alcohol.-3. Alco¬ 
holic potash and Mel form CH,(SeMe).C,H 4 .CN 
(l80°-200“). 

Salts. —B'HCl: needles, slightly sol. water 
and alcohol.—B'-jH^PtClg. Orange powder.— 
B'OgHgNgO,.—B'HBr. [264°]. Needles: si. sol. 
water.-B'HIj (?) [223°]. Formed by heating 
CHg(SeCy).OgH 4 .CN with HUq at 100°. Dark- 
violet needles.— Sulphate [145°-160°]. 

Piaselenole OgH 4 <^^^Se. [76°]. Formed 

from o-phenylene-diamino and an aqueous solu¬ 
tion of selenious acid (Hinsberg, B, 22, 2897). 
Needles, v. sol. alcohol and ether, si. sol. water. 
Its salts are yellow and decomposed by much 
water with separation of the base. Iodine forms 
a green periodide. 

Amido-piaselenole OgH,(NH,):NjSe. [160°]. 
Formed by adding HjScOj to a cool solution of 
tri-amido-benzene hydrochloride and NaOAo 
(Hinsberg, B. 22, 2898). Brownish-red needles, 
si. sol. water, m. sol. alcohol. SnCl, separates 
Se.—B'HCl: reddish-brown needles, si. sol. 

Oxy-piaselenole. Ethyl derivative 
CgH](OEt):N,So. [104°]. This is formed from 
Cgn,(OEt)(NH .,)2 and aqueous HjSeO,. Needles 
terming a yellowish-red solution in H^SOj. 

Methyl-piaselenole oMo;ch!o.N>®®- 
(267° nncor.). Formed from tolylene-diamine 
and aqueous SeOg at 80° (Hinsberg, B. 22, 
863). Needles, si. sol. cold water. SnCl, 
yields tolylene-o-diamine and Se. Does not react 
with nitrous acid or with AOjO.—B'.,H.jPt01,. 

Chloro-methyl-piaselenole CJH..ClMe:NjSe. 
[160°]. Formed by warming o-tolylene-diamine 
with SeOj and cone. HClAq (Hinsberg, B. 23, 
1396). Small needles, volatile with steam. 

N aphthoplaselenola 0,H,<^®g;^'^^Se. 

[129°]. Formed from (a3)-naphthylene-diamine 
sulphate, aqueous NaOAo, and SeOj (Hinsberg, 
B. 22, 866). Needles, si. sol. water, m. sol. 
alcohol, V. sol. other. Cone. H-SO, gives an 
intense yellow colour. SnCI, and HCl give Se 
and naphthylene-diamine. 

Selono-urea CSe(NH 4 )r [o. 200°]. S. 11 at 
19°. S. (alcohol) 3 at 18°. Formed by passing 
HgSe into a 2 p.c. solution of oyanamida in 
ether (Vemeuil, G. R. 99, 1154; 100, 1296; 
Bl, [2] 43, 68, 683). White needles, v. sol. 
hot water, si. «ol. alcohol and ether. Its 
solutions are decomposed by light, especially 
in presence of an alkali, with separation i 





teleniam. preeenee of air and HOlAq It 
yields (CSeN^.),02H01, which forms brown 
orystals with violet reflex, converted by baryta- 
water into So, eeleno-urea, and oyanamide. 
The compound (CSoNjHJ.OflHBr may be formed 
In like manner. When the ‘ oxy-triselenourea ’ 
hydrochloride is allowed to stand in the acid 
liquid in which it is formed, it changes into 
yellow crystalline (CSeNJHJjC^ HlAq converts 
selenourea into (CSeN2H,)2l,. HjSO, added to a 
saturated solution of selenourea forms scarlet 
crystals converted by heating with alcohol 
(100 pts.) and H.,SO, (4 pts.) at 50° into 
(CSeNjH,),OH,SO„ crystallising in pearly plates. 

Bthylene-i(i-seleno-nren OjH,NjSe i.e. 

Formed by evaporating a 

solution of bromo-ethyl-amine hydrobromide 
(8 g.) with KSeCy (6 g.) to dryness on a water- 
bath (Baringer, B. 20, 1003). Unstable. Con¬ 
verted by bromine-water into ethylene-tt-urea.— 
B'HBr. [170°]. Needles.—B'jHjPtCl..— 
B'CAN.O,. [220°]. Needles. 

Propylene-^-selenourea C4HgN.^Se. Obtained 
In like manner from /3-bromo-propyl-amiue.— 
B'0 „JIsN, 0,- [110°].—B'jH^nCl,. Light-yellow 
plates. 

Trimethylene •tp ~ selenourea 0,HjN.^Se. 
Formed from 7. bromo-propyl-amine and 
KSeOy.—B'HBr. [135°]. White crystals (from 
alcohol) soon turning red. —B'C,HjNaO,. [0.63°]. 
Small conocntrio needles. 

'Seleno-isovalerlo aldehyde OsH,gSo. [67°]. 
Crystalline (SchrSder, B. 4, 402). 

Di-methyl selenophene 


„/CMe:gH 


Selenoxme. (154° uncor.). Formed by heating 
acetonyl-acetone with phosphorus pentaselenide 
PjSe, at 180°. Colourless mobile liquid of 
slight smell. With isatin and cone. HjSO, it 
gives a carmine-red colouration. By Lauben- 
heimer's reaction a reddish-brown colour is 
produced. Benzoyl-formic acid also produces a 
reddish-brown colouration (Paul, B, 18, 2256).' 

BELENIOBS ACID ILSeO,. Mol. w. not 
determined. This compound is the acid of the 
anhydride SeOj. 

PrepaTatum. —Se is dissolved in hot cone. 
HNOjAq, the solution is evaporated to dryness, 
the residue is dissolved in water, BaOAq is 
added to ppt. traces of HjSoO,, the filtrate is 
evaporated to dryness in a retort, and the residue 
is heated till SeC.^ sublimes (Thomsen, B. 2, 
698); the pure SeO^ thus obtained is dissolved 
in c. 1 its weight of hot water, on cooling largo 
orystals of H^SeOj separate (Weber, P. 118,479). 
To prevent formation of H.,SeO, in the oxidation 
of Se, Divers a. Shimos4 (0. J. 47, 439) re¬ 
commend to dissolve Se in a large excess of cone. 
KjSO, instead of using HNO,. 

Properties.—L&tse white orystals, resembling 
nitre; effloresces in air; withdraws water from 
moist air; S.G. 3 0066 at 15'7° (Clausnizer, B. 
11, 2009). Poisonous. The acid crystallises 
unchanged from solution in aqueous acetic acid, 
or in aqueous (Chabri6, A. Ch, [6] 20, 20^. 
H.P. (Se,0',Aq] - 66,160 {Th. 2, 274). HjSeO, 
is a dibasic aoidj this is shown by the existence 
of two salts M'HSeO, and M»jSeO, (v. Sbiesitm), 
and also by the heat of neutralisation, which is 
by XboniMn {TK It 172) 49 IpUowi • 


[H'SeO’Aq, NaOHAq] - 14,770, [H'SeO'Aq] 
2NaOHAq] - 27,020, [H*SaO*Aq, 4NaOHAq, 

»27,480. As no derivative of H,SeO, exists 
corresponding with CjHj.BO,OH, and as only 
one ethyl selenite SeO(OBt)| can be obtained, 
and as the compound 8eO.C1.0Et has been 
isolated, it appears that the acid is SeO(OH), 
and not SeOj.OH.H (Miohaelis a. Landmann, 
B. 13, 656; A. 241, 160). 

Reactions. —1. Heat causes HjSeO,to dwom- 
pose to SeOj and Ilfi.—i. Many oMisabU 
bodies remove 0 from H.,SeO,. For instance, 
sulphur dioxide passed into H.,ScOjAq ppts. So; 
the reduction is complete only when the com¬ 
pounds interact in the ratio H,SoO,:2BOj 
(Schulze, J. pr. [2] 32, 390); the presence of 
HOI hastens the reaction (i>. Miohaelis, J. Z. 
6, 88; Bathko, A. 1.52, 194). When SOj and 
H.;SoOj interact in other proportions than 
H2SeOj;2SOj, thioselenio acids are formed 
{cf. p. 435). Hydrogen sulphide ppts. Se and 
S in the ratio Se:2S (Divers a. Shimidzu, 0. J, 
47, 441). Various metals, such as Cu, Fe, Ag, or 
Zn, also reduce H.,SeOjAq in presence of HCl, 
with ppn. of Se. HjSeOjAq is partly reduced by 
exposure to air containing dust. M. M. P. M. 

SELENIIES. Salts of selenious acid 
(HgSeOj), Mj'SeOg, and M'HSeO,. The alkali 
salts are formed by adding alkalis to HjSeOjAq 
and evaporating; most of the other seienites 
are formed from the alkali salts by double de¬ 
composition. 

Seienites give selenides, or metallic oxide 
and Se, when heated with charcoal. Heated 
with NH,C1, out of air, they give a sublimate of 
Se. Most seienites, except those of the alkalis, 
are insol. in water. 

Many seienites combine with SeO, to form 
acid salts; many basic seienites are also known. 

Boulzoureano {Bl. [2] 48, 209) found that 
many seienites can be obtained in well-formed 
crystals by adding N^SeO,Aq to solutions of 
metallic salts, and heating the pp. so formed with 
very dilute HgSoO^A-q sealed tubes at 200°; 
also by dissolving metallic carbonates in dilate 
HgSeOsAq, adding water, and heating in sealed 
tubes at 200°. The older investigations of 
seienites were by Berzelius (n. Lehrbueh) and 
Muspratt (0. J. 2, 52). Boulzoureano (U .; also 
A. Gh. [6] 18, 289) has made a more thorough 
investigation of these salts. Nilson {Bl. [2] 21, 
253; 23, 200, 353, 494) has also prepared and 
described many seienites. 

It has been thought sufficient to give the 
names of the metals seienites of which have 
been analysed. Abstracts of B.'s papers will be 
found in 0. J. 64, 220; 60, 262; and an abstract 
of Nilson's paper will be found in the SrdSupp, 
of the first edition of this Diotionabv, p. 1786.— 
Al, Am, Sb, Ba, Be, Bi, Cd, Ca, Ce, Or, Co, Cn, 
Di, In, Fe, La, Pb, Li, Mg, Mn, Hg (cf. Cameron 
a. Davy, Trans. I, 28, 146), Ni, K, Ag, Na, Sr, 
Tl, Th, U, Zn. M. M. P. M. 

SELENO-AHTIMOKATES V. Antimokaixs, 
vol. i. p. 286. _ . „ 

SELENOCYANHYDBIO ACID «. voL U. p. 
348. 

BELENOCYANIDES v, vol. ii. pJB48. 

SEIEN0METAHYP0PH0SPHITB8 
B'PSe and E'HPSe), o. Dubospbobus BBHtwni^ 
vol. p. 146, 
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SELENOPYKOPHOSPHATBBi ^ 


81LSVOPTR0PE08PSATE8 B.>P,Se, and 
R,°P,Sa, V. PaosFHOBic axLENinx, p. 146. 

BSLXH0PTB0FB0SPHITE8 B,‘P,Se, and 
B,“P,Be, t>. Phobphoboos selbnide, p. 146. 

8SIEN08AHIC ACID8, BAITS OF. Selenos- 
amio acid SeOfNHJOH has not been isolated, 
bnt the NH, salt of this acid, and also the NH, 
salt of diselenosamio acid, 2SeO(NH,).(OH)„ 
have been obtained. 

Ammoninm selenosamate SeOlNH^jONH, is 
formed by the action of dry NH, on SeO, dis¬ 
solved in alcohol. It is a white, crystalline, 
deliquescent salt; very unstable, easily giving 
off NH, and forming diselenosamate. Water 
partially converts this salt into (NH,),SeO,. 

Ammonium diselenosamate 
2SeO{NHJ.OH.ONH, is formed by boiling an 
alcobolio solution of the selenosamate, or by 
letting the solution stand over H,SO, in vacuo. 
It crystallises from alcohol in large, deliquescent 
prisms (v. Cameron a. Macallan, Pr. 44, 112). 

M. M. P. M. 

SEIENOTHIO-OXIDE SeSO, o. Selmion 
thio-oxide, under Sblenion oxiukb, p. 441. 

8EI.ENOTHIO-OXYCHLORIDE SoBO,Cl, t). 
SaiiliNION THIO-OXVOHI.OBIDE, p. 441. 

SELEHOTHIOSBLPHATES M,SoSO. V. 
Thioselenates, under Sblenaies, p. 484. 

BELENOTBITHIONATES M,8eS,0, v. 
DitJUotriselenates, under Selenates, p. 434. 

BKIiENOTBITHIONIC ACID H,SeS,0„ v. 
IHthioiriselmic acid, under Selenatbs, p. 435. 

SELENYl BBOMIDE and CHLORIDE v. 
Seleniob oxtbbomide and Oxxchlobioe, p. 
441. 

BEUINOSE V. Mannose. 

BENEQIN V, Saponin. 

SENNA v. Catbabtio acid. 

BENNITE is identical with PmnE, the 
methyl ether of dextrorotatory inosite. 

SEPTYL. A name for Hepivl. 

SEaDOIENE 0,Ji|o. [105“]. (290“-300“). 
V.D. 6'66 (obs.). Occurs, together with CioH,, 
(165»1, S.G. 15 852, Mb = 24“, and oily 0.,H,„0, 
(229°), in the leaves of Sequcna gigantea (Lunge 

а. Steinkauler, B. 13, 1660). White plates with 
characteristic smell, volatile with steam; sol. 
alcohol, ether, benzene, and chloroform. 

SEBICIC ACID C,,H„N,0,. Formed by the 
action of eono. baryta-water on silk (Champion, 
0. B. 72, 330). Deliquescent, translucent mass. 
—BaA',.—PbA',: pp. 

BEEIN 0,H,N0,. a-Amido-hydracrylic acid 1 

б. 8 at 10“; 6 at 20“. Formed by boiling silk 
with dilute H,SO, (Cramer, J. pr. 96, 76; Bau¬ 
mann, B. 16, 1735; Melikoff, C. 0. 1881, 354). 
Monoclinio crystals, insol. alcohol and ether. 
Converted by nitrous acid into glyceric acid.— 
CuA',.—HA'HCl: needles, v. e. sol. water.— 
HA'HNO,; minute needles. 

SERINE V. Pboteiss. 

8EBVU ALBUMEN v. Pbopeids. 

SEBUM CASEIN v. Pboteids. 

SEBUM OLOBULIN v. Pboteids. 

SESAME OIL. B.G. -9191. Pd »1'474 at 
20“ (Long, Am. 10, 392). A fatty oil obtained 
from the seeds of Sesamum orimtale. It con¬ 
tains glycerides of oleic and linoleio aoids 
(Pohl, J. pr. 63, 400; Hazura a. Griissner, M. 
10,247). Gives a raspberry-red colour ou warm¬ 
ing with HdAq and cane-sugar (Zipperer, Ohem, 


Zeit. 11, 1600). lUe oil contains '05 p.e. of 
sesamin 0„H„Os [118]. 8. (alcohol) '27 at 
20“; 8-07 at 78“. S.G. 1'306. ^80, containing 
HNO, colours sesamin green and afterwards 
bright red (Tocher, Ph. [3] 23, 700). 

SEXTYL. Another name for Hexto. 

SHEA BUTTER, obtained in West Africa 
from the nuts of Bassia ParkU, contains olein 
and stearin (Oudemans, J. pr. 89, 205). 

SHELLAC V. Lac. 

SHIKIMIC ACID C,H„0, t.e. 

CH(OH)<®^OH^CH g 

iil'699. jHqo- 1-303 at 14°. [a]n- -186° in 
a 7 p.o. solution. S. (other) -015 at 23°; S. (al¬ 
cohol) 2-25. Occurs in the fruit of illicium 
religiosum (Japanese, shikimi) and Chinese 
Btar-aniso (Eykman, H. T. C. 4, 49; 5, 299; B. 
24, 1278). Crystalline powder composed of 
minute needles, si. sol. alcohol and OHCI3, 
nearly insol. ether. Lrovorotatory. Yields jp- 
oxy-benzoic acid when heated with HClAq.— 
NH4A': crystals. 

Dihydride 

CH(OH)<™Wg|>CH.CO,H. [175“]. 

S.G. tt 1-47. Mco =l-iJ‘^4 at 19°. [a]D=-18°. 
S. 14 in the cold. Formed by reducing the acid 
with sodium-amalgam in presence of HClAq. 
Monoclinio crystals. Converted by HCl into 
benzoic acid. 

Dibroviide 

CH(OH)<CH(On)^HBr>cBr.co,H. [o. 188“] 

/loo =1-295. [«]»?=-5H“. Formed by adding 

Br to a cold solution of the acid. Tetraliedra. 
Converted by moist Ag,0 into C,II,,BrOj [235“J, 
8. 6-3 at 17“, [o]n = + 22“, crystallising in hexa¬ 
gonal needles, si. sol. other, converted by baryta 
into oxyshlkimic acid [156“]. 

8HIKIMIPICRIN C,H„,0, (?). [200“]. 8.6-2 
in the cold. Occurs in the fruit of Illicium 
religiosum (Eykman, Ji. T. G. 4, 63). Large 
crystals, m. sol. alcohol, si. sol. ether. 

SHIKIMOLE V . Sai'bode. 

SIEOBURQITE. A fossil resin found near 
Siegburg. It contains styraoin, metastyrone, 
and some free oinnamio acid (Klinger a. Pit- 
sohke, B. 17, 2742). 

8IKIMINE. [175°]. A poisonous substance 
in the seeds of JUidum religiosum (Eykman, 
Ph. [3] 11,1046). Prisms, i.l. sol. water, ether, 
and CUClj, v. sol. alcohol and UOAo. 

SILICA Si0.j. {Silicon dioxide. Silicic 
anhydride.) Mol. w. not known. S.G. guarla 
2-047 to 2-652, tridymite 2-282 to 2 326, amor¬ 
phous 2-20 at 15-6“ (Sohaffgotsoh, P. 68,147). 
S.H. guarls -1737 at ord. temp., -305 at o. 400“, 
constant from 400“ to over 1000“ (Pionchon, 
0. B. 106, 1344). H.F. [Si,0“] = 219,240 from 
amorphous 81; 211,120 from crystalline Si 
(Troost a. Hautefeuille, C. B. 70, 252). 

Occurrence.—Compounda of SiO, are very 
widely distributed in large quantities; quarts, 
flint, chalcedony, jasper, qpd, dto., ate nearly 
pure SiO-. Silica is the ohiet constituent of 
sandstones ; felspar, agate, and a vast number 
of otW minerals contain silica. Silica (or 
eilicates) is also found in many plants. 

Preparation. —(i) Amorphous silica.—* 
I. Quartz is finely powdered, best by heating tp 
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redness and plunging Into cold water, and 
heated with c. 6 times its weight of Na^COy in 
a Pt oracible till the whole fuses quietly; the 
cold mass is treated with water, the solution, 
when clear, is poured elowly into excess of fairly 
cono. HGlAq, the liquid (after filtration, if ncces* 
saryl is evaporated to dryness in a Ft dish, the 
resiaue is moistened with cone. HClAq, warmed, 
and allowed to stand for an hour or two; this 
treatment with acid is repeated two or three 
times; water is then added and, after warming 
and standing, the solution is filtered oil, the 
residual SiO^ is washed with hot water, dried, 
and heated to redness.—2. SiF 4 (t>. p. 459) is 
passed into water, the gelatinous SIO^ which is 
ppd. is pressed between linen, thoroughly washed, 
dned, and heated to redness. 

(ii.) Crystalline silica.—1. Moist ppd. 
SiOa— e.g, the pp. got by passing SiF^ into 
water—is dissolved in boiling NaOIIAq, and the | 
solution is heated in a sealed tube; crystals of^: 
tridymit6 (v. in/m, Properties) separate below ’ 
180®, and crystals of quartz separate above 180° 
(Maschke, P. 145, 549).—2. Small tubes of bard 
glass are half-filled with solutions of dialysed 
silicic acid (v. Siiuca, h-sdrates of, infra) con¬ 
taining c. 10 p.c. SiO], closed by fusion, and 
heated to 250® for some months; small crystals 
of quartz are tlius obtained (Kroustchoff, 0. P. 
104, 602).—3. Any hydrate of SiOj yields crys¬ 
talline silica by healing in a forgo-fire (Fremy, 
A. Ch. [3] 38, 327).—4. Crystalliilb SiO.^ is 
formed by fusing silicates wiili inicrocosmlc salt 
(fl. Kose, J. pr, 101, 228), or with borax (G. Hose, 
3, 2, 888). For other methods of preparing 
crystalline silica v. Itammclsberg (73. 5, 1000), 
Hantefenille (G. R. 80,1133; 90, 830), Siinar- 
mont {A, Ch. 42, 129), Friedel a. Surasin 
{Bl. [2] 31, 4811, and Daubrde (Ann. M. [6] 12, 
297). 

Properties.—The mol. w. of silica is un¬ 
known, but there is reason to think it is a con¬ 
siderable multiple of that indicated by the 
formula SiOj. By applying the oryoscopid 
method loan aqueous solution of colloidal silicic 
acid (v. Metasilicio aoiu, infra) Sabandeff 
(J. B. 21, 515; Abstract in C. J. 58,1215) ob¬ 
tained numbers pointing to silica being a very 
high polymeride of SiOj. The great infusi¬ 
bility and non-volatility of silica, especially 
when this compound is compared with COj, 
make it probable that the molecular formula 
of silica is nSiO,, where n has a large value 
(». Mendcldett's Principles of Chemistry, vol. ii. 
p. 93). 

Crystalline eilica. SiO, crystallises as 
quartz in colourless, transparent, hexagonal, 
six-sided prisms having the axes-ratio 1:1-0999 
(S.O. 0 . 2-65), and as tridymite in hexagonal 
forms with the axes-ratio 1:1-631 (S.G. o. 2-3). 
Crystalline SiOj is insol. or almost insol. in 
alkali Eolations; it is attacked by HFAq slowly 
and witbont notable rise in temperature. 

Amorphous silica is a white, loose, 
tasteless powder; S.G. 2-2. It dissolves in hot 
alkali solutions; after continned heating to a 
high temperature it is less sol. or nearly insol., 
owing to change into the crystalline form. Dis¬ 
solves in HFAq, with intumescence and consider¬ 
able rise of temperature. 

Siliqa {b fpsiblq iii the Q-H flame to a 


oolonrless glass; when fused ii may be dra-wn 
into extremely flue threads. Cramer (Zeitfilr 
angewand. Chem.) finds that quartz is volatile 
at a temperature whereat Ft boils (v. Abstract 
in C. J. 64, ii. 164). SiO.^ is insol. in acids, 
except in HFAq. It is slightly volatilised in 
steam (v. Jeffreys, A. 39, 255). Silica is in¬ 
soluble in molten microoosmic salt (NaNH,HPOJ. 

Reactions.—1. Fused with alkalis, alkali 
silicates are formed; with alkali carbonates 
COj is evolved.—2. Decomposes most solid salts 
by fusion with them with formation of sllioates 
(ef. SiucATEs, p. 448). According to Mills a. 
Moanwoll (0. J. 39. 533) SiO., does not react 
with pure Na.,SOj or K.,SO, even at a very high 
temperature.—3. SiO, is decomposed by potas¬ 
sium at a red heat, forming K silicate aifd 
eilicide; it is also reduced at red heat by calcium, 
strontium, and magnesium (Bunsen a. Mat- 
thiessen, A. 94, 111; Phipson, Pr. 13, 217; 
Parkinson, C. J. [2] 6 , 123; Winkler, B. 23, 
2642).—4. Heated with carbon and certain 
metals, SiOj is reduced, with formation of 
eilicides of the metals; Ir, Pd, Pt, and Itn react 
in this way (Boussingault, C, It. 82, 691; cf. 
Warren, C.N.60,B). Au and Ag reduce SiOj only 
when strongly heated therewith in presence of 
Na^SiP, and Na (W., l.c.).—5. Dry SiOj (prepared 
from SiP,) which has not been strongly heated 
reacts with molten metaphosphorie acid to form 
SiOj.PjO, and Si 0 .,. 2 P 205 . 4 H .,0 (Hantefenille a. 
Margottet, C. B. 96,1052; 104, 60; v. Siuco- 
pnosi-uoBio oxtDES, p.462).—6. Mixed with finely 
divided carbon and heated in hydrogen sulphide, 
SiSjis formed (v. Silicon sunruiDE.p. 462).—7. A 
mixture of SiO, and carbon heated in chlorine 
or hydrogen chloride gives SiCl, and CO (». 
Silicon TETnACULOiiiDE, p. d.'iO); when bromine 
or hydrogen bromide is used, SiBr, is formed < 
(v. Silicon tetbabhouiub, p. 457).— 8 . With 
hydrogen fluoride, SiF, is obtained (v. Silicon 
TETHAELnomuE, p. 469).—9. Heated to low red¬ 
ness in vapour of boron trichloride, SiCl, and 
B .,03 are formed (Troost a. Hantefenille, A. Ch, 

[ 6 ] 7, 476). 

. SILICA, HYDRATES OF. (Silicic adds.) 

The hydrates of SiO, act as weak acids. The 
compositions of these hydrates ore very nn- 
cortain. The eilicates nSiOj-inltO are derivable 
from hydrates of SiO-, some of which have been 
isolated while others are bypothetioal (v 
SlLICA-TES, p. 448). 

MErABiLicic ACID l^SiO, = SiOj-HjO. (Silica 
monohydrate* Obtained by the action of 
moist air on Si(OEt),; Si(OEt), + SH,0 
SiO..H.O + 4EtOH (Ebelmen, J. pr. 37, 859). 
Also by dialysing a mixture of Na silicate and 
excess of HClAq until the liquid in the dialyses 
is free from chlorides, concentrating by boiling 
in a flask, allowing to gelatinise, and drying the 
jelly-like mass over HjSO, for two days (Graham, 

2'. 1861.183). SiOj.HjO is described by Graham 
as a transparent, glassy, lustrous solid; insoL 
water. 

Ora-HosiLioio ACID H,SiO,= SiO,.2H,0. 
(Silica dihydrate.) This hydrate of SiO, baa 
not been isolated with certainty ; it is supposed 
to exist in the solution obtained by dialysing • 
solution of K or Na silicate with excess ot 
HClAq; but as the compositions ot the siiioatea 
of E aiid Ha are very doubtful, the argument 
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based on Ute tnppadtion that ibeee ailioatea ate 
ottho* lalts—and, therefore, irill yield ortho- acid 
■—is not very tmetworthy. Various esters of the 
Ibrm Si(OX), exist where X is Me, Et, &e. The 
adution of SiO,.xH,0, when x is supposed to 
m 2, obtained by dialysing E or Ea silicate 
solution with excess of HCIA(j till the liquid in 
the dialyser is free from chlorides, is described 
by Graham (i.e.) as a clear liquid, which may be 
boiled in a flask till it contains c. 13 p.c. SiO, 
without separation of any solid. The liquid soon 
becomes opalescent on keeping, and after a time 
sets toatranspacent,oolourIcssjelly, which is insol. 
water, and, dried oyer H.jSO„ gives SiOy^O (o. 
Mbtasilicic Acm, p. 447). The solution of 
SiO] is coagulated by a minute trace of an 
alkali or alkaline earth carbonate,also by (X) 2 ,bat 
not by dil. HjBO,Aq,HN 0,Aq, or H.CjHjOjAq. The 
solution reddens litmus (c/. Doveri, A. 64, 256; 
Liebig, A. 94, 873; Karsten, P. 6, 357; Fuchs, 
A. 82, 119; Struokmann, A. 94, 341; Bose, 
P. 108, 20; Kiihn, J. pr. 69, 1; Fremy, A. Ch. 
[8] 88,814; Masohke, J.pr. 68, 234). 

TEtsiLioio jJinyDBATE 3SiO,,.2HjO = H,SijOg. 
By decomposing E or Na silicate solution by 
CO„ or SiF, by Rp, and drying the gelatinous 
pp. BO formed in vacuo, Fremy obtained a 
hydrate containing 16-2 to 16-8 p.c. water 
(38iO,.2HgO requires 16'C7 p.c. water). Several 
naturally occurring silicates may be regarded 
as derived from this hydrate (o. Silicates, 
infra). 

Disrtioio tioNOHVDBATE 2SiOj.HjO - H^StjOj. 
The gelatinous pp. formed by decomposing SiF, 
by water, after drying for six weeks in air at 
20‘’-25°, was found by Merz (/. pr. 99, 1771) to 
contain from 13'1 to 13’5 p.c. water (the formula 
given requires 13'05 p.c. water). 

Otheb hydbates. By drying the gelatinous 
pps. obtained by decomposing SiF, by water, or 
by decomposing alkali silicate solutions by weak 
acids and washing {v. Eiihn, J.pr. 59,1), solids 
are obtained of varying and uncertain composi¬ 
tion (i). Carnelley a. Walker, C. J. 63, 80); 
hydrates of fair definiteness agreeing approxi¬ 
mately with the formulie 3Si0j.H.,0 = H,Si,0„» 

9Si0,.2H,0 = H,Si,Oa„ and OSiO.,.H.,0 = H.,SigO|„ 
have been obtained (Fuchs, A. 82, 119; Oott- 
Ueb, J. pr. [2J 6,185; Merz, J. 99, 1771). 
For methods of preparing gelatinous pps. of 
SiO,acH.,0 V. Stmekmann, A. 94, 337; Euhl- 
mann, A. 41, 231; Liebig, A. 94, 374; Ouyton- 
Morveau, A. Ch. [2] 31, 246; Hautefeuille a. 
Margottet, 0. B. 96,1052. Concerning the ab¬ 
sorption of water by SiO, V. van Bemmelen, B. 
11, 2232; 13,1466. 


Thomsen {Th. 1, 215) has examined the 
thermal phenomena accompanying the inter¬ 
action of NaOHAq and SiO,Aq; the SiOgAq was 
mepared by adding exactly an equivalent of 
MCI in dilate solution to Na silicate solution of 


known composition. He gives the following 
tables:— 


I 


[nNsORAq^lO'Aq] 

2662 

3241 

3555 

4316 

4731 

6230 

6412 


* rKaOHAq.ASiO*Aq3 
i 1353 

I 2616 

I 8548 

1 4316 

1 5332 

2 6488 

8 7969 


There seems to be no fixed point of neutral¬ 
isation. Putting [N80HAq,®Si0’Aq]--*-- 

® + 

where 0 and » are constants having the values 

13,410 sud »>=2'13, the calculated values 
agree very fairly with the observed so far as 
data go; if the formula is supposed to be ac¬ 
curate then the heat of neutralisation of 

510., Aq, when SiO; is taken as =■ oo in the re¬ 
action NaOHAq r SiOjAq, is = 13,410, which is 
about the thermal value of the interaction of an 
acid with one molecular weight of NaOH. The 
affinity of SiO.,Aq is almost nil. M. M. P. M. 

SILICATES. Compounds of SiO, with basic 
radicles. The basic radicles of silicates are 
generally oxygen-containing groups; sometimes 
they contain negative elements other than 0. 
Siliea, like other feebly acidic oxides, combines 
with bases in many proportions, forming com¬ 
pounds which may be represented as normal 
salts, and also compounds of the typo of basic 
and acidic salts. The general composition of 
silicates is given by the formula »SiO.,.n!E, 
where basic radicle. Most of the eilioates 
occurring in rooks vary in composition between 
the limits SiOj.4MO and 2SiO,.MO, where M 
= a mono- or di-valent metal, and the limits 

510.. .2MjO, and eSiO^-MaO, where M ■= a trivalent 
metal. The metals most commonly found in 
these silicates are AI, E, Na, Ca, Mg, Fe, and 
Mn. A fair number of natural silicates contain 
Cl or F as part of the basic radicle. Few pure 
silicates oecur in rocks; the siliceous minerals 
are generally mixtures of isomorphous silicates; 
hence it is not possible to deduce satisfactory 
formulie for natnrally occurring silicates solely 
from the results of analyses of minerals. 

Mendel6elf {Principles of Chemistry, 2, 111) 
compares the siliceous mineralsto alloys. Several 
silicates which occur as mineral species have 
been formed artificially; the study of the altera¬ 
tion-products of natural silicates, and the com¬ 
parison of silicates with carbon compounds (v. 
e.g. MendeUeff, l.c., note p. Ill) throw light on 
the constitution of these bodies. 

The most important memoirs on the constitu¬ 
tion and chemical relations of the silicates are 
to be found in Qroth’s Tabellarische Uebersicht 
der MineraUen nach ihren Krystallographiseh- 
chemischen Beziehungen (3rd ed.), pp. 89 et seg., 
and in a series of papers by F. W. Clarke (Am. 
10,120; Am. S. [3] 38, 384; 40, 303 ; 43,190), 
(v. also Clarke in U.S. Geological Survey Bulls- 
Hns, No. 90 [1892]; also A. C. J. May 1893). 

Qroth and Clarke both look on the natural 
silicates as derived from a few fairly simple 
types. They are very stable compounds; most 
of them are formed at high temperatures, their 
number is not very great, and a few typical 
forms containing a small number of common 
metals are very widely distributed. Among the 
commoner silicates are SiO].2MO, 2 Si 03 . 8 MO, 
3SiO.;.2MO, where M is very frequently an 
alkaline earth metal; 3Si02.2B,0„ 2SiOrB,0„ 
6Si0.j.Bj0,.M,0, and 3SiOj.Bp,.3MO, where fi 
is Al or Fe, and M is E, Na, or an alkaline 
earth. 

The consideration of the probable constitu¬ 
tion of the typical silicates may be approaohed 
by seeking to derive these salts from vie silioie 
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loldt nS!0,.r»H,0. UeUuUicic acid, SiO^-HjO, 
has been isolated; the formula ma; be 
written H^SiO, or OSi(OH)j. Orthoailicic add, 

510.. 2H20 = H,SiO, = Si(OH)„ also probably 
exists. A few other hydrates of silica have 
been isolated, but their compositions are not 
quite definitely established; 2SiO,,.HjO = HjSi^O,, 
and 3810^211,0 = HjSijO,, seem to be fairly 
certain. 

Silicates derivable from melasilicic 
acid 0;Si(0H),. The typical empirical fovmnliu 
of normal salts of this class are Si 02 .M,U, 

510.. MO, 3Si02.M,0„ 4Si0,.lij0,.M,0, and 
4Si02.R,0,.M0. The atomic ratio of 8i to 0 in 
these salts is 1:3; this ratio is maintained in 
the acid salts. Silicates of the forms SiO,.2MO 
and SiOj.MjO, may be represented as basic salts 
of this class; the atomic ratios of Si to 0 in 
these are 1:4 and 1:6. Kxampics of normal 
salts of this class are sodium silica!e 
0:Si(0Na)„ wollastonite 0:Si.0,Ca, and leucite 
(0:Si.0,),Ai,K5|. The basic salts may bo re¬ 
garded as derived from 0 :Si( 0 H )2 by re¬ 
placing each H by a monovalent basic radicle, 
such as AIO or ZnOH; for instance, siliceous 
calamine Si0.,.2Zn0.H,0 may be formulated 
0:Si(0.Zn0H)j, and kijanite Si0,.Al,0, is pro¬ 
bably 0:Si(0Al:0),. If only one H is replaced 
in 0:Si(0H), the product will bo an acid salt 
of the metasilicate class; gyrolite, for instance, 

31510.. 2Ca0.H,0 may be represented as 

0:Si(0H)0.Ca.0.Si.0.Ca.0.(H0)Si:0. 

6 

Silicates derivable from hypotheti¬ 
cal metadisilicic acid 
2 /O.Si(OH)A-HOH = HO.Si.O.Si.OH. The 
' / 6 6 
typical empirical formula) of normal salts of 
this class are 2Si0.„M,0, 2SiOj.MO, CSi 0 .,.ll 30 „ 
and 8Si0,.R,0,.M,6. The atomic ratio of Si 
to 0 in these salts is 2:3; this ratio is main¬ 
tained in the acid salts. Silicates of the form 

2510.. .2110.H,0, wherein the atomic ratio of Si 
to 0 is 2:7, may bo regarded as basic salts of 
this class. Petalite 8Si0,.AI,0,.1)1,0 is pro¬ 
bably an example of a normal salt of the 
metadisilicato class; thus 

n.K;r, 0-Si:0 
6 

I)i0.Si:0 

fierosmine 2Si0,.2Mg0.H.,0 may perhaps bo 
a basic salt of this class, 
(nOMg)O.Si.O.Si.O(MgOH); but it may also bo 
6 6 


siL'oafes. Olivine 8lOi.2MgO, tui ttTconiU 
Si0.j.Zi0, are likely normal salte of this class; 

Mg<^Q^Si<^Q^Afg and Si(0,Zr). XenoKte 

5510.. 2Al,Oi, is also a normal orthosilicate; 

A10.:Si.00,:Si:0.,0.Sii0,Al. 

aT xr 

Andalusite SiO..AljO, is probably partly a basic 
salt and partly a normal salt of this class; 
Si(0,Al).0.A10. Dioptase SiO,.Cu(>.Il,0 may be 
formulated as an acid salt of the ortho- 
silicate class; Si(01I),.0,Ca. 

Silicates derivable from hypotheti¬ 
cal orthodisilicic acid 
2Si(0H), - H,0 = (HO),Si.O.Si(On),. The typical 
empirical formula) of normal salts of this class 
are 2Hi0.,.3M,0, 2SiO,..3MO, 2Si0,.M,0„ and 
^SiO..Mj6j.3M.,6. The atomic ratio of Si to O 
in the normal and acid salts is 2:7. Serpentine 

2510.. .BMgO is probably a normal salt of 
this class, (MgO.JSi. 0. Si(0,Mg). Okeniie 

O-Mg.O 

2Si0j.Ca0.2H.j0 seems to bo an acid salt 
of this class, II0.Si.6.Si(0n),; picrosmine 
6,Ca 

2510.. .2MgO.HjO may also be on acid ortho¬ 
disilicate, Mg0,.(H0)Si.0.Si(0H).0,Mg; but it 
may bo formulated as a basic mctadiailicate 
(v. supra). 

Silicates derivable from hypotheti¬ 
cal orthotrisilicic acid. By removing 
2IL0 from 3Si(0H), the acid 
(HO)jSi.O.Ri.O.Si(On)j would remain. Some 

(6h), 

natural silicates may be looked on as salts of 
this hypothetical acid; meerschaum, for in¬ 
stance, 3SiO,.2MgO.211,0, may have the formula 
MgO,.(H0)Si.O.Si.O.Si(OH).O,Mg. Groth (i.c.), 

• (Oil)) 

however, thinks it is not necessary to call in a 
hy^iothetioal trisilicio acid to express the com¬ 
position of silicates. 

Some silicates which do not fit into any of the 
classes already mentioned may be looked on as 
derived from more than one of the acids simul¬ 
taneously. Others may bo represented as salts 
of hypothetical acids formed by eliminating 
water from one*or other of .the acids that have 
been mentioned. Orlhoclase, 6SiO,.Al,0,.K20, 
may bo taken as an example of a silicate 
derived, according to Groth (f.c.), from two 
acids, mctasilicio and metadisilicic; thus 



regarded as an acid ortbodisilicate {v. infra). 
One of the soluble glasses, 4SiO,.Na,O.Il,6, 
may be written as an acid salt of this class, 
HO.Si.O.Si.ONa. 

6 6 

Silicates derivable from ortho- 
silicic acid Si(OH),. The typical empiri¬ 
cal formalin of normal salts of this class 
are Si0y2M,0, SiO,.2MO, 3Si0,.2M,0„ and 
8Si02.M,0,.3M,0. The atomic ratio of Si to 
0 in these smts is 1:4; this ratio is main¬ 
tained in the acid salts. Balts of the forms 

6i0,.4M0.2H,0 and SiO,.2M,0„ atomic ratio of 
Bi tc 0 1:8, may be fotmulated as basis «i(ho- 
Tofciy, 


.O.Si.O.Si.OK. Groth urges that 

0 6 

this formula is in keeping with the tacts (1) that 
felspars of the oi thoclase class are derived from 
silicates, such as leucite, which are metasili- 
cates, and (2) that orthoclase readily yields 
kaolinite 2 Si 02 .Al, 0 „ which may be a basic 
metadisiiicatc. Writing Uudle as a meta¬ 
silicate, and kaolinite as a basic metadisiU- 
cate, it is seen that both contain the group 

0:Si<0_ a group which is represented 
as present in orthoclase also. Thus 

QQ 


O.Si.<0>Al 
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Leueitt, 



KaoUniU, 

'Vdi' 


OSi 


✓•A ,' 


Orthoclaat, 


' 

OSi.O.AlK /Si:0 

I ',0'^ 

0 ! 


0:Si.O/( 


The group common to the three silicates is in¬ 
dicated by the doited lines. H HHO were 
removed from ortliodisilioio acid the product 
0;Si(0H) 


would be 


; augite, 2 Si 02 . 2 Mg 0 , may 


Si(OH), 


be derived from this acid, 


0;Si-0v 

{. o>"‘. 

1/ 

Si<0>Mg 


Again, 4Si(OH),-3HOn= SiA(OH)„ 
r(OH),iSi.O.Si.O.Si.O.Si(OH),1 ! if HjO were 
L (OH),(OH), J 

removed from this hypothetical orthoklrasilicic 
acid, there would result Si,0,{0H), 
rO:Si.O. Si.O . Si.O.Si(OH),'l ; and from this 
L OH /v /\ J 
OHOHOHOH 

might be derived the following acids:— 
fO:Si.O.Si.O . Si.0.ai:01 
SiA{OH). L I /\ /VI J* 

OH OHOHOHOH OH 


far as possible from the typical normal alumi¬ 
nium salts by substituting metals or basis 
groups, wholly or partially, for Al. 

OrthosilicaUs. Clarke starts with nonml 
Al orthosilicate, 3SiOy2Al«Oj=Al,(SiO,)j, 'sfhich 
forms the mineral species xowlite; allied 
to xenoUte are flbrolite SiO,.Al.A=A°'Oj, 
tmaz SiO,.Al,OA=-A-liSiOA, muscomte 

6510.. 3AlA-K20.21L,0 = 2AljKA(SiO,)„ pora- 
gonite, corresponding with muscovite but con¬ 
taining Na in placo of K, and cucryptitc 

2510.. Al,0,.Li,0 = 2AlLiSi0,. By trebling the 
formulie given for fihrolite and topaz, using the 
simplest formula given for muscovite and para- 
gonitc, and trebling the simplest formula given 
for eucryptitCf Clarke arrives at the following 
comparable formulre for the six silicates: 


Al 


XenoUte. 

O.Si:0,iAl 

O.SiiOJAl 

O.SiiO.iAl 


Flbrolite. 
f0.Si-0,i(A10), 
Al ( 0.Si:0,:Al 
I O.SiiOJAl 

Muscovite. 

( O.SiiOjiKH, 
Al I O.SiiOjiAl 
O.SiiOJAl 


SiA{OH). 


Si,0,(OH), 


[O: 


;Si.0.Si.0.Si.0.Si;01 

I 6 /\ I. J 

l)H OH OH OH 


, and 


I'OiSi.O.Si.O.Si.O.SIiO' 


a 


b 0 

OH OH 

Some of the natural silicates may be repre¬ 
sented as derived from one or other of these 
acids. Acids containing OH yield Cl deriva¬ 
tives wherein OH is replaced by Cl, generally 
by interaction with PCI,. As Cl derivatives of 
some of the hypothetical silicic acids are known, 
the existence of these derivatives is an argument 
in favour of representing certain silicates as 
salts of acids which have not themselves been 
isolated. Thus, besides SiCl„ which corrpponds 
with orthosilicio acid Si(OH)„ and SiCl,.SH, 
which is derived from the hypothetical ortho- 
thiosilicic acid, there exists Si,OCl„ correspond¬ 
ing with ortho-disilicio acid SijO(OH),i, SiA*^*i» 
corresponding with ortho-tetrasilicic acid 
Si.oiOH),,, SiACli corresponding with the 
acid 8i,0.(0H)„ and Bi,OA. corresponding 
with the acid SiA(OH), (u. supra). _ _ 

Clarke (I.c.), recognising the two main divi¬ 
sions of ortho- silioates and meta- silicates, seeks 
to derive the various members of each class as 


Topaz. 

r O.SiiO,=(AlF,), 

Al ( O.Si:0,iAl 
[O.Si:0,lAl 

Paragonite. Eucrgptite. 

(O.SiiOjNaHj O-Si-Oj-Li, 

Al ( O.SiiOjlAl Al O.Si:0,:Al 

I O.SiiO.lAl O.Si:0,!Al 

These silicates are represented as derived 
from normal Al orthosilicate by substituting 
either metals, metals and hydrogen, or basic 
groups, lor Al. If such substitution is can’ied 
further a series of silicates may be obtained, 
for some of which Clarke suggests the following 
formulte:— 


Dumortierite. 
f0.Si:0,l{A10), 
All O.SiiO,i(A10), 
I O.SiiO,iAl 

Prehnite. 
O.SiiOjlOaH 
O.SiiO.iCaH 
O.SiiO.lAl 


Al 


Al 


Al 


Qrossulo/rite. 
O.SiiO, 1 
O.Si:0,J 
O.SiiO.lAl 

Natrolite. 

O.SilOjiNaH, 

O.SilOjiNaH, 

O.SilO,lAl 


FibroUU alters by hydration, giving loesfo^ 
ite 4Si0,.8Al,0..H,0-2Al,HSiA, kaohnitl 
2SiOrAi,o .2AO - Ai,siAo.. 
lonifJ 4^8iOrAlA-7H,0 = 2 AlSiAO,. Clarke 

suggests the following formula for these pro- 
dttote of sdteratioa of fibrolite 













SILICATES. 


A1 


A1 


fiiroUt*. 


0.Si:0,:(A10), 

O.SiiO.iAl 

O.SiiOJAl 


ZaoUinte. 

OH 

O.SiiO.lH, 

O.SiiO.iAI 


A1 


Weatanilt. 

OH 

O.Si:0,!Al 

O.SiiO,!Al 


Montmorilhniit. 

fOH 


A1 


O.SiiO,lH, 

O.SiiOjiH, 


It it is supposed tbet two groups AI(0.Si:0,), 
combine with elimination of one of the O.SiO, 
groups (••Si0,+20), then there remains the 
r O.SiO, 

A1 - 


collocation of atoms, 


O.SiO, 

‘ Q^SiO, from which 

A1 O.SiO, 

O.SiO, 

a number of silicates, especially iron and mag¬ 
nesian micas, may be derived. Thus— 


Annite. 


SodalUe. 


(O.SiiOjiFeH 
Al|O.Si:0,:FoH 
0.,:Si;0,:K5 
A1 O.Si!0,:FcH 
lO.SiiO,!FeH 


(O.SiiOjiNa, 
A1 O.Si-0,,:Al 
|0,:Si:6.,:Na, 
A1 O.Si:0,iAl 

Ici 


Noscan. 


(O.SiiOjiNa, 

Al O.Si:0,:Al 
}0.,:Si;0.,:Na, 

Al J O.SUOjiAl 
lS0,.Na ■ 

Clarke {Am. 10, 126) suggests that ultra- 
marine may be analogous to those silicates; 

I O.SilOjlNa, 

Al]0.Si:0,!Al 
thus, )0,;Si;0,:Na, 

Al O.Si:0,:Al 
lS.Na 

The metasilioates are considered by Clarke 
(l.c.) in a way similar to that whereby he has* 
elucidated the orthosilicates. The starting- 
point is Al motasilioate, Al,(SiOa),. This salt is 
not itself known. The formula may be 


( 1 ) 


0:Si:0, 

0:8i<^ 


0:Si:0, 


}ai 

)ai 


(2) 0:Si<0 - 

or 

Al 


0=Si< 0 

0=Si<0 


Al. 


Inasmuch as many metasilicates of the form 
AlM(SiOj)„ where M = Li, K, Na, H, may be 
simply derived from the first, but not from the 
second, formula given for Al,(SiO,)„ thus 
0:Si:0,;A1.0.S^_ 

formula may be taken to represent Al,(SiO,),. 
Several other metasilicates may be formulated as 
derived from the Al salt by substituting metals 
or basic groups for one of the AlSiO, groups; or 
many metasilicates containing divalent metals 
may bemore simply derived from the normal 
form ItfSiO,, by doubling this formula and then 
replacing one M“ in the formula M“M"(SiO,), 
by other metals or by basio groups. 

The species albUe and orthoolase, AlMSi,0„ 
we looked on by Olwke as derived from the 


m 


Al salt of the acid H,Si,0, (-SSiO,.211,0), 
which acid has probably been isolated, in the 
same way as many orthosilicates are derived by 
him from the normal Al salt Al,(SiO,),. The 
triclinio felspars arc generally thought to consist 
of mixtures ranging between the limits marked 
by alliite AlNaSi,0,, and anorthite Al,Ca(SiO,),; 
if these formula are trebled and written thus 


Al 

Al 


Anorthite. 

O.Si:0,=:Ca,=0,!Si.O 
O.SiiO.iAI AliO.iSi.O 
O.SiiO.iAI AliO,iSi.O 
Albite, 


Al 


O.Si,0,iNa, 

O.Si,,0,iAl both silicates 
O.Bi,0,iAl 


are 


repre¬ 


sented by strictly comparable formula). Clarke 
also draws attention to the fact that the four 
silicates muscovite CSi0...3A1.0,.lCj0.H,0, garnet 
aSiO-.AljOj.SCaO, orthoclase AlKSi.O,, and 
tourmaline 4 Si 02 .Al, 03 . 2 M.. 03 (or 6M0)B,0„ are 
very frequently associated in granite veins. By 
halving the formula for muscovite and writing 
it Al.KH.ISiO,),, writing the formula for garnet 
Al 3 Ca,(Si 03 )„ trebling the formula for orthoclase 
and writing it Al,K,(Si 30 ,)„ halving the formula 
for tourmaline and writing it AUi 3 (BO,)(SiO,)„ 
where It is a metal or group equivalent to Al, 
very suggestive relationships are disclosed be¬ 
tween the four silicates; thus 


Muscovite. 


Al 


O.Si-O.iKH, 

O.SiiOj-Al 

O.SiiO.iAI 


Tourmaline. 


IB:0, 

Al ] O.SiiO.iH 
I O.SiiO.iR 


Al 


Qamet. 

O.SiiO,/^'^ 

O.SiiO.iAI 

Orthoclase. 


Al 


O.Si.O,iK, 

O.Si,0,:Al 

O.Si.O,iAl 


In Am. S. lor November 1889 ([3] 38, 884), 
and A. G. J. May 1893, Clarke has applied the 
substitution method, as sketched above, to the 
mica group of silicates, and in the same journal 
for March 1892 {Am. S. [3] 43, 190) he has ap¬ 
plied the same method to the chlorite group. 

The micas ail fall within the limits of com¬ 
position indicated by the two formula 
Al;,lt‘,(SiOJ. and AlB„'(Si,0,).. The first for¬ 
mula is derived from Al,(SiO,). by substituting 
Al by one trivalent or three monovalent basic 
radicles; the •second formula is derived from 
the hypothetical salt Al,(Si.OJ. by substituting 
one, two, or three Al atoms by equivalent basio 
radicles. When F is present it is regarded as 
forming part of one or other of the monovalent 
groups Mg.F or A1:F... If the ratio of 0 to Si is 
greater than 40:Si(Si0,) the excess of 0 is 
looked on as combined with metal to form a 
basic group, suoh as A1:0; if the ratio of 0 to Si 
is loss than 40:Si the group 8i,0, is supposed to 
be present. The micas are all capable of being 
represented as isomorphouu mixtures of various 
constituents, the compositions of which fall 
within the Witing formolis. 

The eldorites are treated by Clarke (Is;.) 
similarly to the micas. In Am. 8. [8] 48,198 
he gives the following general formnlm which 
summarise the composition of the chief micai 
and chlorites ;— 



m 


SILICATES. 


Noimal orthouUcate AlifSiO^ji. 

Micas, 

Muscovite Al,(SiO.)jBr 
Normal Biolite Alj(SiO,),E«. 

Normal Phlogopite ALj(SiO,)|,E^ 
Glintonite K“;0,;Al(Si0,)Il3. 

Nonnal orthosilioate Mg,(SiO,) 2 . 

Chlorites. 

JLphrosiderite Mgj(SiOj).Ej. 
Orthochlorites { 

Amesite 0:Mgj(Si0j)B3. 

Preparation of silicates .—Alkali silicates 
are formed by dissolving moist amorjdiouB SiO^ 
in boiling solutions of alkalis or alkali carbonates, 
also by fusing SiOj with alkalis or with alkali 
salts of acids which volatilise by heat. Many 
other silicates ace obtainable by double decom¬ 
positions between alkali silicates (which are sol. 
water) and metaHic salt solutions; also by 
beating various metallic oxides or carbonates 
with SiOj. 

Some naturally occurring silicates have 
been prepared by the following methods:—1. 
Emerald BOjSiO„olim«« Mg-SiO,, and enstatite 
MgSiOi, by heating SiOj with BeO or MgO 
mixed with boric acid in a porcelain-oven, 
till the boric acid volatilised (Ebelmen, 
A. Ch. [3] 22, 211).-2. Anorthite AljCa(SiOJj, 
labradorite 3Si02.Alj0,.K„0, and oligocime 
9Si0.i.2Al.,0j.2K,0, by strongly heating SiO, 
with K,c 6, in boric acid, or by adding CaO to 
molten boric acid and SIO, at a very high tem¬ 
perature (E., 0. B. 32, 710; Fouquet a. L6vy, 
C. R. 90, 020)-—8. Zirconite ZrSiO,, and Ityan- 
ite (AlOjjSiO,, by heating to redness ZrO, in 
vapour of H^SiF,, or SiO, in vapour of AIF, 
(Deville a. Caron, A. Ch. [4] 5,113; Fremy a. 
Feil, 0- B. 85,1032).—4. Enstatite MgSiO,, and 
leueite AljK 2 (SiO,)„ by heating Mg, or A1 mixed 
with KOH, to low redness in H and SiCl, vapour 
(St. Meunier, C. R. 90, 349,1009).—6. Ortho- 
close AlESi^Og, albite AtNaSi,0., petalitc 
AlLi(Si,0,)„ by fusing a mixture of AljOj, SiOj, 
and tungstate or vanadate of K, Na, or Li; with 
excess of AljO, lesicite Al^E^fSiO,), is obtained 
(Hautefeuille, C. B. 90, 378, 641).—6. Ortho- 
close AlKSijOj, by heating AljOjSnd SiOj, in 
the ratio Al20,:6Si02, with EYO, (Hautefeuille 
a. Perrey, 0. B. 107, 786).—7. Phenacite 
Be,(SiO,) mixed with a Uthia felspar, quartz, 
and tridymite, was obtained by heating for fif¬ 
teen days at 600°-700° a mixture of 4-8 g. SiOj, 
1-6 g. BeO, 20 g. LiVO„ and 1-6 g. Li^CO, (H. 
a- F., 0. B. 106, 1800).—8. Crystals of emerald 
were prepared (H. a. P., C. B. 106, 1800) by 
heating a mixture of 12'606 g. SiO,, 3 58 g. 
AljO,, 2'64 g. BeO, '6 g. Cr^O,, and 92 g. acid 
Li molybdate (ratio=Li20:2.)MoO,); the mix¬ 
ture was placed in a Ft crucible, which was 
heated in a mnfile to low redness for twenty-four 
hours, when the temperature was raised to 800“’ 
and kept thereat for fourteen days. The product 
was washed with water. 

Properties and Reactions of Silicates .—^AU 
silicates except those of the alkalis are insol. 
water; most of them are also insol. dil. acids. 
For the action of water on certain silicates when 
the mixtures were rapidly rotated in cylindrical 


vessels v. Danbrde (0. B, 64,839). Many sQ!- 
cates are decomposed by evaporation with 
HCLAq or HN 0, Aq, with separation of SiOj.iHjO, 
which is changed to SiO, by heating somewhat 
above 100°. Some of those silicates which are 
notthusdecomposed are acted on, with separation 
of SiOj.a!UjO, by evaporating with 8 parts cone. 
HjSO, and 3 parts water. Almost all silicates 
are decomposed by heating with cone. HClAq or 
ILSO, and a little water in sealed tubes to c. 
200°. Heating with cone. EFAq, or in HF gas, de¬ 
composes silicates with formation of SiF,; when 
a silicate is mixed with 3 parts AmF or 6 parts 
powdered GaF,, and the mixture well moistened 
with HjSO,, and heated in a Ft dish, all the Si 
is given oS as SiP,. Fusion of a finely-powdered 
siUcate with 4-6 parts mixed KjCO, and Na^CO, 
gives E and Na silicate (which is sol. water), 
while the metal remains as oxide. Silicates 
which contain F generally lose HF or silioo- 
.fluoride when strongly heated; any alkali or 
alkaline metal, or Fe or Al, whieh was present 
in the silicate in combination with F remains 
as oxide (Bammelsberg, W. 7,146). Clarke a. 
Schneider {Am. S. [3] 40, 303, 406, 462) have 
studied quantitatively the interactions of various 
natural silicates with HGl gas and also with 
HClAq; their results make it probable that in 
the magnesian silicates gaseous HCl attacks 
only the Mg which is present as the basic mono¬ 
valent radicle Mg.OH. 

The following account of individual silicates 
does not refer to silicates which occur in rocks, 
but only to those salts which have been pre¬ 
pared in the laboratory; the ohiel naturally 
occurring silicates that have been prepared 
artificially are mentioned under the heading 
Preparation of silicates (supra). 

Barium silicates. The normal meta- salt 
BaSiOj-aiHjO is formed by ppg. dil. Na.SiOjAq 
(v. Sodium silicates, infra) by dil. BaCbiAq or 
Ba(N 03 )-Aq; not quite insol. hot water, easily 

S ol. dil. HClAq; retains water at 100° (Ammon, 
'. 1862.1,38). Lefort (J. Ph. [.3] 39, 31) says 
that BaO.SSiOj. 3aq (? BaHHi^O,. 2aq) is formed 
by ppg. a dil. Ba salt solution by a dil. solution 
of 9Si0,.2Na20. 

Calcium silicates. The compounds 
3Si0.i.CaO, 2SiOj.CaO, 3SiO.,.2CaO, and 
Si 0 . 2 . 2 Ca 0 , are said to be produced by very 
strongly heating mixtures of quartz and marble 
in the proper proportions. By adding CaCl^Aq 
to solution of dSiO.^.E^O, a gelatinous pp. is 
obtained which becomes crystalline after a 
time; dried at 100°, the solid is said to be 
3Si02.Ca0.2aq (? CaHiSijO,. aq). The normal 
metes- salt CaSiO, is said to ba formed by ppg. 
NaiSiOjAq by dil. CaCljAq (v. A., lx. ; L., i.c.). 
Calcium silicates form the bases of most 
hydraulic cements (o. Cements in Diotionabt oi 

AfPLniD OBsmsTiiv). 

Cerium silicate. The normal meta- salt 
Ce(SiO,), is said to be formed by fusing Ce 
oxychloride with 6iO, and CaOl, or NaOl 
(Didier, C. R. 101, 882). 

Cobalt silicate. The normal ortho- salt 
GojSiO, is formed, according to Bourgeois (0. B. 
108,1177), by very strongly heating CoO with 
Co(^ and a large excess of SiOr 

Nickel silicate. Normal ortho- salt Ni,SiO^ 
formed like the Co salt (B., 




it£TOO-OHtOllOPORte. 


IhgneilsB illlMt*. the gelaitnons pp. 
obtained by adding MgOl^q to eolation ol 
SSiO^.E^O is said to be 2SiOj.MgO.2HjO 
(? MgHj(SiO,)i. aq addmeta- salt) (Heldt, J.pr. 
94, 129, 167). The normal meta- $alt 

MgSiO,.a:HjO is obtained, according to Ammon 
{I.C.), by ppg. NajSiOjAq by dil. MgCljAq. 

PotaBsinm silicates. The normal meta- salt 
KjSiO, is prepared by fusing 1 part SiO, with 
2} parts dry KjCOj. If this product is dissolved 
in a little water, and alcohol is added, a gela¬ 
tinous pp. is formed, which, if slightly washed 
and squeezed, is said to be 4Si0j.K20; but 
Fremy 1856. 35.S) gives the composition 
9SiOj.2K.jO aq to this pp., and this is confirmed 
by Lefort (J. 1861. 205). 

The name potash water-glass is given to 
the mixture of K silicates obtained by fusing 
together quartz and pearlash in a proportion 
about equal to 4Si0.j.Kj0. Water-glass is a 
clear transparent solid, Uie glass ; it is com¬ 
pletely sol. hot water; a cone, solution, with 
0 .28 p.o. silicate, is syrupy, somewhat turbid, 
and has S.G. 1'25. The solution is decomposed 
by acids, even by COj, with separation of 
SiOj.aHjO; alkaline carbonates and chlorides, es¬ 
pecially AmCl, ppt. SiOj.a:H.jO; BaO, SrO, CaO, 
AljOj, and PbO decompose the solution, forming 
a double silicate with the whole of tho silica and 
a portion of tho K. The solution yields pps. 
with solutions of most of the salts of earth metals 
and heavy metals. Water-glass is also formed 
by boiling SiOj with KOIIAq under pressure. 

Sodium silicates. The normal meta- salt 
NajSiOj is prepared by fusing 1 part SiO, with 
IJ parts dry Na.jCO,. Tho salt is obtained 
with 8H.jO, in monoclinic crystals, by dissolving 
SiOj in an equivalent quantity of NaOH in 
solution, decanting, evaporating, as much as 
possible out of contact with air, till NajCO, 
begins to settle out, cooling to - 22°, stirring 
till tlie whole solidifies, straining from mother- 
liquor, dissolving in a little water, and allowing 
to stand (Ammon, J. 1862. 138; of. Ordway, 
Am. 8. [2] 40, 186). By adding freshly ppd. 
AlOjH, to a boiling solution of NajSiO, and 
NaOll, the double salt NajSiO,.AIj(SiO ,)3 is ob¬ 
tained ; and tho salt NSjSiO,.Al,(SiO,), is ppd. 
by adding NajSiOjAq to a hot solution ol alum 
(A., f.c.). Mixtures of Na silicates are known as 
soda water-glass (of, supra, Potash water-glass). 
For effect of time on composition of solutions ol 
Na silicates v. Kohlrausch {Z. P. 0. 12, 773). 

Strontium silicate. The normal meta- salt 
SrSiO, is said to be formed by adding 
NajSiOjAq to dil. StCljAq (Ammon, l.c.). 

Thorium silicates. Tho normal ortho- salt 
ThSiO, and tho normal meta- salt Th{SiO,)j are 
formed, according to Troost a. Ouvrard (0. It. 
105, 22a), by fusing ThO, with SiO, and CaOl, 
and treating with dil. HClAq. ThSiO, is not 
isomorphous with ZrSiO, (T. a. 0., l.o.). 

Zinc silicates. The normal meta- salt ZnSiO, 
is obtained in rhombic crystals by ppg. ZnSOjAq 
by Na,SiO,Aq, and strongly heating the dried pp. 
with boric acid for severw days (H. Traube, B. 
28, 2736). 

A systematio arrangement of the naturally 
occurring sUicatea will be found in Groth’s 
%'aMi. UOsrsichtt, pp. 108-151 [Srd ed.]. 

U. M. F. M. 


snide AOISB «; Siu(U, ktpiutes or, 
p. 447). 

SIIiICIBES. Binary compounds of Si with 
metals. These compounds are formed (1) by 
heating amorphous Si with metallic chlorides in 
presence of such a reducer as Na; (2) by heating 
KjSiF, with metals; (3) by electrolysing a mix¬ 
ture of an alkali fluoride with a metallic oxide; 
(4) by heating metals with Si (v. Aluminiom, 
CuBiuH, CorrEB, Ibon, MiONKSinu, Manoaness, 
Nioeei., Flatenuu, siLicinES or). M. M. P. M. 

SILICO-BOSATES. Certain minerals con¬ 
sist of compounds of silicates and borates; the 
name silico-borate is sometimes applied to such 
0:Si.O^ 

compounds. Datholite 0 >Ca.CaB,0,. aq, 

0;Si.O/ 

and botryoliie, the same formula with 2aq, 
are examples of borosilicates. Tourmalines 
Al(BO.,)(SiO,),K', are also silico-boratos (11‘ may 
be replaced by its equivalent of B**). 

M. M. P. M. 

SILICO-BEOMOFOHM SiHBr,. (Silicon hy¬ 
drogen bromide. Tribromo-silico-meihane.) 
Obtained, not quite pure, by B»ff and Wohler 
(A. 104, 99) by le.ading IIBr gas over heated Si, 
distilling the product, shaking with Hg, and 
distilling again. Gattemiann (B. 22,193) ob¬ 
tained pure SiHBr, as follows. Crude Mg 
silicide, prepared as described under SiucoN, 
Preparation, No. 1 (p. 456), is freed from MgO 
by powdering, adding little by little to HClAq 
(1:2), shaking with this acid for some hours, 
washing till the wash-water is neutral, and 
drying thoroughly. The Si thus obtained is 
heated in a tube in a stream of IIBr, the tube 
being connected with a well-cooled receiver; the 
details and precautions described under Silicon 
TETiiAonLoniBE, Preparation, No. 2 (p. 458) 
must be observed. The HBr required may be 
made by the action of ILSOjAq on KBr; G. 
used a cold mixture of 45 c.c. cone. HjSO, and 

15 c.c. water, and let this drop on to 75 g. 
KBr; he dried the gas by HjSO,. The liquid is 
distilled, and then fractionated till a portion 
boils at 116°-117°; most of the remainder boils 
at 0 . 163° and is SiBr,. A colourless liquid, 
boiling 115°-117°: S.G. 2-7 at ordinary tem¬ 
perature (G., i.c.). Fumes much in air, and 
takes fire, probably because the heat produced 
in the decomposition of a portion by the mois¬ 
ture of the air sufliccs to start rapid oxidation 
(G., ;.c.). Ice-cold water forms siUco-foniiic 
anhydride (}. »., p. 455). Combines with PH,, 
when compressed, to form a solid, unstable 
compound (Besson, G. B. 112, 630). 

M. M. P. M. 

BILICO-CHLOKOFOBU SiHCI,. (Silicon 
hydrogen chloride. Trichloro-silico-tnetham.) 
Mol. w. 135-41. V.D. 67. 

Formation.—1. Dry HCl gas is passed over 
Si heated below redness; the product is con¬ 
densed in a flask in a freezing mixture and 
fractionated (Friedel a. l adenburg, A. 143,118; 
cf. Buff a. Wohler, A. 104, 94).—2. Dry HCl 
gas is passed over siliceous pig-iron containing 

16 p.o. Si (Warren, 0. N. 60,168). 

Preparation. —Si, prepared by reducing sand 

by Mg (v. Silicon, Preparation, No. I, p. 466) 
and removing MgO as described under Simco- 
BBonoFOBu (supra), it carefully heated in fi 





SltlCO-CHLOROPOllM. 


(tream ot dr; ECl gas in a tabs oonneoted with 
a receiver sarroonded b; a ver; good freezing 
miiture. The directions given for preparing 
8iCl, must be oarefnlly followed (o. SiuooN 
iKiKAomomna, PreparatUm, No. 2). [Gatter- 
mann recommends to make the HGl in a Kipp's 
generator, nsing cone. E,SO, and fused NH,01.] 
The liquid in the receiver is fractionated from a 
flask with a side tube 75 cms. long; if this 
is done, no condenser is required; the flask 
must be warmed by water at 90°, if a naked 
flame is used explosions of part of the SiHCl, 
may result (Oattermann, B. 22, 190). 

Properties and Reactions. —A colourless, 
mobile liquid, with a very disagreeable smell; 
boils at 35“-39° (P. a. L., !.c.). Non-conductor 
of electricity. 

The vapour takes fire very easily in air, e.g. 
by bringing a hot glass rod to the mouth of a 
vessel in which a little SiHClj has been shaken. 
Mixture of the vapour with air is explosive. 
Decomposed to Si and HCl by passing through 
a narrow tube heated to redness. Water at U° 
forms SijOjEj («. Sihoofobsuo akhvcbide, p. 
456) and HCb; at the ordinary temperature 
SiOjiHjO, HClAq, and H are produced. Chlorine 
reacts at ordinary temperatures, forming SiCl^ 
and HCl; bromine reacts similarly at 100°. 
Alcohol produces SiHIOEt), {v. Silicon tetiu. i 
HTDBIDB, Preparation, No. 1, p. 400). Combines 
with phosphorus hydride, under pressure, to 
form a solid unstable body (Besson, C. R. 112, 
630). M. M. P. M. 

SIIICO-ETHAITE, PKNTA-BBOMO- SEBI- 
VATIVE OF, Si.,HBr,. {Disilicon hydrogen 
pentabromide. Pentabromo-silico-ethane.) In 
making SiBr, by passing SiH, into Br, Malm 
(X Z. 6, 163) obtained a solid in the form of 
white needles, molting at 89° and boiling (out 
of contact with air) at 230°, and giving numbers 
on analysis agreeing with the formula Si.HBr,. 
Takes fire when heated in air. M. M. P. M. 

SmCO-rmOBHYDBIC acid IIBiF.Aq. 
{Hydrofiuosilicic acid.) Known only in aqueous 
solution. 

Preparation.—SiF„ prepared by the inter¬ 
action of CaF„ SiOj, and H^SO, (v. Silicon 
TEtiUFLUOBiDE, p.^59), is passed into water, the 
exit tube dipping beneath a little Hg in the 
bottom of the vessel which contains the water; 
the vessel is shaken frequently to break up the 
gelatinous silica which forms in the water; 
when the liquid becomes thickish from separated 
silica, it is filtered through linem the silica is 
pressed, and more SiF, is passed into the fil¬ 
trate, as before. 

(1) SiF,-t3Hj0-pAq-Si0.,.H-0-t4HFAq; 

(2) 4HFAq -i 2SiF, = 2H.,SiF„Aq. The solution 
of HjSiF, may be evaporated in a Pt vessel till 
it contains o. 34 p.c. of the add. 

To prepare the acid solution on a large scale, 
Tessid du Mothay recommends to fuse a mixture 
ot fluorspar, silica, and charcoal in an oven, 
and to lead the gas that is given oft through 
condensers containing water; c. 68 p.c. of the 
F in the fluorspar is thus 'obtained as H^SiF, 
(0. C. 1868. 432). 

Properties and Beoeftons.—HjSiF,Aq is a 
itrongly-acid liquid, smelling like HClAq, and 
burning the skin. If kept in glass vessels it 
padually withdraws slksli, lime, and iron 


oxide (H. Hose, P. 80, 408). Truchot (0. R. 98, 
821) gives H.F. [SiF‘,2HFAq] -17,000 (c/. 
Babatier, A. Ch. [6] 22, 91). Thomsen gives 
[SiO*Aq,6HFAq3 =3 82,800; and the heat of 
neutralisation as [H'SiP*Aq,2NaOHAq] = 26,600 
(TA. 1, 236). The following table is given by 
Stolba (J. pr. 90,193):— 

8.0. P.O. 

H,SiP.Aq H.RiP. 

l-OOlO 0-5 

1-0080 1 

1-0161 2 

1-0242 3 

1-0324 4 

1-0407 6 

1-0491 6 

1-0576 7 

1-0661 8 

1-0747 9 

1-0834 10 

. 1-0922 11 

1-1011 12 

1-1100 13 

1-1190 14 

1-1281 15 

1-1373 16 

1-1466 17 

The S.G. for any percentage of HjSiF,, when 
n = number of half-pcr-eents., is given by the 

formula; S.a.-l + n-004 + ”t””^;* + ^., 

100000 

By passing SiP, into fairly cone. HFAq until 
the liquid is saturated, hard, colourless, very 
hygrosoopio crystals of the hydrate H.BiF„.2HjO 
separate ; the crystals melt at 19°, and decom¬ 
pose at a higher temperature (Kessler, 0. R. 90, 
1285). 

H.BiF,Aq acts as a dibasic acid (the beat ot 
neutralisation confirms this), giving salts Mt^SiF, 
and Mi'SiFo; with excess of a strongly basic 
metallic oxide it forms metallic fluoride and 
SiOa-Hp - thus 

3 HjSiF,Aq r 3K,0 - SiOa.H,0 -f 6KPAq. 

H.,SiF,Aq is decomposed by cone. H.,SO„ 
also by HCl gas, with formation of SiP, and 
withdrawal of water. Boric acid separates 
SiOj.!cH,0 and forma fluoboric acid (g. v., vol. i. 
p. 630). M. M. P. M. 

SILICO-FIiVOBIDES. (Hydrofluosilicates.) 
Salts of HjSiFj (o. preceding article). These 
salts are formed by dissolving various metals— 
e.g. Fe or Zn—in HjSiF„Aq, or by neutralising 
the acid solution by the proper quantities of 
basic oxides or hydroxides; if excess of a 
strongly basic oxide is added to H,SiF,Aq, 
SiO.,.U 20 is separated and a fluoride is formed. 
Most of the silicofluorides are sol. water; the 
salts of Ba, K, Na, Ce, and a few elements 
allied thereto, are only slightly sol. water and 
insol. alcohol. Aqueous solutions of silioo- 
fluorides have an acid reaction to litmus. Silioo- 
fluorides are generally decomposed by heat, 
giving off BiF, and leaving fluorides; heated 
with AmCl, metallic chlorides remain (Stolba, 
J. pr. 101, 167). Some silicofluorides are d» 
composed by beating strongly with Fe or K, 
forming fluoride and Si. Cone. H,SO, evolves 
H,SiF„ when heated HP is given o0; cone. 
HClAq and HNO,Aq react similarly, but more 
slewly and less oompletely ; but H,SiF,A^ 


s.a 

P.O. 

n.SlP.Aq 


1-1559 

18 

1-1653 

19 

1-1748 

20 

1-1844 

21 

1-1941 

22 

1-2038 

23 

1-2136 

24 

1-2235 

25 

1-2336 

26 

1-2436 

27 

1-2537 

28 

1-2639 

29 

1-2742 

30 

1-2846 

81 

1-2951 

32 

1-3056 

33 

1-3162 

84 
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MriisU; dMompoB^B inost ohlorides and nitrates 
in Bolntion. Tinobot (C.B. 98, 821,1330) gives 
the heats o! {ormation ot alkali silicoSnorides. 

M. M. P. M. 

SILICO-FOBKIO ACID. By the action ot 
water on (7) Sil,, Friedel a. Ladcnbarg (A. 203, 
247) obtained a white solid that gave off H 
when treated with KOHAqj the amount ot H 
obtained agreed fairly well with the formula 
SiHjOj. U this formula is correct, the com¬ 
pound is probably the Si analogue ot formic 
acid. M. M. P. M. 

SILICO-POBUIC ANHYDBIDB H^Si-O, 

HSi:0 

•• 0 This body represents among Si com- 

HSi;0. 

pounds the hypothetical formic anhydride 

lig:0 

6 Prepared by slowly distilling SiHCl, 
HC;0. 

into water kept at 0°, filtering quickly the solid 
that separates, washing with ice-cold water, 
drying in vacuo over H^SO, and then at 150°; 
the SiHCl, is distilled from a small flask and 
the distillation-tube is fused on to an in¬ 
verted funnel which dips beneath the water; 

2SiHCl,-l-3H,0 = 6HCl-l-SiAOi. (Friedel a. 
Ladenburg, 4. 143, 118; cf. Buff a. Wohler, 
A. 104,101; also Gattermann, B. 12,186). A 
white, amorphous, light powder; floats in water, 
sinks in ether; si. sol. water. Does not decom¬ 
pose at 300°, but at higher temperatures it 
glows and gives off H which takes fire ex¬ 
plosively ; burns when heated in 0, emitting a 
brilliant light; burns when heated in a covered 
crucible, with formation ot some amorphous Si. 
Heated in tube, SiH, is given off and a thin 
layer of amorphous Si remains. Not acted on 
by acids, except HFAq which dissolves it with 
rapid evolution of H. Alkali and alkali car¬ 
bonate 3olutions,including NH,Aq, dissolve this 
compound, giving off H, and forming alkali 
silicates. A freshly-prepared aqueous solution 
of H.,Si,0, acts as an energetic reducer'; 
AuOljAq is reduced to Au; Pd salts probably 
to Pd mixed with Pd silicate ; SeO^Aq, SOjAq, 
TeO,A.q, and HgCl,Aq are reduced to Se, S, Te, 
and HgCl. CrO,Aq, indigo solution, and salts 
of Pt and Ir are not reduced. 

The substance obtained by W6hler, by the 
action of light and water on the body be named 
siliconc(v.8jLicoN, compoonbs or , with htdbooen 
iiND oxxoBN, p. 459), and called by him leukon 
{A. 127, 2C8), and also the substance called by 
Geutbor silicium oxide (/. pr, 95, 424), are pro¬ 
bably identical with Si:H,0,. M. M. P. M. 

SIUOO-IOSOPOBU SiHI,. {Silicon hy¬ 
drogen iodide. Tri-iodo-silieo-methane.) For¬ 
mula probablymolecular, from analogy of SiHCl,. 
Obtained in small quantities by the interaction 
of HI and crystalline Si at red heat (Buff a. 
Wohler, A. 104, 99); better p^paredby diluting 
the HI vapour with H; the product, which is a 
mixture of Sil, and SiHI„ is repeatedly frac¬ 
tionated ; Sil, boils at 290°, SiHI, at o. 200°. A 
mixture of SH, and SiHI, is also obtained by 
heating SiH, with I (Mahn, J. 1869. 248). A 
colourless, refractive liquid; S.G. S'362 at 0°, 
8‘314 at 20°; boils at o. 200°. Water produces 
Bi,H,0, (Fri^el, A. 149, 96) (v. Simco-rouuio 
isuiDBsm, supra). M. M. P. M. 


SILIOO-HOLTBDATES. Compounds eon- 
taining SiO„ MoO„ and basic radicles; u. Mouxn- 
DATBs, vol. iii. p. 427. 

SILICON. Si. {Silicium.) At.w. 28-3; mol. w. 
unknown. H.F. [Si, 00=219,240 amorphous 
Si; 211,120 crystalline Si (Xroost a. Haute- 
feuille, C.B. 70, 252). C.B. (linear at 40°) 
•00000763 (Fizoau, C. B. 68, 1125). For other 
properties v. Properties, p. 456. 

nistorkal.—lho existence ot a special earth 
in rocks that could be melted to glass-like sub¬ 
stances was indicated by Pott in 1746. Scheele 
{Opuscula, 2, 67) and Bergmann {Opuscula, 
2, 26) showed that this earth could not be 
changed into lime or alumina; Smithson in 1811 
found that the earth acted like an acid; 
Berzelius, in 1823, isolated the clement of this 
earth, and in 1854 Deville obtained the same 
element in crystalline form. The new element 
was shown to resemble carbon by the researches 
of Buff and Wohler and of Friedel and Laden¬ 
burg. The name silicon was given from aciduin 
silicum or silex. 

Occurrence. —Si is not found uncombined ; 
compounds of Si are very widely'distributed in 
vast quantities; next to oxygen. Si (in com¬ 
bination) is the most widely distributed element. 
Silicates occur in very many rocks and soils and 
in plant-ashes; SiO, is found in many mineral 
springs and in sea-water (Forchhamuier, Pr. E. 

2, 303; Bunsen, A. 62, 7, 25), and in small 
quantities in various animal organisms (von 
Gorup-Besanez, A. 61, 46; Henneberg, A. 61, 
261). Si is found in pig-iron; it is generally 
supposed to exist therein as crystallised Si, but 
the experiments of Jordan a. Turner (0- J. 49, 
215) make it probable that the Si is combined 
with Fe as a silicldc. 

Fa,mallon.—Amorphous silicon.—1. By 
passing the vapour of SiCl, over heated K, re¬ 
moving excess of SiCl, by a current of dry air, 
and washing out KCl with water (Berzelius, 
Lehrb. (Ist ed.) 3, 327).—2. By passing vapour 
of HjSiF, over heated K, washing with water, 
heating the residue in a covered crucible (to 
remove H and C), washing with HPAq (to 
remove SiO.,) and then with water (B., Z.c.). — 

3. By heating a mixture ot E,SiF, and K, and 
washing with water (B., lx.) ; Wdhler (A. 104, 
107) heats a mixture of Na,SiF, with NaCl and 
Na.- 4. By heating Mg in SiP, vapour (Warren, 
G. N. 68, 216).—6. By reducing SiO^ by heating 
with Mg (u. preparation. No. 1).—6. By elec 
trolysing a fused silicate in a carbon crucible, 
with Ft as the positive, and gas-carbon as the 
negative, electrode (Hampe, Chem. Zeitung, 12, 
841). Crystalline silicon. —7. By heating a 
mixture of K,,SiF„ Na, and Zu (». Preparation, 
No. 2).—8. By reducing KjSiF, or a silicate by 
A1 (u. Preparation, No. 3).—9. By passing H and 
SiCl, vapour over Zn heated to redness in a 
porcelain tube (Beketoff, Bl. 1, 22).—10. By 
heating a mixture of SiO^ K,CO„ Iceland spar, 
and Na (Deville, A. Gh. [3] 49, 62).—11. By 
passing vapour of SiF, or SiCl, over Si heated to 
redness (Xroost a. Hautcfeuille, C. B. 73,443).— 
12. By passing vapour of SiCl, over heated N a, or 
Al, and heating the product (Si with excess of Na 
or Al) in a carbon crucible (Deville, A. Ch. [ 8 ] 
49,62).—13. A piece of siliceous pig-iron is eon 
nected with the positive pole ot a battery and 
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immersed in dilute H,SO,Aq, in which s K plate 
connected with the negative pole of the battery 
is also placed; after some hours the iron has 
dissolved; the mixture of graphite, amorphous 
Si and SiO, which remains is heated to full 
redness for some time with Zn and the fused 
mass is treated with dilute HOlAq (Warren, 
C.W. 67, 64). 

Fr^aration, — Amorphous silicon.— 

l. An intimate mixture of 10 g. Mg powder and 
40 g. thoroughly dry sand is placed in a test- 
tube, of fairly thick glass, c. 2 3 cms. dia¬ 
meter and 0 . 15 cms. long; the tube is 
heated throughout by a large flame, and then 
the lower part is very strongly heated, when 
reduction quickly occurs. If the tube is gradu¬ 
ally moved downwards so that one part is 
strongly heated after another, the whole of the 
BiOs is reduced in a few minutes. The contents 
of the tnbe are shaken out, pulverised, and 
treated with HClAq (1:2), the solid being added 
to the acid in small successive quantities (to 
prevent explosion from evolution of Sill,) 
(Gattermann, B. 22, 186). Crystalline 
silicon.—2. A mixture of 16 parts dry K^SiP,, 
20 parts dry granulated Zn, and 4 parts dry 
Na in small pieces is placed in a clay crucible, 
which is covered and heated to redness; when 
the reduction of the K^SiFg is effected (there is 
a visible, but not violent, reaction) the tempera¬ 
ture is raised till the mass melts, care being 
taken not to heat to the b.p. of zinc, else con¬ 
siderable loss will occur. The crucible is broken 
when cold, the regulus is heated to the m.p. of 
zinc, the molten zinc is poured off , and SIOj, Zn, 
<ko., are removed by treatment, in succession, 
with cone. HClAq, cone, boiling HNO^Aq, and 
HFAq. The Si, mixed with a little K,SiFj, 
thus obtained is placed in a crucible and 
covered wilii a layer of powdered glass; the 
crucible is set inside another, and heated to the 

m. p. of pig-iron (c. 1100°). When all is melted 
the crucible is allowed to cool to dull redness 
and is then plunged into water; the regulus is 
separated from the slag, and is treated with 
HFAq and then washed with water (Caron, 
A. Oh. [8J 63, 26; Deville a. C., A. Oh. [3] 67. 
436).—3. A mixture of 1 part A1 with 20-40 
parts thoroughly dry K,SiF, or Na-SiF, is 
heated to o. 950° in a Hessian crucible, and the 
contents are kept molten for o. a quarter of an 
hour; the crucible is broken when cold, the 
regulus is separated, crushed, heated with cone. 
HClAq as long as H is given efff, then with 
HFAq, and washed with water and dried 
(WShler, A. 97, 261). Or, a mixture of 10 parts 
powdered cryolite and 6 parts K^SiO, or pow- 
dered glass is divided into two equal parts; one 
part is placed in a Hessian crucible, 1 part A1 
is added, the rest of the mixture is placed over 
this, and the whole is heated to redness for half 
an hour. The regulus is treated with cono. 
HClAq, HNOjAq, Ac., as directed above. 

Properties.—Si exists as a brown amorphous 
powder, and also as greyish-black, very lustrous, 
octahedral crystals. 

Amorphous silicon is a lustrous, brown 
powder, which adheres to the fingers or to glass 
tenaciously. The S.G. has not been determined, 
but the powder is heavier than oil of vitriol; it 
is a non-conductoi of electricity; bums when 


heated in sir or 0, but the BiO/iormed sodn 
stops the process; dissolves in cold HFAq, 
forming SiF, and H; also dissolves in warm 
alkali solutions; is oxidised with incandescence 
when thrown into molten nitre; combines with 
S when warmed therewith. After being strongly 
heated in a covered Ft crucible, and the SiO, 
formed has been removed by HFAq, amorphous 
Si is a dark chocolate-brown powder, which is 
not burnt by heating in air or 0, is insol. 
HFAq and boiling alkali solutions, does not 
combine with S, and is not acted on by molten 
KNO, or KCIO,. 

Crystalline silicon is obtained in leaflets 
or needles. The leaflets are opaque, very 
lustrous, metal-like, greyish black, resembling 
giapliito; they consist of regular octahedra. 
The needles are also octahedral. Crystalline 
Si has S.G. 2-49 at 10° (Wohler. X 9, 437); 
2194 to 2-197 (Winkler, X 17, 208). Scratches 
glass, but not topaz. According to Deville {C. B. 
39, 321) crystalline Si ‘conducts electricity like 
• graphite.’ M.P. between those of pig-iron and 
steel, i.6. between c. 1100° and 0 .1300°. Crystal¬ 
line Si is not changed when heated, even to 
whiteness, in 0; it is unacted on by HFAq; 
dissolves in warm alkali solutions; combines 
with S vapour. When heated in the electric arc 
crystalline Si melts and then boils, and the 
ends of the electrodes become covered with 
crystals of SiO (Moissan, 0. B. 117,423). 

For the lines in the emission spectrum of 
Si V. S. A. 1834. 441. 

DevUle (A. Oh. [3] 49, 70) thought that a 
graphite-like form of Si existed different from 
the ordinary crystalline (or diamond-like) form; 
but Miller (P. M. [3] 31, 397) showed that 
both the leaflets and the needles consisted of 
octahedra. Kopp {A. Suppl. 6, 72) found dif¬ 
ferences between the specific heats of crystalline 
Si and the graphite-like form prepared by the 
interaction of K,SiF, and Al, and these differ¬ 
ences were confirmed by Winkler (X. pr, 91, 
198). 

Warren (0. N. 03, 46) thought he had ob¬ 
tained a crystalline form of Si (oblique oota- 
hedra) different from the ordinary by the action 
of impure Al on K,SiF, at a very high tem¬ 
perature; he described the crystals as very 
perfect, and sometimes half-an-inoh across the 
faces. 

Specific heat of silicon. Kopp, Eegnault, 
and others obtained values for llie S.H. of Si 
varying from *138 to -173 at c. 30°-100°. In 
1875 Weber (P. M. [4] 49, 161, 276) showed 
that S.H. of crystallised Si increased rapidly 
from -40° to o. 200°, and attained an almost 
constant value at the latter temperature. 
Weber’s results gave the following values lor 
8.H. of crystallised Si:— 


Temp. 

an. 

~ 40° 

•186 

+ 67 

•1833 

128 

•196 

184 

•2011 

232 

•2029 


The atomic weight of Si has been determined 
(1) by finding the ratio of Si to SiO, formed 
therefrom (Berzelius, P. 1, 226 [1824]}; (fi) by 
converting BaSiF, into BaSO, (B., P. 8, 20 
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[18S8]] j (8) by ppg. 01 in SiOi, by Ag (Pelonze, 
0. It. 20, 1047 [1846J i Dumaa, A. Oh. [8] 66, 
183 [1859]); (4) by oonverting 8101, into AgCl 
•iSohiel, A. 120, 94 [1881]); (6) by decomposing 
SiBr, by water and determining SiO, produced 
(Thorpe a. Young, C. J. 61, 676 [1887]); (0) by 
Mding V.D, of SiH,, SiCl„ SiBr,, SiF„ &e .; 
(7) by determining S.H. of Si. The atom of Si 
IB tetravalent in the gaseous molecules SiH,, 
Bid,, SiBr,, Sir,, SiHOl* * 0 . The molecular 
weight of Si is unknown. 

Si is oloscly related to 0, and less closely to 
Ti, Ge, Zr, Sn, Co, Pb, and Th (u. Cabuon obous 
OF BliBUKNTS, Vol. i. p. 682). 

Reactions and Combatations. —I. Amor¬ 
phous silicon which has not been 
heated.—1. Heated in atr or ozj/gcn burns to 
SiO,, which coats the Si, so that the process 
soon stops.—2. Heated with sulphur forms SiS, 
(Berzelius).—3. In molten nitre forms potas¬ 
sium silicate, with incandescence.—4. Dissolves 
in cold solution of fluorhydric acid to form* 
SiF, and H.—6. Dissolves in cone, alkali solu¬ 
tions on warming, forming H^SiOjAg (or 
Na,SiO,Aq) and H. For dilierenoes between 
amorphous silicon before and after heating, 
i». Properties of amorphous silicon, p. 456.— 
II. Crystalline silicon.—6. Is not acted on 
hy oxygen, not by Jluorhydricacid.—7. Heated 
In dry chlorine forms SiOl, j in bromine vapour 
forms SiBr,; in a mixture of iodine vapour and 
CO, forms Sil,; takes fire in fluorine, forming 
SiF, (Moissan, C. R. 103, 266).—8. Heated with 
sulphur vapour forms SiS..—9. Strongly heated 
in nitrogen forms Sl|N,.—10. Heated to c. 800“ 
in a mixture of oxygen and chlorine, SijOCl,, is 
formed (Troost a. Ilautefeuille, Bl. [2] 33, 360). 
11. Dissolves slowly in warm alkali solutions of 
medium concentration, giving off H.—12. Burns 
when heated with alkali carbonates, separating 
C, and giving oS CO.—13. SiS, is produced 
(according to Sabatier, Bl. [2] 38, 153) by heat¬ 
ing to bright redness in hydrogen sulphide.— 
14. Schulzenberger (0. R. 114,1089) obtained 
a mixture of SijN, and a carbide (to which he 
gives the formula SiC) by heating to bright red¬ 
ness, in a carbon crucible placed inside another 
crucible packed with lamp-black, a mixture of 
1 part Si and 2 parts SiO,.— The folloioing re¬ 
actions apply generally to silicon.—15. Heated 
in hydrogen chloride SiHCl, is formed; in 
hydrogen iodide mixed with H, SiHI, is pro¬ 
duced; and SiHBr, is obtained by heating in 
hydrogen bromide. —16. Heated with silicon 
tetrachloride, Si,Cl, (and ?Si01,) is formed.— 
17. Oxidised by hydrogen iodide solution (v. 
Ditto, Bl. [2] 13,322).—18. With molten caustic 
soda or potash, H is given off and a silicate 
formed; similar but slower reactions occur with 
baryta and lime {v. Berzelius, A. 49, 247).— 
19. Heated with several metallic oxides, such as 
FbO or Ag,0, redaction ocours, generally with 
formation of a silicide. If a mixture of pow¬ 
dered Si, Al, and PbO is heated, a violent ex¬ 
plosion oooura.~20. According to Colson {Bl. [2] 
88,66), BijCjO is formed by heating Si in carbon 
dioxide ; SiS, SiSO, and Si,C,S are formed by 
heating Si to white heat in carbon disulphide ; 
SiCO, u formed by heating with bensene ; and 
Si,C,0, is ptodnoed when Si is heated to white- 
suss in a carbon crucible. 


Silicoa, amidonitrids of. By the interaction 
of NH, and SiCl, or SiF, Harris (0.0.1889 [ii.J 
283) obtained a snow-white powder, to which he 
gave the formula Si.NH,.N, 

Silicon, carbide of. According to Sohutzen- 
berger (C. R. 114,1089), a compound of Si and 
C, having the composition of SiC, is formed 
along with a little Si,N„ by placing a mixture 
of 1 part crystallised Si and 2 parts SiO, in a 
covered gas-carbon crucible, imbedding this in 
lamp-black in a larger crucible, and this again 
in more lamp-black in another larger crucible, 
and heating to bright redness tor some hours; 
boiling with moderately cone. HFAq dissolves 
SiO, and SijN,, and leaves the SiC. Heated to 
low redness in chlorine, SiO is said to give SiCl, 
and 0. Moissan (C. B. 117,425) obtained colour¬ 
less crystals of SiO by fusing C and Si in an elec¬ 
tric furnace. The crystals are very hard, act 
strongly on polarised light, S.G. 312; they are 
not acted on by 0 or S vapour at 1000“ ; Cl be¬ 
gins to react at o. 600“ and the action is com¬ 
plete at 1200°; the crystals are not acted on by 
boiling HClAq, HNO„ H,SO„ aqua regia, or a 
mixture of HNO, and UFAq,* nor by fused 
KNO, or KCIO,; molten KOH gradually forms 
E.,CO, and K silicate. 

Silicon, bromides of. Two bromides of 3i 
are known, Si,Br, and SiBr,. 

Disinicos UF.X 1 BB 0 U 10 U Si.,Br,. {Silicon tri- 
bromide SiBr,.) Formula probably molecular 
from analogy of Si,Cl,. A colourless liquid, 
boiling at 0 . 240°. Formed by adding the proper 
quantity of Br to Si,!, in CS„ pouring oft from 
I, purifying by shaking with Ilg, filtering in dry 
air, and fractionating (Friedol a. Ladenburg. A. 
203, 254). 

Silicon tetbabbomiub SiBr,. Mol. w. pro¬ 
bably 347-3. 

Preparation. —Amorphous Si, prepared as 
described under Silicon, Preparation, No. 1 
(p. 4.56), after being partially purified from SiO, 
by UClAq, washing, and drying, is heated in a 
glass tube, while Br vapour is passed over it; 
the tube passes into a small flask, which is sur¬ 
rounded by cold water. A mixture of SiBr, and 
Br collects in the flask; this is fractionated, 
and the last traces of Br are removed by shaking 
with Hg and distilling (Gattermann, B. 22,186). 
SiBr, may also be prepared by heating a mix¬ 
ture of SiO, and C (c/, Silicon ibxrachlobicb, 
p. 458) in Br, shaking with Hg, and fraction¬ 
ating (Senillas, P. 24, 341; modified by Bey- 
nolds, G. j: 61, 590). 

Properties and Reactions. — A ’olourless 
liquid, having a disagreeable odour, and fuming 
much in air. S.G. 2-8128 at 0°. B.p. 153-4° at 
702-5 mm. (Pierre, A. Ch. [3] 20, 26; Freyer a. 
Meyer, Zeit.fUr anorgan. Ghemie, 2,1); 148“ to 
150° (Sorullas, l.c.). Solidifies at o. -12°. (F. a. 
L., l.e.). Decomposed by water to HBrAq and 
SiO,; shaken with cone, sulphuric add, slowly 
changes to Brand SiO,. Heated to 250° vrith lead 
oxide gives PbBr, and Pb silicate (Friedel a. 
ladenburg, A. 147, 362). Ammonia probably 
forms SiBr,.NH, (Persoz, A. Gh. [2] 44, 316). 
Phosphorus hydride forms a white amorphous 
compound, by repeated compression with SiBr,, 
the pressure b^g maintained for soma hours 
(Besson, 0. R. 110,240). 

For the oompoonds SiBr,H and Si,Br,H v. 
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SnjooaiOKOFOBit, and Snjoo-xTBixi, VMim- 
BBOKO- DzaiTAiiTn OF, pp. 463, 454. 

Silicon, bromoobloridei of. I'hreeoompomids 
of Si with Br and Cl have been isolated. The 
yj>. of SiBr,Cl, and also that of SiBrOlu has 
been deternained; the formuln of all are pro¬ 
bably molecular. 

SiucoN UBoito-TiacHLOKinE SiBrCl,. Mol. 
w. 214'16. A colourless liquid, boiling at c. 
80°, fuming in air, and decomposed by water. 
Prepared by heating Br and SiHCl, at 
100°; SiHCl,+Br., = SiBrCl, + HBr (Friedel a. 
Ladenbnrg, A, 145, 187). Also by the inter¬ 
action of Br and SiCljSH (? SiCl,SH + 3Br 
= SiBrCl,+ SBr-8 HBr) (F. a. L., l.c. p. 179). 
V.D. 104-7 at c. 130° (F. a. L., U.). Reacts 
with NH, to form an amorphous compound, 
23iBrCl,.llNH„ easily decomposed by water 
(Besson, 0. B. 112, 788). 

SiLicoK DiBROMo-DicHicninn SiBr,Ci,. A 
oolonrless liquid, boiling at 103°-105°, and not 
solidifying at —60°. Prepared by heating 
SiHCl, and Br above 100° (F. a. L., l.c.). Also 
by passing the vapour of HBr and SiCl, through 
a red-hot porcelain tube (Besson, l.c.). Com¬ 
bines with NH, to form SiBr2Cl,.5NII„ decom¬ 
posed by water. 

Silicon iRinnoMo-oiiLOBiDE SiBijCl. Mol. 
w. 302-92. A colourless liquid, fuming in air, 
boiling at 140°-141°, not solidifying at —40°; 
S.G. 2-432. V.D. 150-6 at o. 185° (Reynolds, 
C. J. 51, 690). Obtained, along with SBr„ by 
passing Br vapour over a mixture of SiO, and 
C heated in a wind-furnace, passing dry H 
through the warn product, shaking with Hg, 
and fractionating (B., l.c.). Besson {G. B. 112, 
788) seems to haye obtained the same com¬ 
pound, along with SiBr,Cl„ by passing the 
vapours of HBr and SiCl, through a red- 
hot porcelain tube. B. gives the b.p. 12C°- 
128°, and m.p. -39°; he says a compound 
BiBr,Cl.llNH, is formed by interaction with 
NH,. 

Silicon, bromo-iodides of, v. Biucon iodo- 
BROMIDEB, p. 461. 

Silicon, chlorides of. Two chlorides of Si 
have been isolated with certainty, Si,Ci, and 
BiCl,; these formulas are molecular. There are 
indications of the existence of another chloride, 
SiClr 

Silicon hrxachlorior Si,Cl,. (Silicon tri- 
chloride SiCl,.) Mol. w. 268-22. 

Preparation. —1. By heating HgCl, with 
8i,I„ fractionating, and distilling the portion 
boiling at 146°-148° from HgCI, (Friedel a. 
Ladenburg, A. 203, 253).—2. Vapour of SiCl, is 
passed over Si kept molten in a porcelain tube 
(3Si01,-lSi = 2Sl,Cy-, the produet is rapidly 
cooled, and fractionated from SiCl,, Si oxy- 
ohlorides (and ? SiCy (Troost a. Hautcfeuille, 
A. Ch. [6] 7, 469). 

Propertiee. — A colourless, mobile liquid, 
boiling at 146°-148°; S.G. 1-68 at 0°; solidiOcs 
at —14° to large leaflets, which melt at 1° (F. a. 
L., I.C.). V.D. 140 at o. 240° (T. a. H., l.e.). 
Fumes in air, dtoimposed by water; vapour 
takes fire when Si.,Cl, is heated in air. 

BeacHom and Combinationa.—l. Deoom- 
TOsed to SiCl, and Si by heat in a closed tube; 
Composition is extremely slow at 360°, nearly 
complete at 800°; heated rapidly above 1000° 


the dissooiaiion-pressure falls; the oompoand 
is stable below 360° and above 1000° (T. a. H., 
f.Ci).—2. Decomposed by water. At ordinary 
temperatures products remain in solution, and* 
are ppd. by NH,Aq; at 0° S^HjO, is formed (v, 
Smoo-oiiLio Aorn, p. 463) (F. a. L., l.c.).— 
3. OaueUc potash forms SiO, and gives off H 
(F. a. L., A, 203, 264).—4. Phosphorus hydride 
is changed to the solid hydride at —10° (Besson, 
0. B, HO, 616).—6. Combines with ammonia 
to form Si,Cy6NH, (B., l,c.). 

Silicon tetraciiloride SiCl,. Mol. w. 
169-78. Boils at 67-57° at 760 mm. pressure 
(Thorpe, 0. J. 87, 327). S.G. ^ 1-62408 (T., 
I.C.). V.D. 85-5 at 100° (Dumas, A. Ch. [2] 33, 
368). S.H. of SiCl, vapour, at 90° to 234°, 
=-1322, at constant pressure, referred to equal 
weight of water; -12, at constant volume, re¬ 
ferred to equal weight of water (Regnault, Acad. 
26, 1). Regnault (lx.) gives the vapour-pres- 
nures of SiCl, as follows:— 


Temp. 


Vaponr-prossure. 

-20°. 


• 26’49 mm. mercury 

-10 . 


. 46-46 ,. 


0 . 


. 78-02 „ 

l» 

•HO . 


. 125-90 „ 


20 . 


. 195-86 „ 

*> 

30 . 


. 294-49 „ 

tf 

40 . 


. 429-08 „ 

»» 

60 . 


. 007-46 „ 

It 

60 . 


. 837-23 „ 

II 


H.F. [Si,Cl‘] = 157,040 (Troost a. Hautcfeuille, 
A. Ch. [5] 9, 70). 

Formation.—1. By passing dry Cl, or HCl 
gas, over a mixture of SiO, and C at full red 
heat (Oerstedt, B. J. 0,119 ; Deville, A. Ch. [3] 
43, 23). According to Weber (P. 112, 649) C is 
not necessary if the temperature is high enough. 
2. By heating crystalline Si, or Si containing 
H, in Cl (Berzelius, C. J. 4, 91).—3. Favre 
(G. B. 107, 339) heats impure Si, and passes 
HCl and vapour of naphthalene over it.—By 
heating iron containing c. 15 p.c. Si in Cl 
(Warren, C. N, 60,168).—6. By passing vapour 
of BCl, over SiOj heated to dull redness 
(4BCls -t 3SiOj=3SiCl, + 2B,Oa; Troost a. Haute- 
feuille, A. Ch. [5] 7, 476). 

Preparation. —1. Amorphous SiOj is mixed 
with an equal weight of lampblack, and the 
mixture is made into a paste with oil. Small 
pellets are made of this paste; these are im¬ 
bedded in charcoal powder, and strongly heated. 
The dry pellets are placed in a porcelain tube, 
which is heated to very bright redness in a fur¬ 
nace while a stream of Cl (dried by HjSO, and 
then by CaCy is passed through. The exit 
end of the porcelain tube is connected with a 
(J-tube, from the bottom of the bend of which 
a short tube passes down into a small fiask; the 
(J-tube and small flask are surrounded by a 
freezing mixture. The Bid, which condenses 
in the flask is shaken in a dry flask with Hg 
and a few pieces of E, and then distilled with 
sodium. 

L. Meyer (A. 270, 238) recommends the use 
of charcoal-powder in place of lampblack, and 
starch-paste rather than oil.—2. Gattermann 
(B. 22,186) places impure amorphous Si (con¬ 
taining some Mg, (ko.), prepared as described 
un^sr SiLiooN, Pr^ariUion, No. 1, in a tube th 
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9 OMI. wide, leaving a space of o. 1 cm. 
above the Si along the tube; be bends this tube 
at right angles, and connects it with a (J>tube 
placed in a freezing mixture; he then passes 
dry Cl through the apparatus, while he heats 
the tube, laid in an iron trough in a gas-furnace 
so that the tips of the flames just touch the 
iron trough. The temperature must not get 
too high, else the Si glows, and MgGl^ and 0 
are formed, and the 0 oxidises the Si to SiO^ 

Properties, —A colourless, very clear, and 
very mobile liquid, with a disagreeable odour 
resembling that of cyanide^; reddens litmus; 
fumes in moist air. Does not become viscid 
at -76‘' (Haase, B, 26,10.'i2). 

Reactions and Combinations. —1. Heated to 
redness with hydrogen a little SiHGlg is formed 
(Fricdel a. Ladenburg, Bl. [2] 12, 92).~2. Oxy¬ 
chlorides are produced by tho action of oxygen 
under the influence of induction sparks (Truest 
a. Hautefeuille, A, Ch. [6] 7, 465).-3, SiCl, is 
decomposed by passing the vapour with dry air 
through a wlute-hot tube, giving SigOClg and 
Cl (F. a. L., Ic.). Berthclot {A. Ch. [5] 15, 
185) says that SiO^ is also produced. -4. Water 
produces H^SiO,, and HClAq.—6. Hydrogen 
sulphide forms SiClg.SH, when SiCI, and 
are passed through a red-hot tube (F. a. L., A. 
145,179; Pierre, A. Ch. [3] 21, 300).- 0. Many 
metals—e.g. K, Na, Zn, Ag—withdraw all Cl 
from SiCl, when heated to redness in vapour of 
SiCl^ (F. a. L.; cf. Itauter, A. 270, 235).— 
7. Most metallic oxides form SiO^ and metallic 
chlorides when heated with SiCl^ (R., l.c.) ; CaO, 
MgO, Al^O.-,, and 13eO form silicates and crystal¬ 
line SiO« (DaubrOe, C. R. 39, 135); TiOj is not 
changed (T. a. H., A.Ch. [5J 7, 476).—8. De¬ 
composed by heating with alkali carbonates^ 
potassium chlorate or nitrate, and various oxid¬ 
ising salts (11., I.C.). —9. SiOj and UCl aro pro¬ 
duced by reaction with sulphuric acid. — 
10. Ammojiia forms SiCl4.0NIIj (Persoz, .4. Ch. 
(.2] 44, 315); also, according to Gattermann (B. 
22, 194), Si.Nll 2 .N.—11. Pkosphoretted hydro¬ 
gen does not react at ordinary temperatures; 
but at -40^ c, 40 vola. of PH;, are absorbed by 
SiCl^, forming a solution which does not solidify 
at — 60*^ (Besson, 0. R. 110,240). A colouvlcss 
crystalline compound is produced by compress¬ 
ing PHj and SiCl^ and then decreasing pressure 
to 20 atmospheres at 10° (B., l.c.). —12. Heated 
with sodium silicate, NaCl is formed. If SiCl^ 
vapour is passed through a tube containing 
fragments of felspar, at a white heat, KGl, SiO,, 
and SijOCls are formed (F. a. L., l.c.). 

For the compound SiHGl, v. Silxco-ohlobo- 
70BM, p. 453. 

? Silicon DicnLOMDis SiClj, In the prepara¬ 
tion of Sl^Glg by the reaction of SiCl 4 with Si, 
Troost a. Hautefeuille (A. Ch» [5] 7, 463) ob¬ 
tained a liquid which took Are when heated in 
air, and reacted with ice-cold water to form a 
hydroxide of Si having reducing properties. 

Silicon, chlorobroi^des of, v. Silicon dbomo- 
CHLOBIPS8, p. 458. 

Silicon, ohlorobydroiulphido of, SiCl,.SH. 
n^richhrO’SUicO’mercaptan.) Moh w. 167*39. 
This compound may be looked on as a deriva¬ 
tive of hypothetical ortho-thio-silicio aoid 
8i(8H)4, obtained b; replaoiag 8SH by SGI. 

Prepared by paseing dry into SiOl, in n 


retort, and then passing the mixed vapours oi 
H,S and SiCl, through a red-hot porcelain tube 
connected with a receiver surrounded by a 
freezing mixture, and fractionating the liquid 
that condenses (Priedel a. Ladenburg, A. 146, 
179). Colourless liquid, with sharp, disgusting 
smell i boils at 96°; S.0.1-45. V.D. 88-6 at o. 
167°. Decomposed by moiat air, more rapidly by 
water, to HjS, S, HClAq, and SiOi.a;H 20 } 
brotiiine produces SiBrCl, and HBr. Alcohol in 
excess forms Si(OEt)„ H.,S, and HCl; by react¬ 
ing in the ratio SEtOH: Si01,.SH, P. a. L. 
obtained a liquid boiling at 164°-167°, probably 
Si(OEt) 3 .SH; this liquid could not be obtained 
pure, as it changed to Si(OEt)„ HOI, and H^S. 

Silicon, ohloro-iodidcs of, v. Silicon iodo- 
OHLoniDus, p. 461. 

Silicon, compounds of, with carbon and 
oxygen. According to Colson (Bi. [ 2 ] 38, 66 ), the 
compound SiCOj is formed by heating Si with 
benzene vapour, the compound SijOjO., by heat¬ 
ing Si to whiteness in a carbon crucible, and 
the compound Si-^CjO by heating Si in COj. 

Silicon, compound of, with carbon and 
sulphur. Colson {Bl. [2] 38, 68 ) says that a 
compound, to which he gives the formula 
Si,0,8, is produced by heating Si to a white heat 
in CS.; vapour. 

Silicon, compounds of, with hydrogen and 
oxygen. The compounds of the form SiOjZcHp 
are described under Silica, hvdbates os (p. 447); 
the compounds SijHjOj and Si. 3 H. 3 O, are de¬ 
scribed us silico-forinic anhtjdridc and silicO’ 
oxalic acid respectively (pp. 455, 41,3). Wohler 
(d. 127, 257) obtained a substance, by the de¬ 
composition of impure Ca silicido by HOlAq, to 
which he gave the name silicone, and either the 
composition Si,H ,03 or SijHjOj. On account of 
tho yellow colour of this body. Miller proposed 
to call it chryseone. Silicone is described as 
orange-yellow leaflets, insol. water, alcohol, CS„ 
SiCl,, or PCI 3 ; when heated below redness it 
takes fire, burning to SiO., and amorphous Si; 
heated out of air, H is given off and SiO, and 
amorphous Si remain; not acted on by Cl, 
fuming HNO„ or cone. H,SO,; oaustio alkali 
solutions, even dilute NH 3 Aq, produce SiOj with 
rapid evolution of H; acts as an enorgetio 
rodaoer towards solutions of many motaUio 
salts. 

Silioon, fluorides of. The existence of any 
compound of Si and F except SiF, is doubtful. 
Troost a. Hvitefouille {A. Ch. [5] 7, 464) ob¬ 
tained a fine dust by passing SiF, over molten 
Si and suddenly cooling, which was probably a 
lowor fluoride than SiF,. 

Silicon TETBAVLuoaiDE SiF,. Mol. w. 104*$. 

Formation.—1. By passing BF, vapour 
through a red-hot porcelain tube (Troost a. 
HautefeuiUe (A. Ch. [5] 7, 464).—2. By the in- 
teraotion of HFAq and SiOj or silicates. 

Freparation, —A fair-sized flask is one-third 
filled with a mixture of equal parts of powdered 
CaF, and quartz or white sand; suffloient 
oono. H 3 SO, is added to thoroughly moisten 
the mixture; the flask is gently warmed, and 
the gas that comes oS is coileoted over Hg 
(2CaF, 2H,SO,+SiO,=2CaSO,+2H,0 -r SiF J. 

Properties. —A colourless gas, with a dis¬ 
agreeable odour and sour taste; reddens dry 
litmus paper; fumes stron^y in air. VJ). 
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(DmuM, A.CIh.\!S\ 83, 368). Condensed to a 
eoloarless mobile liquid at -106-6° and 9 stmos. 
piesinre (Farads;, T. 1846.166). Aooording to 
Olsievski {M. 6,127) SiF, soliai&es at -103°. 
Acts SB a ^werfnl poison (v. Cameron, Dublin 
Jf. of Med. Sci. Jan. 1387). 

Beactione. —1. Decomposed by electric sparks 
with separation ol Si (T. a. H., C. B. 43, 443).— 
2. Potassium and iron, when hot, burn in SiF„ 
forming fluorides and Si.—3. Moist air forms 
SijOjF.OH (Landolt, A. Suppl. 4, 27, and v. 
DiJtETAsn,ioio rLHOBHYDEiN, infra). —4. Water 
absorbs SiF„ forming SiOj.a;HjO and HjSiF,Aq 
(u. SnjcoFLUORHYDKio Acro, p. 454).—6. Am- 
mania forms SiF,.2NH, (J. Davy, 2'. 1812. 352); 
also, according to Harris (G. C. 1889 (ii.) 283), 
BiNHj.N (». SlMOOH AMIDONITHIDE, p. 457). 

Combinations. —1. Combines with dry phos- 
phoretted hydrogen, when the gases are strongly 
compressed at —22° and 60 atmospheres in the 
ratio 2PH,:3SiF„ to form lustrous crystals^ 
(Besson, 0 B. 110, 80).-2. Alcohol absotbs" 
BiF, freely, forming an acid liquid which gives 
oft SiF,in the air (Knop, J. 1858. 140).- 3. SiF, 
is absorbed by many metallic oxides. 

Dimetasilicic fluorhydrin Si.Pj.OH.F. 
Landolt (A. Suppl. 4, 27) obtained this com¬ 
pound as a white crystalline solid (u. also Sohiff, 
J. 1866. 196). 

Silicon, haloid compounds of. The com¬ 
pounds of Si with halogens belong to the forma 
Si,X, and SiX,; the compounds SiX,, where X 
is a single halogen, have been gasified, and the 
compound SijCl, has also been gasified. The 
formulas are probably all molecular. There are 
also indications of the existence of some com¬ 
pounds of the type SiX^ Besides the com¬ 
pounds where X is a single halogen, there exist 
the compounds SiXX'„ SiX.,X'„ and SiX'X,, 
where X and X' are Br and Cl, I and Cl, and I 
and Br respectively; the only one of these com¬ 
pounds that has been gasified is SiBr,Cl. 

Silicon, hydrides of. The compound SiH, 
has been isolated and examined. The exist¬ 
ence of another hydride, probably SiA< >3 
lihely. 

SmiooN TETBAHYDRiDE SiH,. {SUiciuretted 
hydrogen.) Mol. w. 32-3. Si and U do not 
combine directly, even in the electric arc 
(Friedel, C. B. 73, 497). 

Formation. —1. A1 containing Si is made the 
positive pole in NaClAq (Puff a. Wohler, A. 103, 
218).—2. Crude Mg silicide is decomposed by 
dilute HOlAq (v. Preparation). Tftese processes 
yield mixtures of SiH, and H.—3. By the 
reaction ol Na with 8iH(OEt), (®. Prepara¬ 
tion). 

Preparation. —1. Small pieces ol Na are 
dropped into SiH(OEt), (o. infra), and the liquid 
is gently warmed; the escaping gas is allowed 
to drive out the air (if the Na or SiH(OEt), was 
moist B comes off, and the gas tabes fire), and 
is then collected over Hg (Friedel a. Ladenburg, 
143, 123). The SiH(OEt), is prepared by adding 
dry absolute alcohol to pure SiHCl,, in a long¬ 
necked flask, in the ratio 3EtOH : SiHCl,, dis¬ 
tilling after some time, and collecting the liquid 
that boils from 134° to 137°.—2. Impure SiH„ 
mixed with considerable quantities of H, is pre¬ 
pared by placing coarsely-pulverised crude Mg 
gUicide (for preparation, v. infra) in a small 


two-necked flask, fitted with a funnel tube and 
a short wide delivery tube; the flask and de¬ 
livery tube are quite filled with water from 
which all air has been driven out by boiling, the 
delivery tube is made to dip under boiled water, 
and the bell-jar to receive the gas is filled with 
boiled water; cone. HClAq is added, little by 
little, by the funnel tube. The gas, which 
comes off very rapidly, is collected in a bell-jar 
fitted with a stop-coek; this jar is then con¬ 
nected with a 0-tubo containing GaCl, and 
carrying a short, narrow piece ol glass tubing, 
which is made to dip under a dry vessel full of 
Hg. By depressing the bell-jar, the gas is 
forced out; it burns in the tubes till the air is 
exhausted, when it passes into the vessel full of 
Hg, where it is colleeted. 

Preparation of the crude Mg 
silicide. A mixture of 1 part finely-powdered, 
dry, white sand and IJ parts Mg powder is 
heated in a stout glass tube; reduction takes 
place with production of much light, and a blue- 
grey, semi-molten mass is obtained (Oattermann, 
B. 22, 186). For other methods ol preparing 
the Mg silicide required, v. Wohler (A. 137, 
369), Warren (G. N. 58, 215), and Mermet {Dl. 
[2] 47, 306). 

Properties.—A colourless gas; insol. water; 
liquefied at —11° and 50 atmos., —7 and 70 
atmos., or -1° and 100 atmos. pressure (Ogier, 
A. Ch. [5] 20, 6). V.D. 15-9 (F. a. L., A. 143, 
123). H.F. [Si.H‘) = 32,900 (0., l.c.). Does not 
react with N, NO, NHj, H.SO,Aq, or HClAq. 

Beactions. —1. Decomposed completely to Si 
and H by heating to above 400° (0., l.c.). —2. Jn- 
duction sparks cause inerease of volume from 
100 to 121-129; H is produced, and yellow 
solid separates, probably Si^H, (v. Disilicoe int- 
HYURiDE, infra). — 3. SiH, takes fire in air 
when slightly heated, or when the pressure is 
decreased; if the pure gas is passed into a 
tube filled with Hg, the pressure is lowered to 
100-150 mm., and air is admitted, the gas takes 
•fire (F. a. L., Z.c.). The gas as prepared from 
Mg silicide is mixed with H, and takes fire 
in air at ordinary temperature and pressure.— 
4. Burns in chlorine with violent explosion.— 

6. Cone, potash solutum forma K..SiO, and H; 
the volume of H is four times that of the SiH, 
(SiH, + 2KOHAq + H,0 = K,SiO, 1 8 H) (F. a. L., 
Z.C.).—6. Beduees solutions of many metallic 
salts ; ppts. Ag and Si from AgNO,Aq, Pd from 
Pd salts, Cu silicide from CuSO,Aq, &e. Does 
not react with PtCl,Aq or P^C^HjOJ^Aq.— 

7. The action of electric, discharges on SiH, 
mixed with nitrogen produces NH,, and (?) Si^H, 
which combines with some of the N (Ogier, 
A. Ch. [6J 20, 31). 

Disilicon tbihydbidb SijH,. This formula 
is given by Ogier (A. Ch. [6] 20, 81) to a yellow 
solid obtained by the action of induction sparks 
on SiH,. The composition of the substance is 
somewhat doubtful. It takes fire when rubbed 
or h< ated in air; heated in H or N, inflammable 
SiH, is produced, or at higher temperatures Si 
and H are formed. 

Silicon hydrogen bromides v. Silioo-broiio- 
EORu, p. 463, and Silioo-ethane, paiiiAnBoito- 
DEBivAYiva OT (Sl^HBrA, p. 464. 

Silicon hydrogen cUoiUs «. SauxHiaiiOM' 
roBM, p. 453. 
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llUson liydMgeii MUe «. Bniioo-ioooroBii, 
p. 466. 

Silicon, hydroxMea of, v. Siuca, htdbitbs 
or , p. 447; Siuco-xobmio acid, p. 466; Siuco- 
VOBtflC AKHIBBIDE, p. 466 ; BlUCO-OXALIO ACn>, 
p, 463; and SUicone, under Sibicon, cohbodnds 
or, WITH BTDBOaEN AND OXTOEN, p. 469. 

silicon, iodides of. Two compounds bare 
been isolated, Sil, and Sijl„ and a third, which 
is probably Sil^, seems also to exist. 

BiUCOB TBTBA-IODIDE Sil,. Mol. w. 634'42. 
Melts at 120-6“: boils at 290°. V.D. at 300“ 
= 268-6. H.F. [Si,F‘) = 68,000 (Berthelot). 

Preparation.—!. The crude product obtained 
by reducing a mixture of 4 parts fine white sand 
by heating with 1 part Mg powder (o. Siucon, 
Preparation of. No. 1, p. 456) is strongly heated 
in a mixture of dry CO, and I vapour, in a tube 
which projects c. 20 cm. .rom the furnace; Sil, 
colieots in the cold part of the tube, it is dis¬ 
solved in CSj (1 part CS, dissolves c. 2-2 parts 
Sil,), shaken with Hg till colourless, and the 
CSj is evaporated by passing dry CO, through 
it at the lowest possible temperature (Gatter- 
mann, B. 22,190).—2. A mixture of CO, and I 
vapour is passed over Si strongly heated in a 
porcelain tube; the Sil, that colieots in the 
cold part of the tube is puriliod as in 1 (Fricdel, 
A. 149,96). 

Properties and Beoctions.—Colourless, trans¬ 
parent, regular oetahedra; isomorphous with 
Cl,. (For M.P., &o., V. supra.) The vapour 
burns when heated in air, with separation of I. 
Water produces SiO,.xH,0 and UIAq. Alcohol 
forms EtI, HI, and SiO,. Ether, at 100“, pro¬ 
duces Si(OEt), and EtI (F., l.c.). 

SiucoN iiEXA-ioDims Silg. Formula pro¬ 
bably molecular, from analogy of 81,01,. Pre¬ 
pared by heating Sil, with finely-divided Ag 
(formed by reducing AgCl) to 290°-300“ for 
some hours, removing Sil, by washing with a 
little dry CS, (1 part CS, dissolves c. -26 parts 
SlJ, and c. 2-2 parts Sil,), dissolving in much 
hot CS„ and crystallising (Fricdel a. Ladenhui-gr 
A. 203,' 234). Colourless, six-sided, double re¬ 
fractive plates. Melts at 260“ in vacuo, with 
partial decomposition. When heated, decom¬ 
poses to Sil„ and a substance that is probably 
Sil, Fumes in air; with water gives H.,Si,0, 
and HIAq. 

Siuoos Di-iODiDB. The yellow solid that is 
formed by heating Sil, is probably Sil,; it is 
insol. in the ordinary solvents; with water becomes 
grey, perhaps forming E,SiO, (v. Silico-eobmio 
A on), p. 466) (Friedel a. Ladenburg, A. 203,247). 

For the compound SiHI, v. Sinioo-toDoxoBti, 
p. 466. 

Silicon, iodobromides of. Three compounds, 
corresponding with the three bromochlorides and 
the three iodoohlorides, are formed by passing 
IBr (alone or mixed with H) over orystalline Si 
heated to dull redness; also by passing the 
vapour of a solution of I in SiBr, over crystal¬ 
line Si at a low red beat (Besson, 0. S. 112, 
1447). The compounds are solids which decom¬ 
pose in air with separation of I; they all 
combine with NH, to form white compounds 
that are decomposed by water. 

SmiooH lonoTBisnoiiinB SilBr,. Melts at 
14“ and boils at 192°. Prepared as described 
above, also (probably) by the interaction of I and 


SiHBr, at 200°-260°, also by passing HI over 
SiBr, heated to low redness (B., 2.c.). 

SiucoH oi-ionoDiBBOinDE SiI,Bi, Melts at 
e. 88° and boils at 230°-281°. 

SiniooN TBI-IODOBBOMIDB SiI,Br. Melts at 
0 . 66° and boils at o. 266°. 

Silicon, iodochlorides ot Three compounds 
have been isolated, corresponding with the three 
bromochlorides, and the three iodobromides. 
The V.D. of none has been determined, but from 
the analogy with the bromochlorides the sim¬ 
plest formula) are probably molecular. 

Simoon loDOTBicHLOBioE SilCl,. Obtained by 
passing HI mixed with SiCI, vapour through a 
red-hot tube, also by the interaction of HI and 
SiHCl, at 200°-250“, also by distilling ICl over 
crystallised Si heated to redness (Besson, G. B. 
112, 60, 1314). A colourless liquid, boiling at 
113“-114°; fumes in air; decomposed by water; 
I separates on standing, especially in sun¬ 
light. With NH, forms white amorphous 
•2SilCl,llNH,. 

SiMCON ni-ioDonicnioBiDE 811,01,. Formed 
from HI and SiCl„ also from ICl and Si; also by 
heating HI with SiI,Gl at 2602. Colourless 
liquid, boiling at 172°. With NH, forms amor¬ 
phous Sil,Cl,5NH, (B., lx.). 

SnUCON IBI-IODOCHLOBIOE SiI,Cl. A solid 
obtained in preparation of the two former com¬ 
pounds; melts at 2°. Fumes in air, with separa¬ 
tion of I. 

Silicon, nitrides of, Schutzenberger (0. B. 
114, 1089) obtained small quantities of a com¬ 
pound to which be gave the formula Si,N„ 
along with a carbide of Si, by heating 1 part 
Si and 2 parts SiO, in a covered carbon crucible, 
imbedded in lampblack in an outer crucible, 
to bright redness for some hours. By passing 
NH, through a porcelain tube kept at a white 
beat, Colson (C. B. 94, 1710) found a black 
layer in the hottest part of the tube, which was 
probably a mixture ot Si and nitride of Si. A 
compound of Si, N, and H, probably Bi.NH,.N, 
was obtained by Harris (0. C. 1889 (ii.) 283) by 
the reaction of NH, with SiCl, or SiP,. 

Silicon, oxide of, SiO,; v. Simca, p. 446. 

Silicon, oxychlorides ot The compound 
81 , 001 , is formed by heating SiCl, vapour in air 
or 0. According to Troost a. Hautefouille 
{Bl. [2] 35, 360) several oxychlorides are formed 
by passing a mixture of SiCl, vapour and 0 
through a red-hot tube, or, better, by passing a 
mixture ot 1 vol. Cl and J to ^ vol. 0 over orys¬ 
talline Si heSted to not above 800°. T. a. H. 
isolated the following oxychlorides:— 

Si,0,Cl„; liquid, b.p. 162°-164°. 

Si,0,Cl,; Uquid, b.p. 198°-202°. 

81,0,01,; oily liquid, b.p. above 400°, 
Si,0,Cli; soUd, m.p. above 400°. 

SiMcoN oxTCHixiBiDE S1,0C1,. (PerMoTO. 
silico-methyl ether (SiCl,),0.) MoL w. 284"78. 
Prepared by passing vapour of Sid, through a 
porcelain tube heated in a wind fomace burning 
coke, condensing the product, repeating the 
operation with the portion wMoh boils above 
70°, fractionating, and separating the liquid 
boiling at 137°-138° (Friedel a. Ladenburg, A, 
147, 365). A colourless liquid, boiling at 137°- 
188°. V.D, 144 at o. 200°. Fumes in tii, decom¬ 
posed by water to HOlAq and Si0,urH,0. Mis¬ 
cible in ail proportions with OHOV CC1„ CS« 
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8IG1„ and Et,0. Alcohol prodnoes Si,0,(lt),; 
lino-ethide at 180° forms SiEt 4 and Bi,OEt, 
(F. a. L., l.c.^ 

The compoand SiFsO,Cll] is described as 
SlLIOOPHOSrHOEIO OXTOHtOBIDB {p. 461). 

Silicon, oxysolphide of. According to Oolson 
(£2. [3] 88, 66), a compound SiOS is formed, 
along with SiS and Si^SC^, b; heating Si to white 
heat in CS,. 

Silicon, sulphides ol The only compound 
of Si and S certainly isolated is SiS,. Colson 
{SI. [2] 88, 66) says that silicon tnonosulphide, 
SiS, is produced, along with SiOS and Si,SC,, 
by heating Si to white heat in CS,; he de¬ 
scribes SiS as a yellow solid, decomposed by 
water giving off H,S, sol. in very dilute KOHAq 
with evolution of H. SiS is also said to bo 
formed, along with SiS,, by heating Si to red¬ 
ness in 11,8 (Sabatier, Bl. [2] 38,153). 

SiLicoH DisuLPUiDK SiS,. Mol. w. not de¬ 
termined. Sabatier {Bl. [2] 38,153) gives H.F. 
[Si,S'‘] = 19,900. Amorphous Si and 8 combine 
when strongly heated (Serzclius). I’reparcd by 
heating Si to redness in a stream of dry H,S; 
the other prodficts are a yellow solid, probably 
SiS, and a brown substance that is likely a mix¬ 
ture of SiS, and SiS, or of SiS, and Si (S., l.c .; 
V . also Fremy, A. Ch. [3] 38, 324). Also pre¬ 
pared by strongly heating dried pellets of oil 
and SiO, (separated from SiF,) in a slow stream 
of dry CS„ quickly separating the white 
needles that form on the cooler part of the 
tube, and keeping in a closed tube (Fremy, 2.C.). 
The residue that remains on distilling the pro¬ 
ducts of the interaction of SiCl, and H.,S 
(«. Silicon cnLoitoiivniiosuLpninE, p. 459) con¬ 
tains SiS, and S; S may be removed by care¬ 
fully heating in a stream of N (Gay-Lussac a. 
Thbnard, A. Ch, [2] 69, 204). Long, lustrous, 
white needles; volatilised at very high tempera¬ 
tures (Fremy, I.C.). Unchanged in dry air at 
ordinary temperatures; decomposed by moist 
air to H,S, and crystalline SiO, pseudomorphous 
with SiS,; burns to SO, and SiO, when heated 
in air. Decomposed rapidly by water to 
BiO.,j:H,0 and HjS; also decomposed by alcohol 
and ether (Fremy, l.c.). HNO, oxidises rapidly, 
producing H.,SO,. M. M. F. M. 

Silicon. Bulphocyanide of; v. p. 463. 

SlIICOK, OBGANIC COMPOTJUDS OF. 

Silicic ethers are described elsewhere—n. 
Amyl, Amylphentl, Ethyl, Methyl, Phenyl, 
Toyuyl, Tolyl, and Xylyl silicates. 

letra-methyl-silicane SiMe,. ‘Mol. w. 88. 
(31°). V.D. 3 08 (calc. 3-04). Formed by heat¬ 
ing SiCI, with ZnMe, at 120° (Friedel a. Crafts, 
A. 136, 203). Light oil, burning with bright 
flame emitting SiO,. Not attacked by potash or 
HNO, (S.G. 1-4). 

Tetra-ethyl-silioane SiEt,. Mol. w. 144. 
(163°). V.D. 6-13 (calc. 4-99). S.G. s-834. 
Prepared by beating SiOl, with ZnEt, at 160°. 
Formed also by the action ol ZnEt, and Na on 
ethyl silicate (Friedel a. Crafts, Bl. 1363, 468; 
1866, 368; A. 127, 31; 138, 19). Oil, insol. 
H,80,. Chlorine forms liquid Et,SiCJH,Cl 
(185°), converted by alcoholic KOAc at 180° into 
Et,SiO,H,OAo (208°-214°), whence alcoholic 
potash at 120° forms oily Et,SiC,H,OH (190°). 

Beza-etbyl di-silicane Si,Et,,. (262°). 
g,G. § •861; -840. Y.D. 8-6 (calc. 7-96). 


Formed by distilling SiJ, witt Zn®, (Fnedd 
a. Ladenburg, A. 203, 261). Oil, burning with 
bright flame. 

‘Sllicopropicnia acid’ EtSiO.OH. Got by 
beating its ortho- ether with HIAq (Ladenburg, 
A. 169, 271; 164, 806). Amorphous powder, 
insol. water and Na,CO,Aq, sol. cone. KOHAq. 

Methyl ortho- efher EtSi(OMe),. (126°). 
S.G. II ‘9747. Formed from SilOMe),, sodium, 
and ZnEt, (Ladenburg, B. 6,1081). OU. 

Ethyl ortho- ether EtSi(OEt),. (169°). 
S.G. n ’927. Formed by the action of Na and 
ZnEt, on ClSi(OEt), or Si(OEt),. Oil. Con¬ 
verted by BzCl into EtOBz and EtSiCl, (100°), 
which fumes in the air and is converted by 
water into silicopropionio ether. 

‘ Silicodiethyl other ’ Et,Si(OEt),. (166°). 
S.G. s -876. V.D. (H = l) 87 (calc. 88). 
Formed from Na, ZnEt,, and silicic ether. Oil, 
sol. alcohol and ether. AcCl (1 mol.) at 200° 
forms EtOAo and Et,SiCl(OEt) (147°). A larger 
quantity (2 mols.) of AcCl at 250° forms 
ELSiCl, (129°), which is decomposed by water, 
forming syrupy SiEt.,0 (above 360 ’), which may 
also be got by boiling SiEt,(OEt), with HIAq. 

‘ Silicoheptyl ether ’ SiEt|,OEt. Mol. w. 
160. (153°). S.G. i -840. V.D. (H = l) 80-8 
(calc. 80). Formed from SiEt;(OEt)„ Na, and 
ZnEt,. Oil, sol. alcohol and ether. Sol. cone. 
I-I,SO,. AcCl at 180° forms SiEt,Cl (144°), S.G. 
n '925, a fuming liquid converted by NH,Aq into 
SiEt,OH. 

Tri-ethyl-sUicol SiEt,OH. Mol. w. 132. (164°). 
S.G. - •871. Formed by dropping SiEt,.OEt into 
NIl,Aq, or by heating it with Ac,0 at 250° and 
decomposing the resulting SiEt,.OAo with 
Na-COiAq. Thick liquid, smelling like camphor. 
Insol. water, miscible with alcohol and ether. 
Burns with bright flame. Sodium forms 
SiEtj.ONa, which, in ethereal solution, combines 
with CO„ forming SiEt,.CO.jNn, an amorphous 
deliquescent solid, decomposed at a red beat 
into Si.,Et„0 and Na,CO,. AcCl forma HOAo and 
SiEt,Cl. HIAq at 200° forma ethane and SiEt,0. 
Oxidising agents have no action. Fuming 
H,SO, forms EtSiO,H, ethane, H, and SO.,. 

Acetyl derivative SiEt,OAo. (168°). 
S.G. - '903. Formed by heating SiEt,.OEt with 
Ac.,0 at 250°. Liquid with ethereal odour. 

‘ Silicoheptyl oxide' (Bi£t,,),0. Mol. w. 246. 
(231°). S.G. *'859. Formed as above, and also 
by the action of P,Oj on tri-ethyl-silicol. Got 
also from SiBt,Cl and KOHAq. Colourless 
syrup, sol. H,SO, and separated unchanged on 
dilution, it heating be avoided. 

Tri-ethyl-silicaue SiEtjH. (107°). S.G- 
4 -761. V.D. (H = l) 69 (calc. 68). Formed, 
together with SiEt,, by the action of excess of 
ZnEt, and Na on Et|SiO,. Liquid, insol. water 
and H-SO,, sol. alcohol and other. Faming 
H,SO, converts it into (SiEt,).,0. HNO, attacks 
it vigorously. Bromine added slowly to the 
cooled liquid forms SiEt,Br (161°), which is 
converted by NaOHAq into (SiEt,),0, and by 
NHjAq into SiEt,.OH. 

BiUcofonnie acid. Ethyl ortho- ether 
BiHfOEt),. (134°). Formed from SiHOl, and 
absolute alcohol (Friedel a. Ladenburg, A. 143, 
128; BL [2] 7, 822; Gattennann, B. 22,190). 
Hygroscopic liquid, decomposed by alk^is witl) 
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tToIuUOB Of a Soaimn aecomposes it into Phanyltrietbyl-iiUeana SiPhBt,. (280°). 
BiHj and EtiSiO,. S.O. * '904. Formed, together with SiEt, and 

Oiaoro.»moofoniilo ether v. Eraii, BmoAm. BiPhjBt^ (o. 810°), by heating SiPhCS, with ZnEt, 
*8iUooaoetio aoid.* Ethyl ortho- ether at 160'’. Oil, emc^ng like cloves. Tieids a 
CHj.Si(OEt),. (146°-151°). S.G.2-928. Formed bromo- derivative (270°-280°). 01 forme 

bv heating eilioio ether with ZnMoj. Oil, eol. SiC„H,s01 (260°-266°), S.G. 2 1'0186. 

Jcohol. Converted by HIAq into amorphous Tetra-m-tolyl-eilicar-! Si(O.F’ [151°]. 

iilioo-acetio aoid OH,.SiOjH, which is iusol. (above 650°). S.G. ssi l-no, .med from 
water and ether (Ladenburg, B. 0,1029). m-bromo-toluene, SiCl„ and Na (Folia, B. 19, 

The term sUicoacetic acid is also sometimes 1021). Pale-yellow needles (from ether), v. sol. 
need to denote H.^Si 204 , which is got by decom- benzene and chloroform, insol. alcohol, 
posing SijI, by water at 0° (Friedel a. Ladenburg, Tetra-p-tolyl-silicane Si{C,H,) 4 . [228°]. 

A. 203, 249; v. Simoo-oxauo aoid, infra). A (above 360°). S.G. 32 1-079. Formed from 
compound SijOA is formed, as a bottle-green p-bromo-tolucne, SiOl,, and Na (Polls, B. 18, 
powder, by heating silicon to whiteness in a 1642). Colourless crystals, sol. benzene, 
crucible lined with lampblack. It is insol. p-Tolyl-tri-chloro-sUicane C,H,Si01,. (219°). 
KOHAq and HFAq (Colson, 0. B. 94,1316). Formed from Hg{C,H,), and SiCl, at 310° 
Tetra-propyl-silicane Si(CjH,),. (213°). (Ladenburg, A. 173, 165). Fuming liquid, 
S.G. I -7979; y -7883. V.D. 99-7‘ (obs.). decomposed by water. Converted by NH,Aq into 
Formed, together with SiHPr,, by heating ZnPr, viscid C,H,SiO..H, which is converted at 200° into 


(2 pts.) with SiHCl, (1 pt.) at 150° (Pape, B. 14, 
1872; A. 222, 370). Colourless oil, sol. alcohol.! 
and ether, insol. H^SO,. Br has no action in 
the cold, but on warming it forms oily 
SiCijHjjBr, converted by alcoholic potash into 
oily SiC,..,H 2 , (206°-210°). 

Tri-propyl-silicaae SillPr,. (170°). S.G. | 
I -7723; w -7621. V.D. 82 (obs.). Formed 
as above. Oil, v. sol. alcohol and ether, insol. | 
cone. H.^SO,. Burns with bright flame, forming I 
SiOj. Br acts violently, forming SiPrjBr (213°), | 
a fuming liquid, which is slowly converted by ' 
water into SiPt.,.OH. 

Tri-propyl-silicol SiPr,.OH. (205°-208°). 
Formed by the action of NHjAq on SiPtjBr, or 
of Na^COjAq on SiPrj.OAo (Pape). Oil. 

Acelyi derivative SiPfj.OAo. (212°- 
216°). Formed from SiPr,Br and AgOAc. Oil. 

Hejta-propyl-di-silicyl oxide (SiPr,).20. 
(280°-290°). Formed by warming SiHPr, with 
BjSOt and, together with SiPr,.OH, by boiling 
BillPr, with NsjCOjAq (Pape, A. 222, 369). 
Liquid, sol. alcohol, ether, and H^SO,. 

Silicon Bulphocyanide Si(CNS),. [142°1. 
(o. 300°). Formed by distilling load sulpha- 
cyanide with SiCI, (Miguel, A. Oh. [5] 11, 34.3). 
Colourless prisms, insol. ether and CS.,, soluble 
in a solution of HCNS in benzene. Burns with 
violet flame. Dyes the skin red. Decomposed 
by water into HCNS and SiOj. 

Tetra-phenyl-silicane SiPh,. [233°]. (above 
860°). S.G. ^ 1-0780. Formed from oiiloro- 
benzene, Si01„ and Na in presence of a little | 
EtOAc (Polls, B. 18, 1640; 19, 1012 -, 20, 3331). j 
Dimetrio crystals ; a:o ■=■ 1: -440, so), hot benzene, I 
si. sol. alcohol and ether. May bo sublimed. : 
Sulphonated by fuming H^SO,. HNO, forms ! 
Si(C„H 4 .NOj), [105°], a yellow powder, v. sol. 
benzene. Converted by PCI, into liquid SiPhjClj 
(234° at 90 mm.) and SiPhjOl [89°], from which 
water produces tri-phenyl-silicolSiPh,.OH [141°], 
which separates from ether in colourless crystals. 

Phenyl-tri-ohloro-silicane SiPhCl,. (197°). 
Formed by heating SiOl, -with HgPhj at 300“ 
(Ladenburg, B, 6, 379). Oil. Decomposed by 
hot water, or by NHjAq, yielding ‘ silicobenzoio 
aoid' SiPh(OH), [OlH- Absolute alcohol forms 
■silicobenzoio’ ethyl ortho- ether SiFh(OEt), 
(287°). S.O. « 1-018; 13 1-006. Silicobenzoio 
acid is converted at 100° into amorphous 
•ajlicobenzoic anhydride ’ (SiPhO)^. 


the solid anhydride ( 0 ,H,Si 0 ). 40 , which is not 
melted at 200°. 

letra-benzyl-silicane v. vol. i. p. 602. 

Silicon tetra-phenyl-tetra-amide SiiNHPh),. 
[138°]. Formed from SiBr, and excess of aniline 
diluted with benzene, the product being distilled 
in a current of H at 105° (Beynolds, G, J. 56, 
477). Colourless monoclinio crystals; a:b:a 
= -985:1:1-043; 8= 110° 20'. V. sol. benzene, 
sol. CS., insol. ligroin. Decomposed by water 
and alcohol. Not decomposed by heating at 
210°. HCl forms SiCl, and aniline. 

Silicon di-chloro-dl-phenyl-di-amide 
SiCh(NHPh),. Formed from SiCl, and aniline 
(Harden, 0. J. 61, 40). Amorphous solid. De¬ 
composed by water into aniline hydrochloride 
and silica. 

Silicon tetra-o-tolyl-tetra-amide 
Si(NHC,H,),. Formed from SiCl,, o-toluidine, 
and benzene (Beynolds). Prisms, v. sol. benz¬ 
ene and OS,. The compound SiClj(NHC,H,),, 
which is also formed from SiCl, and o-tolnid- 
iue, is a white granular powder (Harden). 

Silicon tetra-p-tolyl-tetra amide 
Si(NHC,H,),. [132°]. Formed from SiCl, and 
p toluidine in benzene (Beynolds). Botryoidal 
aggregate of needles, v. sol. benzene and ether, 
decomposed by water and alcohol. 

Silicon tetra-naphthyl-tetra-amide 
Si(NHO,„H,),. Formed from (8)-naphthyl- 
amine and SiCl, (B.). Nodules, decomposed by 
water. SI. sol. ligroin, sol. benzene. 

SlLICO-I(fXBAT£S. SiO, seems to form 
some compounds with N,0, and basic oxides- 
the salt 3Si0.,NA.7Ag,0 (= 3Ag.SiO,.2AgNOJ 
was obtained, in ruby-coloured prisms, by 
Bousseau a. Tite (0. B. 114, 294), by heating 
AgNO, with a little water and fragments of 
marble in a sealed tube at 180°-300° for several 
hours; heated to dull redness, it gave o9 N 
oxides, and Ag and Ag-SiO, remained. 

M. M. P. M. 

SILICO-OXAIIO ACID H,Si,0 ,-q-sIoH- 
This compound is obtained, as a white amor¬ 
phous powder, by the interaction of water and 
Si,Cl, or Si,I, at 0°; the gelatinous pp, is 
washed with ice-cold water, dried in vacuo and 
then at 100° (Friedel a. Ladenburg, A. 203, 118). 
It is also produced by the interaction of Si,!, with 
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SIUOO-OXAlLIO 


absolate alcohol. The oompoand is decom¬ 
posed even bv weak bases, with evolution of H. 

M. M. P. M. 

SIUCO-FHOBFHOSIO OXIDES. {Silioo- 
vhosphorie acids.) Si0^P,0, and 
Si0j.2P.,0,.4Hj0. The oompound SiO,J’,0. 
-SiPjO, is formed by dropping SiOj, prepared 
by decomposing SiF, by water and drying the 
pp., into molten HPOj, and washing with water 
(HautefeuiUe a. Margottet, 0. li. 96, 1052; v. 
also Skey, 0. N. 16,187). Large, hard, trans¬ 
parent crystals; S.G. 3*1 at 14®; melts when 
strongly heated to a glass-like mass. The 
crystals are polymorphous; they are hexagonal 
under 800°; at o. 300° they form leaflets re¬ 
sembling tridymite, between 700° and 800° they 
are regular octahedra, and between 800° and 
1000 ° tliey assume the form of clinorhombio 
prisms. Water attacks the hexagonal, but not 
the octahedral or prismatic, crystals. Molten 
AgNO, forms AgjPO, and SiOj with all the forms 
(H. a. M., C. B. 99, 789). 

The compound SiO 2 . 2 P 2 O 5 . 4 H 2 O was obtained 
(H. a. M., C. B. 104, 56) by one-fourth satura¬ 
ting HjPO.Aq with SiOrScHiO, heating the solu¬ 
tion in a Pt dish to 125° for 7-8 hours, and 
drying the solid which separated. The com¬ 
pound is a crystalline powder; decomposed by 
moist air; sol. water at 0 °, but decomposed by 
water at the ordinary temperature to IIjI’O.Aq 
and gelatinous Si 02 .®Hj 0 . M. M. P. M. 

8ILIC0PH0SPH0KIC OXYCHLOBIDE 
SiPjO.Clj. (Silicopyrophosphoryl divide.) Pre¬ 
pared by heating SiClj.OEt, or Si(OEt)„ with 
excess of POCl, to 180° for 2 hours, distilling 
off EtCl, and SiCl, it prepared from SiClj.OEt, 
and heating the solid that remains to 150°-200° 
in a stream of dry air to remove adhering POClj. 
A white, loose, very hygrosoopio, amorphous 
powder. Very sol. water, but with separation 
of Si 02 .xH 20 ; easily sol. alcohol, insol. ether. 
Decomposed very slowly below 200°, more 
rapidly above 200°, giving olT POClj; at a red 
heat PjOj comes off, and a glassy mass remains, 
probably consisting of SiOj and Si 02 .PjOj. 
Addition of excess AgNOjAq to solution in 
water (with a little alcohol to prevent separa¬ 
tion of silica), followed by HNO,Aq, ppts. AgCl, 
and on filtering this oft and adding NHjAq 
drop by drop AgiPjO, is ppd. mixed with some 
Ag,PO,. Heated to 100° with PClj the equation 
SiPjO.Clj-f 4 PCl 5 = SiCl,-b 6 POClj is realised. 
The constitution of the oompound is probably 

O.PO.C1 


either Si<^°'.pQ'pj or 0:Si 




0 (Stokes, 

\ I 

O.PO.C1 

Bulletin U.8. Geolog. Survey, No. 90 [1892] 47; 
also in B. 24, 933). M. M. P. M. 

BILIOOTITANAIES. Compounds of sili¬ 
cates and titanates are found in certain minerals; 
sphene, for instance (Ca 0 . 3 Si 0 j- 2 CaTi 03 ), may 
be called a sUicotitanate. M. M. P. M. 

SIUCOTirNGSTAIES. Compounds con¬ 
taining SiO„ WO„ and basic radicles; v, 
Tuscsto-siucxtss. 

8ILICOVANADATES v. VANALO-simoAras. 
BILK V. PBonuna. 

BILVEB. Ag. At vr. 107-66. Mol. w. not 
known (v. infra, ProperHts). Melts at 0 . 950° { 


Person {A. Oh. [8] 27, 980) gave 1000°, BanieU 
(T. 1830. 237) 1024°, Violle 10. B. 85,643) 964°, 
Beoquerel {J. 1863.) 916°, DevUle (B. 12, 791) 
916°. B.p. not known; Meyer (B. 12, 1423) 
says that Ag does not appreciably evaporate at 
0. 1670°. S.G. 0. 10-6; Playfair a. Joule 
(C. S. Mem. 3, 66) gave 10-63, and 9-18 to 9 28 
for molten Ag, Dumas (C. N. 37,82) gave 10-512 
for Ag heated in vacuo, Eoberts-Austen gave 
10-57, and 9-46 to 9-6 for liquid Ag (Pr. 23, 
495); for further data v. Clarke’s Table of 
Specific Gravities [new ed.] 14. S H. 0°-100° 
= -0557 (Dulong a. Petit, A. Gh. [2] 7, 113); 
-0559 (Bunsen, P. 141,1); -05722 (Louguinine, 
A. Gh. [6] 27, 398). O.B. -00002 between 0° and 
100° \v. Matthiessen, P. 130, 60; Eizeau, 0. B. 
68, 1125); -00003721 from 0° to the m.p. 
(Itoberts-Austen, Pn 23, 496). T.O. 100 (that 
of copper = 73-6, and of Au = 53-2, Wiedermann 
a. Franz, A. 88, 191) -, heat sufficient to raise 
109-6 mgm. water from 0° to 1° passes in 
i second through each sq. mm. of a plate of Ag 
1 mm. thick, the two sides of which differ in 
temperature by 1° (Weber, B. B. 1880. 467). 
E.C. (Hg at 0° = 1) 67-226 for soft Ag, 63-845 
for hard Ag (Siemens, P. 110,1); 02-12 (Benoit, 
G. B. 70, 382). H.C. [Ag'.O] = 6.900 (Th. 8, 
381). Heat of fusion (for 108 g.) 2-275 (Person, 
A. Oh. [3] 24, 27.5); 2-67 (Pionchon, A. Gh. [0] 
11, 100). S.V.S. c. 10-3. Emission spectrum 
gives a line 5464 in the yellow, 6209-9 in the 
green, and many lines in the orange, green, blue 
and violet (u. B. A. 1884. 442) -, tor absorptiou- 
speotrum of Ag vapour v. Lookyer a. Itobcrts- 
Austen (Pr. 23, 344). Eefraotion equiv. 

-iizi At. w. = 12-02 (Kanonnikoff, J, B. 1884. 

d 

[1] 119) -, 13-2 (Gladstone, Pr. 18, 49). 

Occ«rre?tce.—Found native, generally alloyed 
with Au, Cu, Ac. The chief compounds found 
in ores are Ag,8 (frequently in combination with 
Cu.,S, FejSj, SbjSj, ASjS,, BL,Sj, PbS, Ac.), AgCl, 
AgBr, Agl, compounds of Ag with Se, Te, As, Sb, 
Bi, Ac. Ag is also found in small quantities 
in most lead ores. According to Malaguti (J.pr. 
42, 422; cf. Field, D. P. J. 143, 397), traces of 
salts of Ag (c. 1 mgm. Ag in 100 litres) are 
found in sea-water. Small quantities of Ag, 
probably as AgCl, have been found in volcanic 
dust (Mallet, Pr. 47, 277). Silver has been 
known and used from the earliest times (for a 
full historical account of silver, including the 
derivation of the name, u. SiuBEn in Ladenburg’s 
BdndwOrterbuch der Chemie, 10, 635). 

For?nation.—1. By heating AgjS with PbO 
or PbSO^, SOj and a compound or alloy of Ag 
and Pb are formed; the Pb may be separated 
from this alloy by oupellation.—2. By shaking 
AgCl with Hg and water, HgCl and an amalgam 
of Ag and Hg are formed; Ag remains when the 
Hg is removed from this amalgam by heating.— 
3. Ag is ppd. from solutions of its salts by Zn, 
Cu, Fe, Ac.—-4. AgCl is reduced to Ag by treat¬ 
ment with many reducing agents, such as Zn 
and HjSOjAq, also by fusion with Na,00, and 
0.—6. Most easily-oxidised metals ppt. Ag from 
solutions of its salts. For an account of the 
extraction of Ag from its ores v. Diotiohabt o» 
Aipuun Cheuhibv, vol. iii. p. 386. 

Pry>c^ati<m.-&ilyn coins we dissolved In 
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SKO^q, the solntion ig b; Stas'i method deatiribed above, and dietilled 
evaporated to dryness, the tesidne is heated till by the 0-H flame in a blook of burnt marble, 
it melts, after cooling it is dissolved in NH,Aq, gives off no 0 when heated in vacuo (v. also 
after standing forty-eight hours the liquid is Stas, Bull. Acad, ray. Belg. [3] 18, 23; abstraot 
passed through a filter made of specially good in 0. J, 68, 661). 

paper, and the filtrate is diluted till it contains Propertics.—A white, very lustrous metal, 
not more than 2 p.o. of kg. This ammoniaeal Crystallises in forms in the regular system, 
solution contains AgNO, and Cu(NO,),; the chiefly cukes, octahedra, and rhombododeca- 
whole of the Ag is ppd. by ammoniaeal solution hedra; these crystals are obtained by slowly 
of (NHijjSO,, at 60“. A solution of (Nn|),.SO, cooling molten Ag, or by the eleetrolytio deposl- 
is prepared by saturating pure NHjAq with HO, tion of the metal; they are also sometimes 
(made by heating pure Cu with pure H,SO, found native. Finely divided Ag—as obtained, 
diluted with to | its volume of water); a for instance, by reduction of AgCl—is a grey 
measured quantity of this solution is mixed powder, which becomes white and lustrous when 
with excess of pure NHjAq, heated to boiling, compressed with a flat iron. A thin deposit of 
and the ammoniaeal solution containing AgNO, Ag on glass ti'ansmits bluish light, 
and Cu(NO,), is run from a burette into the Ag is harder than Au and softer than Cu, 
boiling liquid until there is the faintest trace of { Ag reflects light and heat strongly; its absorp. 
blue colour in the liquid above the ppd. Ag. ; live power is very small. It is very malleable; 
Cuprous sulphite is formed, and this reduces Ag foil has been obtained -003 mm. thick. Ag 
the AgNO, in the ammoniaeal liquid ; when all js very ductile j -06 gram may be drawn to a 
the AgNO, is reduced, the blue colour of the wire 130 metres long; it is so tenacious that a 
ammoniaeal copper nitrate appears. The whole cold-drawn wire of 2 min. diameter does noi 
of the ammoniaeal solution of AgNO, and break till it is loaded with 80-86 kilos (Baudri. 
Cu(NOJ, is now mixed with the proper quan- mont, A. Gh. [3J 30, 304). Ag is slightly vola- 
tity of ammoniaeal (NII,),SO,Aq required for tile at a low-red heat in vacuo, but not at the 
complete reduction of the AgNO,, the mixed ordinary pressure at this temperature, nor in 
liquids are set aside in a closed vessel for forty- vacuo at 410“-460 ’ (Stas, Bull. Acad, rmj, Belg. 
eight hours, when c. ^ of the Ag is ppd.; the [3J 18, 23). It may bo distilled, by heating, by 
blue liquid is decanted off and heated on a the 0-H flame, Ag placed in a block of burnt 
water-bath to 60'’-70°, whereby the whole of marble. StasdistilledoOg.Agino.lfimins.; part 
the Ag in solution is ppd. The two quantities of the Ag appeared as a blue vapour daring the 
of ppd. Ag are washed with ammoniaeal water, distillation. When an alloy of Ag with a more 
by decantation, until the washings show no volatile metal, such as Hg, Pb, or Sn, is heated, 
trace of blue colour on standing (or until part of the Ag volatilises with the other metal. 
BaCl.,Aq gives no trace of pp.), the Ag is kept Molten pure Ag absorbs c. 20 times its volume 
in contact with cone. NH,Aq for soiue days, of 0 from the air (n. Lueas, A. Ch. [2) 12, 402; 
and is then washed with water until every Gay-Lussac, A, Ch. [2J 45, 221; Graham, P, M, 
trace of Nil, is removed. It it is desired to [4J 32, .'<03; Neumann, M, 13, 40; Levol, J. pr, 
have the Ag in bars, the finely-divided metal 67,102); as the Ag cools it f spits ’ and gives off 
obtained by ppn. is mixed with 6 p.o. of its the 0 it has absorbed; Dumas’ experiments 
weight of pure borax which has been strongly (A. Oh. [5] 15, 280) show that a little 0 is re¬ 
heated, and ’5 p.o. pure NaNO„ fused in a por- tained, but Brauner (C. J. 65, 300) has proved 
celaln crucible and poured into kaolin moulds ' that no 0 remains if the Ag is distilled in a 
lined with a paste made of a mixture of kaolin block of burnt marble. (For the ohemieal 
that has been strongly heated and unignited action of 0 on Ag v. Bcacticms, No. 1.) Furs 
kaolin;" when cold the bars are cleaned with line ; Ag suffers no change when healed in air, H, or 
sand, then strongly heated with pure KOHAq (to i CO (van der I’laats, Maudblad voor Naluur- 
remove traces of kaolin) and washed with water. ; wctmscluippen, 18.Sfi. No. 2). Molten Ag ab- 
The bars may be cut with a chisel of very hard sorbs P, but the whole of the P, except o. -002 
steel; if this is done the pieces must be warmed I p.c., separates on cooling (Warren, G. N. 66, 
for some time with pure cone. HCIAq, washed j 113). 

with NH,Aq, and then with water {Stas. Tiech. The at. wt.g)l Ag has been determined (1) 
88 el seq.). The Ag may be freed from traces | by finding the ratio of Ag to Cl in AgCl (Berze- 
of absorbed' gases by distilling it; this is done I lius, P. 8, 17 [1826]; Turner, T. 1829. 297 
by placing the Ag in a hole in a blook of; [1829]; Marignao, A. 44, 23 [1842]; ibid, Bibl, 
strongly-heated marble; this hole communi- j tiiiiv. Oenlvo, 46, 364 [1843]; Maumend, A, Ch. 
cates, by a slit in the marble, with another hole , [3] 18, 41 [1846]; Dumas, A. Gh. [3] 66,134 
from which an opening passes upwards to the ! [1859]; Stas, Stas. Bech. 38 et seq. [1860]); 
surface of the marble; another opening admits | (2) by finding the ratio of Ag to Br in AgBr, 
the nozzle of an 0-H blowpipe, so that the and of Ag to I in Agl (Marignac, 2.c. 46, 360 
flame plays on the surlaoe of the Ag. (For [1843]; Stas, Stas. Nouv. B. 168 et seq. [1865]); 
details v, Stas, l.c.) Dumas (A. Ch. [6] 16, (3) by determining the ratio of Ag to Ag,3 
289) found that 1 kilo, of Ag considered pure formed therefrom (Dumas, A. Ch, [3] 66, 147 
gave from 69 to 174 o.o. 0 when heated in a [1859], Stas, Stas. Bech. 53 [I860]); (4) by re> 
Sprengel vacuum; it was supposed by some ducing Ag,SO, to Ag (Struve, A. 80, 203 [1861]; 
chemists (v. Mallet, T. 1880.1003; Clarke, Be- Stas, Stas. Bech. 126 [1860]); (6) by convert- 
calculations oftho Atomic Weights, 262) that this ing Ag^SeO, into Ag (Pettersson a. Ekman, Sh 
result proved that Ag made by Stas’ process [2] 27,206 [1876]); (6) by convefting Ag into 
was not quite pure; but Branoer has proved AgNO, (Marignac, A. 69,289 [1843]; Stas, 5fas. 
«g{)srimentally (0. f, 66, 899} that Ag prepare4 Bech. 60 et seg. [1860]); (7) by determining 
Yoii. IV, fi B 
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B.H. «f Ag; ( 6 ) b; finding T,D. ol AgOl at 
white heat (BUtz a. Meyer, B. 22,726). The 
olasaical work of Staa has planed the value tor 
the at. wt. on a very sure foundation. 

Eanisay (C. J. 66 , 621) measured the depres- 
lion of the vapour-pressure of Hg by dissolving 
Ag therein; assuming that the mol. w. of liquid 
Hg is 200, and that equal volumes of dilute 
solutions of metals in Hg contain equal num¬ 
bers of molecules, the results led to the conclu¬ 
sion that the mol. w. of Ag is the same as the 
at. wt. 

AgCl is the only compound ol Ag the vapour- 
density of which has been determined; the value 
found shows that tJie atom of Ag is monovalent 
in the gaseous molecule AgCl. • 

Ag is fairly closely related chemically to Cu 
and Au («. CorpEn ououp of elements, vol. ii. 
p. 260). 

Allotropic forms of silver. According to 
Schneider (j 3. 25, 1281,1440), an aqueous sola-, 
tion ol Ag, containing c. 20 g. Ag per litre, is ob¬ 
tained by mixing 160 g. FeSO,. 7aq in 500 o.o. 
water and 280 ( 5 . Na citrate in 700 0 . 0 . water, 
pouring the mixture into 600 0 . 0 . of 10 p.o. 
AgNOjAq (it is best to divide the mixture into 
five parts, as small quantities are more easily 
dealt with), removing liquid from ppd. Ag after 
half an hoar (by a pipette), filtering through a 
good filter under decreased pressure, and dis¬ 
solving the ppd. Ag in as little wiiter as pos¬ 
sible ; by adding absolute alcohol, and filtering, 
after some days, with help ol a good water- 
pump, colloidal Ag containing from -S to ‘5 p.o. 
of Fe salts is obtained. A very little HClAq 
ppts. Ag with a little AgCl and Ag.,Cl (?) from 
solution ol colloidal Ag. Carey Lea has carried 
out a series of researches on the properties ol 
Ag ppd. from solutions of its salts by ferrous 
nitrate, ferrous tartrate, and dextrin in presence 
of alkali [Am. S. [3] 37, 476 -, 38, 47, 129,237 ; 
41,179, 259; P. M. [5] 31, 238, 320, 497 ; 32, 
837). The pps. ol Ag show almost every shade of 
nolour, such as blue, red, green, purple, golden; 
some of the pps. are soluble in water, and some 
are not; most ol the pps. are very sensitive to 
light, but they vary much in this respect; some 
ol the pps. yield ordinary Ag when heated; 
ordinary Ag is also ppd. from solutions of 
soluble colloidal Ag by a little very dilute HClAq. 
In no case does any so called allotropic Ag seem 
to have been obtained quite free from organic 
compounds; the percentage of Ag in the pps. 
varied from c. 90 to c. 98. For accounts of the 
properties ol the various coloured pps. the 
memoirs of Carey Lea must be consulted; v. 
also Schneider, B. 24,3370; Barns a. SchneiW, 
Z. P. C. 8,278; Prange, R. T. G. 9,121; Muth- 
mann, P. 20, 983. B. a. S. determined many 
ol the physical properties of a solution of col¬ 
loidal Ag, and concluded that the colloidal 
variety consists of extremely minute particles 
of ordinary Ag that remain suspended in the 
liquid tor a considerable time. 

Reactions and Combinations. —1. According 
U> Debray (0. R. 60, 735), Ag is partially 
oxidised by very strongly hating in the 0-H 
flame, using excess of oxygen. According to 
Le Ohatelier [Bl. [2] 48,842) pure ppd. Ag is 
oxidised by heating in oxygen at 300° under 
16 fttmos. pressure; after 60 p.o. of fhe Ag wu I 


oxidised the change stopped.—9. OsonUsd 
oxygen acts on moist, finely-divided Ag at the 
ordinary temperature, forming a peroxide [v. 
StLVEE FEnoxiDE, p. 471).~3. Ag Combines easily 
with chlorine, bromine, iodine, and sulphur (v. 
SiLVEB oHLOninB (So.); also, by heating, with 
selenion, arsenic, and phosphorus (n. Sieves 
BELENIDE (So.).—4. Finely-divided Ag is said to 
dissolve, with oxidation, in ammonia solution in 
presence of air (Carey Lea, Zell. fUr anorg. 
Ghem. 8 , 180).— 6 . Ag reacts with steam at a 
white heat, absorbing 0 while H is given off.— 

6 . Finely-divided Ag is oxidised by hydrogen 
peroxide (Berthelot, A. Ch. [ 6 ] 21, 164).— 

7. Finely-divided Ag is said to be oxidised by 
healing with oxides and salts that readily give 
up oxygen—e.g. MnOj, Pb,0„ Pb(N 03 ).;, iSo.— 

8. Hydrogen sulphide forms Ag^S. Alkali sul¬ 
phides also produce AgjS.—9. Molten sodium 
chloride forms AgCl, some Na vapour being 
given off; solution of sodium chloride, as also 
of potassium or ammonium chloride, (Jissolvos 
some Ag as AgCl.—10. Potassium iodide solu¬ 
tion, in air, forms soluble Agl.KL—11. Hot 
solution of potassium cyanide dissolves Ag, 
forming AgK(CN)j (v. Christomanos, i’r. 7, 
301). —12. Fusion with silicates, such as glass, 
forms AgjO, which dissolves in the molten sili¬ 
cate.—13. Ag dissolves in solution of ferric 
sulphate on warming; as the solution oools the 
Ag.^SO, is again decomposed, with formation of 
Fej(SO ,)3 and ppn. of finely-divided Ag.—14. A 
compound of Ag and Si is said to be formed 
by strongly heating Ag with potassium silico- 
ftuoride and 2 X>tassium (Warren, C. N. 60, 6 ).— 
16. Ag dissolves in moderately dilute nitric acid, 
forming AgNOj, and giving off N oxides; the 
gaseous products are N...0 and NO, according to 
Monteraartini (O. 22, 384, 397, 426).—16. Cone. 
hydrobromic and hydriodic acids dissolve Ag 
on warming, with evolution of H; the dissolved 

I AgBr or Agl is ppd. on dilution.—17. Hot cone. 
sulphuric acid dissolves Ag, giving off SO.,; if a 
'little Fe.,(SOj )3 solution is added the Ag goes 
into solution without heating. Very finely- 
divided Ag, obtained by reduction of Ag salts 
by milk-sugar and alkali, is dissolved by very 
dilute H-iSOiAq (Carey Lea, Zeit. fUr anorg. 
Ghem. 3, 180). Friedheim (B. 19, 2554; 20, 
307) says that Ag dissolves in dilute U. 3 SO,Aq 
containing KMnO,Aq.—18. Chromic acid [i.e. 
solution of CrO, in water) produces red 
Ag.;CrO,; HNOjAq, S.G. 1'2, in which KjCrO, 
is dissolved, gives a red deposit on the surface 
of Ag; this test is used to distinguish Ag from 
other white metals, such as Sn.—19. Ag in 
pieces is scarcely acted on by hydrochloric 
acid, even when hot and cone.; very finely- 
divided Ag is said to form a little AgOl, with 
evolution of H. Hydrofluoric acid is without 
reaction.— 20. Ag is not acted on by molten 
alkalis or alkaline carbonates ; hence KOH, 
&e., may be fused in dishes of Ag.—21. Ag 
alloys with many metals [v. Silvee, iULovs of). 

Silver, alloys of. Ag forms alloys with 
many metals. They are generally formed by 
heating the metals together; in a lew cases— 
e.g. alloy with Ba or Mn—they are formed by 
heating Ag with metallic oxides and 0. 

With aluminium. An alloy of 100 parts 
A1 wiUi 6 parts Ag la border and more easUy 
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poltiaea tnan ju, oni otnerwige has most of 
the properties of A1; it is used toT making the 
pans, (ko., oi balances. Hirzel {J. 1658. 137) 
obtained allots corresponding in composition 
with the iormaiss Ag,A], Ag-iAl, and AgAl (v. 
also Tissier, C, R. 43, 885; 52, 931; Dobray, 
0. R. 43, 925). 

With antimony, and with arsenic ; v. Silteb 
aniiHONiDE and Aiisknide, infra. 

With copper. Ag becomes , harder, more 
elastic, more capable oi being polished, and 
more slowly worn away when alloyed with Cu 
without losing much in malleability and duc¬ 
tility. Alloys with less than 60 p.o. Cu are 
white, with more than 50 p.o. Cu the colour be¬ 
comes reddish. The S.G. of a Ag-Cu alloy is 
rather smaller than the mean of those of the 
constituent elements (v. Karmarsch, Z>. P. J. 
108, 278). The composition of these alloys is 
rarely identical throughout a mass {v. Level, 
A. Ch. [3] .36,193). Alloys of Ag and Cu are 
used for making silver vessels and ornaments, 
and lor coinage; the standard silver coinage 
alloy of the United Kingdom contains 926 parts 
Ag and 76 parts Cu per 1,000. 

With mercury. The amalgams of Ag are 
formed (1) by the action of Hg on AgNO,Aq, (2) 
by the action of finely-divided Ag on HgCl.,Aq, 
(3) by dissolving Ag in Ilg. The compositions 
of many of these amalgams can be represented 
by formula!, but it is very doubtful whether any 
of them arc doiiiiite compounds. For accounts 
of tho.se amalgams v. Campani, J. 1870. 373; 
Joule, 0. J. [2] 1, 378; Crookewitt, J. 1847-48. 
393; Malaguti a. Lurocher, Ann. M. 17, 330; 
Gay-Lussac, A. Ch. 5S, 218. 

Alloys of Ag with the following metals have 
been describedBa (Clarke, G. A. 02, 373; 
Lampadius, S. 15, 140); Cd (Wood, C. N. 6, 
136); An (G. Bose, P. 23, 181; Level, A. Ch. 
[3] 15, 66; 27, 310); Ir; Fe; Pb (Level, A. Ch. 
(3] 39, 173); Mg; Mo; Ni; Pd (Graham, J. 
1808. 144); Pt; K; Bh; Na; Sn; Zn (o. 
Wright a. Thompson, Pr. 48, 25). 

Silver, antimonlde of. The mineral dtjs- 
krasite has approximately the composition 
Ag„Sb; when heated to dull redness in U, the 
compound AgjSb is said to remain (von Bons- 
dorll, S. 34, 225). The compound Ag,Sb is also 
obtained by ppg. AgNO^Aq by Sb hydride; using 
cone. AgNOjAq the compound AgjSb.3AgNOj 
was formed (Poleck a. Thiimmel, B. 10, 
2435). 

Silver, arsenide of. No definite compound 
of Ag and As has been obtained. By heating 
Ag powder with As about 16 p.c. of As is ab¬ 
sorbed by the Ag to form a grey, brittle solid 
(Gehlen). By passing As hydride into cone. 
AgNOjAq the compound AgaAs-SAgNO, was ob¬ 
tained (P. a. T., 2.C.). 

Silver, bromide of, AgBr. (Argentic bromide.) 
Formula probably molecular, from analogy of 
AgCl. Occurs native in Chili and Mexico, 

Preparation. — HBrAq or alkali bromide 
solution is added to AgNO,Aq till ppn. is com¬ 
plete ; the pp. is washed with water in the dark 
and dried. 

Properties.—k pale-yellow solid; melts at 
0 . iSio (CarneUey, 0. J. 29, 489). S.G. 6-245 at 
9“, 6-696 at m.p. (Bodwell, Pr. 31, 291). S.H. 
(W° to 98°) -97891 (Begnault, 4. (fh. [8J 1, 129). 


' For effects of heat on AgBr u. Bodwell (Pr. 25, 
280). Obtained in octahedra by crystallising 
from HBrAq. Solubility of AgBr dried at 100° 
in NH,Aq S.G. -986, - -061 (Pohl, J. pr. 82, 62). 
Granular AgBr is slightly sol. water above 50° ; 
flooculent AgBr is slightly sol. water above 38® 
(Stas, A. Oh. [S] 3, 28'i). Sol. hot Hg(NO,)^q; 
AgBr crystallises out on cooling (Debray, 0. R. 
70, 995). Sol. solutions of alkali bromides. 
H.F. [Ag,Br] = 22,700 (Th. 3, 381). According 
to Berthelot (Bl. [-2] 39,19), the reaction [Ag,Br] 
has the value 23,700 when crystalline AgBr is 
j formed, and the value 20,000 when the AgBr is 
I amorphous (in both cases using liquid Br). B, 

! also says that in the formation of AgBr by add- 
' ing KBrAq to AgNO^Aq 20,700 cals, are pro- 
I diiced, and that when AgNO,Aq is added to 
! KBrAq only 17,600 cals, are produced at first, 

: but that temperature then rises until 20,600 
'■ cals, are evolved; B. thinks that two forms of 
I AgBr are formed, one more stable fhan the 
other. Vogel (B. 16, 1160) distinguishes two 
I modifications of AgBr, one ppd. from aqueous 
' solutions and very sensitive to bhte rays, the 
other ppd. from solutions in absolute alcohol 
' and sensitive to the violet rays. Stas (A. Ch. 
[5] 3, 289) distinguishes six forms of AgBr:—(1) 
llocoulent, white, by adding dilute alkali bromide 
' solution to excess of cold AgNO,Aq; (2) floccu- 
lent, yellow, by using excess of bromide as pptant.; 

' (3) powdery, white, by shaking (1) or (2) with 
water; (4) intense yellow, by heating (4); (5) 
granular, white-yellow, by pouring the fiocculent 
or powdery variety, shaken with water, into 
! boiling water, also by adding very dilute 
j NH|BrAq to boiling AgNO,Aq (1:1000); ( 6 ) pure 
yellow, crystalline variety. 

lieactums and Combinations. — 1. AgBr 
darkens rapidly when exposed to sunlight. 
Carey Lea says that the dark product of the 
^ action of light on AgBr reacts with HNO,Aq to 
! re-form AgBr, and Ag which dissolves in the 
1 acid (Am. S. [3] 15, 189). The action of light 
I on the Ag haloids is treated more fully under 
I Silver chloride (g. v.). —2. Heated in chlorine, 
j AgCl and Br are produced. — 3. Dissolves 
: slowly in hot silver nitrate solution; the salt 
i AgBr.AgNO, separates on cooling (Bisse, A, 
I 111, 43; Biche, A. Ill, 39).—4. Combines with 
1 silver chloride and iodide to form compounds 
Ag„BrsI,,Cla (v. Silveh lonoBBOMOoiiunanEs, 
p. 470). 

AgBr resemifles AgCl in most of its reac¬ 
tions ; NH, is not absorbed by dry AgBr (Bam- 
melsberg, P. 55, 248). 

Silver, bromo-iodoohloridfii of, v. SinvEa 
lonoBuoMocnujarDES (p. 470). 

Silver, carbides of. Gay-Lussac noticed 
that Ag absorbed c. 3 p.o. C when heated with 
lampblack (A. Ch. [2] 68 , 222); Ag,C requires 
I 2-7 p.c. C. A yellow powder, approximately agree¬ 
ing with the composition Ag...C, was obtained by 
Gerhardt and Cahours (A. Ch. [3] 1, 76) by 
heating Ag ouminate; the same compound was 
probably produced by Liebig by heating AgCN 
(A. 38, 21). By heating an aqueous solution of 
Ag pyrotartrate, filtering from the brown pp. 
produced, and boiling the pp., Berzelius obtained 
I a dark-brown, metal-liko pp., probably AgC (P. 
I 86 , 28;- cf. Begnault, A. 19,163), 
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■UT*r,eUorid«iOt The isolation of a chloride 
of Ag oonUining leas Cl than AgCl is not yet ob¬ 
tain. Cl is given ofl when AgCl darkens in 
sunlight, but whether the darkened product is 
a chloride or an oiyohloride is not finally de¬ 
termined (tJ. Action of light on silver chloride, 
infra). 

SiLTBB snEOHLOEiDE ? AgjCl. {Argcntous 
thUnide.) According to Guntz (0. R. 112,861), 
AgjCl is formed by passing dry HCl over Ag-i' 

Iv. Silver suBrLooiiiDB, p. 469) as long as 
darkening occurs and the solid continues to 
gain in weight. The compound is also said to be 
formed by passing vapour of CC1„ SiClj, or PCI, 
over dry Ag S. A subohloride is formed, accord¬ 
ing to von Bibra {J.pr. [2] 12, 65), by digesting 
with cone. HClAq the product of the reduction of 
Ag citrate by H at 100°; after drying, the black 
Bolid is said to have the composition Ag.Clj, and 
with NHjAO to give Ag and AgC1.3NH,. New¬ 
bury {Am. 8,196) failed to obtain any subohlor¬ 
ide by this method; he also found that the re¬ 
duction of Ag citrate by H at 100° does not 
yield any definite compound, but probably a 
mixture of unchanged citrate and Ag. 

Silver chloride AgCl. (Argentic chloride) 
Mol. w. 143-03. V.D. 80 at o. 1700° (Biltz a. 
Meyer, B. 22, 725). Melts at c. 457° (Carnelley, 
0. J. 29, 489). S.G. at 0° = 6-505; at m.p. 

= 4-919 (Rodwell, Pr. 31, 291). S.H. (13° to 
98°) -09109 (Hegnault, A. Ch. [3] 1,129). For 
expansion of AgCl by heat v. Bodwell (Pr. 25, 
280). H.F. [Ag,Cl] = 22,700 (Th. 3, 381) -, 
29,200 (Borthelot, Bl. [2] 39, 19). For solubili¬ 
ties in various liquids v. Properties. 

Occurrence. — Native, as homsUver, in 
Siberia, Mexico, Peru, the Harz, Alsace, &c. 

Preparation. —1. By adding dilute HClAq, 
or solution of a chloride, to solution of any salt 
of Ag except AgjS,0„ washing the white curdy 
pp., drying, and heating to incipient fusion. 
Obtained in octahedral crystals by dissolving in, 
large quantity of cone. HClAq and evaporating.— 
2. By heating Ag to redness in a stream of Cl or 
HCl gas.—3. By fusing NaCl with finely-divided 
Ag, washing, and drying.—4. Very slowly by the 
action of HClAq on Ag in the presence of air. 

Properties.—A. white solid. According to 
Cooke (Am. S. [3] 21, 220) AgCl is very slightly 
■ol. cold water, and very distinctly sol. boiling 
water; ho found that 1-4561 g. AgCl washed with 
in litres boiling water lost -2241 g. = 16-39 p.o.; 
the solvent action was entirely prevented by the 
addition ol -05 g. AgNO, per litre of water. 
BtasfO. B. 73 , 998) distinguished four forms of 
AgCl; (1) gelatinous; (2) curdy, flocoulent; 
(8) powdery; (4) granular, crystalline, or fused. 
The curdy, flocculent form is the most sol. in 
water; it is formed by ppg. cold ffluto 
AgNOgAq by a chloride solution; on shaking it 
changes to the less soL powdery variety. The 
granular, crystalline, or fused form is insol, 
cold water (10 million parts cold water dissolve 
1 part) W it begins to dissolve at 30° (cf. 
Bertheiot, A. Ch. [ 5 ] 29, 241, lor the heats ol 
solution in ECNAq of different preparations of 
AgCl). AgCl is sol. cone. HClAq and in satu¬ 
rated solutions of various metallic chlorides; 
Toral (0, 0 . 6, 578 ) gives the following 
tobUf— 
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One part AgCl dissolves in 60,000 parts boiUng 
cone. HNOjAq (Thorpe, O. N. 25,198). NH,Aq 
dissolves AgCl; 1 Utre NH^Aq S.G. -924 dissolves 
69-6 g. freshly ppd. AgCl, according to Millon 
and Comaille (C. B. 66 , 309). AgCl orystalUses 
from solutions in NH,Aq, on evaporation; ex¬ 
plosive silver is obtained from boiling solutions 
(o. Silver nitrides, p. 470). According to Terreil 
(Bl. [2] 61, 698), crystals of AgC1.2Nfl, separate 
from a hot solution of AgCl in NH^q; these 
crystals lose NH, in the air. AgCl dissolves 
easily in NaB-PsAq, forming Ag.,Na,(S.p,)iA‘l ! 
AgCl also dissolves readily in KCNAq forming 
AgK(CN)„ and in NH,HSO,Aq forming double 
Ag-NH, sulphites (u. Sveusson, B. 4, 714). A 
hot solution ol AgNOjAq dissolves AgCl; Eisse 
says that a double compound ol AgNO, and 
AgCl separates on cooling (A. Ill, 39), but 
Hebray assorts that simple solution occurs 
( 0 . B. 70, 995 ). Hg(N 03 ).,Aq also dissolves 
AgCl; Wackenroder (A. 91, 317) and Field 
(J. 1867.2.15) say that AgCl separates on cooling 
a hot saturated solution; Stas (A. Ch. [ 6 ] 3, 
180) found that a little AgNO, is formed. 

Reactions.—1. AgCl is reduced to Ag by 
many metals, e.g. Zn or Fe, in presence of 
dilute acid; Cu reduces AgCl in presence of 
NHjAq, with formation of Ag and CUO.H. 3 O.-- 
2. Heated in hydrogen, or with carbon, or with 
several organic compounds, AgCl is reduced to 

Ag._3. Solution of hydriodic acid forms Agl 

and HClAq.—4. Caustic alkali solutions pro¬ 
duce Ag,0. , m 

Action of light on silver ehlonde. AgU 
darkens when exposed to sunlight^ in ordinary 
air. During the darkening Cl is given ofl 
(Scheele; von Bibra, J. pr, 122, 39; Hitchcock, 
Am. 11,474; Bdehamp, Bl. [3] 6 , 836; Biohard- 
son, 0. J. 69, 636; Baker, C. J. 61, 728). Only 
a small portion of the AgCl is changed to the 
dark compound (i». E., i.c.; B., l.c., got -09 g. of 
the dark body from 61 g. AgCl). AgCl does not 
darken in thoroughly dried oxygen (B., lx. ; nor 
in dried air according to Carey Lea, Zelt. fUr 
anorg. Ohm. 3, 184), AgCl does not darken 
in vacuo, when thoroughly dry (Abney; B., lx.), 
Carey Lea (lx.) found that AgCl darkened under 
dry petroleum; Baker noticed darkening under 
benzene in absence of air, and he showed that the 
dark substance was Ag. B. (i.c.) noticed darken¬ 
ing, with formation of Ag, under OCl,, but he 
proved that if the CCl, contained no trace of 
free Cl darkening did not ooour. For the 
inttuenoe of HOI and chlorides in water upon 
the rate of darkening of AgCl in the water v. 
WtAhav denn (f.c.). The dark substance was sup¬ 
posed by some to be » iobohloride, bat Bakca 



BM (boira Hut it Mmtaliu 0 (Eo^gHnson had 
lonnAly anived at thia oonolasion; v. Meldola’s 
Chemistry cf Photo^phy [1689], p. 866). B. 
kept pure A^, dried at 160°, in annsbine, in a 
outrent of air freed from 00, and dried by 
}I,SO„ until it darkened; he measured the 0 
obtained from the darkened product, b; decom¬ 
posing by Cl, and also determined the Ag and 
Cl; the results agreed approximately with the 
formula Ag^OCl; the atomic ratio of Ag to Cl 
found in various experiments was almost exactly 
2:1, and of Ag to 0 was neatly 6:2; the darkened 
product dissolved in cone. KClAq, on dilution 
AgCl was ppd. and the solution had a slightly 
alkaline reaction, as would be expected if an oxy¬ 
chloride were present in the dark-coloured sub¬ 
stance. B. also found that a little H.,0 was 
obtained by heating the dark substance in dry 
H; Bichardson (G, J. 69, 636) failed to obtain 
any water by treating darkened AgCl in this way; 
B. also failed to get 0 from the darkened AgCl 
by heating it to the m.p. in connection with a 
Sprengel pump. B. (i.c.) found that the dark- 
colourcd product became white when left in Ihe 
dark for some days, and that a small quantity of 
0 was absorbed during this change; he, there¬ 
fore, ooucludes that two oxychlorides of Ag are 
formed, one of which is dark-coloured and 
absorbs a little 0 to *form another, white, oxy- 
ehloride. Carey Lea {Am. S. [3] 38, 366) thinks 
'v that the darkening action of light on AgCl is 
preceded by the formation of what he calls a 
photochloride. The pholochloride is supposed to 
contain leas Cl than the normal chloride; and 
probably to be a compound of AgCl with a sub- 
chloride or oxychloride; it is extremely sensi¬ 
tive to the action of light, and undergoes many 
changes of colour when exposed to light {Am. S. 
[3] 33, 349,480, 489; 34, 33; and full abstract 
in 0. J. 64,1).' For the application of the effects 
of light on AgCl to photography v. PnoTooBAvnia 
Chemistbt, this vol. p. l.')4 ; and PnoToontPHt, 
in Dictionaki of Appued Chemisiry, vol. iii. 

Combinations. —1. With sovoral metallic 
chlorides, especially the alkaline chlorides; 
generally forming compounds of ths typo 
AgCl.MCl. Wells and Wheeler {Am. S. [3] 44, 
166) obtained the compound AgC1.2CsCI.— 

8. With ammonia gas. According to H. Bose 
{P. 80, 167), 2AgC1.3NH, is formed. Isambert 
{C. B. 64, 1269: V. also Horstmann, B. 9, 749) 
studied the vapour-pressures of the NH, given 
off, and concluded that two compounds are 
formed when Nil, is absorbed by AgCl—viz. 
2Ag01.3NH, and AgCl.SNH, {v. ourvss given in 
Dissooution, vol. ii. p. 397). Bodlander { Z . P . G . 

9, 730) measured the reduction of the freezing- 
point of water produced by the compound 
2AgC1.3NH,; as this reduction was much larger 
than the normal, he concluded that the com¬ 
pound is dissociated in aqueous solution; a 
similar conclusion was come to by measuring 
the electrical conductivities of aqueous solu- 
tiomi. The dissociation cannot have been into 
NH, and AgCl, says B., else AgCl would have 
separated out; hence the dissociation must be 
electrolytic, and the solution must contain Ag 
and 01 as free ions. This conclusion was con¬ 
firmed by finding thatFbAo,Aq ppd. FbOl, from 
SAgOl.BNH, in N£[,Aq, ^Aq ppd. Agl, and 
ptHJ^Aq ppd. Ag,S; confirmatory evidence 
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was also found in the fact that addition of NH,C1 
or AgNO, reduced the solubilify in water of 
2AgCt.3NH„ in keeping with the law regarding 
the effect on the solubility of an electrolyte of 
the presence of one of its ions. B. concludes 
that 2Ag01.3NH, iq a definite compound, which 
is electrolytically dissociated in aqueous solu¬ 
tion.—3. With silver iodide and bromide; v. 
SiLVEB lODOnBOMOCHLORIDES, p. 470. 

Silver, ehloro-iodobromides of; v. Silveb 
lODOBEOMOCHMEIDES, p. 470. 

silver, cyanide of; v. vol. ii. p. 846. 

Silver, ferricyanide of; o. vol. ii. p. 340. 

Silver, ferrocyanide of; v. vol. ii. p. 837. 

Silver, fluorides of. Two fluorides of Ag 
probably exist, AgJP and Agl', although there is 
still some doubt as to the isolation of the first 
of these. 

SinvEB suBFiooBiDE (? Ag.,]?).. {Argcntous 
fluoride.) By electrolysing saturated AgFAq, 
using Ag electrodes, and a current so strong that 
the liquid became hot, Giintz {0. B. 110,1337) 
noticed the separation of brass-coloured crystal¬ 
line plates at the negative pole (if a weaker 
current was used, Ag was deposited). Treatment 
of these crystals with water gave AgFAq and 
Ag, the ratio of Ag separating to Ag going into 
solution being practically unity; hence G. 
gives the formula Ag,F to the yellow crystals. 

G. says that ths same compound is obtained by 
heating finely-divided Ag with AgFAq in a sealed 
tube to nearly 90°. Ag^F does not change in dry 
air; it decomposes slowly in moist air, and 
rapidly in water. Heated in dry HCl, CC1„ 
FC1„ (ko., Ag,Cl is said to be formed (G., C. B. 
112,861). 

Silver fldobide AgF. {Argentic fluoride.) 
Formula probably molecular, from analogy of 
AgCl. Prepared by dissolving Ag-CO, that has 
been freshly ppd. and well washed, in HFAq, 
evaporating to dryness in a Ft dish, with con¬ 
stant stirring, dissolving the black residue in 
, water, filtering, and evaporating in vacuo over 

H. ,SO„ in the dark (Moissan, Bl. [3] 6, 456; cf, 
Giintz, A. Ch. [6] 3, 42). A yellow, transparent, 
elastic solid; sol. water; melts at c. 436° (M., 

I. C.). S.G. 6-852 at 16-6° (Gore, Pr. 18, 157). 
Fremy {A. Gh. [3] 47, 39) obtained large colour¬ 
less prisms, to which he gave the formula 
AgF. 2aq, by evaporating a solution of AgjCO, or 
Ag.,0 in HFAq; these crystals lost 2aq in vacuo, 
but some oxyfluoride was always formed {cf. 
Marignao, Ann* M. [6] 16, 270). Heated in air, 
AgF is decomposed, by the moisture present, to 
Ag, 0, and HF, according to Gore ({.c.). AgF 
interacts violently with FOCI,, POl,, SiCl,, and 
BG1„ giving AgCl and fluoride of P, Si, or 
B (Moissan, l.cX Molten ^gF attacks vessels 
of Ag or Ft. The dry salt is said to absorb 
c. 800 times its volume of NH, (Gore, lx.). 
Heating with I produces Agl and IF, (Gore, Pr. 
SO, 70; where a few other reactions of com¬ 
pounds vrith AgF ate given). 

Silver, fulminating; v. Silveb urtHmES, 
p. 470; Silver fulminate (g.«., vol. ii. p. 817) 
IS sometimes called fulminating silver. 

Silver, hydroxides of; v. Selves oxmxB abd 
BYDBATED OXIDES, p. 470. 

Silver, Iodides of. The isolation of an iodide 
other than Agl is very doubtful. 
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SiLTES suBioDiDs (?Ag3!). GQntz (0. B. 
112, 861^ states that this compound is formed 
by the interaction of HI and Ag^F; but no 
analyses are given. . ! 

SiLTEB loniDB Agl. {Argentic iodide) ' 
Formula probably molecular, from analogy of ! 
AgCl. Melts at c. 530® (Carnelley, C. J. 29, ! 
489); at 627® (Eodwcll, Pr. 25, 280). S.G. at i 
0®«= 5*676, at 627®** 5*522; maximum density at i 
142® (R., 2.C.). V.D. said to bo 214 (Dewar a. i 
Scott, B, A, 1881. 597). S.H. (15® to 98®) I 
*06159 (Begnault, A. Ch. [3] 1, 129; v. also 
Bellati a. Romanese, Pr. 34,104). H.P. [Ag.I] 
“13,800 {Th. 3, 381); 14,300 for crystalline 
Agl (Berthelot, Bl [2] 39, 18). 

Occurrence. —As iodite in Peru, Mexico, the 
Harz, Spain, drc.; forms hexagonal tablets; 
also in combination with AgBr as iodobromite 
fn small quantities in Nassau. 

Preparaticn.-^l. By adding HIAq, or solu¬ 
tion of an iodide, to AgNO^Aq, washing, and i 
drying.—2, By the interaction of tiuely-divided 
Ag with HIAg, H is evolved at ordinary tempera¬ 
tures and Agl formed; a solution saturated by i 
heating H&lq with Ag deposits crystals of 
AgI.a:Ul on cooling (v. infra, Comhmations, 
No. 2), and the liquid decanted from those deposits 
hexagonal crystals of Agl on standing in afr.— 
8. Crystals of Agl arc also obtained by boiling 
saturated AgNOgAq witli IlgL, and allowing to 
cool (Field, J, 1857. 255).—4. The interaction 
of a mixture of HClAq and HIAq with Ag pro¬ 
duces only Agl, according to Deville (A. 101, 
197). 

Properties. —As obtained by adding alkali 
Iodide to excess of AgNO;,Aq, Agl is a curdy pp., 
yellow, with a slight orange tint; by adding 
AgNOaAq to excess of alkali iodide, a pure yel¬ 
low, powdery pp. of Agl is formed; the former 
pp. is sensitive to light, tlie latter, after washing 
in the dark, is not discoloured by light. Agl 
melts to a yellow liquid, which becomes red and 
then dark-red as temperature rises; the liquid 
solidifies to a yellow,'horny, crystalline mass., 
Rodwell (Pr. 25, 280) found that Agl contracted 
considerably at the moment of solidification; 
regular contraction then took place to 142®, 
whereat there was sudden and considerable ex¬ 
pansion accompanied by change from the 
amorphous to the crystalline form; this was 
followed, as temperature fell, by slight expan¬ 
sion (for measurements v. R., l.c.). Agl exists 
in two forms : above 142® up to the m.p. it is 
yellow, transparent, and flexible; below 142® 
it is pale green, crystalline, opaque, and brittle 
(R., I.C.). Agl is nearly insol. NH;,Aq; accord¬ 
ing to Martini (5. 56, 153) 1 part Agl requires 
2560 parts NH^Aq, S.G. *90, for solution. Agl 
dissolves in NajjSjOjAq, in KCNAq, and in 
NaClAq; it dissolves readily in hot Ilg(NO.,).Aq, 
and crystallises therefrom on cooling (n. also 
€ombinatio7is)» 

Beactions. —1. Heated in chlorine, AgCl is 
formed.—2. Reduced by contact with metals, 
such as Zn or Fe, in presence of acids. Most of 
the reactions of Agl closely resemble those of 
AgCl. 

Combinations. —1. Dry Agl absorbs awtwonia; 
Eammelsbcrg (P. 48,170) says that 2AgI.NH, is 
' formed (for dissociation-pressures of this com- 
potmd v> Isambect, 0. B. 64,1269). By heating 
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Agl with ezoesf ol NR,Jlq In a sealed iaiM Al 
100®, Terreil obtained c^stals of AgI.2NH, (Bl, 
[2] 41, 598).—2. Agl dissolves in hot conc^ 
hpdriodic aoid solution; the liquid deposits 
large, colourless, unstable crystals of Agl.HI (?) 
(Deville, 0. B. 42, 895) ; Berthelot obtained 
transparent crystals of 3 Agl.HI. 7 H 3 O (A. Ch. 
[6] 23, 89).—3. According to Prousa (A. 29, 828) 
a solution 0 ! Agl in a hot solution of vterev/rio 
nitrate deposits crystals of 4 ’AgI. 2 Hg(N 03 ) 3 .aq 
on cooling.—4. Agl dissolves in silver nitrate 
solution containing more than 8 p.o. AgNO| 
(Vogel); water re-ppts. Agl. For accounts of 
different compounds obtained v. Kremors (J, pr, 
71, 54), Stiirenberg {Ar. Ph. [2J 143, 112), 
Weltzien {A. 95, 127), Riche {A.- Ill, 39), Risse 
{A. Ill, 43). Agl also combines with silver 
nitrate and lead nitrate, and with antimonide, 
arsenide,^phosphide, and sulphide of silver ( 0 , 
Poleck a. Thiimmel, Ar.Ph. [3j 22,1).—5. With 
alkali iodides and alkaline earth iodides (v» 
Boullay, A. CA. [2j .34, 377; Berthelot, PZ. [2] 
39, 24; Johnson, C. N. 37,110; Maxwell Simp¬ 
son, Pr. 27, 120). 

Silver, iodobromoohlorides of. Rodwell (Pr 
25, 292) prepared various compounds of Agl 
AgBr, and AgCl by melting the constituents to¬ 
gether. R. studied especially the effects of heat 
on the S.G., change of voldme, and m.p. of these 
bodies. The formula {EAgl.j/AgBr.^AgCl ex¬ 
presses the composition of the compounds ex¬ 
amined ; X varied from 1 to 4, y was always 1, 
and z varied from 1 to 2. 

Silver, nitrides of. Raschig (A. 233, 93) 
has shown that the explosive substance first 
prepared by Borthollct, by the action of cone, 
cold NH^Aq on Ag.G, and supposed by B. to 
be a compound of Ag.p and NH 3 , is a nitride 
of Ag, AgjN, mixed with finely-divided Ag. 
Ag,,N is best prepared by allowing a cone, solu¬ 
tion of AgjO in NHjAq to stand in air, or by 
adding alcohol. AgjN dissolves in ECNAq, 
forming AgCN, KHOAq, and NH,. 

The Ag salt of HN, may be called silver 
nitride; v. Hydrazoic acid, vol. iii. p. 559. 

Silver, nitroprusBide of, v. vol. ii. p. 341. 

Silver, oxides and hydrated oxides of. Only 
one oxide of Ag has been certainly isolated; the 
existence of any hydrated oxide is doubtful. 

SiLVKB oxiDB Ag 30 . {Argentic oxide.) Mql. 
w. not known. 

Formation. —1. By heating Ag much above 
the temperature of volatilisation in the 0-H flame, 
using excess of 0 (Debray, G. B. 66, 735).— 
2. By passing on electric current through 
KNOjAq, using a plate of Ag as positive electrode 
(Wohler, A. 146, 264).—3. By boiling freshly- 
ppd. AgCl with KOHAq, S.G. 1*26 to 1*3 (Mohr, 
A. 66, 66). 

Preparation. —KOHAq is added in slight ex¬ 
cess to AgNOsAq, the pp. is thoroughly washed 
with hot water, best in air freed from CO,, and 
dried at 0 . 80®. 

Properties.—k black powder (brownish when 
ppd.), with an unpleasant, metallic taste. S.G. 
7*62 (Schrader, B. 9, 1888); 7*16 (Playfair a. 
Joule, 0. 8. Mem. 8, 84): 7*25 (Boullay, A. Ch. 
[2] 43, 266). HF. [Ag*,0] = 6,900 {Th. 8, 381). 
Slightly sol. water; 1 part dissolves in 8,000 
arts water according to Blneau (0. B. 41, 609)i 
at according to Abl in 96 parts water at 18*5* 
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(Oetler. XtU. f. Pharm. 9, SOI tl884])- Sol. 
NH,Aq (for so-called explosive silver, formed b; 
dissolving in oono. NH,Aq, v. Silteb nitbides, 
p, 470). Also sol. squeons solntions of alkali 
thiosulphates, ohlorides, and cyanides. Sol. 
aqueous MeN^ and EtNHj (Wurtz, A, Oh. [3] 
80, 453). Moist Ag^O absorbs CO, from the sir, 
forming Ag,CO„ and reacts with many salts like 
the alkalis (v. Reactions). Ag,0 is decomposed 
to Ag and 0 by heat (u. Beaclions). 

Beactiom and Combinations. —1. Decom¬ 
posed to Ag and 0 by heat ; Carnelley and Walker 
(0. J. 63, 79) say that 0 begins to come ofl 
at 0 . 100°, rapid decomposition occurs at o. 270°, 
and reduction is complete at 300 '-340° (u. also 
H. Rose, P. 85, 317; Joulin, Bl. [2] 19, 349; 
cf. HvDBiTED sinVEB OXIDE, infra). — 2. Anti¬ 
mony sulphide, arsenic sulphide, finely-powdered 
sulphur and selenion, amorphous phosphorus, 
and some organic compounds, are ignited by 
rubbing with Ag,0 (BSltger, /. 1863. 284).— 
8. Reduced to Ag by heating to 100° in hydrogen 
(Wohler, A. 30, 4).—4. I’inely-divided Ag,0 
under water is reduced to Ag by cadmium, 
copper, tin, and zinc (not reduced- by Fe or Hg) 
(Fischer, P. 10, 605).—5. Agl and HIO, are 
formed by the reaction of iodine with Ag^O sus¬ 
pended in water (Naquet, Bl. 1860. 123); with 
chlorine tho products are AgCl, HClO.Aq, AgCIO, 
and AgClOj (Stas).—6. Moist Ag,0 decomposes 
many metallic salts in solution, ppg. metallic 
hydroxides, e.g. salts of Bi, Cr, Co, Cu, Fe, Hg 
(v. H. Bose, B. B. 1857. 24.5).—7. The moist 
oxide removes halogens from many* halogen- 
containitig organic compouiuls, replacing tho 
halogen by Oil (e.g. 2NMe,I-lAg,O.H,0 
=>2NMo,OH + 2AgI).—8. Ag,0 reacts with aculs 
as a decidedly b.asic oxide, forming salts Ag.,X, 
where X = SO„ 2X0,, &o.—9. A little AgNO, is 
said to bo formed when nitric oxide is passed 
into water with ^g ,0 suspended therein (Sabatier 
a. Senderens, C. B. 114,1476).—10. Ag.,0 com¬ 
bines with lead monoxide; by allowing a mix¬ 
ture of I’bO.asHjO and freshly ppd. Ag,0 to 
stand in contact with XaOHAq, a compound 
was obtained, probably 2Ag..O.FbO (E. Aston, 
0. J. 69,1093). 

Hydkated sii.veb oxide (? AgOH). Accord¬ 
ing to H. Bose (P. 85, 904), no compound of 
Ag,0 and H.jO exists. By ppg. an alcoholic 
solution of AgNO, by KOHAq at -40°, Bruce 
obtained a white flocculont pp. which ho sup¬ 
posed to bo a hydroxide of Ag (no analyses are 
given); the pp. darkened on heating, forming 
A.g.,0 and H-O according to B. (0. B. 50, 208). 
Carey Lea (km. S. 1892. 249) found that ppd. 
Xg.p retained gome water after drying at 100° 
lor 40 hours, and that all water was removed at 
160°-160° but some 0 went off also. Carnelley 
and Walker (C. J. 53, 79) say that the product 
of drying ppd. silver oxide in air for 6 months 
had the composition AgOH, and that this was 
scarcely decomposed at 100°, but that above this 
temperature it gave off water and a little 0, and 
was gradually changed to AgP mixed with a 
little Ag. Some reactions of moist Ag^O point 
to the existence of such a compound as AgOH 
(o. Silver oxide. Reactions, Nos. 6 and 7). 

Oxide or silvbb whb less oxyoen than 
A g|0. (Silver suboxide.) Many experiments 
AM reooraed on tho interactions of teduoing 
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agents and Ag salts whereby salts of a lower 
oxide than Ag,0 were supposed to'be formed, 
and the corresponding oxide was supposed to be 
ppd. from these salts by alkali. W6bler 
(A. 30,1) reduced Ag citrate by heating in H; 
W. a. Bautenberg reduced ammoniacal solutions 
of chromate, molybdate, and tungstate of Ag (A. 
114,119); W. reduced arsenate and phosphate 
of Ag by FeSO, (A. 146, 263); H. Rose reduced 
AgNO, in NHjAq by ferrous and manganous 
salts (P. 101, 204, 321, 497 ; v. also Wdtzien, 
A. 142, 106). More recent experiments have 
shown that the products of such reductions in 
presence of alkali are mixtures containing Ag 
(ii. I’illitz, Fr. 27, 490; Newbury, Am. 8, 196; 
Muthmann, B. 20, 983; Bailey a. Fowler, 0. J. 
51, 416). 

Faraday (Q. J. S. 4, 268) supposed that a 
suboxide of Ag was formed by the action of air 
on an ammoniacal solution of Ag^O ; but Bailey 
and Fowler (l.c.) have shown that the substance 
I is a mixture of Ag.,0 with a little explosive 
silver. 

The result of a long scries of experiments by 
0. V. d. Pfordten (B. 18, 1407; *20, 1458; 21 
2288, 3375) on reducing AgNO,Aq by H,PO,Aq, 
alkali bisulphites, and tartaric acid, is that the 
black pp. thus obtained is not a suboxide of Ag 
(for some time it was asserted to be Ag,0); the 
accuracy of this result has been strengthened by 
tho critical experimental work of Bailey (0. N. 
55, 203; 0. J. 51, 460), and especially of 
Friedhoim (Bl 20, 2554; 21, 307). F. regords 
the supposed Ag,0 as a mixture of finely-divided 
Ag with more or less Ag.,0, or with some organio 
compounds. V. d. P. (B. 21, 2288, 3375) thinks 
his latest work points to the black substance 
being a compound of Ag, H, and 0 in the ratio 
4Ag:2H:0; ho gives it the formula Ag,.H,0, or 
Ag,.OH.H, and calls it sih-er hydrate. According 
to Cliintz (0. B. 112, 801) Ag,0 is produced by 
the .action of steam on Ag.F at 160°. 

Tho question of the existence and isolation of 
a compound with less 0 than Ag,,0 cannot be 
regarded .as settled. 

Oxides or silveb with mobe oxyoen than 
Ag.,0. By electrolysing cone. AgNO.Aq, using 
Pt as positive and Ag as negative electrode, 
Bitter obtained a black deposit on tho Ft; to 
this black substance B. gave the formula Ag..O„ 
and described it as crystallising in octahedra, 
S.G. 5-474, giving up half its 0 when carefully 
heated, with l^,Aqevolving N, and with 11,0,Aq 
producing Ag, H,0, and 0. A similar production 
of what seemed to be a peroxide of Ag was 
noticed by Fisoher (J.pr. 33,237) and by W6hler 
(A. 146, 264). Bottger (B. 6, 1398) noticed that 
tho peroxide produced by electrolysis formed 
explosive Ag and rapidly evolved N, with NH,Aq. 
Ag peroxide is formed by the action of ozone on 
Ag, according to Schonbein (J.pr. 41, 321); and 
of ozone on Ag,0 according to Schiel (/. 1864. 
118). Ag peroxide is an cnergetio oxidiser; it 
sets fire to H,S, and Au sulphide when tabbed 
therewith (v. BSttger, l.c.). 

The analyses made by Fisoher (J. pr. 33,237), 
Mahla (A. 82, 289), and Qmelin (J. 6,105) of the 
peroxide showed the presence of H,0 and AgNO,; 
their preparations were probably impure. The 
analyses of Wallquist (J.pr.'91, 179} agreed well 
with the lotmula AgO (or 
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Tbe gnppoBsd peroxide of Ag, prepared hj chlorite, perehlorati and hypeeMmte, enromam 
rieotrolyeing AgNO,Aq, is regarded by Berthelot &uidichrcmiate,{odate Rniperiodatee,molybdates, 
(Bi. [2] 84,138) as a compound of AgNO, with nitrate, nitrite and hypcmUrite, phosphatee, > 
an oxide to which he gives the tormnla kg,0,. eelenate and selenite, sulphates, sulphite and 
By the interaction of Hp^Aq with Ag„0, thicmates, tellurates and tellurite. Several salts 
Berthelot (Z.c.) obtained black flocks, which were derived from sulphur-containing acids also 
leparatedfromAg by washing; to this substance exist, the chief of which are: thio-antimonotes 
B. gives the formula Ag,Oj as the result of a not and antimonites, thio-arsenates and arsenites, 
very complete analysis; he looks on it as pro- thio-carbonate, thio-molybdales, thio-phosphates 
bably identical with the product of the interaction and phosphites, and thio-tellurite. 
of moist ozone and Ag or Ag^O. This substance Silver, selenide of, Ag.jSe. Occurs native, 
loses 0 when dried over H^SO,; with acids it also in combination with selenides of Cu and 
gives salts of Ag.O and evolves 0. Pb. Obtained by heating Ag with Se, SeO^, or 

Silver, oxychlorides of. The action of light ILSe; also by passing H^Se into solution of a 
on AgCl probably produces two oxychlorides of Ag salt; and by healing AgNOjAq with Se 
Ag; V. SinVEB CiiLuiiiDE, Action of light on, (Senderens, G. B. 104, 176). A grey solid, 
p. 4G8. melting at red heat to silver-white regulus. A 

Silver, oxyfluoride of. To the yellow crystals little Se is lost by roasting in air; sol. cone, hot 
obtained by evaporating an aqueous solution of HNO,Aq,orystalsof Ag.Se 04 Separatinga 3 liqnid 
AgF, Pfaundler gives the composition AgF.AgOH cools. 

(TF. A. B. 46 [2] 2.59). , Silver, selenooyanide of, v. vol. ii. p. 848. 

Silver, phosphides of. Molten Ag absorbs Silver, silicides of. Berzelius found that 
P; according to Pelletier [A. Ch. 13,101), some Ag after fusion with SiO, and C gave a residua 
of the P remmns in combination on cooling, but of SiO^ when dissolved in HNOjAq. Percy 
Warren (C. jJ. 66 , 11.3) says that all except c. (Silver and Gold, 1, 131) failed to obtain any 
•002 p.c. separates as the Ag cools. According compound of Ag and Si. Warren (C. Af. 60, 6 ) 
to Emmerllng (B. 12,162), a compound AgP is obtained compounds or alloys of Ag and Si by 
formed by heating Ag and P in a sealed tube to heating Ag with K.BiF„ and Na. 
a dark-icd heat; on heating the compound P is Silver, sillco-flnoride of, Ag.SiP 4 . 2 iLO. 
given of! and Ag remains (v. also Ijandgrebe, 8. White, deliquescent crystals, molting below 
60,128). By heating powdered Ag in vapour of 100*’; when strongly heated gives a residue of 
P, Schrotter obtained a grey solid, S.G. 4'63, to Ag with some SiOj. Obtained by evaporating a 
which he gave the composition AgjP, (J, 1869. solution of AgjO in IIjSiFjAq (Marignao, Ann. 
247). M. [5] 16, 270). 

Fresenius and Neubaucr (iV. 1,340) obtained Silver, sulphides of. The isolation of any 
a pp. said to contain Ag phosphide and Ag, by sulphide other than Ag.S is very doubtful, 
leading PH,, or CO, laden with vapour of P, Silveb suLrmnB Ag.,S. (Argentic sulphide.) 
into AgNO,Aq; using PH, diluted with CO„ Mol. w. not known. Occurs native as argentite 
Poleck and Thiimmel (B. 16, 2435) obtained a or silver glance. Prepared by heating Ag in 
compound, probably AgjP.SAgNO,. vapour of 8, or in n,S, or by the action of H,3 

Silver, photosalts of. Carey Lea (Am. S. on red-hot AgCl (Durocher, G. B. 32, 823). 
[ 8 ] 83, 849,480, 489 ; 34, 33; abstract in C. J. I1,S quite free from admixed 0 is said not to react 
64,1) gives the name 0 ! photosalts to variously- with Ag. Also prepared by passing H ,8 into a 
coloured compounds of Ag v^th the halogens 'solution of a salt of Ag; by boiling Ag,SO,Aq 
which are very sensitive to light. These bodies or AgNO,Aq with S (Filhol a. Senderens, C. B. 
are regarded by C. L. as identical with the sub- 104, 175); and by the contact of H,SAq with 
stances that form the latent images on exposed moist Ag,0. Spring formed Ag,S by subjecting 
photographic plates. The photosalts are ob- a mixture of Ag powder and amorphous 3 to a 
tained by the action of reducers, such .as : pressure of several thousand atmospheres, pow- 
FeSO,Aq or FeCLAq, on the normal Ag haloids, ! dering, and compressing again, and repeating 
by reducing Ag salts by such bodies as dextrose this treatment seven or eight times (Bl. [2] 39, 
or tannin in presence of alkali and treating the 641; 41, 488, 492; ef. Friedol, Bl. [2] 40, 626). 
products with HClAq, or by t-;eating finely- Thomsen (Th. 3, 381) gives [Ag',S] = 6,340. 
divided Ag with the haloid salts of Cu or Fe Winssinger (Bl. [2] 49, 452) obtained a dilute 
and certain other halogenating reagents. The aqueous solution of colloidal Ag,S by ppg. from 
photosalts are regarded by C. L. as compounds a very dilute solution of a Ag salt, by H, 8 , and 
of the normal haloids with sub-haloids; from dialysing; the solution was reddish brown, and 
the methods of preparation it seems fairly oer- did not change after keeping for more than two 
tain that the coloured bodies called photosalts months. 

contained various substances besides Ag and Ag,S obtained by ppn. is a black solid; 
halogen. when melted, out of air, it solidifies to a grey. 

Silver, platinocyanide of, v. vol. ii. p. 344. black, lustrous, malleable mass, that oan be 

Silver, platinosulphocyanide of, v. vol. ii. cut with a knife; 3.0. 6*85 (Earsten, S. 66 , 
p. 861. 394). S.G. of argentite 7'27 to 7’82 (Dauber, J. 

Silver, salts of. Compounds derived from 13, 748). Heated in air slowly goes to Ag, 
acids by replacing n by Ag. These salts belong giving o9 SO.,. With cone, boiling HClAq gives 
to the type AgX, where X=NOa, ^SO,, JCO„ I AgCl and H,S; hot HNO»Aq forms AgNO,Aq 
JPO„ Ac. Subsalts of the type AgjX possibly and HjS; cone. HaSO, produces Ag,SO, and 
exist, where X is * halogen. The principal SO^ Heated in 01, A^l and 8,01, are formed, 
silver salts of oxyacids are; arsenate and Beduced to Ag by action of metals and dilate 
arsenite, borate, biimate, cartxmaUs, chlorate, acid; also reduced ^ heating with BbO, Ca(^ 
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fe powder, or Eg (cf. Banmelsbetg, 0. /. 89, 
874). 

Manj compounds ot Ag.,S with metalUo 
■ulphides occur in minerals, e.p. with Cu,S, 
Sb,S„ ASjS,, Bi,S„ Ac. Schneider (J. pr. 41, 
414) obtained a compound of Ag,3 and Bi,S, 
b; fusing the two sulphides together in a 
covered crucible. Poleck and Thiimmel (Ar. Ph. 
[3] 22,1) obtained Ag,S.AgKO, by passing H,S 
into cone. AgNOjAq so long as it was completely 
absorbed, washing the greenish pp. with 
HNOjAq, and drying; a black amorphous pow¬ 
der, decomposed by water to Ag,3 and 
AgNOjAq. 

Silver subsulveide. According to Gilntz 
(0. B. 112, 861), Ag,S is obtained by the action 
of ILS on Ag/!I. 

Silver, snlphocyanide.of, v. vol. ii. p. 352. 

Silver, telluride of, Ag.Te. Occurs native 
as hessite. Prepared by melting together Ag and 
Te, by passing vapour ot Te diluted with much 
N over red-hot Ag (Margottet, C. B. 85, 1142), 
and by heating AgNOjAq with Te in a seated 
tube (Sendcrens, C. B. 104,175). Grey, lustrous 
solid; obtained in needles (octahedral) by the 
second method given above. M. M. P. M. 

SINALBIN C:„H„N,S,0„. A glucosido oc¬ 
curring in the seed of white mustard (Will, Z. 
[2] 7, 89; A. 199, 150). Prepared by washing 
the seeds with CS, and extracting the residue 
with alcohol. Concentric groups of pale-yellow 
needles (from alcohol), v. sol. water, insol. CS, 
and other. Iteiluees Fehling’s solution, with 
formation of Cu.S. Split up by the ferment 
myrosin into glucose, sinapine sulphate 
C|,in-,NOjH.SO|, and C,H,OCNS, a pnngent 
oil. Aqueous AgNO, produces a similar decom¬ 
position, forming a pp. whence II.,S removes Ag, 
leaving in solution sulphate of sinapine and 
C,II,N0 [69^]. Coloured yellow by alkalis, and 
yields Na,SO, and sodium sulphocyanide on 
boiling with NaOHAq. HgCl, gives a white pp. 

SIN AMINE V. Allvl ovxNAUinE. 

SINAPIO ACID 0„H,.j0,. [192» cor.]. 

Formed, together with neurine, by boiling sina- 
pine sulphocyanide with alkalis (Von Babo a. 
Uirschbrunn, A. 81,19; Kemsen a. Coale, Atii. 
6, 50). Small yellow prisma (from alcohol), si. 
sol. cold water, insol. ether. The ammoniacal 
solution turns brown in air. Salt.—BaA" 
(dried at 110°). Pp. 

Acetyl derivative C||II„AcOs. [281°J. 
Got by boiling the acid with Ao,0. White 
crystals, sol. hot water. 

SINAPINE C„H.aNO,. Occurs as sulpho¬ 
cyanide in seeds of white mustard (0. Henry a. 
Garot, J. Ph. 17, 1; 20, 63; Pelouze, A. Ch. 
[2] 44, .214; /. Ph. 17, 271; Boutron a. 
Bobiqnet, J. Ph. 17, 279; 0. Henry a. Plisson, 
A. Oh. [2] 46, 198; Winokler, Bap. Pharm. 41, 
169; 67, 267; Simon, P. 43, 661; 44, 693; 
Boutron a. Fremy, J. Ph. 26, 60; Von Babo a. 
HirschbrUnn, A. 84, 10; Bemsen a. Coale, Am. 
6, BO'j. Formed also by the action of myrosin 
on sinalbine (Will a. Laubenheimer, A. 199, 
162). The free base is known only in solution, 
and is decomposed on evaporation, leaving a 
resin. Boiling baryta-water splits it np into 
nsniine 0,H;^0, and sinapie acid. 

. 0aUs<—BEj3O,3aq: teotangnlai plates, V. 


sol. water and hot alcohol, nearly insol. ether.— 
B'HHgCIj: thin prisms.—B'HCNS. [176°]. 

SINAPOUNE V. Bi-illyl dbis. 

SINCAIINB V. Nbubieb. 

SINISTEIN V. Isons. 

8IPEBINE. An amorphous, resinous, alka¬ 
loid occurring, together with bebirine, in the 
greenheart tree {Nectandra Rodicei or Bebteru 
Sipeeri). It is v. si. sol. water, m. sol. alcohol, 
insol. ether (Maclagan, A. 48,106), 

SKATOLE V. Mr.Tnvii-isDOLE. 

SKELETINS v. Peoteids, Appendix 0. 

BKIMMIN C„H„0,. [210°]. A glucoside 

extracted by alcohol from Skimmia japonica 
(Eijkman, B. T. G. 3, 204). White needles, si. 
sol. cold water. Its alkaline solutions show blue 
duoresconce. It is not poisonous, and does not 
reduce Fehling’s solution. 

Skimmetin C,H.O,. [223°]. Formed, to- 
gether with glucose, by boiling skimmin with 
dilute mineral acids. Colourless crystals, sol. 
alcohol and ether. Its solutions exhibit blue 
lluorcscence. Docs not reduce Fehling's solu¬ 
tion. Fed, gives a blue colour. Gold chloride 
gives a rose colour, turning blooand violet. 

SUILACIN C,,n,„0,(7). Occurs in sarsa¬ 
parilla toot (Smilax Sarsaparilla) (Beinsch, 
Rep. Pharm. 82,145; Thubouf, A. 6,204; 14, 
76; Batka, A. 11, 305; Poggiale, A. 13, 84; 
Ilcmy, A. 14, 77; Petersen, A. 16, 74; 17, 
166; Wright a. Bennie, 0. J. 39, 237). Nodular 
groups of IcaUets, m. sol. hot water and alcohol, 
sol. alkalis. 

lic/erence. —Pahillin. 

SNAKE POISON v. Peoteids. 

SOAP V. Dictionary or Ai'plied Chemistry. 

SOBEEROL C,„H„0,. [150°]. [a]„=±l50“. 
A product of atmospiieric oxidation ot turpen¬ 
tine in sunlight (Armstrong a. Pope, 0. J. 69, 
316). Long tables (from alcohol) or mono- 
clinic prisms (from water); a;5;c = 2'411;1-. '833; 

8 = 83" 38'. Tastes bitter. Converted by boiling 
dilute 1I.BO, into an oily isomeride ot cam¬ 
phor. liy crystallising a solution of equal 
quantities ot dextro- and lievorotatory sobrerol 
there is obtained an inactive sobrerol [131°] 
crystallising from alcohol in tiimetrio tables; 
o:b;c = 2-424:l: -827. 

SOCALOIN V. Alois. 

SODA; V. Sodium hydroxide, p. 479. 

SODIDU Na. At. w. 22-996, Mol. w. very 
probably same as at. w. (v. infra). Melts at 
95-6° (Bunion, A. 125, 367), 97-6° (Hagen, W. 
19, 436); solidifies at 97 6° (Begnault, J. 1868. 
43). Boils between 860° and 960°, according to 
Carnelley and Williams (0. J. 36, 665); at 742° 
(Perman, G. J. 55, 326). S.G. -986 % (Schrader, 
P. 106, 226); -9743 at 10° (Baumhauer, B. 6, 
655); 0 . -74 at b.p. (Ramsay, 0. J. 39,49). V.D. 
12'7 at 1200°-1500° (Scott, Pr. B. 14, 410; e. 
infra). S.H. -2734 from -28° to 6° (Begnault, 
A. Ch. [3] 46,257); ‘21 when liquid (Joannis, 
A. Ch. [6] 12, 358). C.E. (0° to 60°) •00007106 
(Hagen, W. 19,436). E.O. (Hg at 0°-l) 18-8 
solid at 0°, 8’3 liquid at 120° (Matthiessen, P. it. 
[4] 12, 199; 13, 81). X.O. (Ag -100) - 86'6 
(Calvert a. Johnson, P. It. [4] 16, 881). H.O. 
[Na’,0] - 99,760 (Th. [8] 282). Eebaction-equi- 

valent x aiw. > 4*4 (Gladstone, Pr. 18,49) | 
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1‘03 (Eanotmiloff, /. H. 1384 [S.] 119). Emig. 
gion Bpeotnim characterised b; a double line D, 
the components of which have the waf e-lengths 
5895 and 5889 (for detailed measurements of 
lines V. B., A. 1884. 443). For absorption spec¬ 
trum V. Eoscoe a. Schuster {Pr. 22,362). S.V.S. 
solid 23-3;' at b.p. 31 (Eamsay, 0. J. 39, 49). 

Occurrence.— Compounds of Na occur widely 
distributed in large quantities. NaCl is found 
abundantly as rock-salt, also in sea-water and 
many mineral springs. Large quantities of 
NaNO, or Chili saltpetre occur in S. America. 
Carbonate, sulphate, and borate of Na are found, 
in comparatively small quantities, in rocks, and 
in lake and spring waters. Cryolite is a double 
fluoride of Na and Al. Many silicates contain 
Na silicate—e.y. natrolite, albite, labradorite, 
^ 0 . The ashes of many plants contain Na salts, 
especially NaCl, Nal, and Na^SO,; some plant 
ashes are free from Na salts, even when the 
plants grow near the sea; the ashes of algte 
and some other sea plants are richer in salts of 
K than in those of Na. NaCl, Na^COa, Na-Hl’O,, 
and some other compounds of Na, are found in 
animal organidlns. 

Historical. —Caustic soda was decomposed 
by Davy in 1807 [T. 1808.1) by electrolysis; Gay- 
Lussac a. Thdnard heated NaOH with Fe filings 
and obtained Na (A. Ch. 65, 325 [1808J), 
Brunner (S. 71, 201) reduced Na^COj by heat¬ 
ing with charcoal; this process was made ap¬ 
plicable on the large scale by Deville {A. Ch. t3] 
43, 6 [1855]). 

The word neter is used by the older Hebrew 
writers to denote a substance employed for 
washing clothes; the same, or a similar, sub¬ 
stance seems to have been known as virpoy or 
nitrum, and by the fifteenth century this name 
was given to saltpetre; when the existence of 
two similar but distinct substances having 
detergent properties was recognised, the name 
nitrum was given to one, and the other was 
called natrum or natron. The metal obtained 
from natron was called natrium ; this name is 
retained in German, but in English and French 
the metal is named from soda, a word applied 
in the Middle Ages to designate alkaline sub¬ 
stances, and used as synonymous with nitrum 
and natron. The symbol Na is universally em- 
ployed for the metal. 

Formation.—1. By electrolysing NaOH (c/. 
Potassium, Formation, No. 1, p. 298).—2. By 
reducing Na.jCO, by heating it w^th charcoal, 
or with charcoal and very finely-divided iron 
(Castner, 0. N. 64, 218).—3. By electrolysing 
fused NaCl, or cone. NaOlAq, using Hg as the 
negative electrode. 

Preparation. —1. An intimate mixture of 
80 parts calcined Na^CO,, 13 parts coal, and 
6 parts chalk is heated in an iron bottle with a 
short exit tube, in a furnace, until vapours of Na 
appear at the mouth of the tube, when a smaU 
flat receiver, made of sheet iron, is adapted to the 
tube; when the receiver is f uU of Na it is removed, 
and the metal is taken out under mineral oil (cf. 
Potassium, Preparation, p. 298). As Na does not 
combine with CO, the difiioalty which attends 
the preparation of E because of the formation 
of KCO, does not occur with Na.—2. A mixture 
of NaOH, 0, and Fe is heated in egg-shaped 
itoo retorts, connected with cast-iron condensers 


about 8 ft. loag and S in. diameter, and having 
small openings near the nossles through which 
the molten Na runs into pots placed beneath. 
The mixture of 0 and Fe is made by heating a 
mixture of very finely divided iron and pitch; 
this is heated with NaOH in approximately the 
proportion 6NaOH:2C:4Fo. (For details v. 
DicTioNAnv or Appuusd CnEMisTEV, vol. iii. 
p. 422.) 

The metal is purified by pressing through 
linen under rock oil kept at c. 100“ ; it must be 
kept under oil free from 0. Eosenfeld (B. 21, 
1658) rccommeuds to soak the metal in a mixture 
of 1 part amyl alcohol and 3 parts petroleum, 
and to rub it with a rag soaked in the same 
mixture, till the surface is bright; then to let it 
remain under petroleum with 5 p.o. amyl 
alcohol; to wash it with pure petroleum, and to 
keep it under petroleum containing from ^ to 
1 p.o. amyl alcohol. The film of sodium-amyl 
_ oxide which forms is easily rubbed off with filter 
paper. 

Properties.—A silver-white, lustrous metal; 
usually described as whiter than K, but according 
to Long (C. /. 13, 122) a clean surface has'a 
pale rose colour. By melting Na in a glass tube, 
narrowed at one place, and filled with coal-gas 
or H, and allowing the semi-solidified metal to 
flow slowly through the narrowed part of the 
tube, Na is obtained in lustrous, white, quadratic 
octahedra, with a rosy sheen (Long, l.c.; cf. 
liottgcr, B. 7,1536). According to Linnemann 
(J.pr. 75, 123), the surface of a frcshly-cut piece 
of Na shows green phosphorescence that soon 
disappears, but returns again at 60“-70“ (cf, 
Baumhauer, J.pr. 102,123, 361). A sublimate, 
in a very thin film on glass, shows a greenish 
blue colour in transmitted light (Dudley, C. H, 
66, 163; Newth, N. 47, 55). The vapour ob¬ 
tained by boiling Na in an atmosphere of H is 
colourless in thin layers, and violet to purple 
when seen in thick layers (Eoscoe a. Schuster, 
Pr. 22, 362; Carnelley a. Williams, C. J. 35, 
605). At the ordinary temperature Na is as soft 
as wax; it is ductile at 0°, and fairly hard at 
- 20“; at 0 .60° it is pasty; it melts at c. 96°, and 
boils ate. 750“ (o. beginning of this article). Na 
dissolves in Uquid NH„ forming a blue Equid 
(v. SoraoM-AMMONinM, p. 475). A freshly-cut 
surface of Na exposed to air becomes rapidly 
covered with a film of oxide ; Na is said to be 
unchanged at the ordinary temperature in per¬ 
fectly dry air. It decomposes cold water rapidly, 
but the H evolved does not generally take tire. 
Na must be kept under a liquid free from 0,such 
as mineral oil or naphtha (v. Preparation, 
supra). 

The atomic weight of Na has been determined 
(1) by converting NaCl into AgCl (Berzelius, 
P. 8, 189 [1826]; Pelouze, 0. B. 20,1047 [1845]; 
Dumas, A. Ch. [3] 65, 182 [1869]; Stas, Stas. 
Bech. 78); (2) by reducing NaClO, to NaCl 
(Penny, T. 129 [1] 26 [1839]); (3) by converting 
NaCl into NaNO, (Stas, Noun. B. 248 [1866]); 
(4) by determining S.H. of Na. 

The molecular weight of Na is not known with 
certainty. Dewar a. &ttmar (0. N. 27,121) and 
D. a. Scott (Br. 29,206 [1879]) obtained numbers 
that indicated a mol. w. of 23; but the values 
varied considerably. D. a. 8. used a vessel ot 
wrought iron. Scott (Pr. F, 14,410 [1868]} oh- 
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lamed fidrly conoordant resolts, giving values for 
T.D. varying from 11*8 to 15, using a Ft vessel 
heated above the m.p. of cast iron; but V. Meyer's 
experiments (B. 13, 391 [1880]) seemed to in* 
dicatethat Na vapour attacks vessels of Ag or Ft. 
Mitscherlich (A. 12, 173 [1834]) found that 
vessels of hard glass were also attacked; and 
Eieth (J3.4, 807 [1871]) got no constant results 
by using a vessel of Cu. The values obtained 
by Scott were so constant that there is a large 
probability in favour of the raonatomicity of 
the molecule of gaseous Nu. Bamsay {G. J. 55, 
521) dissolved Na in Hg and measured the 
decrease of vapour-pressuro of the Hg tlioreby 
produced; assuming tho mol. w. of liquid Hg to 
be 200, and assuming that equal vo)s. of dilute 
solutions in Hg contain equal numbers of mole* 
cules, the results gave values for mol. w. of Na 
varying from 15 to 21*5. 

Thfe V.D. of no compound of Na has been 
determined; from the analogy of K, Rb, Cs, and 
Ag, the atom of Na is probably monovalent in 
gaseous molecules. 

Sodium is a strongly positive element; it 
comes after Bb, Cs, and K in order of decreasing 
elcctroposltivenoss (Bunsen). In all its com* 
pounds Na reacts as a metal; it does not enter 
into the composition of any negative radicles. 
Na forms few basic salts and no oxyhalotd com* 
pounds; its haloid compounds aro very stable 
towards heat. Na is closely related to Li, K, 
Cs, and lib (u. Alkaur, metals oe the, vol. i. 
p, 114), and less closely to Cu, Ag, and Au 
(u. Coi*i»Eu onoDP OE ELEMENTS, vol. ii. p. 250). 

Rcaciiom ami Coinbinalions. —1. Heated in 
air or oxygen, Na^O and Na^.^ aro formed 
(v. Oxides, p. 482). According to von Bonsdorll 
(P. 41, 29C), Na is unchanged in quite dry air 
at tho ordinary temperature.—2. Na absorbs 
hydrogen at c. 300®, probably forming a com¬ 
pound (V. Hydride, p. 471)).—3. Combines with 
chlorine, hrainine, and iodine when heated with 
these elements (v. Chloride, bromide, and iudulc). 
—4. Forms sulphides, by reacting with Sul¬ 
phur at the ordinary temperature; combines, 
when heated, with selenion and tellurium, also 
with arsenic and phosphorus (v. Sulphide, p. 
483, Selenide, p. 482, Telluridc, p. 483, Arsenide, 
p. 476, and Vhosphide, p. 482).—5. Alloys with 
several metals (v. Alloys, infra). —6. Na decom* 
posea water at the ordinary temperature, forming 
NaOHAq and H; much heat is produced, but 
the H does not generally take fixe unless the 
reaction is slackened, and friction is increased, 
by thickening the water by gum &c., or placing 
the Na on moist filter paper {v. Hucatel, Am. 8. 
25, 90; Seruilas, A. Ch. [3] 40, 329). If Na is 
allowed to react with water in a cylinder standing 
over water, the H collecting in the cylinder, a 
violent explosion sometimes occurs, probably due 
to formation of a peroxide that is then decom* 
posed with evolution of 0, which mixes with the 
H (Bottger, J. pr. 85, 397; Grilfin, J. 1856. 
820).—7. Na reduces many oandes at high tern* 
peratures, e.g. CO, N,0, BjjOj, PjO„ AsjOj, HgO, 
CuO, AgjO, PbO, ZnO, Fe,0„ Ac.—8, Many 
carbonates, sulphates, nitrates, phosphates, and 
silicates are reauoed when strongly heated with 
Na.— 9. Many metallic chlorides are reduced by 
boating with Na, MgOlt, A10l« Ac.—10. By 
heating with solid caustic ^tash to o. 170®, an 


I alloy of Na and K is formed (v. Williams, 0* N, 
3, 21 ; Wanklyn, 0. N. 3, 66 ).—11. Heated in 
ammonia gas, NaNK, is formed (v. AmidSt 
I infra), and when this is more strongly heated 
I NayN is formed («>. MfrWe,p.482).—12. Na reacts 
with aqueous solutions of acids to form salts 
NaX, whore X is a monovalent acidic radicle. 

Sodium, alloys of. Na forms alloys with 
many metals ; these alloys are generally formed 
by directly melting the metals together, or by 
reducing tho chlorides by Na. By the action of 
sodammonium (i\ infra) on Sb, Bi, Fb, Joannis 
(C. Ii. 114,585) says that alloysof Na mih these 
metals are obtained agreeing in composition 
with the formula Na;,Sb, Na^Bi, and NaFb, 
Schumann {W. 43,101 j obtained a definite alloy 
of Na and Hg corresponding with the formula 
NaHg. (v. also Sodajimoniuu, infra). 

Sodium, aluminates of, v. vol. i. p. 141. 

Sodium, amide of, NaNll^ {Sodamide.) 
Mol. w. not determined. First prepared by 
Gay-Lussac and Th^nard (Recherches physico* 
chimique, 1, 354) by heating Na inNH,; the 
Na absorbed 142 to 103 vols. NH^ and 100 vols. 
H were produced. Prepared fey Boilstcin and 
Gcuther {A, 108, 88 ) by driving out the air from 
several flasks, connected by tubes, by a stream 
of dry H, then placing a few grams Na in each 
flask, replacing the H by dry NHj, free from 
CO^ (Dreclisel, J. p7\ [2] 16, 203), and heating 
tho flasks on sand-trays; the Na melts and 
swims on the blue-green liquid that forms. 
When the Na has all disappeared the liquid is 
allowed to cool; the solid that forms is at first 
brown, but when quite cold it forms a crystalline, 
olivc-grccn mass. Also obtained by the gradual 
decomposition at tho ordinary temperature 
(hastened by light) of sodammonium; as tho 
liquid decomposes, crystals of NaNII^, 1 mm.» 
long, arc formed; these crystals are said to bo 
white (.ioanuis, C. R. 112 , 392). 

Heating in CO produces NaCN and H.^0, 
along with N.rOII and NH,. When heated in 
CO.^ much NHj is given off, and the final pro¬ 
ducts are H^O and ON.NNa, (disodium salt of 
cyanamide; v. vol. ii. pp. 313, 314); B. a. G. 
[l.c.) ; Dreclisel {l.c.). CS.^ reacts to form 
NaSCN and Hj,S, then NH, is given off, and 
KaSH remains. Dilute HGlAq reacts violently, 
producing NaOl and NH,C1. EtCl forms NaCl, 
NHj, and O.H^, but no EtNH,. Heated with 0 
tho products are NaCN and H (Drechsel, J.pr, 
[2] 21, 91]^ When strongly heated NaNHj give! 
off NH, and leaves NaN, (v. Sodiuk NXTEms, 
p. 482). 

Sodium-ammonium or Sodammonium. Weyl 
(P. 121, 611; 123, 350) obtained a blue liquid, 
by the action of liquid NH, on Na, which he 
regarded as a compound or alloy of Na and NH 4 . 
As Na remained when the NH, was allowed to 
evaporate, Seeley {C. N. 23, 169) looked on the 
blue liquid as a solution of Na in liquid NB^ 
Joannis (C. R. 109, 900,965; 110, 288) found 
that the Tapour*pres^.are of a solution of Na 
in liquid NH, decreased to a limit whereat it 
became constant if temperature remained un¬ 
changed; that on then removing more NH, A 
copper-red solid separated, and that NH, was * 
then given off at constant pressure till only Na 
remained. When the lost part of the oh^e 
commenced, the oopper-red substance oontainM 
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Nk BOd MH, io tbe ratio Na;NH,; the erolntiaii 
el NH| at constant pressnrs was regarded b; J. 
as doe to Ihe dissociation of a compound 
MaNHr The heat of formation of Ni^Ka from 
gaseous KH, and solid Na was determined by J. 
to be 6,200, pnd from liquid NH, and solid Na 
to be 800, cms. J. determined the lowering in 
the freezing-point of liquid NH, by solution in 
it of NaNH„ and so calculated the mol. formula 
of this body to be NajNjH, (0. N. 115, 820). 
The solution of Na^^H, in liquid NH, is de¬ 
composed by Sb, Fb, and Hg, but not by At, Gn, 
“Ag, or Zn; the final product of the action of 
Pb is Pb,Na.2NH, j by dropping the liquid on 
to Hg, and washing the product with liquid 
NH,, the crystalline amalgam NaHg, was ob¬ 
tained (J., G. B. 113, 796). Accor&ng to J. 
(0. B. 112, 892), Na,N,H, decomposes slowly at 
the ordinary temperature to NaNH, and H. 
With excess of NaCl the blue liquid becomes 
colourless and NaNH, separates; the compound 
NH,Na,Cl is first formed, and is then decom- 
l^d by the liquid NH, to NaNH, and NaCt. 
By passing dry 0 into Na,N,H, in liquid NH, at 
-60°, J. (0. B. lie, 1870) obtained NH,Na,OH; 
by the prolonged action of 0 he obtained 
Na,Or 

Sraium, arsenates of, v, toI. i. p. 309. 

Bodinm, arsenide of. Gay-Lussac and 
Thdnard found that Na combined directiy with 
As. According to Landolt (A, 89, 210) Na,As is 
formed, as a silver-white solid, by heating the 
elements in the ratio 3Na:As. A compound of 
Na and As is also formed when Na is heated in 
AsHr Decomposed by water, giving off AsH,. 

Sodinm, arsenites of, v. vol. i. p. 307, 

Sodium, aurebromate of, NaAuBr,. Orange- 
red prisms, by dissolving NaBr in AuBr,Aq (c/. 

' vol. ii. p. 649). 

Sodinm, anroohlorate of, NaAuCl,. By dis¬ 
solving NaCl in AnCl,Aq (c/. vol. ii. p. 650). 

Sodinm, borates of, v. vol. i. p. 629. 

Sodium, boride of. The product of the re¬ 
daction of B,0, by Na may contain a compound 
ot p and Na. 

Sodium boroflnoride v. vol. i. p. 626. 

Sodinm, bromide of, NaBr. Mol. w. not 
certainly known, but probably 102-745 ( = NaBr). 
Melts at 708° (Carnelley, G. J. 33, 279); at 72T° 
(«. -Meyer a. Biddle, B. 26, 2443). B.G. 3-079 
at 17-6° (Kremers, P. 99, 443); 3198 at 17-3° 
(Favro a. Valsou, G. B. 77, 579) i 2-448 wlien 
molten (Quincke, P. 138,141). Kremers (P. 99, 
443) gives solubilities as follows 

Temp. 6. Temp. B. 

0° 77-6 60° 111-1 

SO 88-4 80 112-6 

40 104-2 100 114-9 

Ooppet (A. Gh. [4] 26, 606 j [6] 30, 411) gives 
the following:— 

Temp. a Temp. a 

44-1° 116-6 86° 118-8 

61-6 116-2 90-6 119-7 

65-1 116-8 100-3 120-6 

60-8 117 110-6 122-7 

64-6 117-8 114-8 124 

74-6 118-4 

0. represents 8. of NaBr as 110-84-t -10764 when 
t varies from 44° to 114°. 8. in aloohol 90 p.a. 
••ft, B.P. of saturated NaBrAq>121°. S.G. 


of NaBrAq given by Kremel* a. Oerlach GPr. ft 
279) at 16° as follows !- 

aa.KsBclq f.aKaBi B.a. NaBrAq T.aNaBt 
1-04 6 1-281 30 

1-08 10 1-344 - 85 

1-125 15 1-410 40 

1-174 20 1-483 45 

1-226 26 ' 1-566 60 

H.F. [Na,Br] = 86,770; [Na,Br,Agl=85,680 ITh. 
3, 232). 

F(xrmation,—l. By passing Br vapour over 
Na. According to Merz and Weith (B. 6,1518), 
Na remains unchanged for months in liquid Br 
at the ordinary temperature, and even at 100° 
or 200° the formation of NaBr proceeds very 
slowly.—2. By treating BrAq with iron filings, 
boiling the solution of FeBr.,Aq with NaOHAq, 
filtering, and evaporating (Henry, J. Ph. 15, 
54).—3. By neutralising HBrAq by NaOHAq or 
Na,CO,Aq,and evaporating.—4. By decomposing 
CaBr Aq by Na^SO,, filtering after some time, 
adding Na.CO, as long as turbidity is produced, 
filtering, and evaporating (Klein, A. 128, 237).— 
6. By decomposing pure NH,Br by NaOHAq or 
NajCOjAq, and evaporating (Castelhaz, G, U, 
70, 1050). 

Preparation. —Br is added, little by little, to 
moderately cone, pure NaOHAq (o. Sodium 
HYDROXIDE, p. 479) till tho liquid is slightly 
yellow; the liquid is evaporated to dryness; 
the residue of NaBrO, and NaBr is strongly 
heated, in a porcelain dish, till traces of Br are 
given off, the residue is dissolved in water, 
evaporated, and allowed to crystallise at a 
temperature not under 30° (NaBr.2aq separates 
below 30°). 

Properties.—Lustrous, white cubes; strong 
alkaline taste; reaction in water is neutral. 
Dissolves easily in water, with slight fall of 
temperature [NaBr,Aq]= —190 (Th. 3, 232); 
NaBr separates from this solution at o. 30°, 
but at the ordinary temperature -crystals of 
NaBr. 2aq are formed. 

Beactions.—l. Chlorine reacts with NaBrAq 
to give NaClAq and Br.—2. Heated with potas¬ 
sium chromate and sulphuric acid, Br is given 
off; NaOl under similar conditions gives 
CrOjCI.,.—3. Cone, sulphuric acid forms HBr, 
Br, and SO, -, by using dilute H,SO,Aq (o. 30 
p.c.) a mere trace of Br is obtained (u. Addyman, 
0. J. 61,94).—4. Potassium permanganate ioea 
not react with NaBrAq even when boiled, but 
addition of a little H,SO,Aq causes evolution of 
Br (Hempel, A. 107, 160). 

Combinations. — 1. With water to form 
NaBr.2H,0. This hydrate separates from solu¬ 
tions of NaBr saturated when hot and cooled to 
under 30°; it crystallises in monoolinio prisms, 
which melt at 60°, leavmg NaBr.—2. With 
many bromides of less positive metals, s.p. with 
PbBr, to form FbBr,.2NaBr, and OdBr, to form 
OdBr|.6NaBr. fiaq (v. the various metallic 
bromides).—3. With arsenious oxide to form 
NaBr.As,0, (Bfldorff, B. 21, 8061). 

Sodinm, chloride of, NaOl. (Gommon salt.) 
Mol. weight not known with certainty, but pro¬ 
bably 68-366 (oNaOl). Melts at 772° (OarncUdy, 
G. f. S3, 280); at 861° (Msyaz a. Biddla, 
B. 26, 2448). S.G. 3-16 at 0° (Qninokc, P. 
188, 141) ; 3-167 at 4° (aduOdor. f. 106,326>; 
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(f) 14l3aim.p. (Bi^an, B. 7, 956); 3-04 aftet 
fusion (Quincke, P. 185, 649); for other values 
V. Olarke’a TVihiis of Specific Oracitus [2nd ed.) 
90. S-H. 15“ to 98“ -21401 (Regnault, ,4, Ch. 
[811,129; V. also Kopp, T. 166 [i.] 71). Vol. 
at40“-VoI. at 0“ (1 +-00012117 x 40) (Fizeau, 
C.R. 64, 814). H.F. [Na,Cl]=97,690 (Th. 3, 


232). Poggiale (A. Ch. [3] 8, 469] 

gives foUow- 

ing data lot solubility in water-.— 


Temp. 

•s. 

Temp, 

s. 

-16® 

82-73 

40“ 

36-64 

-10 

33-49 

60 

86-98 

- 6 

34-22 

60 

37-26 

0 

36-62 

70 

37-88 

+ 6 

35-63 

80 

38-22 

9 

35-74 

90 

38-87 

14 

36-87 

100 

39-61 

25 

36-13 

109-7 

40-35 

Goppet (A. Ch. [5] 30, 411) gives 

S. above - 20 “ 

to 109“- 

34-359+ -0527f. Gerlaoh (J?V. 8, 281) 

gives the following data 


• 


S.a. NaOlAq at 1V> 


1 p.o. 

1-00725 

10 p.o. 

1-14316 

2 „ 

1-01450 

11 

1-16107 

3 „ 

1-02174 

12 „ 

1-15931 

4 „ 

1-02809 

13 „ 

1-16755 

6 „ 

1-03624 

14 „ 

1-17580 

6 .. 

1-043C6 

15 „ 

1-18404 

7 „ 

1-05108 

16 „ 

1-19228 

8 „ 

1-05851 

17 „ 

1-20098 

9 „ 

1-06593 

18 „ 

1-20433 


1000 c.c. ol NaClAq saturated at 16° contain 
818-479 g. NaCl and 888-609 g. water (Michel a. 
Erait, J. 18.64. 29u). NaClAq containing 29-4 
to 29-5 p.o. NaCl boils at 109-25° (at 760 mm. 
pressure) and Ireezes at -21-3“ (Kai-sten, 
Salinenkunde |3erlin, 1847) 2,38). The follow¬ 
ing freezing-points are given by Earsten {l.c.) 
lor NaClAq (c/. BudorS, P. 114, 63 -, and de 


Coppet, A. 

Ch. [4) 25, 509) 


P.O. NaOl 

P.P. 

P.O. NaOl 

.P.P. 

2 

-1-32“ 

16 

-11-69 

4 

-3-024 

20 

-14-44 

6 

-4-52 

22 

-15-78 

8 

-6-99 

24 

-17-11 

10 

-7-44 

26 

-18-42 

12 

-8-88 




For freezing-points of dilute NaClAq, con¬ 
taining from 0 . -006 to o. 2-6 p.o. NaCl, v. Jones 
(E. P. 0. 11, 210). 

Solution ol NaCl in water is accompanied 
by lowering of- temperature and contraction; 
86 parts NaCl in dissolving in 100 parts water 
at 12-6“ lower the temperature to 10-1“ (Eudorff, 
B. 2, 68); Thomsen gives [NaCl,Aq)=-1180 
{Th, 8, 282). By mixing 36 parts NaOl with 
100 parts snow, temperature falls to — 21-3“ 
(Radorfl, P, 114, 79; 122, 337). 

NaCl is insoi. absolute alcohol; Oirardin 
f A. Ch. [4] 6,146) gives the following data for 
6. in aqueous alcohol S.6. -9282 -, 10-9 at 4°, 
11-1 at 10“, 11-43 at 13“ 11-9 at 23“, 12-3 at 
82“, 13-1 at 44“, 13-8 at 61“, 14-1 at 60°. Schifl 
(A. 118, 866) gives S. in alcohol at 16° as fol¬ 
lows ; 28-33 in 10 p.a. alcohol, 13-26 in 40 p.o., 
6-98 in 60 Pdi., 1-22 in 80 px. Nad crystallises 
in the regular system, generally in cubes, some- 
tltnes in ootahedra. 

OmrrpiKt.—lii rpek eoU, w haUtt, in verf 


large quantities very widely distributed; in sea¬ 
water, many salt lakes, brme springs, and most 
mineral springs. * 

formation.—1. By burning Na in moist CL 
According to Wankl^ (0. N, 20, 271), dry Cl 
does not combine with Ns even at the M.P. 
of the metai; Bonny a. Marcsks (0. B. 20, 
817) state that Na is unacted on by liquid d 
at —80“.—2. By neutralising NaOHAq or 
NSjCOgAq by HClAq, and evaporating.—8. By 
the reaction of excess of cone. HOlAq with 
several salts of Na, e.g. NajSO,.—4. By strongly 
heating NSjSO, with excess of NH,C1; also by* 
decomposing NaBO,Aq by several chlorides, 
e.g. MgClj or CaClj.—5. As a by-product in 
making ENO, by the reaction of ECl withHaNOj, 
6. By the reduction of many chlorides by Na. 

Pr^aration.— Pure NallCO, is prepared by 
washing a large quantity of the ordinary • purs ’ 
salt, in fine powder, with cold water tiU the 
washings cease to be clouded on addition of a 
salt of Ag or Ba; after boiling with slight excess 
of HNOjAq, the re.sidne is dried and heated 
to dull redness in a Pt dish; a boiling saturated 
solution of the Na,CO, thus obtained is prep'ared, 
filtered, and shaken while crystallising to insure 
the formation of small crystals; the crystals are 
dried by suction by a water-pump, they are then 
twice moistened with cold water to remove all 
mother-liquor, and crystallised three times from 
water. The pure Na^CO, is dissolved, and NaCl 
is formed by passing in a stream of pure HCl 
gas (obtained by heating pure cone. HClAq); a 
little pure NH,C1 is added to the solution (for 
preparation of pure NH,C1 v. vol. i. p. 197, 
under Aumonu, Preparation, No. 3), which is 
then evaporated to dryness in a Pt retort; the 
residue is very strongly heated, and then dis¬ 
solved in water; after standing for 24 hours the,, 
solution is poured oS (from any Al,0,.a!H,0 
and SiO, that settle), a little pure NH,C1 is - 
added, the solution is evaporated to dryness in 
a Pt retort, the residue is strongly heated for 
some time, and after partial cooling the still 
liquid NaCl is poured off (from Pt, SiO„ and 
ALjO,) into a Pt dish; when oold, the NaCl is 
dissolved in water, the solution is poured o9 
after 2 days and evaporated to dryness in a Pt 
retort, and the residue is fused in a Pt vessel 
(Stas, Ghem. Proport. 275). , 

For preparation ol NaCl from rook salt, brine, 
and sea-water, v. DiorioHAnv or Asplisi) Cnxioe- 
IBX, vol. iii. p. 429. 

Properties.—A pure, white, lustrous solid; 
crystallises in the regular system, generally in 
cubes. Decrepitftes when heated, NaCl is 
diathermanous. Solution in water is neutral 
to indicators, and has a bitter taste. Pure NaOl 
is very slightly hygroscopic, taking up o. 4 p.s, 
water from moist air (Stas, Earsten). Melts st 
c. 772°; vapourises markedly at white heat in a 
stream ol N (v. Stas, 2.c.). NaCl is alnfost wholly 
ppd. from an aqueous solution by leading in Hd 
(Margueritte, 0. B. 4P, 60); also ppd. from a 
cone, solution by cold cone. NaOHAq (Berthebt 
0. B. 76, 111); also by warming a cone, sola 
tion with exc.rss of NaBr or Nal and cooling 
(yon Hauer, J. pr. 98, 137). Saturated NaClAq 
deposits the hydrateNaC1.2aq at -7° too. —32°, 
and at o. - 23“ Nad. lOaq separates (*. Mydratu. 
under Cm^natiotu, p. 478), 


lUaetions,- *1, According to de Sanderval | 
(O.jB. 116,641),when ^aOliavap<mruedaround 
u porous tub^ Cl collects In the inside of the 
taSe.~>2. Electrolj/sis of NaClAq produces Cl 
and NaOHAq, but KaClOAq and NaCiO| are 
soon formed by secondary reactions; if a dia- 
I^agm of asbestos is used, the cathode being : 
on one side and the anode on the other, and | 
CO 2 is passed into the KaClAq, Cl is given oi! j 
and NajCOj is formed {v. Hcmpel, B. 22,2475).— j 
6. Fusion with produces KGl audNa. | 

4. Fusion with sulphur is said to foim Na^S j 
^nd S^Cl,, but this is denied by Karslen; NaCl | 
is not decomposed by hydrogen^ or oxygen^ at a ; 
red heat—6. Superheated s/caw has no reaction, 
according to Kunheim (/. 18G1.140); there is a 
slight reaction, according to Lunge {Soda4nduS‘ 
triSf 2, 288).—6. Sulphunc anhydride vapour 
is absorbed, without heating, giving S.jO^jNaCl 
(Na salt of S 02 (C 1 ). 0 .S 0 .;. 0 H); according to 
Schultz-Sellack {B, 4, 112) more SO, is then 
absorbed, and a compound approximately 
NaC1.4SO, is formed; on heating Na^SO^, SO.^ 
and Cl are produced. By heating with liquid 
sulphuric anhydride S.O^Cl^ is formed (Eosen- 
Btiehl, 0, R. 63, 668).—7. Decomposed by heat¬ 
ing to 0 . 600® in a mixture of air, sulphur 
dioxide, and water vapour, giving Na^SO, and 
HCl (Hargreaves and Robinson’s process for 
making Na^SO^; v. Dicxionabt or Applied 
C uBMxsTRV, vol. iil. p. 444).—8. NaCl is decom¬ 
posed, with formation of oxychloriiles or chlor¬ 
ides, by heating with phosphoric, chromic, or 
molyhdic anhydride, or with antimonic oxide ; 
decomposition occurs with silica, boric oxide, 
alumina, and tungstic oxide only in presence of 
air or water vapour, fonning silicate, borate, 
aluminate, or tungstate of Na, and HCl; in 
, presence of water vapour Cl is evolved in some 
of these reactions (u. Schulze, J, [2J 21, 
407; Delalande a. Fru^Ulomme, BL 20, 74; 
Qorgou, A. Ch. [6] 10, 145). Lead oxide de¬ 
composes NaClAq, forming PbCl, and NaOHAq 
(Scheele); but molten NaCl is said not to inter¬ 
act with FbO. Moist NaCl mixed with caustic 
lime and exposed to air becomes covered with 
an efflorescence of Na CO, crystals. Magnesia 
interacts with NaClAq, in presence of CO^, to 
form NaHCOa and MgClj (Weldon; Wagner, 
1876. 256).—9. Sulphuretted hydrogen purtiaWy 
decomposes hot NaCl to Na-S, more completely 
in presence of steam (Eingzett, C, J, [2J 11, 
466).—10. Many metallic sulphides, e.g. Cu.S, 
produce Na 3 S 04 and metallic ohlorihes (some¬ 
times Cl is set free) when rested in air with 
NaOl.—11. Several metallic* sulphates when 
fused with NaCl produce NujSO^ aud metallic 
chlorides—e.g'. PbS 04 , ZnS 04 , CuSO,; some of 
these sulphates react also with NaClAq. Some 
sulphates form Na.S 04 , and give off Cl wlion 
heated with NaCl*, e.g. FeS 04 (u. Barreswil, 
j, Ph. [8] 12, 466).—12. Fusion mih potassium 
chlorate only decomposes a trace of NaCl 
(Schulze, J. pr. [2] 21, 407).—13. Ammonium 
oxalate heated with NaCl forms NOjCO, and dis¬ 
tinct quantities of NaCN (Fresenius); addition 
of to hot saturated NaClAq ppts. 

NajUp*.—14. Potassium carbonate reacts with 
NaClAq to form NapOyAq and KGlAq; if CO, 
Is passed in NaHCO, ppts.—15. Ammonium 
bic 0 rbonah ft&d NaClAq prodooe NaHCOi and 


NH 4 CIAq, Passage ot COj fuh) NaOIAij saffl- _ 
rated with NH, ppts. NaHCOa (v. Ammonia'Soda 
process, in Diotiomabt ov Applied Cheuistbv, 
vol. iii. p. 494).—16. Sulphuric acid decomposQa 
NaCl, forming HGl, and NaHSOi or Na 2 S 04 ac¬ 
cording to the temperature. The Leblano 
process for making sodium carbonate takes ad¬ 
vantage of this reaction (v. Diotionabt op 
Applied CnEHisTnT, vol. iii. p. 469).—17. Eva¬ 
poration with excess of nitric acid produces 
NaNO, and IICl.—18. NaCl is readily decom¬ 
posed by hydrofluoric acid, also by hydrofiuo- 
silicic acid. —19. Carbonic acid is said to set 
free some HOI from NaClAq (v. H. Muller, B. 3, 
40; Funk, CJicm. Zeitung, 1879. 660).—20. Re¬ 
peated evaporation with excess of oxalic acid 
completely decomposes NaCl to Na 2 CP 4 . 

Conibinations.— l. With water to form 
hydrates. Thedihydrate NaC1.2aq separates 
from saturated NaClAq cooled to —7® to -22®, 
in large clear monoclinio crystals (u. Hankol, 
P. 63, 623; Mitschcrlich, J, pr. 83, 485). 
The crystals effloresce at —10°, and deliquesce 
at 0°. Ehrenberg (P. 36, 240) and Frankenheim 
(P. 37, 638) obtained this hydrate by evaporating 
dilute NaClAq at a moderate temperature. The 
crystals that separate from hot NaClAq contain¬ 
ing HCl arc hydi-atod, according to Bevan (C. N, 
35,17), and contain 5*48 p.c. water, but after a 
time they change to the ordinary crystals of 
NaCl. According to Naumann {Thermochemie, 
106), crystals of the decahydrate, NaCl.lOaq, 
separate from NaClAq at —23°.—2. NaCi 
absorbs considerable quantities of ammonia, 
under pressure. Joanuis dissolved NaCl in 
liquid NII 3 at —10°; on cooling to —30° and 
letting NH 3 escape at tho ordinary pressure, he 
obtained slender while needles, probably 
NaC1.5NH, (C. P. 112, 337).—3. Sulphuric 
anhydride is absorbed by NaCl, forming 
NaCi.2SOa, and then perhaps NaC].4SO, 
{v. Reactions, No. 6).—4. Compounds with 
sodium iodate are formed, by adding excess of 
NaCl to NalO^Aq, and by boiling NalO, with 
nClAq; the compound NaCl.NaIO 3 . 4 aq was 
obtained by Ditto, and 3NaC1.2NaIO;,. 18aq 
by Itammelsberg (P. 44, 648; 115, 584),—;6. 
With many chlorides of less positive metals, e.g, 
AIC1„ CdCL, CrCl,, PbCl,, MgCl^ (p. Chlorides 
of various metah)» 

Sodium succHLomDE. H. Bose (P. 120, 15) 
noticed that a grey-blue solid was produced by 
fusing NaCl with Na in H; he thought this 
might be a subchlorido of Na. Bunsen and 
Kirehboff (P. 113,339) noticed the formation of a 
deep-blue substance during the electrolysis of 
molten. RbCl; this substance dissolved in water, 
giving off Hand producing a colourless, strongly 
alkaline solution; a similar reaction was obtained 
on electrolysing KOI; these blue substances 
were regarded by B. a. K. as probably sub- 
chlorides, but no analyses or proofs of compo¬ 
sition were given. 

Bodium, ohromisulphooyanide of, 9 . vol. if. 
p. 349. 

Sodium, cyanide of, p. vol. ii. p. 347- 

Sodium, ferrate of, v. vol. ii. p. 647. 

Sodium, ferrioyanide of, v , vol. ii* p. 840* 

Sodium, ferrite of, v. vol. ii. p. 647. 

Sodium, ferrooyanide of, w. vol U. p. ^37* 

Sodium, fluoboride p. v<^ I p« 526» 
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Bnann, Bvona* w, aair. Mol. w. not 
hnovn with certainty, but the formula NaF is 
probably molecular. 

Formatim. —1. By neutralising HPAq by 
NaOHAq and evaporating.—2. Formed along 
with NaHSO, by the reaction of HFAq with 
Ka,SO, (Weldon. D. P. J. 182, 228).—3. By 
fusing together CaF.„ Na,SO„ and charcoal, and 
extracting' with water (Jean, (7. it. 66 , 801, 
918).—4. By boiling powdered cryolite with 
NaOHAq of at least 1’3S S.O. till a little taken 
out is entirely sol. boiling water, decanting the 
alkaline liquid from NaF, pressing the NaF, 
dlssoiving in boiling water, separating any 
A1,0, in solution by Na,SiO,Aq, removing silica 
by CO,, filtering, evaporating,and rocrystallising 
the NaP that separates (Schuch, A. 126,108).— 
6 . Berzelius {Lehrbiich [5th ed.] 3, 216) pre¬ 
pared NaF by adding to 100 parts Na^SiF, and 
112 parts Na,CO, water enough to make the 
whole pasty, boiling as long as CO, was given 
ofi, extracting the solid thus formed with boiling 
water, evaporating the solution to dryness, 
heating the residue gently, again extracting 
with hot water, filtering from SiO.„ and crystal¬ 
lising. 

Preparation.—Pare NajCO, (for preparation 
V. SoniuM cnnoniDE, Preparation, p. 477) is dis¬ 
solved in pure HFAq, till the acid is just saturated, 
in a rt dish, tho solution is evaporated to dry¬ 
ness, the residue is heated strongly for some time, 
and allowed to cool. 

PropSrfies.—Clear, lustrous cubes; in 
presence of NaCO, oryslallises in octahedra. 
SI. sol. water; S. at 16° = 4-78 (Berzelius), at 
15° = 4 (Fremy, A. Ch. [3] 47, 32). Scarcely 
more sol. hot than cold water. Insol. alcohol. 
Giintz (A. Oh. [ 6 ] 3,5) gives [NaF,Aq] = -600. 
Decrepitates on heating, and melts at a high 
temperature without decomposition (Berze¬ 
lius). 

Reactions. — 1. Partially decomposed by 
heating to redness in water mpour, with forma¬ 
tion of NaOH and HF (Weldon).—2. Excess of 
caustic potash forms NaOHAq.—3. Boiling with 
magnesia partially decomposes NaF to NaOHAq 
and forms a double Na-Ug fluoride (MgF,.2NaF) 
(Tissier, C. R. 56, 848).—4. Completely decom¬ 
posed to NaCl by heating strongly in hydrochloric 
acid gas (DoviUe, C. B. 43, 970).—6. Partially 
decomposed to NaCl by heating with ammonium 
chloride (Eose, P. 74, 679). Fusion with mag>ie- 
sium chloride produces NaCl and MgF, (Geuthsr, 
J. Z. 2, 208). 

Combinations. — 1. With several fluorides of 
less positive metals-, SNaF.AlF, occurs native 
as cryolite (c. Audminium rLDoainE, vol. i. p. 
145).—2. With silicon fluoride to form Na,SiF, 
(o. SoDinii snjooFiooBiDE, p. 483).—3. With 
sodium borate to form 6N(F.NaJB,0, (o. Fluo- 
borates, voh i. p. 630).—4. With sodium phos¬ 
phate to form NaF.2Na,PO,. 19aq and 22aq, and 
NaF.Na,PO,.24aq (v. Baumgarten, J. 1865.219 ; 
BriegUeb, A. 117,95).— 6 . With sodium sulphate 
to form NaF.Na.SO 4 (ti. Marignac, Ann. U. [5] 
12,18). 

SonnjM-HtDMOES flooeidb NaHF, or 
NaF.HF. This compound is formed, according 
to Berzelius (Lchrbuch [ 6 th ed.] 8 , 217), by the 
spontaneous evaporation of a solution of NaF in 
Foiois sauiU tltombohedral crystals, 


with a sharp, acid taste. SI. sol. cold water, 
more sol. hot water. Decomposed by heat to 
NoF and HP (Marignac, J. 1867. 128). Giintz 
(A. Ch. [ 6 ] 3, 6 ) gives [NaF.HF] - 17,100 
(to form NaP.HP). 

Sodium, hydride of, NsjH. Gay-Lussac 
and Thdnard (i. Ch. 74, 203) observed that Na 
absorbed H when heated therein. The process 
was more accurately studied by Troost and 
Hautefeuillo (A. Ch. [ 6 ] 2, 273). They found 
that absorption of H by Na began at c. 300° and 
ceased at c. 421°, when the gas was at the atmo¬ 
spheric pressure. The product gave, in a 
Sprengel pump, 237 vols. H. for 1 vol. Na; the for¬ 
mula Na.,H requires 238 vols. H. Na.H is a soft, 
silver-white solid; it can be melted without 
decomposition in H; S.G. '959. Traces of H 
are given ofl at 760 mm. pressure; heated in 
vacuo a regular dissociation takes place from 
330° to 430“ (for vapour-pressures of H given o3 
V. Dissocutio.s, vol. li. p. 398). Moutier (C, R, 
79, 1242) gives the thermal value [Na’,H] 
= 13,000 at 0 . 330°. 

Sodium, hydrosnlphide of, NaSH. (Sodium 
sulphydrate.) Sabatier (A. Ch. {5] 22, 6 ) ob¬ 
tained this compound by treating Nb.,S. 9aq with 
HjS in absouoo of air, and then evaporating the 
liquid so formed in an atmosphere of H.S. A 
white, very hygrosoopio solid. Passage of CO, 
into NaSHAq drives out H^S and converts all 
the Na into Na^COj. NaSHAq eontains HjS 
and NaOH, according to Gernez (C. R. 64, 86 ). 
NaSHAq dissolves S with evolution of H.,S; it 
ppts. PbS, or MnS, from a neutrai solution of s 
Pb or Mn salt, giving ofl H.,S ; Na,SAq does not 
give ofl H^S while dissolving S or ppg. PbS 01 
MnS. 

Sabatier (Lc.) obtained the hydrate 
NaSH.2II.,0 by passing HjS over Na,S.9aq, and 
then evaporating in H.,S till hall the water wat 
removed; very hygroscopic needles, becoming 
ycilow in air. 

Sodium, hydroxide of, NaOH. (Caustic soda 
Sodium, or sodic, hydrate.) Mol. w. not deter 
mined. Melts at 1098° (u. Meyer a. Biddle, B 
26, 2143). S.G. 2-13 (Filhol, A. Ch. [3] 21, 416) 
1'723 (Smith, Am. J. Pharm. S3, 145). S. (coil 
water) c. 212 (Bineau, C. B. 41, 509). H.F 
[Na,0,H] = 101,870 ; [Na,0,H,Aq] = 111,810 
[N#0,H-0) = 36,620 (Th. 3, 232). 

Formation.—1. By the interaction of Na, 01 
Na^O, with H^O.— 2. By decomposing Na.,CO,A( 
with CaOjHj (v. Preparation, No. 1).— 8 . Bj 
the action at CaO.,H 4 with NaFAq (Tissier 
J. pr. 90, 60).—4. By decomposing Na^SOjAt 
by BaO or CaO ifnder pressure.— 6 . Fron 
NaClAq by interaction with PbO (Enab, B 
11, 1468).—6. By heating NaNOj with char 
coal, or with Cu (WShler, A. 87, 873), or F< 
(Polacci, C. N. 26, 288).—7. By deoomposini 
Na,SAq by CuO, FOjOj, PbO, ZnO, & 0 . (Kopp 
D. P. J. 142, 341; Stromeyer, A. 107, 833).- 
8 . By the interaction of NaF and stean 
(Weldon).—9. By heating soda'felspar with lime 

Preparation. —1. By oausticising soda orys 
tals by lime. A solution of pure Na^CO, crystal 
in 4-5 parts water is boiled, in a dish of silve 
or polished iron, with milk of lime till a littl 
of the filtered liquid gives ofl no CO. whe 
acidified; the weight of CaO required is 0 . 
the vt. pf soda crystals used, tt Aonl^ b 
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■lupenadd io atwot ai mnch water as the wt, 
of soda erystals ased; as the boiliog proceeds 
a little water should be added Iron) time to time, 
otherwise the NaOHAq will decompose some at 
the OaCO, formed to CaO and Na,00,Aq. The 
OaCO, formed is allowed to settle, the vessel 
bmng closed, the NaOHAq is drawn off by a 
siphon and evaporated to dryness in a silver 
dish, and the residue is heated till volatilisation 
begins, and allowed to cool in an exsiccator. 
By dissolving in absolute alcohol, allowing to 
settle, drawing off the liquid, evaporating it to 
dryness on a water-bath in a silver dish, re¬ 
moving resinous matter from the warm semi- 
solid mass by a silver spatula, heating to bright 
redness, and pouring the molten mass »n to a 
plate of polished iron—or, better, of silver— 
NaOH containing only traces of impurities, 
chiefly NaCl and Na,CO„ is obtained.—2. A 
large silver dish is surrounded by cold water; 

2 or 3 drops of water are placed in the dish, and 
then a small piece of clean Na, 1 or 2 cms. 
long; the dish is constantly shaken, so that the 
Na flows over a large cold surface (explosions 
are thus avoided) j when the reaction is finished 

3 or 8 more drops of water are added, and then 
another piece of Na, while the dish is shaken, 
and so on. The semi-solid mass is heated tiil the 
water is all driven off and the NaOH melts, and 
the molten substance is poured on to a plate of 
polished iron or silver. 

To obtain NaOH free from nitrites and 
nitrates Ilosva {Bl. [3] 2, ,357) recommends to 
place Na in water with a layer of petroleum on 
the surface, the petroleum having been washed 
with water till free from nitrites and nitrates. 
He also says that if 2-4 p.o. ordinary NaOHAq 
Is kept for some weeks in contact with granu¬ 
lated Zn all nitrites and nitrates are destroyed. 

For preparation of ordinary caustic soda ti. 
Dictiohabx or ArpujiD CHEaisiav, vol. iii. 
p. 480. 

iVqperfiej.—NaOH is a white, hard, brittle 
solid. Melts below red heat; volatilises at very 
bright red heat, higher than temperature of 
volatilisation of KOH. Very deliquescent; dis¬ 
solves in 0 . ’47 parts water. During solution in 
water much heat is produced, [NaOH.Aq] = 9,940 
{Th. 8, 232); the maximum amount of heai is 
produced when H^O is added to NaOH in^he 
ratio NaOH : 20H 0, addition of water to this 
solution is attended with a slight disappearance 
of heat {Th. 3, 84). (For hydrates v. p. 480, 
Combinations.) Easily sol. alcoh'ol. NaOHAq 
with 86-80 p.o. NaOH boils at 130^, with 70 p.o. 
boils 180°, with 77-5 p!o. boils 238“, with 
78-7 pai. boils 243°, and with 82’6 p.o. boils 200° 
(Bunge, Soda-indtistrie, 2, 543). 

NaOHAq acts as a strong alkali; its affinity 
is 0 . equal to that of KOHAq and LiOHAq and 
e. 60 times greater than NH,Aq (Ostwald). The 
properties of NaOHAq closely resemble those of 
potassium kydroxids solution (q. v. p. 302). 

The table in the next column, given by Lunge, 
shows the oomposition of NaOHAq of different 
S.G. at 16°. 

Begarding the freezing-points of NaOHAq 
of different conoentrations «. Bfidorff (P. 116, 
661 j de Ooppet (A. Ch. [4] 24,661); and Pickering 
^0 gives very complete data) 0, J. 68, 


B.Q. 

K&OHAq 

1 

I 

100 pto 
oont 
Ka,0 

by vt 

aln 

NaOH 

lonb. 

coa 

kl 

Ka.O 

metri' 

AiQ« 

01. 

KaOa 

1'007 

1 

1-4 

0-47 

0-61 

4 

6 

1-014 

2 

2-8 

0-93 

1-20 

9 

12 

1-022 

3 

4-4 

1-65 

2-00 

16 

21 

1-029 

4 

6-8 

2-10 

2-71 

22 

28 

1-030 

6 

7-2 

2-60 

3-35 

27 

35 

1-045 

6 

9-0 

3-10 

4-00 

32 

42 

1-052 

7 

10-4 

3-60 

4-64 

88 

49 

1-000 

8 

12-0 

4-10 

5-29 

43 

66 

1-067 

9 

13-4 

4-65 

6-87 

49 

63 

1-075 

10 

15-0 

6-08 

6-55 

65 

70 

1-083 

11 

16-6 

6-67 

7-31 

61 

79 

1-091 

12 

18-2 

6-20 

8-00 

68 

87 

1-100 

13 

20-0 

6-73 

8-68 

74 

95 

1-108 

14 

21-6 

7-30 

9-42 

81 

104 

1-116 

16 

23-2 

7-80 

10-06 

87 

112 

1-125 

16 

25-0 

8-50 

10-97 

96 

123 

1-134 

17 

26-8 

9-18 

11-84 

104 

184 

1-142 

18 

28-4 

9-80 

12-64 

112 

144 

1-152 

19 

30-4 

10-50 

13-65 

121 

166 

1-162 

20 

32-4 

11-14 

14-37 

129 

167 

1-171 

21 

34-5 

11-73 

15-13. 

137 

177 

1-180 

22 

36-0 

12-33 

16-91 

146 

188 

1-190 

23 

38-0 

13-00 

16-77 

165 

200 

1-200 

24 

40-0 

13-70 

17-67. 

164 

212 

1-210 

26 

42-0 

14-40 

18-58 

174 

225 

1-2-20 

26 

44-0 

16-18 

19-58 

185 

239 

1-231 

27 

46-2 

15-96 

20-59 

196 

253 

1-241 

28 

48-2 

16-76 

21-42 

208 

266 

1-252 

29 

60-4 

17-55 

22-64 

220 

283 

1-263 

30 

62-6 

18-35 

23-67 

232 

299 

1-274 

31 

64-8 

19-23 

24-81 

245 

316 

1-285 

32 

67-0 

20-00 

26-80 

257 

332 

1-297 

33 

59-4 

20-80 

26-83 

270 

348 

1-308 

34 

61-6 

21-55 

27-80 

282 

364 

1-320 

35 

64-0 

22-35 

28-83 

295 

381 

1-332 

36 

66-4 

23-20 

29-93 

309 

399 

1-345 

.37 

69-0 

24-20 

31-22 

326 

420 

1-357 

38 

71-4 

2.5-17 

32-47 

342 

441 

1-370 

39 

74-0 

26-12 

33-69 

859 

462 

1-383 

40 

76-6 

27-10 

34-96 

875 

483 

1-397 

41 

79-4 

28-10 

36-26 

392 

606 

1-410 

42 

82-0 

2905 

37-47 

410 

628 

1-421 

43 

84-8 

3008 

38-80 

428 

668 

1-438 

44 

87-6 

31-00 

39-99 

446 

676 

1-453 

46 

90-6 

32-10 

41-41 

466 

602 

1-468 

46 

93-6 

33-20 

42-83 

487 

629 

1-483 

47 

96-6 

34-40 

44-38 

610 

668 

1-498 

48 

99-6 

35-79 

46-16 

636 

691 

1-614 

49 

102-8 

86-90 

47-60 

569 

721 

1-630 

60 

106-0 

88-00 

49-02 

581 

760 


Reactions. —1. According to Deville (0. B, 
46, 857), NaOH is decomposed to Na, 0, and H 
by heating to white heat in an iron battle.— 

2. Strongly heated with non-volatile aoidio 
anhydrides, water and salts of Na are formed.— 

3. When molten NaOH is exposed for a eon- 
siderable time to air or oxygen, some Na.O, is 
formed (Oay-Lussac; Thdnard).—4. Moist or 
molten NaOH is decomposed by electrolysis, witit 
production of Na (Davy, T. 1802. 1).— 6 , Heat¬ 
ing with sulphur produces polysulphides, sul¬ 
phite, and sulphate; B heated with NaOHAq 
forms polysulphides and sulphite. Similar rei 
actions occur by heating with selenion or tellu- 
fiaw.—6, Chlotioe iateract* with NaOHAj » 
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EDrm £itHucvA4 wuu 1 OU hdftting 

NaOIOr4.q is tormed. Bromine reacts similarly. 
[1 Cl is led into NaOH Aq containing iodine in sus¬ 
pension, NalO, is produced.—7. \^en NaOHAq 
is warmed with phosphorus, H and inflammable 
P hydride are given off.—8. Heated with sodium, 
NSjO and H are formed.—9. Moist NaOH with¬ 
draws carbon dioxide from the air, forming 
NaHCOr—10. Eeaots with acids to form Na 
salts.—11. NaOHAq ppts. metallic hydroxides, 
or oxides, from solutions of many metallic salts ; 
in some cases the hydroxide dissolves in excess 
of NaOHAq—S.J. AlOjHj, ZnOiH,.—12. Molten 
NaOH acts gemrally as an oxidiser j e.g. 
As, Sb, Fe, Pt, &c. form arsenate, antimonate, 
ferrate, and platinate of Na. Salts are generally 
decomposed by molten NaOH, giving Na salts, 
and setting free the bases.—13. According to 
Schflne (A. 193, 241), addition of hydrogen per¬ 
oxide to NaOHAq produces Na,Oj.8HjO (». 
SoDioM DioxmB, p. 482). 

Pickering (priv. comm.) gives the following 
data:— 


&i 

S.G. 

NaClAq 1 
at IB® 
(water at 4® 

.td 
«o 
a,, <s 

s.o. 

NaOlAq 
at 16® 
(water at 4® 
=1) 

.w 

so 

Cb C8 

^'A 

s.o. 

Nu(’IAq 
at 15® 
(water at 4® 
=1) 

0 

0-999180 

17 

1-88707 

34 

l-373i63 

1 

1-010611 

18 

1-199783 

35 

1-383815 

2 

1-021920 

19 

1-210801 

36 

1-394092 

3 

1-033109 

20 

1-221933 

37 

1-404279 

4 

1-044317 

21 

1-233062 

38 

1-414363 

6 

1-055463 

22 

1-244119 

39 

1-424353 

6 

1-066602 

23 

1-255134 

40 

1-434299 

7 

1-077733 

24 

1-266092 

41 

1-444161 

8 

1-088856 

25 

1-277063 

42 

1-453929 

9 

1-099969 

26 

l-287')90 

43 

1-463623 

10 

1-111069 

27 

1-298877 

44 

1-473249 

11 

1-1-22165 

28 

1-309708 

45 

1-482850 

12 

1-133250 

29 

1-320496 

46 

1-492406 

13 

1-144353 

30 

1-331213 

47 

1-601927 

14 

1-155450 

31 

1-341879 

48 

1-511412 

15 

1-666538 

32 

1-352472 

49 

1-520868 

16 

1-177619 

33 

1-362991 

50 

1-530282 


Combinatient. —1. With water to form 
hydrates. The hydrate 2Na0H.7H,0 was 
obtained by Hermes (B. 3, 122) by exposing 
NaOHAq S.G. 1‘365 to the cold of a severe 
winter; monoclinic crystals, S.G. 1'405, melting 
it 6“; in vacuo gave off SH^O. Gottig (B. 
20, 613) obtained a dihydrate, NaOH.2HjO, by 
heating NaOH in 9B-8 p.o. alcohol very gradually 
to 100°. By cooling NaOHAq, Ihckering 
(0. J. 63, 890) obtained the following hydrates, 
with the freezing-points noted:— 

Hydrate Prccilnit-polnl 

NaOH.H,0 ■ 64-3° 

NaOH.2H.O 12-5 

NaOHA-llHjO (sic) 2-73 

Na0H.3-6H,0 16-55 

oNaOH.4H,0 7-67 

/JNa0H.4H,0 - 1-7 

Na0H.6H,0 -12-22 

NaOH.7H,0 -23-61 

3. With carbon dioxide to form NsHOO,. 

Bodinm, iodide of, Nal. Mol. w. not known 
ivith oort^ty, but Iptmplft Sftl » probably 

Yofc lY. 


molecular. Melts at 628° (Carnelley, C. J. 33, 
278) J at 650° (V. Meyer a. Biddle, B. 26, 2443). 
S.G. 3-46 (Filhol, A. Oh. [3] 21, 415); 3-654 at 
18-2 (Favre a. Valson, 0. B. 77, 679). S.H. 
(26° to 50°) -0881 (Schuler, P. 136, 70); (16° to 
99°) -08684 (Begnault, A. Ch. [3] 1, 120). 
Kremers (P. 108,120) gives the following data 
for solubility in water 


Temp. 

s. 

Temp. 

8. 

0° - 

1.58-7 

- 80° 

303 

20 

178-6 

100 

312-5 

40 

208-4 

120 

322-6 

60 

256-4 

140 

333-3 

S. = 264-19 

■f3078i, when t varies 

from 64-7° 

to 138-1° 

(do Coppet, 

A. Off. [5] 30, 411). 

Gerlach {Fr. 8, 285) gives following; 

— 

S.O. NalAq 

l>.C.NaI 

S.Q. NalAq 

P.O. Nal 

1-04 

6 

1-36 

35 

1-032 

10 

1132 

40 

1-128 

12 

1-51 

45 

1-179 

20 

1-6 

60 

1-234 

25 

1-7 

65 

1-294 

30 

1-81 „ 

60 


Easily sol. alcohol. Saturated NalAq boils at 
141-1°. H.F.[Na,lj = 60,080; fNa,I,Aq] = 70,300 
(T/t. 3, 232). 

Fonnation.—!. When Na and 1 are fused 
together only very small quantities combine 
(Mei-z a. Weith, B. 6,1518). - 2. By decomposing 
HaT/q.or CalAq, by NaCO, or NaSO„filtoring, 
and' evaporating.- 3. By neutralising HIAq by 
NaEOj, and evaporating.—4. I is added to 
water and iron filings till the iron is almost all 
dissolved, the solution is filtered, and Na^CO, is 
added so long as FoCO, ppts.; the liquid is 
iillcrod (if alkaline it is neutralised by HIAq) 
and evaporated, any Fe.Oj which separates being 
filtered off (Baup, J, Pk. 0, 37, 122). 

PreparatUni.—l. Iodine is added to mode¬ 
rately cone. NaOHAq till a yellow colour is pro¬ 
duced ; finely-powdered charcoal, equal to P: 
of the weight of I used, is added; the liquid is 
evaporated to dryness and the residue is heated 
in a covered crucible to dull redness for some 
time: when cold, the residue is dissolved in 
water, the liquid is filtered (neutralised by HIAq 
if ayialinc) and crystallised at 40°-60°. (For 
i more details v. Potassium iodioi!. Preparation, 

' p. 304.)—2. A quantity of NaOHAq is divided 
into two equal portions ; I is added to one part 
till a yellow colour remains, an equal quantity 
of I is then aifded, and then the other portion 
of NaOHAq is saturated with SOj and added, • 
and the whole is evaporated till Nal crystallises 
out; the salt is purified by reerystallisation 
from water at 40°-60° (Stephani, J. Ph. [3] 26, 
460). 

Pi-opcrfics.—Crystallises from aqueous solu¬ 
tions at 40° to 50° in cubes (Mitscherlich, P. 
17, 386); the hydrate NaI.2oq separates at 
ordinary temperatures. Melts at 628°; volatilises 
less readily than KI, but at a lower temperature 
than NaCl (Mohr, A. 21, 66). Deliquesces in 
moist air, becoming rose-coloured with separa¬ 
tion of some I and formation of some Na,0O, 
(Qirault, J. Ph. 27, 390). 

Beactions and Combinations. —1. Heated in 
air some I is separated and 0 absorbed, and the 
reaction becomes alkaline (Berzelius, Lehrbuch 
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[Sth ed,] 8, 215).—2. Heated with charcoal in 
contact with air much is formed (Giranlt, 

lx.). Most of the reactions of Nal are similar 
to those of KI (v. PoiAsstuu iodide, Reactions, 
p. 804). 

Combines with most iodides of less positive 
metals. Forms a compound with arsenions 
oxide NaLAsiOj (Rudorff, B. 21, 3051). The 
dihydrate Nal.OHjO crystallises at the ordinary 
temperature from NalAq in large monoclinio 

S risms ; S.G. 2-448 ; melting at c. 05“ and giving 
al; efUoresces in dry air, and deliquesces in 
moist air. 

Sodium, mangsnicyanide of, v. vol. ii. p. 


342. 

Sodium, manganocyanide of, o. vol. ii. p. 
842. 

Sodium, nitride of, Na^N. A dark-grey 
solid; formed by heating NaNHj (u. Sodium 
iHiDE, p. 475) to redness in absence of O. Re¬ 
sembles potassium nitride {q. v., p. 304) (Gay- 
liUssoc a. Thdnard, A. Ch. 65, 325). 

Sodium, nitroprusside of, v. vol. ii. p. 341. 

Sodium, oxides of. Two oxides have been 
isolated, Na^O and Na^Oy 

Sodium oxide NojO. (Sodium monoxide.) 
It is doubtful whether this compound has been 
obtained pure. Davy (2'. 1808. 24) said that 
when Na is fused with dry soda there is ‘ a divi¬ 
sion of the oxygon between the alkali and the 
sodium.’ Na does not combine with O when 
exposed to quite dry air at the ordinary tem¬ 
perature (von Bonsdorfi, B. 41,206). According 
to Beketoft (o. B. 12, 856; 16, 1854), NaOII and 
Na do not react at a red heat. Reketoll (J. 11. 
1883. [i.] 277 [w. B. 16, 1854]) allowed Na to 
drop into a red-hot copper cylinder, then passed 
in a mixture of 1 vol. 0 and 4 vols. air, and 
heated by a blowpipe; in this way he obtained 
Na^O, but always mixed with some Cu and 
traces of Na; consideriiig the conditions under 
which NajO.^ is obtained (v.infra, Sodimndioxide) 
it is likely that B.’s NUjO contained Na.Oy 

NaD is described as a greyish solid; 
Beketoft’s preparation was rose-oolourcd, but it 
contained Cn. NOjO dissolves in water to form 
NaOIIAq; B. gives [Na‘0,Aq] = 55,500; and 
from this and other data Thomsen (Th. 3, 232) 
calculates [Na',0]“90,760. According to B. 
(f.c.), hot NajO reacts with H to form NaOH 
and Na; heated to c. 300° in CO it gives Na^CO, 
-and Na (B., l.c.), Combinatiop with CO..., to 
form NajCO,, occurs at c. 400°. By heating 
Na amalgam with HgO, B. (lx.) obtained the 
compound Na^gOj = Na^O.HgO. Comey and 
Jackson (B, 21, 1589; Am. 11, 145) describe 
various compounds of Na^O with ZnO and H,0. 

Sodium dioxide NujOj. (Sodium peroxide.) 
The formation of an oxide with more 0 than 
NajO, by heating Na in air, was noticed by Gay- 
Lussac a. Tb5uard (A. Ch. 65, 325). Pure 
NSjO.; was obtained by Vernon Haroourt (C. J. 
14, 267) by heating Na, in a 6ask of hard glass 
filled with N, till the Na melted, then sending 
in a slow stream of dry air, and heating tUl the 
metal was changed to a yellowish-white solid, 
and heating this for some time in dry 0. Na-^Oj, 
is a white solid, becoming yellowish on heating. 
It deliquesces graduaUy in air, and then is gradu¬ 
ally changed into solid Na,CO,. Soluble water, 


with production of arach beat; on heating 0 (a 
evolved; Na.O,Aq deposits crystals of the hydrate 
Na,Or8H,0 on standing over H.,SO, (o, infra. 
Hydrates). Na,0, acts as an energetic oxidiser 
when heated; C, I, P, S, Sn are oxidised, more 
or loss rapidly; heated with CO, Na,CO, is 
formed; with N.,0 the products are NaNO, and 
N (v. Harcourt, Z'.c.). 

Hydrates of sodium dioxide. The 
octohydrate, Na,0.2.8H,0, was obtained by Har¬ 
court (l.c.) by evaporating a solution of Na-O, 
in water over H^SO,. Fairley (C. J. [2] 16,125) 
obtained the some hydrate by adding H-O^Aq to 
NaOHAq and ppg. by alcohol. Sohiine (A. 193, 
241) also obtained the octohydrate by the action 
of H.,0.,Aq on NaOHAq, evaporating in vacuo, 
drying on a porous tile, washing with 90 p.o. 
alcohol, and drying between filter paper. By 
using a considerable excess of H,0.,Aq, Schone 
(l.c.) obtained crystals to which he gave the 
composition Na,H,0,.4H.D = NajO.,.2HjO.,.411,0; 
on drying over H,SO„ 'Na,0.„2H,0, remained. 
The dihydratc Na,02.2H,0 is obtained by drying 
the octohydrate for some time over H,SO,. 
j Sodium, phosphide of. A compound of Na 
i and P was supposed by Gay-Lussac a. Th6nard, 

^ and also by Davy, to bo formed by heating the 
j elements together in N. Vigier (Bl. [2] 3, 7) 

! recommends to place a piece of Na in rock oil, 
j boiling at c. 120°, in a retort, to add P little by 
j little (much heat is produced and some oil 
distils) till there is an excess and some crystal¬ 
lises on the cold parts of the retort, to distil oS 
the oil from the black phosphide formed, to 
wash with CS,, and dry in a stream of CO,. 

The phospliide may bo kept in dry air; in 
moist air, water, or acids it gives off inllam- 
mable P hydride (v. also Lfipke, C. C. 1890. [ii.] 

; 642). 

Bunsen (A. 138, 292) obtained a phosphide 
of Na by strongly heating a mixture of Na.,HPO, 
and Na in a narrow glass tube. 

Sodium, platinocyanide of, v. vol. ii. p. 344. 

Sodium, platinosulphocyanide of, v. vol. ii. 
p. 351. 

Sodium, salts of. Compounds formed by 
\ replacing H of acids by Na. These com¬ 
pounds belong to the type NaX where X is a 
monovalent acidic radicle. The chief salts of 
Na derived from oxyaoids are antimonate, 
arsenate, bromate and hypobromite, carbonates, 
chlorate, perchlorate, chlorite and hypochlorite, 
chromate and dichromate, iudate and periodates, 
manganate and permanganate, molybdates, ni¬ 
trate and nitrite, phosphates, phosphites and 
hypophosphite, selenates and selenites, silicates, 
sulphates, sulphites, thiosulphate and thionates, 
tellurates and tellurites (v. Cabbonates, Nitrates, 
Sulphates, <kc.). 

Sodium, selenides of. Two selenidcs have 
been isolated, Na,Se and Na^Se,, oorresponding 
with two of the sulphides and with the two 
oxides. 

Sodium monoselenide Na,Se. Obtained by 
mixing well-cleaned Na robbed to powder with the 
proper proportion of Se (Bosenfeld, B. 24,1658). 
Uelsmann (A. 116,127) says Na,Se is obtained, 
in large colourless crystals,, by saturating 
NaOHAq with H.,Se, then heating in a stream 
of H and allowing to cool; it seems probable 
that these orystals were a hyeb^tte of Na,Se («, 
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infra), fabn (O. if. i02, 618} obtained Na,Ss 
by heating 2NajSe.9HjO («. infra. Hydrates) in 
a current of N to not above 400° j F. describee 
NSjSe as a hard, white, crystalline, deliquescent 
solid, becoming reddish-brown when fused^ 
owing to its action on glass, F. did not gel Na^Se 
free from silica and alumina. 

Hydrates of sodium monoselenide. 
By passing a rapid stream of H^Se into 
NaOHAq (1 part NaOH in 4 water) Fa’bre {l.c.) 
obtained Na2Se.l6II„0, melting at 40°, giving 
NajCOj, a little NajSeO,, and Se on exposure to 
air. By using more cone. NaOHAq (3:1), and 
keeping the temperature down, F. obtained 
Na2Se.9H.O; and when very cone. NaOHAq was 
nsed, he obtained ONa^Se.OH^O. 

For data regarding heats of formation ol 
Na-Se and hydrates, v. Fabre, C. R. 102, 703. 

SonioH DisEiiSNiDE NEsSo.. Wohler and 
Dean {A. 97, 1) obtained a selenide of K by 
heating K,SeOs with eharcoal; Kathko (A, 152, 
211) showed that the selenide was K^Se^, and 
Jackson (B. 7, 1277) using Na^SeOj and eh.ar- 
coal obtained the corresponding selenide of 
sodium. 

Sodium, seleno-antimonate of, v. vol. i. 

p. 286. 

Sodium, seleuocyanide of, v. vol. ii. p. 348. 

Sodium, eilicoflnoride of, NajSiF„. Prepared 
by adding H.HiPsAq to cone. NaOlAq, washing, 
and drying. Gelatinous when ppd., but becomes 
crystalline on drying. S.G. 2-7517 at 17-5“ 
(Stolba, Fr. 11, 199). S. -65 at 17-5°; 2-46 at 
100“ (S., I.C.). Insol. alcohol. Melts at red 
heat, giving off SiP, (Berzelius). 

Sodium, sulphides of. Several compounds 
of Na and S exist, but there is considerable 
doubt as to the compositions of some of the 
substances that are described as dehnite sul¬ 
phides of Na. 

Sodium monosdlphide Na.,S. Obtained by 
passing H^S over dry NaOH, the heat produced 
suffices to remove HjO formed (Kiroher, A. 31, 
839). Bosenfcld (B. 24,1668) says that Na^S is 
formed when 1 part thoroughly clean Na is 
rubbed to powder and mixed with 3 parts NaCl 
and '7 part S; the combination is sadden, and 
light is produced; pressure must be avoided in 
mixing the substances. By heating 100 to 105 
parts NajSO, with 20 parts charcoal, a flesh- 
coloured mass of Na^S with some C is obtained; 
the reduction may also bo eBeoted in H. By 
dissolving the product of reduction in water and 
crystallising, the hydrate NajS.OH^O is ob¬ 
tained ; by dissolving the crystals again, heat¬ 
ing with Cu (to decompose polysulphides), and 
evaporating to dryness in a stream of H, Na^S 
remains (Friwoznik, A. 164, 69). 

NU;S is also obtained, fairly pure, by gently 
heating Na^S-OHjO in a stream of H (Weyl, jP. 
123, 362; cf Sabatier, A. Ch. [6] 22, 6). 

Na„S is an amorphous, flesh-coloured, de¬ 
liquescent solid, with a strongly alkaline re¬ 
action ; easily sol. water, solution being colourless 
if polysulphides are quite absent. According to 
Weldon (t). Lunge’s Soda-industrU, 2, 311), 
NSjS is not fusible if it be quite free from poly¬ 
sulphides, thiosulphate, and NaOH. 

Na,SAq becomes ydlow in moist air from 
formation of polysulphides (Kolb, A. Ch, [4] 10, 
106); when (tir ig $l 9 wn in(o Na|SAq, NaOH 


and Na,S,0, an formed, and then Na-SO, 
(Lunge, l,c., p. 631). Na^S is decomposed by 
acids, even by CO,, with evolution of H,S (v. 
Stromeyor, A. 107, 872). Heating Na^SAq with 
NaHOO, or NH^.H.COs produces complete de¬ 
composition to NaDO, (Lunge, l.c. p. 800). 
Boiling with A10,H;„ or heating Na^S with 
AUOj, forms Na aluminate (u. W. J. 1863. 713; 
1865. 332). CaO is said not to decompose 
NSjSAq (c. Kolb, A. Ch. [4] 10,106). Several 
metallic oxides decompose NojSAq, forming 
NaOHAq, sometimes {e.g. with CuO) Na.S.OjAq is 
also formed. NaB combines with various metallic 
sulphides («. Schneider, P. 138, 302 ; 151, 446; 
Volcker, A. 59,35 ; Berthier, A, Ch. [2] 22, 246). 

Hydrates of sodium monosulphide. 
The hydrates Na^S.OHjO, NniS.lOH.,0, and 
Na.jS.5HjO have been formed. The hydrate with 
9HjO is most easily obtained by saturating one 
half of a solution of NaOH with H^S, adding 
the other half, and evaporating, when large 
colourless crystals separate (Bammclsbcrg, P. 
128, 172); S.G. 2-471 (Filhol, A. Ch. [4] 28, 
529). The pentabydrate is formed similarly 
to the hydrate with 9HjO, but using alcoholic 
in place of aqueous NaOH (Bottger, A. 223,835; 
V. also Finger, P. 128, 635; Lemoine, C. R. 
98, 45). For the preparation of NaB.lOHjO 
p. Damoiseau (0. G. 1885. 36). Gottig {J.pr. [2] 
31, 229) by partially saturating NaOH in alcohol 
with HjS got hydrates with 6, 6.), and 6 H.O. 

Sodium disulphide NajS.,. 'This compound 
is supposed by Sabatier {A.Gh. [5] 22,5) to exist in 
the solution obtained by heating Na^SAq with 
solution of polysulphides formed by digesting 
Na^SAq with S. Bottger (A. 223, 835) obtained 
the hydrate Na;S2.5H20 by dissolving S in an 
alcoholic solution ol Na^S. 

Sodium -i-uisulpuide Na^S, is formed, ac¬ 
cording to Schone (J. 1867. 190), mixed with 
NajSO,, by strongly heating Na^CO, with excess 
of S (cf. Sabatier, l.c.). For the hydrate 
NajSj.3UjO D. Bottger (l.c.). 

Sodium teiuasulphide Na^S, is said to be 
obtained by heating Na^S, (Chapman Jones, 
C. J. 37, 461; tf. Sabatier, 2.C.). For hydrates 
V. Schone (P. 131, 380) and Biittger (2.C.). 

The existence of &pentasulphide is doubtful 
{v. Schone, 2.c.; Sabatier, l.c. ; Geuther, A. 226, 
232; Chapman Jones, 2.C.). 

Soda lieer of sulphur. This name is given 
to the brown solid obtained by heating S with 
Na.^CO, in a closed vessel; it contains various ♦ 
sulphides of Na, along with Na^S,0„ Na^SO,, 
and generally some NajCO,. 

Sodium, snlphocyanide of, v. vol. ii. p. 362, 

Sodium, sulphydrate of, v. Sodium hvdbo- 
SULPHIDE, p. 479. 

Sodium, telluride of. According to Bosen- 
feld (B. 24, 1658), well-cleaned Na in powder 
readily combines with To. 

Sodium, thio-arsenates and thio-arsenitei 
of, V. vol. i. pp. 316, 317. 

Sodium, thio-carbonats of, v, vol. i. p, 703. 

M. M. P. M. 

SOBIVU ETHIDB NaC^H,. This compound 
is not known in the free state. Sodium die. 
solves in cold ZnEt,, separating zinc. The 
solution, cooled to 0°, deposits ZnEt^NoEt in 
trimetric tables [27°], sol. benzene, and decom¬ 
posed by wgtet. CO| acting on ZnEt^aEi 



(OTm$ iodtnni propiocata (Wankljn, A, 107, 
126; 108, 67). EtI attaoks ZnEt^aEt, torm- 
ing ethane and O^H, (Frankland, A. 110,107). 
Sodium methide maj be ebtained in like manner 
(Wankljn, A. Ill, 234). 

SOJA OIL. The oil from Sqfa hispida con¬ 
tains tripalmitin and tristcarin (Meisel a. Booker, 
M. 4, 366). 

SOLANINE O.A,NO„ (?) (Firbas, M. 10, 
6411; 0„H„N0,.; C,,H„NO„ (Hilger, A. 196, 
317); CaiHjjNO, (Kletzinsky, Z. [2] 2, 127). 
[244°]. Occurs in the berries of the deadly 
nightshade (Solanumnigi-um) (Desfosses,/. Pk. 
6, 374), in berries of S. verbasci/olium (Payen a. 
Chevallicr, J. Chim. Mid. 1, 617), in small 
quantity in the tubers and green parts of the 
potato (S. tuberosum), in the shoots of sprouting 
potatoes (Baup, A. Ch. [2] 31,109 ; Otto, A. 7, 
160; 26, 232), to the extent of ’03 p.c. in 
diseased potatoes (Kassner, Ar. Ph. [3] 25,402), 
in the powers, stalks, and berries of the woody 
nightshado (S. Dulcamara), and in the root of 
Scemlia japonica (Martin, Ar. Ph. [3] 13, 336). 

Preparation. —1. The berries are pressed, 
the juice ppd. by ammonia, and the pp. re¬ 
crystallised from alcohol.—2. Fresh potato 
sprouts (200 kilos.) are digested with 2 p.c. 
acetic acid; the filtrate is ppd. by ammonia; 
and the pp. extracted with boiling 85 p.c. al¬ 
cohol. To the hot alcoholic filtrate NHjAq is 
added until turbidity appears. On cooling, a 
mixture (125 g.) of solanine and solanein is de¬ 
posited. These bases are separated by fractional 
crystallisation from hot spirit (Firbas; c/.Beuling, 

A. 80, 226; Zwenger a. Kind, A. 109, 244; 118, 
129; Eromayer, Ar, Ph. [2] 116,114; Missaghi, 

B. 9, 83; GmeUn, A. 110,167). 

Properties.— Colourless needles, v. sol. hot 

85 p.o. alcohol, insol. OHCl, and ligroSn, sol. 
HClAq, almost insol. water and ether. The 
crystals are CjjH^iNOi.lJaq (Firbas). Poison¬ 
ous. Not affected by alcoholic potash. Sub¬ 
limes at 190° (Blyth). Gives an orange colour 
with I and H.,SO,. On heating with 2 p.o. 
HClAq it yields solanidine and a dextro¬ 
rotatory sugar that reduces FeUing’s solution, 
[a]„ = 28‘6°, yields with phenyl hydrazine an 
osazone [199°], and is oxidised by HNO, to 
mucic and saccharic acids; lievulose is not 
present. Solanine colours a mixture of alcohol 
and HjSO, rose red. With ammonium selenite" 
(1 g.) in cone. HjSO, (20 o.e.) it gives a canary- 
yellow colour turning to brown, and, after three 
hours, to violet-red (Ferreira da Silva, Bl. [3] 6, 
87; C. B. 112,1267). A solution of ammonium 
vanadate in H^SO, is coloured brown by dry 
solanine, the colour becoming red, and finally 
disappearing on dilution (Mandelin). 

Salts,—CuH„NO„HCl. Got by adding 
ether to an alcoholic solution of the base and 
HCl. Gelatinous pp. which dries up to a 
gummy mass.—: yellow flocculent 
pp.—B[H,SO,: amorphous, v. sol. water.— 
B'A020,7aq; crystalline cruets. 

Acetyl derivative G, 2 H,,Ao,NO,,. Needles 
(from ether), insol. water (Hilger). 

Bolaneln C.ja„NO„4aq. [208°]. Obtained 
as above (Firbas). Amorphous. More sol. 

86 p.c. alcohol than solanine. Decomposed by 
HClAq into the same products as solanine. 
Colours Mandelin’s reagent redt 


aboTo. Odloiirless ne^es (nomi ether). Meoti 
Mandelin’g reagent in the same way as solanin, 
AojO at 140® gives a diaoetyl derivative (Firbas), 
Converted by fuming HClAq in the cold into 
amorphous yellow solanicine CggHj^NO (?), 
which yields B'HOl and B'-H-PtCL (Zwenger. 
A. 123,341). - I 

Saits.—B',{HCl) 4 aq: crystalline powder.— 
B'j 4 H 2 S 04 8aq: colourless plates [247^* 

SOLUTlOKS. Inasmuch as many of the 
questions connected with the state of bodies in 
solution are not yet fully elucidated, and inas¬ 
much as two very different conceptions are put 
forward regarding the compositions of bodies 
present in aqueous solutions of salts, the editor 
pf that portion of the Dictionary to which the 
subject of solutions belongs thought it advisable 
to ask the originator of the electrolytic dissocia¬ 
tion hypothesis of saline solutions to write a 
short article on solutions in general, and to in¬ 
vite one of the leading upholders of the hydrate 
hypothesis of saline solutions to summarise the 
arguments in support of that hypothesis. 

SOLUTIONS I. A solution is a homogeneous 
mixture of two or more bodies in the liquid 
state. A distinction is made between the dis¬ 
solved substance and the solvent; the substance 
' present in greater quantity is generally spoken 
of as the solvent. In some cases the solvent is 
taken to be the substance with the lower tem¬ 
perature of solidification. In the cases of sub- 
, stances miscible^n all proportions—a mixture, 
j for instance, of equal parts of alcohol and water 
I —there is no way of determining which should be 
regarded as the solventand which as the dissolved 
substance. There are many instances of two 
bodies'that cannot be mixed in all and any pro¬ 
portions ; the solubility of such bodies is said 
to he limited. If the * dissolved body’ in such a 
case is present in excess, either as gas, liquid, or 
solid,a condition of equilibrium is finally attained 
wherein the solution can take up no more of the 
' dissolved body as long as the external conditions 
(temperature and pressure) remain unchanged; 
such a solution is said to be saturated. The 
attainment of saturation is hastened by shaking. 

Saturated solutions of gases. When a gas is 
placed over a liquid, such as water or alcohol, a 
portion of the gas dissolves in the liquid. There 
is a constant relation at constant temperature 
between the quantity of gas remaining per unit 
volume and the quantity dissolved by the liquid 
per unit volume (Henry’s law). Inasmuch as 
the quantity of the gas, per unit volume, is pro¬ 
portional to the partial pressure of the gas, 
the law may be stated by saying that the quan¬ 
tity of the gas dissolved in the fiquid is propor¬ 
tional to the partial pressure of the gas above 
the liquid. As all^ the gases that have been ex¬ 
amined dissolve with production of considerable 
quantities of heat, the solubilities of these gases 
decrease as temperature increases, in aooor^nce 
with the second law of thermodynamics. The 
measurements made by Bunsen {Qasotn. Methoden 
[Braunschweig, 1877j) show that the solubilities 
of some gases are independent of tempjerature-* 
for instance, the solubility of H in water and of 
0 and CO in alcohol. Henry’s law holds good, 
as indicated by theory, only so long as the quan¬ 
tity of the gas per nnit volome, bo& ttndissolved 
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th« dissolvod and tlio nndksotted gas are of 
equal magnitude. Van't EoS has made use of 
the law of Heniy to prove the equality of the 
moleenles of the same gas in the gaseous state 
and in dilute solution [Z, P. G. 1, 489 [1877]). 
When NH,, HCl, and SO, are dissolved in water 
in large quantities these gases do not follow the 


temperatUM, wbioh oonesponds to flie oritical 
temperature for the liquids, is passed, the two 
liquids dissolve in all proportions. This be¬ 
haviour has been more fully examined byAlexe- 
jefl {W, 28, 805 [1886]) and has been represented 
by him in curves, some of which are reproduced 
here (fig. 1). The curve a represents the 
behaviour of water and phenol, b tha^ of water 
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law of Henry; neither does the law hold good 
for solutions of acetic acid in benzene or ether 
in water, because the moiecular magnitudes of 
these compounds are not the same in the gaseous 
state and in solution, as is proved by determina¬ 
tions of the boiling-points of the compounds in 
question (Nemst, Z. P. C. 7, 97 [1891]). 

UuHmI solutions of liquids. When two 
liquids that are not miscible in all proportions, 


and salicylic acid, c that of water and benzoic 
acid, d that of water and aniline phcnolate, and 
e that of water and aniline. The abscissa) re¬ 
present temperature, and the ordinates percent¬ 
ages of the dissolved substances in the solutions. 
To each temperature correspond two points in 
the curve showing the percentage composition 
of the solution of the substance in water, and 
that of the solution of water in the molten sufa- 
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snch as other and water, are shaken together, 
two layers are formed, one Seating on the other; 
one of these contains much water and little ether, 
while the other contains mnch ether and little 
water. The compositions of the two layers 
change with change of temperature. Generally 
speaking, the compositions become more alike 
as temperature rises, until a temperature is 
noeheit whereat they are identical; when this 


stance; thus, for phenol and water (enrye o), at 
20°, the solutions are composed of 82'5 p.o. 
water and 7'6 p.o. phenol, and 28 p.o..water and 
72 p.c. phenol respectively. The two liquids are 
miscible in all proportions above 69°. 

It happens sometimes that two liquids are 
miscible in all proportions below a certain 
temperature, but form two layers above this 
temperature; in such eases—for example, in the 
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of the cum is turned to the left. fonnnla6N 01*4* (c and d are eon- 

Saturated solutions of solids. Most of the stants as well as a and o). The formula 
measurements that have been made deal with log. S-a + 6^ + . . + . . , often gives a better re¬ 
solutions of salts in water. The example of presentation with a smaller number of oo- 
Gay-Lussac has generally been followed, and ethcients. 

the solubility of the salt has been taken Supersaturated solutions. When a * salt 
as the weight thereof dissolved by 100 parts whose solubility increases with temperature is 
by weiglft of the solvent. Ktard and Engel dissolved at a high temperature in water (or other 
have given solubility-curves for very large varia- solvent), and the solution is cooled, a tempera- 
tions of temperature {C. R. 98, 993, 1276, ture is reached whereat the solution is saturated 
1432; 104,1014; 106,206,740 [1884-88]}. Some with reference to a definite hydrate of the solid 
of these results are shown in fig. 2, p. 485; the salt; but if the solution is further cooled salt 
abscissa represent temperature and the ordinates does not separate, provided there is no crystal of 
parts by weight of the salts in 100 parts of the the hydrate in question in contact with the 
solution (not in 100 parts of the solvent). The solution. Such a solution is said to be super- 
change of solubility with change of temperature saturated. A solution may be supersaturated 
depends on whether the process of solution is with reference to one hydrate, but not super- 
accompanied by disappearance or production of saturated with reference to another hydrate- 
heat ; in the former case solubility increases, in For example, Na^S 04 . 7 H 20 is more soluble in 
the latter case it decreases, as temperature rises, water than Na^Sb^.lOHp, and so a solution 
Inasmuch as different hydrates of the same salt may be obtained, by dissolving Na .SO^, that is 
are dissolved with the production of dilTerent supersaturated as regards the decahydrate but 
quantities of heat, these hydrates give different not as regards the heptahydrate; that is to say, 
solubility-cuives. Sodium sulphate is the salt if a crystal of Na;jSO4.10H^O is brought into the 
that has been most carefully examined in this solution, at a certain temperature, the deca- 
respect. The hydrate Ka^^SOi.lOH^O, that exists j hydrate crystallises out, but at the same time 
up to 33°, dissolves in water with disappearance . the solution is able to dissolve the hydrate with 
of heat; hence the solubility of this hydrate in- | 7H;;0. If temperature falls again the solution, 
creases as temperature increases. On the tether of course, becomes supersaturated with reference 
hand, NajSO,, stable above 33°, dissolves with pro- | to both the hydrates. 

duction of heat, and its solubility decreases with | At one time the supposition was often held 
inoreasingtemperature. Theso-calledcurveofthe j that the dissolved substances were present in 
solubilityol sodium sulphate consists, therefore, of ■ supersaturated solutions in a state dificrent from 
two parts, one rising till the temperature reaches that in which they existed in ordinary solutions. 
83°, and one falling above that temperature. ! More accurate investigations of the physical 
Looked at accurately, the first part of the solu- ' properties on both sides of the point of satura- 
bility-curve holds good only for Na^SO,.10H.jO, ♦tion have shown that there is no essential differ- 
and the second part only for No-^SO^. For the | ence between the solution before and after 
solubility of a chemical compound is determined ’ saturation, but that the relation of a super- 
only when the composition of the solid com- ! saturated to a saturated solution is exactly the 
pound that is in contact with the solution is I same as that of a saturated solution to the solu- 
definitely stated. The compound GaSO, is con- tion before saturation. 

siderably more soluble than the crystalline hy-.. Colloidal solutions. Certain substances, 
drate CaS 04 . 2 H.p. The measurements made by such as gelatin, absorb unlimited quantities of 
Etard show that many other sulphates -MnSO^ water and become swollen thereby; when much 
and CdSO,, for instance'—behave similarly to water has been taken up, liquids are formed 
Na^SO, (see fig. 2). which do not part with the dissolved body on 

The solubilities of most salts increase as cooling, as ordinary solutions do, but set to jelly- 
temperature rises; the solubility of NaOl varies like substances. All compounds that form 
very little with temperature. The solubilities of colloidal solutions have very large molecular 
many compounds of calcium decrease with in- weights; such compounds are acids of Mo, Si, 
creasing temperature, e.g. hydroxide, acetate, Sn, Ti, and W; oxides of Sb, Fe, and Mn; 
isovalerate, isobutyrate, succinate, and iso- sulphides of Sb, As, Bi, Cd, Co, Au, Fe, Pb, 
succinate of calcium. Barium succinate and Hg, Ni, Pd, Pt, A^, Tl, and W; many organic 
SrS 04 behave similarly, but not the other corre- substances, such as caramel, dextrin, egg- 
Bponddng salts of Ba and Sr. Some calcium albumen, tannin, Ac. ; and also some elements, 
salts shew maximum solubilities at certain tem- such as Se and Ag. Some of these solutions are 
poratures— e.g. CaS 04 . 2 H 20 at 35°; others show characterised by the fact that the addition of 
minimum solubilities'-e.^. propionate at o. 55°, small quantities of foreign substances^as salts, 
isobutyrate at 65°, also normal butyrate, valerate, acids, and bases -causes coagulation, whereupon 
iso-octoate, citrate, and benzoate (Allen, C. N. the bodies in thd colloidal solutions become in* 
57, 236 [1688]). Attempts have been made to soluble. For that reason it is generally supposed 
express the connection between the solubilities of that colloidal solutions are intermediate between 
salts and temperature by a formula. The follow- emulsions and true solutions. Emulsions—e.<;. 
ing expression holds good in many cases: a fine deposit of alumina—possess the special 
S « a + (t temperature, and a and b are con- property that the emulsionised bodies are thrown 
siants); i.e. solubility changes linearly with tem- down much more quickly in presence of electro- 
perature—'for instance, for ECl, BaOl^, NaNO„ lytes, and also of other foreign substances, than 
and several sulphates, especially at high tempera- in absence of these (Bams a. Schneider, Z. P. 0. 
tores (Ktavd). In other cases it is necessary to* 8, 291 [1891].) Colloidal substances having 
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to^eeaUriretglite ctnd«r 80 , 000 —gdatio or gum, 
tor iastoBOO—are oharaoterised by tbe faei that 
if their solutions are solidified by cooling they 
again become liquid and transparent when 
heated. Colloids having molecular weights 
greater than 80,000 do not share in this pro¬ 
perty, but behave, in this respect, like very 
supersaturated solutions (Sabanejefi, J. R. 1801. 
[1] 80; Z. P, 0. 9, 89 [1892]). When colloids 
take up water, and swell but do not dissolve, 
heat is produced; when they dissolve heat dis* 
appears (Wiedemann a. Lildekhig, W. 25, 145 
[1885]). 

Reasons for assuming the ezisteme of 
hydrates in solutions* When a dissolved sub¬ 
stance is isolated, by various methods, from its 
solvent the solid generally separates in com¬ 
bination with water of crystallisation. It has, 
therefore, been generally supposed that a pre¬ 
ponderating quantity of this hydrate must bo 
present in the solution. This conclusion is not, 
however, tenable; for if only a minimum quantity 
of the compound that separates out woro present 
in the solution this might suffice to cause the 
separation. The following consideration has 
been brought forward as an argument in favour 
of the existence of hydrates in solutions. A 
solution of 57 parts by weight HI and 43 parts 
water boils at 127°, and the distillate has the 
same composition ^ the residue; this lends 
some oounteiianco to the view that this mixture 
behaves like a definite chemical compound. On 
adding water to this solution and distilling a 
more dilute acid at first passes over, and at last 
the acid with 57 p.<r. HI distils ofi. If the solu¬ 
tion contains more than 57 p.o. HI to begin with, 
the distillate at first contains a more cone, acid, 
and, later, acid of 57 p.o. This behaviour is 
simply explained in the following way. A solu¬ 
tion of 67 p.o. HI possesses a minimum vapour- 
pressure, so that both less dilute and more dilute 
solutions at the some temperature have larger 
vapour-pressures. Speaking generally, the 
vapour from a solution does not contain both 
components in the same proportion as the 
solution itself. In the case under consideration 
the vapours from the more dilute solutions con¬ 
tain more water (in proportion to HI) than the 
solutions, and the vapours from the less dilute 
solutions contain, relatively, more HI. The dilute 
solutions increase in concentration as distilla¬ 
tion proceeds, the boiling-point rises, and there is 
at last produced the 57 p.o. solution which 
possesses the lowest vapour-pressure at an equal 
temperature— i.e. the highest b.p. (127°) at an 
equal pressure. If, on the other hand, aistilla- 
tion is commenced with a more concentrated 
solution proportionally more HI passes over, 
and an approach is gradually made, from the 
other side, to the solution with highest b.p. 
There is, therefore, no binding reason lor re¬ 
garding this solution as a definite chemical 
compound. For, indeed, the composition of the 
solution changes according to the pressure under 
which the distillation is conducted; and this 
could not well be the case were the solution 
really a definite chemical compound. 

In investigating the freezing - points and 
Tapour-pressures of solutions it was found that 
in many cases the deviation from the freezing- 
point and vapour-proBsure of tho pure solvent 


was firoporiioiial to the quantity of substance 
(salt] in solution. But in other oases this pro¬ 
portionality seemed not to be maintained unless 
the supposition were made that a portion of the 
water had combined with the dissolved sub¬ 
stance (Wiillner, P. 103, 629; 105, 86; 110, 
5G4 [1858, I860]; de Coppet, A* Ch* [4] 23, 
366; 25,602; 20, 98 [1871-2]; Riidorff, P. 114, 
63; 116, 59 [1861-2]; 145.699 [1870}). It was, 
therefore, supposed that such compounds as HI, 
HCl, 13aCl^, CaCL^, NaI3r, <feo., wore combined in 
aqueous solutions with definite quantities of 
water of crystallisation. But the recently- 
discovered laws which express these phenomena 
lead to very different methods of explanation, 
BO that the conclusion that these compounds 
exist as hydrates in solutions seems, in tins 
respect, to be entirely without*foundation. 

MendeUeff not long ago examined the 
changes in the S.G., accompanying changes 
in the composition, of aqueous solutions of 
alcohol and of sulphuric acid {Z* P. C. 1,273 
[1887]); he thought he had found abrupt irregu¬ 
larities in the changes of S.G. He supposed, 
without any theoretical foundation, that at tho 
concentrations whereat these occurred the solu¬ 
tions corresponded to perfectly definite hydrates. 
Pickering {Z. P. C. 6,10 [1890]) showed, as the 
result of more accurate investigations, that 
MondeUeff’s conclusions rested on inaccurate 
observations. Pickering, however, accepted 
MendeU'cff’s idea, and supposed that the higher 
derivatives of tho S.G. in reference to percentage 
composition showed similar irregularities. He 
treated the frying-points and the electrical 
conductivities of solutions in the same way, and 
he supposed that in all these cases he had dis¬ 
covered such irregularities as indicated tho 
existence of definite hydrates. It is absolutely 
impossible to reconcile the numbers for tho 
electrical conductivities of dilute solutions of 
acids and bases {e.g. for acetic acid) with 
Pickering’s views; nor do the most recent in¬ 
vestigations on the freezing-points of very dilute 
saline solutions (Jones, Z, P, 0. 11, 534; 12, 
623 [1893]) in any way agree with these views. 
Moreover, the method used by Pickering is not 
free from objection under any conditions. 

From an extended and systematic investiga¬ 
tion recently made into the constitution of 
ammoniacal metallic compolinds, and com-’ 
pounds analogous therewith, Werner {Zeit* /. 
anorg, Chem. 3, 267 [1893]) concluded that in 
elcctrolyticaMy conducting salt solutions the 
metallic atoms of the salts might be expected 
to be generally accompanied by six molecules of 
water, and that those salts which readily com¬ 
bine with water of crystallisation would be the 
best conductors. This statement is not, how¬ 
ever, in any way in keeping with the experi¬ 
mental results. The salts of ammonium, K, 
lib, and Cs conduct better than any others that 
have been examined; after these come the salts 
of Na, Li, and the metals of the earths; and 
then, much behind these, come the salts of the 
heavy metals; but water of orystallisation com¬ 
bines most readily with the salts last mentioned, 
and least readily with those mentioned first. 

Oonclusions regarding the existence of hy¬ 
drates of substances in solution have also been 
drawn from the results of investigations of ot^ 



u properties, sadh bm oontraoiioa oi 
>, or production ot heat, daring solaUos, 
}sity, Ac, 

general, it baa been supposed that when 
properties exhibited a maximatn or mini* 
>r other purely mathemaiioal character* 

_^ere existed a definite hydrate of oozre- 

spending composition. Attention may, however, 
be called to the fact that these points generally 
shift with changes of temperature, so that the 
hypothetical hydrate must have a different, and 
constantly changing, composition at different 
temperatures—a oondusion which is not in keep¬ 
ing with the representation of the hydrate as a 
definite chemical compound. 

It is, indeed, in the highest degree likely that 
when definite hydrates separate from a solution 
the same' hydrates were previously present in the 
solution, perhaps only in small quantity; but 
we have as yet no accurate knowledge as to the 
magnitude of the quantity. The methods that 
have been used in investigating this most 
interesting question have scarcely brought to 
light a single new result, although many and 
renowned investigators have carried out a very 
large amount of work in this direction. 

The solubility of a salt, at constant tempera¬ 
ture, is to a small extent dependent on pressure. 
Sorby was the first to carry out detailed investi¬ 
gations on this subject (i>. 12, 538 fl803]). The 
following statement may be demonstrated by 
the use of the dynamical theory of heat. When 
the total volume of salt and solution is diminished 
(or increased) by the taking up «of salt into the 
solution, then the solubility inc^ases (or dimi¬ 
nishes) with increased pressure. The researches 
of Braun {W, 80,272 [1887]) have confirmed the 
theoretical conclusions. 

Dilate solutions. Osmotic pressure .—If a 
quantity of the pure solvent is floated on a solu¬ 
tion, a movement of the dissolved substance 
takes place and the substance strives to distri¬ 
bute itsolf throughout the whole of the solvent. 
This occurrence is completely analogous with 
another; if a cylinder is filled with CO^ and the 
mouth is covered with a membrane, another 
cylinder is filled with H and placed mouth* 
downwards on the first, and the membrane is 
withdrawn, the two gases begin to diffuse into 
each other (notwithstanding the action of gravi- 
’tation). The H is driven downwards by its par- 
tial pressure, and the GO 2 is driven upwards. 
The velocity of diffusion is proportional to this 
propelling force, otherwise it is dependent only 
on the freedom of motion of the molecules among 
each other. The inverse value of this freedom 
of motion is called molecular friction. The fol¬ 
lowing statement expresses the results of experi¬ 
ment: velocity of diffusion is proportional 

to the difference between the partial pressure 
of one of the two gases in the upper and lower 
parU, and is inversely proportional to the friction 
of the molecules. Solutions behave in a similar 
way. The substance in solution in the under 
layer strives to distribute itself into the upper 
layer; this striving corresponds to the pressure 
of a gas, and, as will be shown immediately, it 
is equal to the so-called osmotic pressure. The 
solvent is driven downwards by the same force. 
In this case also the velocity of diffusion is pro- 
poriiooftl to the osmotic pressure, and is inversely 


tha diaiolTed labitane* agiiiitt thaaMibniinM ' 
only difiarenae betwaea this oose and that ot 
gases is that molecular friotion is very much 
larger ia liqnida, a tact that is explained by the 
great number of molecules against urbich a mole¬ 
cule of the dissolved substance oollides daring 
its movements. . . 

The amount of moieonlar friction is known in 
certain cases, viz. for electrolytes. Let a. cubical 
trough (sides 1 cm.) be filled with the solution ot 
an electrolyte (e.g. NaCl), and let an eleetrio our-. 
rent be passed through the trough by the help ot 
two electrodes A and B. The positive eleotrioity 
is carried by the metallic parts (Na) of the electro¬ 
lyte in the direction of the current (towards B); 
the negative electricity travels with the nega¬ 
tive radicle (Cl) of the electrolyte towards A. If 
the Na and Cl atoms—or ions, as they are'called 
in this ease—are impelled by unit electrical 
force, the Na ions will move with a velocity u, 
and the 01 ions with the volooity 0 , These 
velocities can be determined, partly indirectly 
from the conductivity and the migration num¬ 
bers of Hiltorff, partly directly by cliemical 
analysis. Patting the corresponding frictions 

asr, aadrj,then »,-iandt»,=i. The ftio- 

tions of a largo number of ions have been deter¬ 
mined in this way. If we now have a layer of 
pure water floated on a solution of NaCl, in a 
vessel, then tho velocity of diffusion, D, is equal 
to the quotient of osmotic pressure, 0, and the 
frictions r^ + r^ of the salt. We have, there- 

fore, Nernst (Z. P. C. 2, 613 [1888]) 

' 4 ' r^ 

has completely established tho accuracy of this 
formula. 

Osmotic pressure can be measured directly. 
Let us suppose that in the foregoing example 
we had a division separating the solution of 
NaCl from the water, and tliat the division 
allowed water, but not NaOlAq, to pass through 
it (a so-called semipermeable membrane); ti. 
fig. 3. Such a membrane is obtained byimpreg- 
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nating a plate of porous burnt clay with ppd 
CUjFe(CN),. The water will then be driver 
downwards, and will be compressed in the lows: 
part of the apparatus; the pressure in this divi. 
eion will increase; (his may be confirmed by 
using a manometer (M, fig. 3). Equilibrium is 
attained after a time, and ths manometer then 
indiMtes a certain pressure, wbioh is called the 
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Itetde {MHitM of tiio loKtion. W% 0 n no mow 
iratai ii dri^ dotimMr&Tdt, then, in tho cue in 
point, the partial preaaures of the iratei in the 
upper and lover .parts of the apparatna are 
aqnaL The excess of pcesaore in the lower part— 
that is, the osmotic pressure —is then equal to 
the partial pressure of the NaCl molecules. 
Measurements of this kind have been made by 
Pfefler, Tammann, and Adie (Osmotische Un- 
tersuchungm, Leipzig, 1877 J W. 84,229 [1888]; 
C.J. 69, 344 [1891]). 

Semipermeable membranes are found in the 
lining of living oells which incloses the con¬ 
tents of the cell. De Vries made observations 
with cells of Tradescantia discolor and Begonia 
manicata ; Sonders and Hamburger used blood- 
oella. If a cell is immersed in water the coll 
swella because of the entrance of water; if a 
soluble substance is added to the water, in con¬ 
stantly increasing quantity, the water will at 
last be driven equally inwards and outwards; if 
this limit is overpassed, the water passes out of 
the cell and the protoplasmic contents of the cell 
shrink together. The whole process may be 
followed by the help of the microscope. Tho 
limit reached immediately before shrinkage be- 
ginsis characterised by the attainment of equality 
between the osmotic pressure of tho cell-contents 
and that of the surrounding solution. By bring¬ 
ing similar cells into solutions of different sub¬ 
stances it is possible, in this way, to determine 
the concentration that must be attained by two 
solutions in order that they may possess equal 
osmotic pressures. Using the results of Pfeifer 
and de Vries, van’t Hoff made an examination 
of the magnitude of osmotic pressures. He found 
that the osmotic pressures exerted in their solu¬ 
tions by non-conductora of electricity—such as 
cane sugar, urea, glycerin, &c .—were exactly the 
same as the pressures which these substances 
would exert, in accordance with Avogadro’s law, 
were they present as gases in tho same volume 
as tho volume occupied by the solutions. The 
osmotic pressure is therefore proportional to the 
concentration and the absolute temperature 
(law of Boyle and Gay-Lussac); this was con¬ 
firmed by PfeSer’s investigations (van’t Hofl, 
Handingar der Stockh. Ak. 21 [1886]; Ar. N. 
20 [1886]; Z. P. 0. 1,481 [1887J). - 

An explanation of gaseous pressure is found 
in representing it as the result of the bombard¬ 
ment of the walls of the vessel by the gaseous 
molecules. Similarly, osmotic pressure is Uionght 
of as resulting from the knowing of the mole¬ 
cules of the dissolved substance against the 
walls of the containing vessel. The gaseous 
laws hold good in aU respects for osmotic 
pressure. 

Vapoar-prestures of aolutims. Lot there be 
a solution, say of cane sugar, in a trough, sepa¬ 
rated by a vertical semipermeable membrane 
from pure water, and let the membrane extend 
above the solution; the air above the liquid 
behaves exactly like the semipermeable mem¬ 
brane, inaemu(m as it allows the water to pass 
though (as water-vapour), but it does not allow 
the cane sugar to pass through (because of the - 
non-volatility of the sugar). The water has, 
therefore, a tendency to pass across through the 
ait as w^ as through the semipermeable mem- 
hiane from the watw in the solution. This dr- 


euinstance may be expressed by saying that the 
pressure of the water-vapour is greater over the 
water than over the solution. In like manner it 
follows that solutions which have equal osmotic 
pressures have also equal vapour-pressures. By 
making use of the second law of thermodynamics 
it can be shown (van’t BoS, i.e.) that a solu¬ 
tion containing n molecules of dissolved sub¬ 
stance to N molecules of solvent baa a vapour- 
pressure, P, which is given by tho formula 

H'-l> 

where p - the vapour-pressure of the pure sol¬ 
vent. (The molecular weight of the solvent 
must bo taken as that of the substance in the 
gaseous state at the same temperature.) This 
formula was originally experimentally esta¬ 
blished by Baoult; it agrees well with expe¬ 
rience (C. B. 103, 1126 [1886]). 

Boiling-points of solutions. According as 
the vapour-pressure of a solution is leas than 
that of the solvent (assuming that the dissolved 
substance possesses no marked vapour-pressure), 
so the solution begins to boil, under a definite 
external pressure, at a higher te.uperature than 
the pure solvent. The following formula may 
bo deduced from the dynamical theory of heat: 


where E is the increase in the boiling-point of 
tho solvent brought about by dissolving n mole- 
culesof the substance in 100 grms. thereof, r is the 
absolute boiling temperature, and L is the latent 
heat of vapourisation of 1 grm. of the solvent. 
Beckmaim has contrived an apparatus for deter¬ 
mining E, and therefore for finding n—that is, 
for determining the molecular weight of tho dis¬ 
solved substance when the quantity thereof in 
100 grms. of solvent is known. He has shown 
that the formula gives results which agree closely 
with experience (Z. P. G. 5, 76 [1890]). 

Freezing points of solutions. When s solu¬ 
tion is caused to freeze, in most cases only the 
pure solvent separates as a solid. The solid 
substance is in equilibrium with the solution at 
the freezing-point; hence, the vapour-pressures 
of the solvent over the solid and over the solu¬ 
tion must be equal, as otherwise distillation 
would take place from the one to the other, and 
equilibrium would not be attained. Par the 
sake of simplicity let us take water as the sol¬ 
vent. Ice and water have, therefore, the same 
vapour procure at the freezing-point of the 
latter (0°); but an aqueous solution has a 
smaller vapour pressure at 0°; hence at 0° ice 
cannot have the same vapour pressure as an 
aqueous solution, but this equality occurs only 
at a lower temperature. In other words, thd 
freezing-point of a solution is lower than that At 
the solvent. Van’t HoS'(i.o.) has deduced the 
fallowing expression from the dynamical theory 

of heat,E=. .®,^l’-. n, where E is the difference 

between the freezing-points of the pure solvent 
and a solution therein, which solution contains 
n gram-molecules of the dissolved substance in 
100 grms. of the solvent, t is the absolute tem¬ 
perature, and W is the latent heat of fusion of 
1 grm. of the solvent. This formula ts of much 
importance, for the nmleoular weights of vary 



man]' rabstances have been detennuieEl Ita 
help. It is immaterial in this ease rrhethei the 
dissolved enhstance exerts a considerable vaponr- 
pressare or not, for onl; the pore solvent freezes 
oat. The following table gives some values cal¬ 
culated b]' the formula placed side b; side with 
the values obtained b; experiment, for the case 
where »=1: 

E observed E calculated 


Waters • « 

18-9 

18-9 

Acetio acid • • 

88-6 

88-8 

Formic acid • 

27-7 

28-4 

Benzene 

60-0 

53-0 

Nitrobenzene • 

70-7 

69-5 


Electrolytic dissociation. When determina¬ 
tions of molecular weights are made, by the fore¬ 
going methods, based on osmotic pressures (de 
VriesJ, freezing-points (van't HoS, Baoult), de¬ 
pressions of vapour-pressures (Baoult), or incre¬ 
ments of boiling-points (Beckmann), the values 
obtained for ail those substances whose solutions 
conduct electricity arc much smaller than would 
be expected. For instance, the results obtained by 
working with a half-normal solution of KaCl lead 
to the value 8V6 for the molecular weight of the 
salt, a number which is 1-85 times smaller than 
the calculated value, 68-5 (NaCl). From this and 
many other considerations Arrhenius drew the 
conclusion that the molecules of electrolytes are 
largely dissociated in aqueous solutions; about 
85 p.o. of the NaCl, for instance, in an aqueous 
solution of this salt is regarded as dissociated 
into Na and Cl. This conclusion is completely 
analogous with those which are drawn regarding 
the dissociation of the molecules of ammonium 
salts and other substances, in the gaseous state, 
from observations of the abnormal vapour den¬ 
sities of these substances. The development of 
the theory of electrolytic dissociation, based on 
these considerations, and confirmed in the fullest 
way by experience, has lent much support to the 
theory of solutions which has already been 
sketched. This part of the subject is treated by 
Ostwald in the article Blbctiucal methods, to 
which reference should be made (this vol., pp. 
187-221). 

Some of the deductions regarding diffusion, 
solubility, and affinity must, however, be men¬ 
tioned here. 

Diffusion of mixtures. When a solution of 
HCl is placed in contact with pure water, the 
HCl gradually diSuses into the water. Inasmuch 
as most (plmost all) of the HCl molecules are 
dissociated, one would expect the^diffusion to 
result in a separation of the H and Cl from each 
other, just as the alums and the double salts of 
the sulphates of the alkalis and the magnesium 
metals, which are partially decomposed in 
aqueous solution, can be separated into their 
constituent salts in this way (Graham, T. 1850. 
1,805; Marignac, A. Ch. [5] 2, 646 [1874]). But 
this separation does not occur. The H moves 
into the water more quickly than the Cl, and, 
because of the positive electrical charge of the 
H ions, the water becomes positively and the 
-solution negatively charged. If this charging is 
not carried off by metallically connected nn- 
^larisable electrodes placed in the solution and 
in the water (v. this vol. p. 212), it prevents the 
separate diffusion of the H and the Cl. But 
there is another way whereby the restrain¬ 


ing f«ee of.tbe eleciricsl olitUl^ dQ tie Ef¬ 
fusion of the H may be diminished—namely, 
by addition of chlorides. For instance, the 
velocity of diffusion of HCl (properly speaking, 
of H) is increased in the ratio of 1:2-24 by 
adding 25 times the quantity of NH,C1 (Arrhenius, 
Z. P. C. 10, 61 [1892]). Similar, although not 
so strongly marked, characteristic phenomena, 
which find an explanation in tbs dissociation 
theory, have been observed by Graham and 
Marignac. 

Decrease of solubility by addition of foreign 
salts. Nernst {Z. P. G. 4, 872 [1889]) was the 
first to draw attention to the conclusion from 
the theory that a slightly soluble salt, e.g. silver 
acetate, must be more soluble in pure water than 
in a solution that contains other silver ions (e.g. 
AgNOj) or acetate ions {e.g. NaC,H,Oj). Similar 
relations are shown by gases which partially de¬ 
compose {e.g. NH,SH); these exhibit smaller 
vapour-pressures when one of the two com¬ 
ponents (NH, or H.,S) is added. This lowering 
of solubility can be calculated from the laws of 
mass-action, with results which agree well with 
experience (Noyes, Z. P. C. 9,608 [1892]). 

Division of a dissolved siibstauce betiveen two 
solvents. Berthelot and Jungfloisch examined 
tire distribution of succinic acid between ether 
and water, and found that the concentrations of 
the acid in the aqueous and in the ethereal solu¬ 
tion were in a constant proportion, which ap¬ 
peared to be independent of the absolute concen¬ 
tration. Many other substances were found to 
behave in the same way (A. Ch. [4] 26, 396, 
408 [1872]). This result corresponds completely 
with Henry’s law for gases. It is readily deduced 
from the theory; but in doing this it is assumed 
that the dissolved substance has the same mole¬ 
cular weight in both eolations. If this is not 
the case—as, for example, in the distribution of 
benzoic acid between benzene and water—alto¬ 
gether different laws express the phenomena 
(these laws, also, are in keeping with experi¬ 
mental results ; Nernst, Z. P. C. 8,110 [1891]). 

Reaction velocities. There are many so- 
called catalytic processes that are brought about 
by the H ions of acids—for instance, the inver¬ 
sion of cane-sugar, saponification of esters, &o. 
According to the theory, the velocity with which 
these reactions take place must depend only on 
the number of H ions that are present, and not 
on the nature of the reacting acid. This con¬ 
clusion is confirmed by experience (Arrhenius, 
Z. P. C. 4, 226 [1889] ; cf. kermin, vol. i., 
especially pp. 77-81). 

Division of a base between two acids present 
in equivalent quantities. Thomsen made in¬ 
vestigations regarding the quantity of a base 
(NaOH) that reacts to form salts with two acids 
(e.g. HCl and HF) added in equivalent quantities. 
He found that, in the case quoted, 95 p.e, NaCl 
and only 6 p.o. NaF were formed in dilute 
aqueous solution. It may be deduced from the 
theory that the quantities of NaOH combining 
with the two acids (HOI and HF) are in the 
same ratio as the extents of dissociation of the 
acids at the same dilation. The observations of 
Thomsen and of Ostwald agree extremely well 
with this deduction from the theory (Anhenius, 
Z. P. a. 6, 14 [1890]; qf. Anrarm, vol i 

p.81). 
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Jnflutkc* cf imptfaiur* M mto of iotuHm. 
U ■ noelT ima sqaall; powdered gnbstance is 
shaken with a solvent at two different tempera¬ 
tures, fora very short time, the rapidity of soln- 
tion is found to increase rapidly with the tem¬ 
perature. For instance, the rates of solubility 
in water of cream of tartar and benzoio acid 
increase between 0° and 17° in the ratios 1:3-8 
and 1:31. 

So-called solid solutions. Palladium is able 
to take op much H, but the mixture retains the 
solid form. There is, therefore, here no proper 
solution; nevertheless, van’t Hoff has shown 
that the laws which hold good for solutions are' 
valid for this phenomenon also (Z. P, C. 6, 322 
[1890]). There is formed at first an alloy, 
I’d^H, which possesses a definite dissociation 
pressure. If the pressure of the H is increased 
more H is absorbed, and the quantity absorbed 
is in direct proportion to the excess of pressure 
of the H. Henry’s law, therefore, holds good. 
On this ground van’t Hoff called mixtures 
similar to this ‘ solid solutions.’ Solid solutions 
of thiophene and benzene have been examined 
by van Bijlert {Z. P. 0. 8, 343 [1891]). 

Reals of solution. A considerable quantity 
of heat is generally produced during the solu¬ 
tion of a substance in a solvent. The heat of 
solution of a substance is defined to be the 
quantity of heat that appears during the solu¬ 
tion of a gram-molecule of the body in much 
water. The following table gives the heats of 
solution of some of the commoner substances. 
Most of the numbers are taken from 'Thomsen 


3,19o). 

Gases. 


Chlorine CI^ . e • « 

4870 

Carbon dioxide CO, • . 

6882 

Ammonia KH, . • . 

8430 

Hydrogen fluoride HF a • 

11800 

„ chloride HCl • • 

17310 

„ bromide HBr • • 

19940 

M iodide HI • • 

19210 

„ sulphide H,S • « 

4.5110 

Sulphur dioxide SO, • . 

7700 

Liquids. 

Methyl alcohol CH,,.OH . 

2000 

Ethyl „ C,H,.OII. 

2340 

Propyl „ CjHj.OH. 

3050 

Ether (CjH,),0 

6910 

Acetic acid CjH,O.OH . , 

420 

Sulphuric acid H^SO, . . 

17850 

Solids. 

Caustic potash EOH 

. 12500 

„ „ hydrate KOH.2HjO 

. -30 

liithium chloride LiCl . . . 

. 8440 

Sodium „ NaCl ... . 

. -1180 

Potassium „ ECi . . . 

. -4440 

Sodium bromide NaBr . 

. -190 

,„ „ hydrate NaBr.2H,0 

, -4710 

Potassium sulphate E^SO, . 

. -6380 

Mercuric chloride HgCl, . 

. -3300 

Sodium acetate NaOAO, • • 

. 4200 

Sodium benzoate NaCjH^O, . . 
Benzoio acid 0,H,.CO^ . . 

. 800 

. -6700 

Bilvet chloride A^ . • . 

'.-15800 

„ bromide AgBr • . 

.-20200 

„ iodide Agl . • • . 

,-26600 

Cane sugar • • • 

. -800 


VolwM ehemfis oeeompanying sdution. In 
most oases the solution of a substance in water 
is accompanied by a considerable amount of 
contraction. For instance, a mixture of 100 o.a. 
alcohol withlOO c.c,wa termeasures only 192'8a.o. 
at 18°. The contraction may be so great that 
the volume of the solution is leas than tha 
volume of the water need as solvent: for in¬ 
stance, when Na,COs, NaOH, or LiOH is dis¬ 
solved in much water. The following table 
shows the volume change, in c.c., that takes place 
when one gram-equivalent of some of the most 
important compounds is dissolved in much 
water—e,j. in 19 litres:— 



n 

Ntt 

E 

NH. 

OH 

. 18 

- 6-8 

3-6 

— 

Cl . 

. 18-3 

16-6 

26-9 

87-4 

NO, 

. 29 0 

280 

38-6 

48-2 

ISO, 

. 16-2 

6’4 

15-7 

24-2 


A mixture of 40 grms. NaOH with 10 litres 
water occupies, therefore, a volume of 9994’2c.o. 
only. 

When the solvent is other than water an 
increase of volume sometimes takes place; for 
instance,- a mixture of 100 o.o. alcohol with 
100 c.c. CSi occupies about 202 c.c. 

Specific heats of solutions. 'The water value 
of a solution of a salt in water is not equal to, 
but is generaliy less than, the sum of the water 
values of the water and the salt. In a few cases 
this decrease is so great that the water value of 
the solution becomes less than that of the water 
used as solvent. Tho following data show tl)e 
water values of one gram-equivalent of the chief 
salts in extremely dilute solutions (according to 
the determinations of ’Thomsen):— 



11 

Ks 

K 

NH. 

OH 

18 

-27 

-38 

— 

Cl 

-23 

-10-3 

-30 

-13 

NO, . 

-10-7 

- 8-7 

-16 

7 

■iso. . 

9 

-25 

-36 

-16 


The water value of a solution of 40 grms. NaOH 
in 10 litres water, for instance, is not only not 
greater than that of tho water alone (10,000), 
but is distinctly smaller (9,973). 

Deviations sltown by ccmcenlrated solutims. 
The laws that have been stated lor the osmotic 
pressure, the lowering of freezing-point, the 
raising of boiling-point, and the lowering of 
vapour-pressure, brought about by substances in 
solution, are valid, strictly speaking, only for 
very dilute solutions. Deviations from these 
laws occur when the solutions are more concen¬ 
trated. Sometimes tho observed values are 
smaller than those theoretically deduced. In 
such cases it is supposed that molecular aggre¬ 
gates are formed. This occurs, for instance, 
with solutions in benzene of oxims, alcohols, 
phenols, and fatty acids, and also with fairly 
concentrated aqueous solutions of the sulphates 
of Mg, Cu, Zn, and Cd, and Cdl, (Beckmann, 
Z. P. 0. 2, 737 [1888]; ‘-rrhenius, Z. P. 0. 2, 
49G [1868]). On the other hand, most concen¬ 
trated aqueous solutions give values greater tbw 
the calculated values; this is made especiaUy 
evident by Tammann’s iuvestigationa into the 
vapour-pressures of salt solutions at 100° (AfSm. 
de VAcad. ds Si. Pitersbourg [7] 1, 86 ^o. 9. 
1887]). An explanation of ttiia behavionx has 
been sought tot in the attraction between tb< 







ioWent and the diasotved aabataaw (Airheniait;'^ 
Z. P. 0. 10. 40 [1892]). 8. A. 

SOLUTIONS n. The view that hydrates exist 
In aqneons solutions, and analogous compounds 
in non-aqneous solutions, is one which has long 
been held by many chemists; it is only in the 
last few years, however, that the hydrate or 
association theory has assumed a precise form, 
and that definite experimental evidence in 
support of it has been accumulated. In giving 
some account of the present position of this 
theory it will be convenient to collect the evidence 
on wfaieh it depends under the headings ‘ general ’ 
and ‘ special,’ and to discuss separately the bear¬ 
ing which recent work on dilute solutions has 
upon it. Aqueous solutions have naturally been 
more studied than solutions in other solvents, 
but these other solutions have been investigated 
sufficiently to show that they are similar to 
aqueous solutions in every respect, except as re¬ 
gards electric conductivity. Although, therefore, 
to sinfplify matters in the present article, in most 
instances aqueous solutions alone are mentioned, 
it must not be understood that the arguments do 
not apply equaRy to other cases. 

General. The changes accompanying dis¬ 
solution seem to be in every respect similar to 
the recognised accompaniments of chemical 
combination: evolution of heat, a more or loss 
profound alteration in the nature of the reagents, 
and an irregular variation in the properties of 
the resulting solution with regular variations in 
the proportions of dissolved substance and sol¬ 
vent. Nor reasons which will be mentioned 
below, these irregularities may often not bo very 
pronounced, but it may safely be stated that 
every attempt which has been made to express 
the properties of any series of solutions by a 
simple expression agreeing, within the limits of 
experimental error, with the observed values 
throughout a wide range of concentration has 
been unsuccessful. 

The affinity which a large number of sub¬ 
stances possess for water, as evidenced by the 
many solid compounds which they form with it, 
and by the heat evolved in their formation, 
renders it primi facie extremely improbable 
that these subatanoes should exist in presence 
of excess of water without combining with it. 
It is, moreover, those very substances which ex¬ 
hibit the greatest tendency to form solid hy¬ 
drates which are generally most soluble. A 
more careful study of the thermal plgenomena of 
solutions places this argument beyond the range 
of mere speculation. From the known heat of 
fusion of water and of a few anhydrous salts we 
can obtain a very close estimate of what the heat 
of fusion of any hydrated salt would be, if no 
change beyond the mere passage from the solid 
to the liquid coiidition occurred; with hexa- 
hydrated calcium chloride, for instance, the heal 
of fusion under such circumstances would be 
11,000 to 12,000 cal., and on the most exaggerated 
estimate could not exceed 14,000 cal., whereas if 
decomposition as well as mere liquefaction oc¬ 
curred the beat absorbed would be at least 26,000 
eal., since the heat of fusion of the 6H,0 alone 
is 9,500 cal., and the heat of combination of 
DaCl, with 6H,0 (both solid) is 14,500 oal. The 
gbserved heat of fusion, however, is only 11,417 
Nth, • value which disproves that any oonsidec- 


ouired dnnng £^hrii^-4.s. ttib coffibinatim 
which existed in the solid must exist also in the 
liquid. The data in the case of sulphuric acid 
afford more striking evidence of a similar 
character. The beat of. combination of solid 
water with the solid acid to form the solid mono¬ 
hydrate is 6,550 cal., and if, when the reagents 
are mixed in the liquid condition, they do not 
combine chemically, far less than this amount 
of heat would be evolved; whereas the heat 
actually evolved is found to be almost identical 
with the above, namely 6,667 oal. 

The separation of a crystalline hydrate from 
a solution is an argument to which due weight 
has hardly yet been attributed in favour of the 
existence of that hydrate in the solution, al¬ 
though not necessarily in large quantity. If 
there are no molecules of the hydrate existing as 
such in the liquid, these must have been de¬ 
posited in the solid form at the moment of their 
formation, whereas we know that whenever de¬ 
position occurs simultaneously with formation, 
as in the precipitation of an insoluble salt, the 
substance is deposited in the amorphous and 
not in the crystalline condition. 

If, as would appear to be the case, it is neces¬ 
sary to admit the existence of hydrates in con¬ 
centrated solutions, it is necessary to admit 
their existence in dilute solutions also. The mass 
action of an excess of one or other of the con¬ 
stituents of any composite fluid is well known, 
and is universally accepted; it must operate with 
hydrates as much as with other substances, and 
must do one of three things: either (1) it must 
increase the stability or amount of the particular 
hydrate present, or (2) it must combine with it 
to form a higher hydrate (it it is the water of 
which excess is added), or (3) it may decompose 
the hydrate by reacting with the non-aqueous 
constituent of it to form new compounds, as 
when free alkali and acid are produced (a de¬ 
composition, however, which can be proved in 
many cases to occur to but a negligible extent), 
but in no case could excess of water decompose the 
hydrate taken so as to liberate the dissolved sub¬ 
stance in the anhydrous condition. The thermal 
phenomena of solution afford important evidence 
in this case also; to interpret them properly, 
however, it must be remembered that the disso¬ 
lution of a substance in excess of solvent entails 
the separation of the particles of that substance 
from each other to the same extent as if it were 
vapourised, and that to effect this separation the 
same amount of heat must be absorbed in either 
case. The heat evolved due to the reaction of a 
liquid with excess of solvent is, therefore, the 
observed heat of dissolution minna the heat 
absorbed in vapourisation, and, in the case of a 
solid, the heat of fusion as well as that of 
vapourisation will have to be subtracted. Making 
allowance for these so-called physical changes, 
we find that the formation of every concentrated 
solution—that is, a solution which contains 
hydrates -is accompanied by the evolution of 
heat, and inasmuch as, with the same allowance, 
dilation is always accompanied by a farther 
evolution of heat, the action of the diluent 
cannot be regarded as a reversal of the initial 
reaction, but rather as an extension and com¬ 
pletion of it, the hydrates present in tbs eon* 
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iimplifira ty uubmng a gas, instead of a 
Uqmd or soUd, and adjusting the pressure of 
the gas or the quantity of solvent so that the 
former oocupies the same volume after as before 
dissolution, we still find that a very oonsider- 
able evolution of heat occurs; with the haloid 
acids this is as much as 17,000 cal., and though 
this may be glossed over by some of the advo¬ 
cates of the physical theory by stating that the 
decomposition of the acids into their ions, which 
they consider occurs, evolves a very large amount 
of heat, no such explanation can be offered in 
oases where no such decomposition is imagined, 
and it has been proved that the dissolution of 
gaseous non-electrolytes both in water and in 
other solvents is accompanied by the evolution 
of as much as 5,000 to 14,000 cal. In the face of 
such a considerable loss of potential energy, it is 
impossible to maintain that the substances 
losing it remain unchanged, and that the dis - 
solved substance can, in any true sense, be still 
gaseous and uncombined with the solvent. It is 
important to note that van der Weals, through 
a different line of reasoning, has arrived at the 
same conclusion as to the necessity of recog¬ 
nising some action evolving heat between the 
substance and solvent, even when the former is 
in the so-called dissociated condition. 

Amongst the general considerations favour¬ 
ing the view that dissolution consists in the 
formation of liquid compounds, not the least im¬ 
portant is that this gives us some intelligible 
reason for dissolution occurring at all, whereas 
if the solvent is regarded as being inert and 
only playing the part of so much empty space' 
(as some of the advocates of the physical theory 
have maintained), wo have no explanation of 
why dissolutions occur; the presentation of 
empty space to a stable solid does not make the 
latter fill the empty space, and even attributing 
dissolution to the possession of a certain ' solu¬ 
tion pressure ' by the dissolving substance would 
appear to amount to no more than stating that 
a substance dissolves because it does do so. 

Special, Berthelot determined the heats of 
dissolution of various series of solutions of dif¬ 
ferent concentrations, and concluded that his 
results when plotted out showed the presence of 
changes of curvature or inflections at certain 
points, indicative of the existence of hydrates in 
the solutions. In many cases he adduced various 
special considerations in support of the existence 
of the hydrates thus indicated, but his determina¬ 
tions were not suHlciently numerous or accurate, 
nor were his methods of examining them suffi¬ 
ciently precise, to lead to more than vague con¬ 
clusions Thomsen’s investigations on the same 
subject were equally unsatisfactory; he sought 
to ^sprove the existence of any such changes 
of curvature by finding empirical equations to 
represent each series of results, but in the four 
oases which be thus investigated the equations 
deduced express but a small portion of the whole 
series, leaving in the remainder errors ten and a 
bundmd times greater than the experimental 
error. MendeUeff next took up the question 
from a different point of view. Theoretical con¬ 
siderations led him to conclude that solutions 
wnsistbd 9t hydrates aooording to the 


Mio'iatoi and that, it not mor« 

than two kjrditktn were ever present together in 
,the 8amesoiatioD,there would be definite changes 
of curvature in the figures representing the pro¬ 
perties of the solutions at the concentrations cor- 
respondingto these hydrates; that is, that the rats 
of change in the property with change of concen¬ 
tration would be different when the solutions con¬ 
sisted of the hydrates A and B from what it would 
bo when they consisted of B and 0, so that there 
would be a change at a concentration correspond¬ 
ing to the composition of B, and farther, he con¬ 
cluded that these rates of change (first differen¬ 
tial co-cfttcients) in the case of the densities 
would be rectilinear functions of the percentage 
composition between the points A and B, B and 
0, &e. (It should be noticed in passing that 
the idea which lies at the root of Mendeldeff s 
conception—and, to a certain extent, of Ber- 
thelot’s also—is that the water in any solution is 
nearly entirely combined with the dissolved 
substance, and not merely that the solution con¬ 
sists of a simple hydrate mixed with excess of free 
water.) That the concentration-rate of change 
of the densities is representabU, within experi¬ 
mental error by a series of straight lines is pro¬ 
bably true in many cases, but in the two cases 
on which Mendelleff chiefly relied for proof 
these first differences are conspicuously curvi¬ 
linear throughout. The reason of this, doubt¬ 
less, is that solutions of a given concentration 
generally contain more than the two hydrates 
which he postulated. Eoozaboom’a work on 
ferric chloride, and Pickering’s on sodium hy. 
droxide, render it probable that five or six 
hydrates may co-exist in the same solution; at 
any rate, as many as four have actually been 
obtained from certain solutions. Pickering next 
attacked the subject from a purely experimental 
point of view. The distinctive feature of his 
work is the search for changes of curvature 
(breaks) by the application of a flexible lath to 
his plotted results. A lath bent by the applica¬ 
tion of two couples near its extremities forms, 
for all practical purposes, a curve of a very simple 
nature; and it has been proved that the use of 
such a lath is tantamount to, and leads to pre¬ 
cisely the same conclusions as, the application of 
ordinary parabolas with three or four constants 
deduced mathematically from the experimental 
values; and in several respects, besides expedi¬ 
tiousness of application, this method is superior 
to the mathematical method. The mere fact that 
a certain figure may be represented accurately 
by a scries of parabolas is by itself no proof that 
it really consists of these independent curves, any 
more than the existence of breaks can be dis¬ 
proved by finding an artificial equation which 
will bridge them over; the correctness of any 
particular form of representation can bemeasured 
only by the results to which it leads, and in this 
respect the discontinuous expressions would ap¬ 
pear to be highly satisfactory. The positions of 
the breaks are not depeudent on the taste of 
the draughtsman: the figures examined seem 
to split up naturally into certain sections only, 
and when drawn in these sections it was foun^ 
in some dozenk of series of experiments, that the 
apparent error of the paints agreed within 6 or 
10 per cent, with the known experimental error 
(though in a groat number of the oasoa tb« tnis 
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after the drawings were made}» whareu dr&wiagl 
of a similar oharaoter, but placing the breaks at^ 
other points, or drawings obliterating the breaks 
altogether, represented the error of the points to 
be far larger, often 10 or 100 times larger, than 
the known experimental error. It must be re> 
marked that, once the magnitude of the ezperi* 
mental error is known with certainty, no draw¬ 
ing can be accepted unless it agrees closely with 
it, and Pickering has devised a method by which 
the experiments error can be accurately deter¬ 
mined independently of any considerations other 
than the examination of the hnal results them¬ 
selves ; he has also devised a means of obtaining 
a numerical estimate of the acceptability of any 
drawing, by combining together the various 
factors which are usually taken as affording a 
criterion of acceptability. Again, when sections 
of increasing lengths are taken, and these are 
represented by single parabolas, or bent-lath 
curves, there is little or no increase in the ap¬ 
parent error of the points till the sections extend 
beyond a point where one of the supposed breaks 
exists, but as SQpn as they do so there is a large 
and sudden increase, indicating that some real 
change at the point in question exists. Moreover, 
it has been shown that in a case where two para¬ 
bolas will represent a series of results perfectly, a 
single parabola will not do so, even if it contain 
as many constants as tlie two parabolas together 
contain. The strongest argument, however, in 
favour of the reality of these breaks is that the 
various properties of any series of solutions, al¬ 
though they form figures differing from each other 
widely in general form, are yet all thoroughly 
concordant as to the positions at which the 
breaks occur. The properties of sulphuric acid 
which were investigated were tho densities at 
four temperatures and the contraction on mixing 
deduced from them, the heat of dissolution, the 
thermal expansion, the electric conductivity 
(Eohlrauscb’s values), and the thermal capacity; 
subsequently also the freezing-points and van 
der Wiiligen's values for the refractive indices 
were investigated. Perkin also found indications 
of two of tho breaks in his determinations of tho 
magnetic rotations, and still more recently F4ry 
has recognised some other of the breaks in his 
own measurements of refractive indices. Three 
different properties were also examined by Picker¬ 
ing in the case of calcium chloride and nitrate, 
and were found to show a similar concordance. 

That the breaks are really due tCt, and indi¬ 
cate the presence of, compounds in solution is 
shown by the fact that, not only in the cases 
above mentioned, but also in many others where 
o^er solvents besides water were used, they 
Uwava occur at points which correspond within 
Bmall limits with definite molecular proportions 
—wherever, that is to say, the proportion of sub- 
stanoe to solvent is suiUciently simple to pnuit 
of any conclusions at all being drawn in the 
matter. Further evidence on this point was also 
afforded from a study of the freezing-points of 
fourteen of the alkyl amines, where, with one ex¬ 
ception, hydrates of the very compositions indi¬ 
cated by breaks in the case of some of the amines 
were isolated in the orystaliine condition in the 
case of the others. Finally, as a more striking, 
though perhaps not more cogent, argument, we 
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which had been foreshadowed in the properties 
(chiefly densities) of the solutions—namely, 
HBr.8H,0. HBA4BLO, HCl.SiiO, 
HN 0 ,.H. 20 ,and HN0,.3H20—the fast three belilg 
especially conspicuous examples, for the only 
marked breaks which the densities showed 
coincided with the only hydrates which were 
subsequently isolated. 

Two important features of the conclusions 
drawn from the above-mentioned work on sul¬ 
phuric acid should be mentioned: firstly, the 
large number (18-20) of hydrates of which in¬ 
dications were obtained; secondly, the complex 
nature of hydrates in very dilute solutions. Any 
improbability which might be considered to 
attach to the former conclusion (though, in 
reality, no data exist on which to found any 
estimate of the probabilities in such a case) is 
removed by the fact that a still larger number of 
hydrates /when equal ranges of concentration are 
compared) have been isolated in the crystalline 
condition from solutions of sodium hydroxide. 
The complexity of the hydrates indicated ex¬ 
tends up to compounds with hundreds and even 
thousands of molecules of the solvent, but, with 
the explanation to bo mentioned below as to 
their possible constitution, theso hydrates can 
scarcely be branded as improbable; at any rate, 
the breaks which indicate their existence appear 
to be precisely similar in nature to those which 
indicate the presence of tho simpler hydrates. 
Pickering has investigated the freezing-points of 
many dilate solutions besides those of sulphurio 
acid, and has found that nearly all of them show 
indications of similar changes, and those recog¬ 
nised in the cases of sodium chloride and sulphuric 
acid have received further confirmation from a 
scries of results made by H. Jones; a confirma¬ 
tion of special importance, since Jones's deter¬ 
minations were made with the view of disproving 
the existence of breaks.' Complex hydrates, 

! though of a comparatively small degree of com- 
I plexity, would appear to exist in regions other 
i than those of very dilute solutions; two such 
' were indicated in the neighbourhood of the 
monohydrale of sulphuric acid, and a similar 
one, perhaps another also, has been isolated in 
the case of soda. These are probably compounds 
of two different hydrates. 

It is important to note that the changes of 
curvature here described need not necessarily 
be absolutely abrupt. On the strength of ex¬ 
perimental evidence only, where experimental 
error necessarily exists, it is obviously impossible 
to prove or disprove the abruptness of any change, 
and no satisfactory mathematical theory has yet 
j been formulated to lead to any views on the 
I subject. It is sufficient for the purpose that com- 
I paratively abrupt changes exist. Nor should it 
! be expected that these changes would necessarily 
be of a very marked character, for a large pro¬ 
portion of the factors determining the properties 
of solutions must be of a purely physical or even 
mechanical character; the densities of sulphuric 
acid solutions, for instance, must rise more or 
less gradually from 1 to 1*85, and it is only in 

* It should be noted that Jones himself asserts that his 
resultsentirely disprove Plokeriog's * breaks' 
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tbftt we urn ezpeot to find eyidenee of totor- 
mediate oompoonda. 

Application of the hydrate theory to e^lain 
the properties of dUUte solutions. Diversity and 
irregularity are some of the most marked features 
of the properties of concentrated solutions, and* 
though in ^lute solutions these irregularities 
are much loss conspicuous (as, indeed, we should 
expect them to be when the hydrates present 
become excessively complex and, consequently, 
excessively unstable), they are still recognisable, 
and it is only in the most extreme dilution, 
where the experimental error amounts to a large 
fraction of the total quantities measured, that 
the results can be expressed within the limits of 
this error as an apparently regular function of 
the concentration. It may safely bo stated that 
any purely physical theory which confines itself 
to regions of extreme dilution, and which ignores 
some of the most marked features of dissolution, 
as well as the mass of direct evidence showing 
the existence of compounds in solution, cannot 
be accepted as a complete theory; nor, on the 
other hand, can the hydrate theory of solutions 
be accepted as satisfactory unless it can be- 
shown to be consistent with the two main 
characteristics of weak solutions—the apparent 
quasi-guscous independence of the dissolved 
substance in dilute solutions, and the approxi¬ 
mately accurate results which arc obtained when 
calculations are based on the assumption that 
electrolytes in dilute solutions are dissociated 
into their ions. However important the ser¬ 
vice rendered to science by the gaseous and 
dissociation theories of solution, there are many 
fundamental objections which militate against 
their universal acceptation. They offer no satis¬ 
factory explanation of why substances dissolve 
at all, and still less why water alone, of all 
ordinary solvents, should resolve salts, Ac. into 
their ions. These ions are represented to be 
atoms charged witli enormous dectric charges, 
but no explanation is given of the origin of these 
charges, or of the peculiarities which they are 
supposed to exhibit; two atoms oppositely elec¬ 
trified are represented as being less combined 
than when not charged at all; the charged 
atoms are represented as swimming about in the 
water without decomposing it, and without 
giving up their charges to their oppositely electri¬ 
fied companions, although they can part readily 
with them to an electrode; and to explain the 
thermal phenomena of solution, it has to bo 
boldly assumed that the decomposition of mole¬ 
cules (elementary or composite) into charged 
atoms often evolves a considerable amount of 
heat, and consequently that the charging of an 
ordinary atom must be a process which evolves 
heat also. The only crucial experiment which 
has so far not been susceptible of an opposite 
interpretation seems to disprove any real dis¬ 
sociation of electrolytes. The lowering of the 
freezing-point of a solvent is accepted as afford¬ 
ing a measure of the number of acting units 
(molecules or ions) in any substance added to 
it, and when, for instance, to some acetic acid 
a weak solution of sulphurio acid is added, the 
depression produced proves' that the latter con¬ 
tains fewer acting units than the water and sul- 
(diuho acid dp separately, instead of moret as 


irould ¥e tha eaae^the sulphurio acid molecules 
had to be split up toto independent ions. 

, In a paper in the Berichte^ Pickering hai 
offered an explanation of the behaviour of dilute 
solutions based on the hydrate theory and on 
the views held by him as to residual affinity. 
The explanation may be rendered more in¬ 
telligible by representing chemical attraction, as 
we represent electrical attraction, to be due to 
* charges’ on the surfaces of the attracting 
matter, but inalienable from the matter, owing 
to a repulsive force between the atoms similar 
to that which produces elasticity preventing the 
atoms ever coming close enough together to 
allow of the charges combining. The charges 
are represented as being always self-attracting. 
Each atom possesses one or more unit afiinity- 
charge according as it is a monad or a polyad: 
with a free atom the charge would be uniformly 
distributed over its surface, whereas when two 
atoms are combined the greater part of the 
charges would be drawn to those sides of the 
atoms facing each otlier; but, as in the case of 
electric charges, a certain amount would still be 
left on the further sides capable of acting on, and 
being acted on by, other atoms or molecules in 
like condition, this residue, or unbound charge, 
forming what appears as residual affinity. As 
in the case of electrical charges, the nature of 
the matter composing different atoms will cause 
different degrees of mobility in the charges on 
^beir surfaces, and hence different pairs of atoms 
will be held together with different degrees of 
firmness, and different molecules will exhibit 
different amounts of residual affinity. When a 
molecule A B, possessing a certain amount of 
residual affinity, is surrounded by a number of 
other molecules CD possessing residual affinity 
also, the two residual charges will react on each 
other and increase the amount of the charges on 
the external portions of the molecules, leaving a 
smaller amount of charge on the portions of A 
and B which face each other; in the same way 
the charge on C will be partially withdrawn 
from the surface facing D, and will be able to 
retain a smaller amount of D's charge on the 
portion of D which is next to it, so that D will 
exhibit more residual affinity than formerly, 
and will be able to react in a similar manner 
on its neighbours, C' D'. Thus, by a process pre¬ 
cisely analogous to electric induction, the 
number of molecules of 0 D which are acted on 
by, and ore more or less combined with, A B 
may be verf large, and far greater than .the 
number which are capable of coming ii)to its 
immediate vicinity. The existence of the very 
complex hydrates which have been recognised in 
dilute solutions is thus easily explicable. It it 
evident that a molecule when thus surrounded 
by, and combined with, a large number of 
solvent molecules will be attracted equally in 
every direction, and as the magnitude of the 
force exerted on it by each individual solvent 
molecule must be very small, it will be able to 
move easily in any direction, especially as any 
of the solvent molecules from which it parts 
during the process will have their places 
supplied at once by other similar molecules, of 
which, owing to continuous dissociation and re¬ 
combination, there is an abundant supply in the 
liquid. Tlius, lAto whatever new position the 
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Mntral miueoiua moTM, VuilMiit f»o a»tt it 
immediately reproduced, as^ ooneeqoeDtly, iha 
molecule will more almost unfettered by tbs 
presence o! the solvent, and will act almost as 
if it were in the gaseous state. We thus obtain 
at once an explanation of why the application of 
the ordinary gaseous laws to dilute solutions 
fields veiy nearly true results; we should, 
indeed, expect that they would not bo absolutely 
true, for certain definite numbers of solvent 
molecules would be capable of a more symmetri¬ 
cal arrangement about the central molecule than 
others,and such arrangements (definite hydrates) 
would be more stable than others, and the ten¬ 
dency to form them might have an appreciable 
effect on the regularity of the results: small 
irregularities of this sort arc exactly what we 
find in the case of those dilate solutions which 
have been fully examined. 

It is obvious that as the quasi gaseous free¬ 
dom of the molecule is dependent on its being 
combined with the solvent, this freedom obtains 
only so long as the molecule remains within 
the solvent, and would not admit of the possi¬ 
bility of its having the liquid, or of exerting 
an external gaseous pressure; for the same 
reason it wodd be impossible for it to pass 
through aiyr crevice so small as not to allow it 
to retain as many solvent molecules as it was 
combined with in the solution. This gives us 
on explanation of the action of scmipermeable 
diaphragms and all the phenomena of osmotic 
pressure; it, moreover,removes a dilliculty which 
must be experienced in accepting the explana¬ 
tion given by the supporters of the physical 
theory of the action of these diaphragms—why 
it is that,the water molecules (which are ad¬ 
mittedly combined in great part into complex 
aggregates) can so easily pass through interstices 
which are impervious to what are held to bo the 
single free molecules and ions of the dissolved 
substance. Direct experiment would seem to 
decide conclusively in favour of the explanation 
of osmotic pressure given above, for, when a 
suitable solution in a porous pot is immersed in 
either of the substances which compose the 
solution, osmosis through the pot towards the 
solution occurs in both cases, showing that 
osmotic pressure is not due to the impermeability 
of the pot to either of the constituents of the 
solution, but to its impermeability to the solution 
as a whole. 

In a case where the atoms of the dissolved 
molecule possessed a considerable amount of 
residual affinity, the action and reaction between 
them and the solvent molecules would, in every 
respect, be proportionally great, and, con¬ 
sequently, those portions of the whole charges 
which are utilised in uniting the component 
atoms of the dissolved substance would be re¬ 
duced, and, in extreme cases, might be reduced 
to the lowest possible limits—that is, till the 
amount of affinity utilised in holding them 
together was equal to that utilised in attaching 
them to the solvent molecules, in which case 
there would be an equal distribution of the 
affinity charges over the atoms. The atoms 
composing a molecule in such a condition would 
have a great amount of freedom of motion within 
the molecule; being attracted equally in all 
directions, ttiey would be at liber^ to start to 
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might atidn considerable amplitude nnder 
suitable oonditlons ae to the rate at which tha 
forces between them varied with the distance; 
lor to explain the apparent independence of the 
atoms, and therefore the abnormal osmotic 
-pressure of a salt molecule, ‘ it only requires,’ 
according to Fitzgerald, ‘ the space within which 
[the atoms] are bombarding about to be small, 
compared with the epaoe rate of variation of' 
the force between [them].' The atoms of the 
two molecules in such a condition would ob¬ 
viously change partners very readily daring 
collision, and this gives us an explanation of 
why each an interchange does take place when 
two diSerent salts, <kc., are mixed. This ready 
exchange, moreover, would take place con¬ 
tinuously, and in a definite direction, nnder the 
inflnenoe of any external force, such as a charged 
electrode, a Grothiiss’ chain being formed, and 
we should consequently expect to find that sub¬ 
stances in this condition—i.e. those which give 
abnormally large osmotic pressures—were elec¬ 
trolytes; this is so: and since, moreover, ihe 
amount of electrolysis occurring in a given time 
under a given force would be proportional to 
the number of molecules in the condition postu¬ 
lated, it follows that this number—and, there¬ 
fore, the osmotic pressure—could be calculated, 
at any rate approximately, from the conductivity. 
In short, whatever calculations hold good on the 
assumption that the atoms in the molecules are 
absolutely independent will also hold good if 
they are assumed to be in the peculiar condition 
of combination here described—a condition which 
is brought about by their great tendency to 
combine with the solvent, and not by a tendency 
to part company for no assignable reason. On 
the present view also it is possible to understand 
why it is that salts and acids are generally 
electrolytes, and why water is the solvent which 
makes them electrolytes, for both salts and water 
are composed of elements which have a strong 
attraction for elements of an opposite character, 
and in such a case the residual affinity of both 
the elements (basyloua and chlorous) constitu¬ 
ting the salt would be acted on by that of the 
two opposite elements constituti^ the water, 
and we would get an amount of mutual reaction 
which would be impossible in the case of other 
substances. 

The memoirs referred to in this article are; 
Berlhclot, Mdc. Chim. 1, S94; 2,142 ; Thomsen, 
Tiiennoehem. Vniersuch. 8, 1-216; Mendeldeff, 
The Investigation of Aqueous Solutions according 
to their Specific Gravities (1837); also The Prin¬ 
ciples of Chemistry ; and C. J. 62, 779; Eooze- 
boom, Z. P. C. 10, 477; Fdry, C. R. 116,1309; 
Van der Waals, Z. P, C. 8, 214; Perkin, 0. 1. 
63,70; Jones, Z. P. G. 11, 112, 636; 12, 623; 
Pickering, 0. J. 63,865; 55.14; 67,16,331; 63, 
99,141,436,890,998; P. M. [6] 29,427; 80,400; 
32,20,90,478; 33,132,436; 34,35; 35,127; 86, 
111 ; Z. P. 0. 6,10; B. 24,277,1579,3317, 3328, 
8629; 26, 1099, 1814, 1689, 1864, 2011,2618, 
8434; 26,277,1221,1977,2307,.2766; 27,80,67; 
0. N. 67,116; 63,290,305 ; 64,1,311. 8. U. P. 

SONNFlfSCHEtK'S BEAOENI. Prepared 
by adding phosphorio acid to a warm solution 
of ammonium molybdate in nitrio acid, boiling 
the pp. with aqua regia fo destroy evapo- , 
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' tktiag to drjrness, and dtesolring In 10 p.o. nitrio 
•old (A. 104, 45). Tbi« reagent gives ;fellov 
pps. with alkaloias. 

80FH0S1N. 8. ‘009 in the oold; ’5 at 100°. 

B. (alcohol) 'S in the oold j 7 at 78°. Obtained 
from Chinese yellow berries, the undeveloped 
flower buds of Soptiora japonica (Stein, J.pr. 68, 
899; 85, 851; 88, 280; Spiess a. Sostmann, /. 
1865, 687; Iturster, B. 15, 216). Decomposed 
by boiling dilute 11,80, into isodulcito and 
yellow sophoretin, which resembles quercetin. 

80FHOB1NE. An alkaloid obtained from 
the pods of Sophora speciosa (Wood, Ph. [3] 8, 
1047). Liquid, forming a crystalline hydro¬ 
chloride, which gives a deep-red colour with 
FeOlj. Poisonous. A poisonous alkaloid may 
also be obtained from the seeds of Sophora to- 
mentosa (QresholT, B. 23, 3539). 

SOEBIC ACID 0,H,Oj i.e. 
CH,.Cn;CII.Cn:CH.CO,H. Mol. w. 112. 
[134-6°]. (228°). H.C. 730,000 (Ossipofl, J. B. 
20,650). Heat of neutralisation: Gal a. Werner, 
Bl. [2] 46, 802). Occurs in the juice of unripo 
mountain-ash berries (Hofmann, 0. J. 12, 43; 
A. 110, 129). The jnice is partially neutral¬ 
ised with milk of limo, decanted from acid cal¬ 
cium malate, and distilled after addition of 
IIjSOj. Needles (from dilute alcohol), v. sol. 
alcohol and ether, m. sol. hot water, volatile 
with steam. Partially decomposed on distilla¬ 
tion (Barringer a. Fittig, A. 161, 307). Has no 
odour. Br in CS; forms tetra-bromo-hexoio 
acid [179°] and di-bromo-hexenoio acid [90°-95°]. 
Fuming HBr forms di-bromo-hexoio acid [68°] 
(Stahl, B. 9,120). Very dilute alkaline KMnO, 
at 4° gives aldehyde, racemic acid, oxalic acid, 
and CO, (Doebner, B, 23, 2376), Sodium-amal¬ 
gam forms hydrosorbio acid. 

Salts.—BaA',. — CaA',: silvery scales.— 
AgA'; white crystalline pp. 

Ethyl ether BtK'. (195‘6°). Liquid. 

Chloride C,H,OCl. Converted by NH, and 
aniline into crystalline C,H,O.NH, and 

C, H,O.NHPh respectively. 

Hydrosorbio aoid v. Hkxenoio lom. 

Isosorblc acid i>. Hexinoio acid. 

Beference .—Oxt-sokiuo acid. 

SOEBIlfOSE C.H.,0, U. 
CH,(OH).(Cn.OH),.OO.CH,OH(?). S.G. >-51-654. 
[«])=-47° at 7°. 8. 200. An unfermentable 
sugar obtained from the fermented juice of 
mountain-ash berries (Pelouzc, A. Ch. (3] 35, 
292; Bysehl, J. 1854, 664 j Delfts, 0. N. 24, 76). 
The juice is left to stand for a year, and then 
Altered and evaporated. Trimetrio crystals, as 
sweet as cane sugar. Lmvorotatory, V. e. sol. 
water, si. sol. hot alcohol. Forms with NaCl a 
compound crystallising in cubes. Its aqueous 
solution dissolves CaO, PbO, and Cu(OH),. Not 
attacked by Br. Vields tri-oxy-glutario acid on 
oxidation by HNO, (Kiliani a. Soheibler, B. 21, 
8276), but no mucic or saccharic acid (ToIIens, 
A. 249, 222). HIAq and P yield hexyl iodide. 
Beduced by sodium-amalgam to sorbite (Vincent 
a. Delachanal, 0. B. Ill, 52). Not turned 
brown by hot alkalis. Beduces Fehling’s solu¬ 
tion. Bromine water yields glyooUio aoid 
(Hlasiwets a. Habermann, A. 156, 120). On 
heating sorbinose (1 pt.) on the water-bath with 
a solution of phenyl-hydrasine hydrochloride 
(8 pts.) and NaOAo (3 pts.) in water (10 pts.) it 
Yofc lY. 


yields the osazone 0 „H„N ,04 [164®], which 
crystallises in yellow needles, sh sol. hot water, 
V. sol. alcohol, T. si. sol. ether (Fischer, B. 17, 
682; 20, 827). 

SOEBnAHino ACID. Obtained from the 
^berries of Sorbus aucuparia (Vincent a. Dela¬ 
chanal, Bl. [2] 47, 492). Gives a yellow colour 
with alkalis; reduces silver salts in the cold; is 
not ppd. by alum or gelatin. Potash-fusion 
forms protooatechuie acid and phlorogiucin. 

SOKBITE C,H„0,. Mol. w. 182. [111°]. 
Wd =■ -1‘73°. Occurs in mountain-ash berries 
(Boussingault, A. Ch. [4] 26, 376); in plums, 
cherries, and the fruits of nearly all the Bosacea 
(Vincent a. Delachanal, 0. B. 108, 147; 109, 
078; 111, 62). Formed on reduction of sorbin 
and of f-gulose (Fischer a. Stahol, B. 24. 2144). 
Formed also, as well as mannite, by reducing 
glucose (dextrose) with sodium-amalgam in the 
cold (E. Fischer, B. 23, 3684; Meunier, 0. B. 
Ill, 49). Pearly crystals (containing (aq). 
Melts at 75° when hydrated. V. sol. water and 
hot alcohol. Neither ferments with yeast nor 
reduces Fehling’s solution. Lmvorotatory, 
becomes dextrorotatory on addition of sodium 
borate (Vincent a. Delachanal, C. B. 108, 364). 
HIAq yields (8)-hexyl iodide (Hitzomann a. 
Tollens, B. 22, 1048). Boiling with Ac,0 and 
some ZnCl, forms a hexa-acetyl derivative. 
Benzoic aldehyde and a little hydrogen chloride 
give 0,H|j0,(C,Hj0), crystallising in rectangular 
prisms [c. 175°]; if more aoid is present the 
insoluble compound C„H|.,0,(0,H,0), [162°] is 
formed (Meunier, 0. .B. 108, 148; 110, 677; 
A. Ch. [6] 22, 423). In like manner valeric 
aldehyde and HClAq form, on shaking, 
C„H, 30 ,(C,H, 0 )„ crystallising in prisms, sol. 
alcohol and ether. Sorbito may be oxidised to 
glucose by heating in sealed tubes with bromine- 
water at 60° and treating the product with Pb 
and PbO (Vincent a. Delachanal, C. B. 111,53). 

SORDIDIN C,JH„0,. [180°]. A neutral 

crystallisahle substance occurring in the lichen 
Zeora sordida (Paterno, J. 1876, 863). Insol. 
water, v. sol. alcohol and ether. 

SPAETElNE 0„H,«Nr Mol. w. 234. (311° 
at 723 mm.) (Bamberger, A. 235, 868). [a]„ 

= -14-6° at 26° (Bcrnheimer, 0. 13, 461). 
Occurs in the common broom, Spartium scopa- 
rimn (Stenhouso, .4. 78, 1; Mills, C. J. 16, 1). 
Prepared by extracting the plant with water 
acidulated with HjSO,, evaporating, and distil¬ 
ling with NaOHAq. The distillate is acidified 
by HCl; evaporated to dryness; and the residue 
distilled with solid KOH. The base is finally 
rectified over sodium. Heavy oil, with peculiar 
odour and bitter taste, sol. alcohol and ether, 
insol. benzene and ligroi'n (Houdd, Fr, 25, 568). 
Lasvorotatory. Turns brown in air. Alkaline 
in reaction. Narcotic poison. 

Beactiom. —1. Vields (y)-methyl-pyridine on 
distillation with lime (Ahrens. B. 21, 826).—2 
HIAq at 200° yields McI and 0„H„N, (376°), 
which forms a platinochloride [230°], an anro- 
chloride [167°], and a nitrosamine.—3. On pass- 
ing the vapour through a red-hot tube it gives 
pyridine, (y)-methyl-pyridine, 0,H„ propylene, 
NH„ HOy, and other bodies. —4. ELO, forms a 
base 0 .,H 2 ,N, 0 , 

Saits.—The hydroohlorlde is amor¬ 
phous.—B"E^tCl,2a^, Decomposed by boiling 
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watm (OeolisneT I)e Ooninok, SI. [3] 46,181).— 
B"2HAuC),. Decomposed by boil&g water.— 
B"HI: tables, m. sol. cold water.—B'^Znl,.— 
B''I,: green needles (from alcohol), insol. cold 
water.—B"H,SO,: prisms.—B''2C,HjN,0,. 

Methylo-iodide B"MeI. Trimetric plates: 
«:i:c=-899:l:l-601. 

Ethylo-iodide B"EtI. Prisms |from 
water), t. e. sol. water and alcohol, insol. 
NaOHAq.—B"EtIHI. Got by heating sparteine 
with EtI and alcohol at 100°. Prisms (from 
cold alcohol). Not coloured by alcoholic potash 
(Oe Coninok, C. ii. 101, 613). Yields 
B"EtClHClPtCl,. 

Dihydride 0,sH„Nj. (283°). Got by re¬ 
ducing sparteine with tin and IIOl (Ahrens, B. 
20, 2219). Colourless oil.—B"HC1: very deli¬ 
quescent needles.—B"H,PtCl,. Blackens at 
239°.—B''HAuCl,. Blackens at 130°.—Pi crate. 
[125°]. Needles, decomposing at 215°.—B"HgCl 2 . 

Oxysparteine C„H.,N.,0. [84°]. Formed by 
oxidising sparteine, and extracting the solution 
with chloroform (Ahrens, B. 21,1095; 25,3007). 
White hygroscopic needles, v, sol. water, alcohol, 
and ether. "Its solution is strongly alkaline. 
Eeduces hot Fehling’s solution.—B''HjCl.,4aq. , 
Needles.v.sol.water.—B'HClaq.—B"jHJ’tCl„4aq. 
Decomposed at 209°.—B"n.PtCl, aq. "Needles: 
decomposed at 223°.—B"HAuCl,. — Mercury 
double chloride [68°]. — B'HBr2j8q.— 
B'HBr3^aq.-B'HIaq.-B'HNO,aq.-Piorate 
[178°]. 

Methyl-iodide of oxysparteine 
B'Mel. [193°].—B'MeCl.—B'MeClHClPtCl, aq. 
[229°]. POCl, at 150° converts oxysparteine into an 
oily base 0,,HaN, which yields C,,H«N,2HAu61, 
[161°]. 

Di-oxy-sparteiineO| 5 H,,NjOy [129°]. Formed 
by dissolving sparteine in aqueous H.,0, (Ahrens, 
B. 20, 2220; 26, 3609). Prisms, v. e. sol. water 
and alcohol, si. sol. benzene, insol. ether. Alka¬ 
line in reaction.—B 'HjPtOIr Blackens about 
235°.—B"HAuCl,. [c. 116°]. Needles.—B''HI. 
[137°].—B'HBr. [117°].—B'H,HgCl,. [193°]. ■ 

Tri-oxy-sparteine 0,5H„N,Oa. Formed by 
action of H,0, on oxy-sparteine. Crystalline, 
V. sol. water and alcohol.—B'jH,PtCl, 3iaq.— 
BmuCl,. [137°]. 

SPECIFIC OBAVITT v. Densities, belative, 
Tol. ii. p. 370. 

SPECIFIC VOLUMES, The molecular 
weights of substances when divided by their 
respective specihe gravities, taken under com¬ 
parable conditions, furnish values which have 
been termed atomic, molecular, or specific 
volumes. The specific volume is, therefore, the 
space occupied by aggregates at atoms, inclu¬ 
ding the interstitial spaces, whose weights are 
proportional to the molecular weights of the 
substances. 

Objection has been raised against the term 
•specific volume ’ on the ground that, as specific 
gravity is the weight of unit volume, specific 
volume should by analogy be the volume of unit- 
weight ; hence of late years the term ‘ molecular 
volume ’ has been preferred. The term ‘ specific 
volume ’ has, however, acquired by definition and 
use a distinctive meaning. The adoption of the 
term ■ molecular volume ’ is almost certain to be 
attend^ with confusion, owing to the different 
sense in which it is frequently employed by 


^^isis and chemists. The speciila gravl^ 
of solids and liquids, referred to water at 4°, is 
the weight in grams of the unit volume. If, then, 
the molecular weight be expressed in grams, we 
may define the specific volume of a solid or 
liquid substance as the number of cubic centi¬ 
metres occupied by this mass. 

The specific gravity of a gas is usually re¬ 
ferred to hydrogen as unity. It follows, then, 
from the law of Avogadro that all gases should 
have the same specific volume. There are a 
few exceptions to the universal truth of this 
statement arising from so-called abnormal vapour 
densities, but the specific volumes of the excep¬ 
tional substances stand in the same simple rela¬ 
tion to the normal value that thoir molecular 
weights stand to what analogy would indicate 
as the normal molecular weight. 

Inasmuch as the specific gravity of a sub¬ 
stance is affected to a greater or less extent by 
heat, it is obviously necessary to determine this 
constant under comparable conditions of tem- 
perature-(hat is, at temperatures at which heat 
may be supposed to exorcise the same effect on 
the substance. In the case of liquids Schrader 
I suggested that temperatures at which the vapour 
pressures of the various liquids are the same—as, 
for example, their boiling-points under a standard 
atmosphere—should be regarded as comparable. 

In the case of solids the effect of temperature 
is of course much less marked, and hence tbs 
specific gravity of those substances is usually 
taken at the ordinary temperature of the air. 

Specific volumes of solids. 

The first attempt to trace relationships be¬ 
tween the chemical nature of substances and 
their equivalent volumes appears to have been 
made by Le Boyer and Dumas in 1821 (J, 
Ph. 92, 108). They sought to determine the 
equivalent volumes of the elements by dividing 
their atomic weights by their respective specific 
gravities, the values so obtained being termed by 
them atomic volumes. They were led to infer 
that these volumes formed an arithmetical series— 
a supposition which was hardly warranted by the 
facts then known, and which has since been com. 
pletely disproved by more accurate observations. 
This idea of combination among solids in definite 
volumetric proportion was further developed in 
1824 by W. Hcrapatb (P. U., Nov. 1821), who 
sought to prove that the volume of the oxygen 
in a metallic oxide bears a simple ratio to that 
of the metal with which it is combined. Almost 
simultaneously the same problem was attacked by 
Eorsten (S. 66, 394), and subsequently, in 1830, 
by Boullay, but with no definite general result. 

Ammermuller, however, in 1810, concluded 
(P. 49, 311; 60, 406) that the specific volumes 
of compounds containing the same elements in 
different proportions are either identical or stand 
to one another in rational proportions. Persoz 
in his ‘ Introduction to the Study of Molecular 
Chemistry,’ recognised that equivalent amounts 
of many bodies of analogous composition occupy 
the same volume, and he infened that the 
specific volumes of all substances are multiples 
of one and the same number, a conclusion else 
drawn by Be Boyer and Dumas, bat which is 
not supported by facts. 

Koj)p (P. 47,138), iqI888| fi»t attampts4 td 
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ladaoa geaend fomtis from wliioh be wee able 
B oaloaUte the epeoiflo gravities of certain oxides 
ud haloid salts, with results which showed, in 
Kneral, a lair agreement with the observed 
ralues. in Ihe same manner he oslcnlated for- 
Bulffi lor other anhydrous salts—such as sul¬ 
phates, carbonates, and nitrates—on the suppo¬ 
sition that such salts consist ol combinations of 
cxides and acids, or that they are made up of a 
radicle, acid plris oxygen. By means of these 
lormulie he inferred that it is possible to draw 
jonclusions concerning the specific gravity of 
metals for which this constant is unknown, 
Kopp, in this memoir, used the term specific 
'jolutne for the first time, and he defined it as the 
molecular weight (Mischungsgeuiicht) of a sub- 
stance divided by its specific gravity. He found 
that the specific volumes of similarly reactive 
jlements - as, for example, chlorine, bromine, 
ind iodine; tungsten, molybdenum, chromium, 
iron, manganese, nickel, cobalt, &c .—are equal 
)t nearly equal. In other cases—as silver 
tnd gold, potassium and sodium—the specific 
volumes stand to each other in simple relations. 
Elements which, like barium and strontium, 
form isomorphous compounds have the same 
specific volume. Strictly speaking, this law can 
hold only for those substances which are per- 
perfectly isomorphous. The more nearly the 
crystalline forms of isomorphous substances are 
identical, the more nearly will their specific 
volumes be the same. This is made evident by 
a comparison of the axial ratios of witherite, 
strontuinite,arragonite, and cerussite ; and also of 
the carbonates of zinc and magnesium {mesitene), 
the carbonates of iron and manganese, and dolo¬ 
mite and calc-spar. It is seen that there is a 
direct comparison in the case of the latter com¬ 
pounds between the length of the principal axis 
a and the specific volume V, such that o*™ 
= 0'0127671V, from which it is possible, of 
course, to deduce the specific gravity of the sub¬ 
stance from its crystalline form. It also follows 
that an increase of specific volume is occasioned 
by an increase in the length of the axis a. If 
we heat one of these crystals the density de¬ 
creases ; the axis a must therefore increase in 
length, while the angle It becomes less obtuse. 
This fact, indeed, was discovered by Mitscher- 
lich, who found that the specific gravity of calc- 

ipar decreased in the ratio of I to 

oalo-spar was heated through 100°. The specific 
gravity of oalo-spar is 2’7220, when a - 0-8544 and 
K = 106° 6'. By heating oalo-spar through 100°, 
the specific gravity becomes 2-7167, or the specific 
volume changes from 36-73 to 86-80. It we de¬ 
termine the length of the ,axi8 a by means of 
the above formula, we find it to be 0-85672, corre¬ 
sponding to an angle B of 104° 67', or a dif¬ 
ference of 8', which closely agrees with that ac¬ 
tually observed by Mitsoherlich (P. JH. [3] 18, 
256). BohrSder (P. 1840. 653), starting from the 
observation of Ammermiiller, that equal volumes 
of the two oxides of copper contain the same 
amounts of copper and multiple amounts of 
oxygen, assumed that the volume of the copper, 
as (3 the oxygen, is equal in the two substances, 
bnt that the amount of the oxygen in the cuprous 
.^dft stands to fhat Ui the cupric oaide as { to 2. 
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Hence SohrSder drew the general eonclnsion 
that the same element can have different specific 
volumes in different compounds, but that the 
several values for the specific volumes stand in 
simple relations to each other. He saw in this 
hypothesis not only an explanation of the oon- 
Sensation which accompanies chemical union, 
bnt also a rational basis for the belief that the 
specific volume of a compound is equal to the 
sum of the specific volumes of its components. 

Schroder found that it in a series of analogous 
bodies, AO, BO, CO, the specific volumes ol which 
arc known, we subtract from these values the 
primitive atomic volumes of A, B, and C respec¬ 
tively, we obtain a constant remainder. This he 
found to be the case with the oxides of load, 
cadmium, and zinc, and hence he inferred that 
the metal in these oxides retains its primitive 
atomic volume. Kopp assumed that this is equally 
true ol the salts of the heavy metals, but with 
the salts of the metals of the alkalis and alkaline 
earths this is impossible, as the specific volumes 
of the salts are, as a rule, smaller than the 
primitive atomic volumes ol the component 
metals. He had consequently to assume lor 
these metals a special atomic volume, which 
however, remains the same in all the salts. He 
determined these values as follows: Suppose 
M + B to be a compound of a heavy metal, and 
m-I-B the analogous compound of alight one; 
suppose A to bo the known specific volume of 
M -f B, and a that of m + R, B the primitive 
atomic volume of M, and 6 that of m. 

Then, M + B=A, 
and M=B. 

Therefore the atomio volume with which B is 
contained in the compound is A-B, say x. 

It is assumed that B retains its value in 

m-kB, 

and since »«-pK = o, 
and B = a:; 

therefore 6, t.e. the atomio volume of m -a—e. 

Kopp also showed that the densities of the 
hydrated oxides, and of a number of hydrated 
salts, may be calculated with considerable ac¬ 
curacy by assuming certain definite values lor 
water in a state of combination. It ought to be 
stated, however, in this connexion, that subse¬ 
quent researches have indicated that Eopp's 
conclusions respecting the specific volume of 
water of crystallisation must be slightly modified. 
Schiff, many years ago, showed that the mem¬ 
bers of certain^olassos ol hydrated salts have 
practically the same specific volume. Thus, all 
the alums have a specific volume of about 277; 
doable sulphates of the form M,M"(SO|),.6H,0 
have a common volume of 207; and adl tira 
vitriols—that is, salts of the form M"SO,.7H,0— 
whether isomorphous or not, have the epecifie 
volume 146. 

Thorpe a. Watts (0. J, 37,102, [1880]) have 
shown that the volumes occupied by the several 
molecules of water vary with the degree of hy¬ 
dration of the salt. In the case ol the so-ealled 
magnesian sulphates, the first molecule of water, 
the constitutional water, or ‘water of halhydra- 
tion ’ of Qrabam, occupies considerably less bulk 
than the remaining molecules; its mean relative 
value is 10-7. Each additional molecnll ap¬ 
pears to occupy a gradually increasing volume. 
The djflerenqe between the specific volumes cl 
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Che monohydrate and dihydrato is 18*8; between 
the volumes of the dibydrata and trihydrate 
the difftirence is 14*5; between the trihydrate 
and the tetrahydrate it is 15'4; and between 
the hexhydrate and heptabydrate it is 16'2. 
These observations are so far in harmony with 
Kopp’s general oonolusions that in the ooiu*« 
pounds containing only a small number of 
water molecules (1 to 3) the specific volume of 
the water is 1‘2'4; in others containing a larger 
number of molecules of water (2 to 7) it is 13*4; 
whereas, in a third class, containing the largest 
number of molecules of water (from 3 to 10), its 
mean value is 15*3. 

Speplfio volumes of liquids. 

Methods, Thespecifio gravity of the liquid 
at its boiling-point may be determined either 
directly or indirectly, itamsay (C. /. 35, 463 
[1879]) devised a simple method by which the 
weight of a known volume of liquid at its 
boiling-point may be directly ascertained with 
approximate accuracy. The vessel containing 
the liquid qpnsists of a thin glass lemon-shaped 
bulb of about 10 o.c. capacity. At the upper end 
of the bulb is a capillary tube, bent into the 
form of a hook; the lower end is provided with 
a similar hook of solid glass. The capacity of 
the bulb is ascertained by weighing it full of 
water at a known temperature. The bulb is 
filled with the liquid to be examined, in the 
usual way, by warming and dipping the capillary 
neck of the bulb beneath the surface of the liquid 
It is not necessary to fill the bulb completely; 
two or three c.o. of the same liquid are then in* 
troduced into the wide tube, and the bulb is bus* 
pended within it by thin platinum wire attached 
to a piece of glass rod passing through a hole in 
the cork. The wide tube is then heated until the 
liquid within it boils violently, and it is kept in 
ebullition so long as liquid drops from the end 
of the capillary neck of the bulb. The lamp is 
now removed,* and the whole allowed to cool. 
When cold the bulb is dried and weighed. Th4 
specific gravity of the liquid is given by the 
formula 

f. _ W 

op- gr- - , + (0-00615 X TW) 

In which W'is the weight ot the liqnid; W, 
that of the water filling the bulb at 0°; and T the 
temperature at which the liquid boils; 0 00016 
is an empiricaUj-determinedt- co-efiicient re¬ 
quired in order to make the volume correspond 
with the real volume at T. 

A somewhat similar method of determining 
the specifio gravity ot a liquid at its baUing- 
|»int is d^ribed by B. Schiff (A.'220,78). The 
liquid is introduced into a fiask of about 7 or 8 
O.O. capacity, provided with a long narrow 
neck on which is a graduated sciUe. The 
oapaoity of the flask up to the zero point is 
accurately determined by weighing with mer¬ 
cury, and the value of the scale divisions in 
fractions of a c.o. is also carefully estimated. 
The flask is then suspended in the boiling tube; 
a few 0.0. of the liquid under investigation are 
pla^ in this tube and heated to boiling. After 
a few minutes the position of the liquid in the 
gradustod nook is noted, and the flask is with¬ 
drawn, wiped, and weighed. The specifio gravity 


at the boiling-point compared with water at 4* 
is given by the equation 

. __ P 

in which P ■» corrected weight of the liqnid In 
the fiask, 

and V, = the apparent volume of the liquid 
at 

E = the co-effioient of expansion of 
the glass. 

It will bo noticed that BebiS assumes that 
the liquid in the flask actually acquires the 
temperature of the vapour by which the flask is 
surrounded. Lothar Meyer (ii. Neubeck, Z. P. C. 
1,662) has slightly modified Kamaay’s apparatus. 
The bulb is beat made of Jena glass, and has the 
capacity of about 2*6 o.o., and its weight, capacity, 
and thermal expansion are accurately known. 
It is filled with the liquid, and is suspended by 
means of a bent platinised-niokel wire Whin the 
fiask, the neck of whioh can bo closed by a cork. 
The flask contains a few c.o. of the liquid under 
investigation, which, when heated, may if neces. 
sary be caused to boil at any desired tempera¬ 
ture below the ordinary boiling-point by con¬ 
necting a side tube with a condenser, pressure- 
regulator, and fall-pump. As soon as the liquid 
within the bulb has aoquired the temperature 
of the boiling liquid, and no further expansion 
occurs, the source of heat is removed and the 
bulb is weighed when cold. 

The specific gravity of a liquid at its boiling- 
point is, however, most accurately ascertained 
indirectly, although this method demands far 
more time and apparatus, and a greater number 
of experimental operations, than the direct 
method. The method consists in accurately 
determining (I) the boiling-point of the liquid; 
(2) the specifio gravity of the liquid at some 
convenient temperature—best at0°; and (3) the 
rate of thermal expansion of the liquid from 0’ 
up to tho neighbourhood of its hoiling-point. 
From those data the specific gravity of the liquid 
at the boiling-point can be readily calculated. 

1. Determination of the hoiling-point. This 
is best made in an apparatus so arranged 
that the inner tube, containing the thermo¬ 
meter, is surrounded by a jacket of vapour from 
the boiling liquid. Tho boiling liquid should 
contain a few scraps of platinum foil or a spiral 
of platinum wire; or, what is even better, a few 
short lengths of fine capillary tubing. If the 
amount of the liquid is very small the bulb of 
the thermometer should be surrounded with a 
little fibrous asbestos, as suggested by Bamsay 
a. Young (0. J. 47, 42). The thermometer read- 
ing must, it necessary, be corrected for the 
emergent column, either by the tables of Bim- 
bach (B. 22,8072) or by that of Thorpe (0. J. 87, 
159), and should be reduced to normal pressure 
by the method ot Crafts (B. 20, 709). Tho 
correction to standard atmosphere may, how¬ 
ever, be ascertained with approximate accuracy 
by the formula 


•-(P-7m ^*,ore.(p-760)^*. 


in which 6 ia the oorreotion, < the observed 
boiling-point, and p the barometrio piessare 
rednoed and coneoted. 

The first ecnection is •ppUtAUs (o th« 
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ptaia namb«r of liquids, fhs second to water 
and Uie lower alcohols (Bamsay a. Young, P. M. 
1886. 616). 

2. Determination of apeciflo gravity. This is 
most accurately effected, at least lor substances 
which are liquid at ordinary temperatures, 
by Perkin’s modification of the Sprengel appa¬ 
ratus. For liquids which are alterable on ex¬ 
posure to air a bottle with a graduated stem is 
most convenient. The bottle should be previously 
filled with dry nitrogen, and a special apparatus, 
analogous to that used by Thorpe (2.c.) must be 
employed to transfer the liquid to the bottle. A 
form of bottle lor very viscid liquids has been 
described by Briihl. 

8. Determination of thermal expansion. Of 
the various modes of ascertaining the thermal 
expansion of a liquid the so-called dilatometrical 
method is, on the whole, the most convenient. 
It consists in inclosing the liquid in a vessel of 
known capacity, shaped like a thermometer, and 
provided with a graduated and accurately cali¬ 
brated stem. The instrument is placed in a bath 
of suitable liquid, the temperature of which can 
be raised to the desired point, as ascertained by 
a thermometer; and the height of the liquid in 
the stem of the dilatometer, and hence its ap¬ 
parent volume at the temperature of observation 
is noted. A series of such observations at various 
temperatures up to the neighbourhood of the 
boiling-point is thus made, from which an ex¬ 
pression, say of the form Vi» o + if + ct’ + dP..., 
may be calculated. This expression must now be 
corrected for the expansion of the glass of the 
dilatometer (obtained by observations with mer¬ 
cury in the usual manner), and from the corrected 
expression the volume, and hence the specific 
gravity, at the boiling-point of the liquid may be 
deduced. 

For details of the mode of carrying out these 
observations v. Kopp lA. 96,1 et seq.) : Thorpe 
(C. J. 37.141). 

Thorpe (G. J. 63, 262 [1893]) has devised 
a modification of the ordinary dilatometrical 
method, which permits the thermal expansion 
of a liquid to be determined with much greater 
ease and rapidity than has hitherto been pos¬ 
sible. It obviates the use of large baths, and, 
by reducing the size of the dilatometers to the 
smallest limit consistent with the proper degree 
of accuracy, as determined by the error of a 
thermometer reading, it avoids the necessity for 
long stems and the consequent correction for 
the cooled ‘ emergent columns.’ 

Results. —The first accurate determinations 
of the various physical constants needed to ascer¬ 
tain the specific volumes of liquid substances wore 
published by Kopp in 1856 {A. 96 [1856] 1-36, 
163-185, 803-335 ; A. 100 [1866] 19-38; v. also 
P. 72 [1847] 1-62, 176, 223-293). Kopp con¬ 
cluded, from the results of a long series of ob¬ 
servations, that 

(1) The selection of the temperature of equal 
vapour-pressures as a basis of comparison seemed 
to be warranted by the fact that regularities are 
thereby made evident which otherwise are not 
apparent. 

(2) Differences of specific volume are pro¬ 
portional to differences in chemical composition. 

(8) Isomeric liquids of the same wemioal 
type We equal qpeoiflo Tdomes. 
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(4) The snbitittitlon at hydronn for an equi¬ 
valent amount of oxygen only sli^tly affects the 
specific volume. 

(6) One atom of carbon can replace two 
atoms of hydrogen without altering the specific 
yolume of the compounds. 

Kopp further found that the specific volume 
of a liquid compound was conditioned, not only 
by the composition, but also by the constitution 
of the compound. Thus the relative position of 
an oxygen atom in a molecule affects its specific 
volume; carbonylio oxygen and hydroxylio oxy¬ 
gen have two very different values. Sulphur, in 
like manner, would appear to have two specific 
volumes, depending on its position or mode of 
combination in a molecule. 

Definite values for the specific volumes of 
carbon, hydrogen, and oxygen were obtained 
from the following considerations. An incre¬ 
ment of CH, corresponds to an increase of spe¬ 
cific volume of 22. Since C and II, occupy the 
same volume, we have 0 = 11 and H=6’6. The 
replacement of H, by carbonylio 0 is attended by 
a slight increase in the specific volume. Kopp 
found that the most probable value for 0 in this 
form of combination was 12'2. For hydroxylio 
oxygen it is 7*8; obtained by subtracting the value 
lor H, (11) from the specific volume of water, 
18-8. Hence the specific volume of a com¬ 
pound C„H(,0«0's, where 0 is carbonylio oxygon 
and O' is hydroxylio oxygen, may be expressed 
by the formula 

V=11-Oa -r 5-56 + 12'2c TSd. 
Determinate values lor the specific volumes of 
the halogens—and, with less precision, for 
phosphorus, arsenic, and antimony, for silicon, 
titanium, and tin—were also obtained by Kopp. 
As regards nitrogen it was found that in the 
amines N = 2-3. The group CN = 28; the group 
NO,=33. If, then, carbon and oxygen preserved 
their ordinary values in these radicles N must 
possess at least three different values depend¬ 
ing on the mode of combination. There is, 
however, no evidence to disprove the sup¬ 
position that the values for the carbon and 
oxygen atoms are not equally affected in these 
groups. This, indeed, suggests the possibility 
that compound radicles like CO, HO, NO,, CN, 
d’C. may possess definite specific volumes which 
are not necessarily the sum of the speoifio 
volumes of the component atoms as ordinsrily 
ascertained. 

H. L. Buff (d. Suppl. 4,129) sought to show 
that the spccifio volume of carbon, like that of 
oxygon and sulphur, is affected by its mode of 
combination—or, in other words, Ciat carbon in 
unsaturated compounds has a greater speoifio 
volume than in saturated bodies—from which he 
surmised that the speoifio volume of an element 
is in general determined by its particular atomio 
value. Thorpe [0. J. 87, 392) found that iso. 
merio liquids have not invariably the same 
speoifio volumes. There is a well-marked dif¬ 
ference, for example, between ethylene and 
ethidene chlorides; indeed, ethylene compounds 
in general appear to have smaller volumes than 
those calculated by Kopp’s values. Stidel has 
shown that in the series of chlorinated, and 
brominated ethanes and ethylenes, the isomeride 
of higher boiling-point, iA the ethylene deriva¬ 
tive, Lw invariaUy the lower specific volnme, 



SOf SPEOUnO 

Binoe these oomponnds are all satorated, and the 
only variable oonstitnent is a manoTalent element 
(01 or Br), it would appear probable that the 
speoitio volume of the halogen is also variable. 
Isomerio hydrocarbons manifest similar dif¬ 
ferences, whence it is obvious that either one or 
both of the elements must have a slightly varii 
able volume, depending on grouping or mode of 
combination; it may be that the iso- group, like 
the groups carbonyl, hydroxyl, nitryl, Ac., has a 
special volume, which is not necessarily the sum 
of the volumes of the component atoms as de¬ 
duced from Kopp’s values. Kopp himself found 
that the volumes of isomerides were in a number 
of cases only approximately equal, and in others 
quite unequal. The term ' chemical type,’ used 
In the sense in which Qerhardt employed it, is not 
Eudioiently distinctive to denote the diSerencos, 
say, between the normal and iso- compounds, or 
between aniline and the picalines, and it is 
questionable whether Kopp would have cop- 
sidered such cases as coming within his rule. 

The observed specific volumes of the aro¬ 
matic compounds are frequently lower than the 
calculated Values. Indeed, our views as to Iho 
constitution of the aromatic compounds would 
lead us to expect that the spccilio volume of 
benzene, and the volumes of the derivatives which 
contain the benzene grouping, would probably be 
diflerent from the values deduced from observa¬ 
tions made for the most part on compounds of 
totally different constitution. Kopp (.d. Stippl. 
6,303 [1867]) showed from Louguinine’s observa- 
. tions that while benzene has an abnormally low 
speciffo volume, its homologues show the con¬ 
stant increase of 22 for an increment of CH.^ 
which is what might be anticipated, since these 
homologues are produced by the addition (substi¬ 
tution) of methyl, ethyl, Ac., to the benzene group. 
Jungileisch's observations on the specific volumes 
of the chlorine substitution products of benzene 
also seem to show that the positions of the 
chlorine atoms affect, in a very marked manner, 
the specific volume of the product (C. S. 64, 
911). 

Further observation has shown that Kopp’s 
conclusion that liquid elements and radicles have 
the same volume in combination as in the free 
state is well founded. Thus the observed volume 
of NO,=32'0,calcnlated = 31'6; observed volume 
of Br ■= 63-6, calculated = 53-4; observed volume of 
CN 28'9, calculated = 28 9. The observed specific 
volume of Cl from Knietsch’s determinations of 
the specific gravity of liquid chlorine is 22-8; 
the mean calculated value is 22-7. Kopp sur¬ 
mised that members of the same chemical 
family would be found to have the same specific 
volume; observation shows, however, that the 
specific volumes gradually increase with the in¬ 
crease of atomic mass (Thorpe, Iji.), 

SchiS {A. 220, 71 [1883]) has concluded that 
while it is generally true that isomeric com¬ 
pounds have slightly different specific volumes, 
it is almost invariably the case that the substance 
possessing the higher boiling-point has also the 
higher specific volume (compare Stadel). In 
the case of the metameric esters of the fatty 
acids, it is found that, as a rule, the specific 
volumes increase with the diminution of the 
number of carbon atoms in the acidic radicle and 
ffith the increase of the carbon atoms in the 
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alooholie radicle. At fba same time. It would at>- 
pear that the differences between the observed and 
caloulated values are mainly due to &e aloohoUo 
radicle, the acidic radicle apparently having but 
slight influence. This is m conformity with 
Lassen’s observations, that while the ethers and 
acids give experimental values which are almost 
in exact accordance with Kopp’s values, the alde¬ 
hydes and alcohols show wider variations, methyl 
alcohol giving too great an observed value, while 
the others give smaller and smaller values as 
the amount of carbon increases. It is, how¬ 
ever, noteworthy that the differences between 
the aldehydes and derived alcohols remain 
almost constant, which is not the case with 
the aldehydes and acids, where the difference 
appears to increase with the molecular weight. 
Hence the differences between the homologous 
aldehydes are very neatly equal to those between 
the corresponding homologous alcohols (Lossen). 
The mode in which carbon is combined in an 
organic compound has, according to Sohiff, a 
distinct influence on its specific volume; like 
Buff, he finds that a doubly linked carbon atom 
occupies a smaller volume than when singly 
linked. It is, however, very doubtful whether the 
facts at present known are suflloient to establish 
this conclusion. 

There is, however, good reason to believe that 
what we call ‘ specific volume ’ is not a purely 
additive property. The specific volumes of sub¬ 
stances are, in all probability, affected by many 
more conditions than those we have hitherto taken 
cognisance of. The value OH.,=22 has no other 
significance than as expressing the average in¬ 
crement in volume in successive members of a 
homologous series. Indeed, as the physical data 
increase it becomes doubtful whether even this 
mean value is correct. It would seem that the 
value augments as the series is ascended. The 
relation C = 2H no longer applies to carbon com¬ 
pounds in general. What is true of carbon and 
hydrogen is equally true of oxygen, whether as 
carbonylic or as hydroxylic oxygen. No definite 
or uniform values can be assigned to oxygen 
such that the specific volume of a liquid com¬ 
pound containing this element can be accurately 
calculated. The values given by Kopp and others 
are simply mean values, but the actual volumes 
are affected by conditions of which, as yet, we 
have no very precise knowledge and which we 
have no certain means of measuring. The values 
for the other elements are, of course, affected by 
these considerations. Thus the specific volume 
of chlorine is obtained on the assumption that the 
values for carbon and hydrogen are constant. 

Lessen {A. 2S4, 42) has devised formulas 
which take note, or express the measure, of the 
influences which affect the uniformity in the 
values of specific volumes of organic compounds. 
Those formulas can only be considered as first 
approximations, but their value will be evident 
from the fact that they serve to reproduce the 
observed values with a greater approach to 
accuracy than has hitherto been possible. Out 
of the 407 compounds which furnished the ex¬ 
perimental material on which these formolte are 
based, the observed molecular volumes of 352 
differ by less tnan 2 p.c. from the calculated 
volumes. Comparatively few of these differences 
are to be ascribed to experimental stxmi. to 
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|]i« miUn tl>«7 ife Mnsei tnr inflnenees of stroo- 
ture and oompoailion whion aa yet we have no 
certain means of meaanring, saoh as the effect 
of substituted chlorine, or the special effect of 
iso- grouping, or of the ortho-, meta-, or para- 
position, lie. 

According to Lessen, the specidc Tolumes of 
the greater number of compounds containing 
carbon, hydrogen, and oxygen which have 
hitherto been determined, may be calculated by 
the formula 

Sp. vol. 0«H„,Op(ji)-(10-24±fcO'6)(n-t-p) 

+ (6-12 ± x0-25m) 

± J(»-2)'‘± 1-4;4 

In this equation x denotes a number between 
0 and 1, which varies with different homologous 
scries but which is constant for the members 
of the same scries. The sign /i represents the 
number of hydrogen atoms required to con¬ 
vert the formula into that of a saturated com¬ 
pound. The term ^(n—2)' is introduced to 
compensate for the increase in the value corre¬ 
sponding to CH, as the molecular weight in¬ 
creases. Gartenmeister (A. 233, 304) having 
shown that in the case of the fatty esters the 
mean increase corresponding to OHj is 0'6, 

Lessen adds the term ^i+j + i+ • « • 

which he erroneously states is equal to \{n - 2)\ 
a number always subsequently employed, but 
which, aa comparison shows, serves to give 
good agreement with observed values. 

For the majority of fatty compounds the 
formula 

0»H™0p=ia-45(n+p)+S-225»i+K»-!)*+l-5a 
gives results agi'eeing with the observed values. 
For the alcohols, however, the expression be¬ 
comes 

O,,HniOp*i0*l(e +p)+6*06ni+}(e~2)*+l*35^ 

If it be supposed, as seems highly probable, that 
for all the members of a series of similarly con¬ 
stituted compounds the same iulluences are 
existent, whereby the specific volumes exhibit 
variations from the additive quantitieb assumed 
by Kopp, then we may regard the variable a: as a 
term which takes account, and may be regarded 
as the measure, of these disturbing influences, 
and which, though constant for the members of 
the same series, should, as before stated, vary for 
other homologous scries of compounds (Thorpe 
a. Jones, C. J. 63, 289). 

SchrSder regards the specific volume of an 
element in combination as variable within limits 
determined by the nature of the chemical com¬ 
pound. In any one compound, however, all the 
elementary atoms are regarded as occupying either 
equal or multiple volumes. Hence every specific 
volume is a multiple of a certain space-unit or 
stere, the value of which may vary between 6'7 and 
7’4, depending on the number, nature, and mode 
of union of the atoms. Schrfider thus obtains 
his determinate values. The specifie volumes of 
tormio, acetic, and propionic acids increase about 
22 units for each increment of CH,; in the case 
of aloohols the increase is about 20 units. The 
volume of formic acid is 41-8, i.s. 2 x 20-9; that 
of methyl alcohol is 42-8 or 2 x 21-4. Hence in 
formic acid, 0H,0„ the 0, occupies the same 
volume as CH,; and in methyl alcohol, OFlgO, 
tbe has the same volamo as CE|. In lute 
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manner eih^ aloohol, Ofi,Q, has the volume 
62-1, i.». 8 X 20-7. Since 2 x CH.^ -= 2 x 20-7, then 
H,0 = 20-7. Acetic acid has the volume 63-6, {.e. 
8x21-2j 2CH, is 2x21-2 and 0,-21-9, The 
volume of acetaldehyde is 66-9, t.«. about 6-6 
smaller than that of acetic acid; this would 
indicate that the substitution of OH by H lowers 
the volume by 6-6. Since H,0 = 21-4, it follows 
that the hydrogen and oxygen in hydroxyl each 
occupy one space-unit or stere. As CH2>21, 
we find that carbon also occupies one stere or 
space-unit. Now, from the volume of formic 
acid which contains 6 stores, it is found on sub¬ 
tracting 3 stores for CH^ and 1 stere for hydroiylio 
oxygen, that the carbonylic oxygen must occupy 
2 stores. 

Wo obtain, then, the following rule: The 
number of space-units or steres of the saturated 
compounds of carbon, hydrogen, and oxygen cor¬ 
responds to the number cf the atoms increased 
by as many units as there are atoms of carbonylic 
oxygen present. 

If we calculate by means of this rule the 
steres of the saturated compounds, we find that 
they vary within narrow limits, anti for the moat 
part increase with increasingmolecular weight. In 
the greater number of cases the values range 
between 6-9 and7-2. Ostwaid has determined the 
value of the stere fora large number of saturated 
fatty compounds, with the following results 
Hydrocarbons 6-89, 6-99, 6-82, 7-11, 7-23. 
Alcohols . 7-12, 6-91, 6-77, 6-88, 6-78, 6-78, 

6- 81, 6-74, 7-09 

Acids . . 6-97, 7 06, 7-11, 7-19, 7-24, 7-24; 

G-8.';. 

A'sfcrs . . 7-04, 7-08, 7-05, 7-14, 7-26, 7-43, 

7- 46, 7-47. 

Aldehydes . 7-11, 7-05, 7-18, 7-01, 7-18, 8-93, 

7-27. 

In the scries of tbe hydrocarbons, the acids, 
and the eaters, the steres in the cases of the normal 
compounds increase regularly with increasing 
molecular weight; in the series of the alcohols the 
steres decrease up to the third member and then 
increase. The secondary and tertiary compounds 
have, as a rule, smaller steres than the normal 
compounds. Kopp concluded from the approxi¬ 
mately equal volumes of the alcohols and cor¬ 
responding acids thatHj and 0 are volumetrically 
equivaient; and from the equivalence of the 
volumes of benzyl and amyl compounds he in¬ 
ferred that 0, and H, are mutually replaceable 
without alteration of volume. Hence he assumed 
that the hydrogen atom occupies only half the 
volume of the oxygen or carbon atom. SohrSder 
established the volume equivalence of CH^HOH, 
and O'O, and he inferred from the difference 
in volume between alcohol and aldehyde that 
hydroxylio oxygen has the same volume as hydro¬ 
gen and carbon, while carbonylic oxygen has 
twice the volume. While, then, Kopp assumes 
approximately H,=C = 0, Schrdder makes 
H ^ 0 -=> 0 (Ostwaid, Lehrbuch, [2nd ed.] toL i. 
p.388). 

In me case of unsainrated and aromatic 
compounds, Schrdder assumes that each doable 
linkage is attended with an increase of Tolume 
amounting to one store; hence the above role 
baa to be modified in this sense when applied to 
oompoundi of this class. Th^ vidue of the sten 
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in » number of nnsatoraied oomponnds is toond 
to be:— 


Bydrocarbom • 6-87, 7'09, 6'93, 6"99. 
AlcohoU • • 6'72. 

Biiert and ethers . 7*14, 7'13> 


These values vary, praciicallf, within the 
same limits as in the saturated compounds. 

As regards aromatic compounds, it would 
seem to follow from the identity in the volumes 
of benzoyl and amyl compounds, as indicated by 
Kopp, as well as from the corresponding rela¬ 
tion between the isobutyl and phenyl compounds, 
that C,H, comprises the same number of steres 
as 0,H,—that is, 13. Of these, 6 are occupied by 
hydrogen; so that the carbon group 0, occupies 
8 steres. 

The values of the stere in a number of aro¬ 
matic compounds are as follows: 

Bydrocarlxms 6'85,6-94, C-08,7'00,6‘95, 7'04, 
7'04, 7-04, 7 06, 6-84 

Other compmnds C'Ol, 6-87, 7 05,0-97,7'IC, 7-26,’ 
7-50, 7-28, 7-14, 6-90, 7 07. 
The value of the stere hero also varies within the 
usual limits; <it is comparatively small for the 
hydrocarbons (6'8-7'0), larger in the case of the 
alcohols, and still larger in that of the esters 
(7'2-7’6) (Ostwald, l.c.). 

There is one consideration which is vital to 
the whole question, and to which, therefore, a 
brief reference must be made. It relates to the 
choice of conditions under which the values we 
term specific volumes are really comparable. 
Although Horstmann and Lossen have advanced 
reasons against the practice, contending that 
at any other temperature, say 0°, relations simi¬ 
lar to those now established are made mani¬ 
fest, it has been the custom, in accordance with 
Eopp’s direction, to compare the specific volumes 
of liquids at the temperatures of their respective 
boiling-points under a standard atmosphere. 
Whether, however, the temperature of the boil¬ 
ing-point, under these circumstances, is a truly 
comparable condition is open to question. It 
has been urged by Ilorstmann that, since what 
we call atomic volume is the space not merely 
filled by an atom but also that in which it moves, 
it is not o priori probable that at temperatures 
which differ, say by 300°—as, for example, in the 
case of 0,H|„ (boiling-point 1°) and CijIIj, (boil¬ 
ing-point 317')—these volumes will be the same. 
Moreover, as pointed out by Bartoli, the boiling- 
point cannot in the nature of things be a strictly 
comparable condition, since it is affected by 
pressure to a different extent in the case of dif¬ 
ferent liquids. Objections of even greater weight 
may be urged against the suggestions of Tsoher- 
max and KraSt to take the melting-point as a 
comparable state. 

No doubt, theoretically speaking, a valid 
condition should be when pressure, volume, and 
temperature are expressed in terms of their 
critical values. But that certain regularities in 
the molecular volumes at the boiling-points 
have, in spite of this, been discovered may be 
explained, as Gnldberg has shown, when we 
compare the values of T„ the absolute boiling- 
point, with those of T, the absolute critical tem¬ 
perature; in those oases in which these two 


penstants are known, the ratio 


T 

^ approximates 


to I. Hence it follows that qualities lilto mol* 

O 

cular volumes, which alter only slowly with 
temperature, are comparable at the ordinary 
boiling-points {Z, P 0. 6, 374). 

It ought, perhaps, to be stated that subse¬ 
quent observations show that the so-called ' cor¬ 
responding temperatures ’ deduced from Van dcr 
Waal’s generalisations have not that degree of 
validity as temperatures of comparison which 
they wore originally assumed to possess. In¬ 
deed, the present condition of knowledge war¬ 
rants the statement that Kopp's original method 
of comparison is as valuable as any yet indicated 
(Thorpe, G. J. 63, 775 [1893]). T. E. T. 

8FECTB0SC0PIC ANAL'J’SIS v. Fhvsicai, 
METHODS, section Optical methods, subsection 
Spectroscopic methods, this vol. p. 239. 

SFELTEB. A commercial name for einc, 

SFEBGITUN (OjHjOj),,. Occurs in the seed- 
coverings of Spergula vulgaris and S. maxima 
(Harz, C. G. 1879, 24). Amorphous. Its alco¬ 
holic solution exhibits dark-blue fluorescence, 
which is destroyed by sunshine. A small 
quantity of potash or Na_,COj added to the al¬ 
coholic solution causes it to fluoresce green. 
Cone. H.,SO, forms a dark-blue liquid. 

SPEBMINE 0„IluN, (Poehl, B. 24, 359); 
C,H,jNj (8.). Occurs as phosphate in the sper¬ 
matic fluid, in calves’ liver and heart, and in 
some pathologic preparations that have been 
kept under alcohol (Schreiner, A. 194, 08). It 
is not identical with pyrazine hexahydride 
(Majert a. Schmidt, B. 24, 241; e/. Ladenburg, 
B. 20, 442; 21, 758; Poehl, 0. B. 116, 616; 
Buclaux, 0. B. 115, 155, 649). Crystals (from 
alcohol), V. sol. water, v. si. sol. alcohol. Alka¬ 
line in reaction. Absorbs CO, from the air. 
Its aqueous solution is ppd. by phospho- 
molybdio acid and by potassium bismuth 
iodide. —C„|H..„H|4H01: prisms, v. e. soh 
wnter.-C,.H„N,2H,PtCl..—0,.^,.N,4HAuCl,.— 
0„K„N,(H,P0^),6aq: [170°]; rosettes of pyra¬ 
mids, si. spl. hot water. 

SPIKE OIL. S.G. above -900. SUghtly 
dextrorotatory (Schimmel, Ph. [3] 22, 329). 
[a]„ = 1° 24' (Voiry a. Bouchardat, 0. B. 106, 
651) or IiBvorotatory (Bruylants, J. Ph. [4] 80, 
139). An essential oil obtained from the 
blossoms of Lcmandula atpica latifolia (Lalle- 
mand, A. 114,197; Saner a. Grfinling, A. 208, 
75). Smells like lavender. Contains a terpene 
H'75°) or (168°), .which yields crystalline 
0,jH„,HCl, camphor, borneol, and a resin. 
According to Voiry and Bouchardat, oil of spike 
contains inactive spikol C|,H|,0 [0°] and C,„H„ 
(165°-160°) [a]„ = 24°, which yields a hydro¬ 
chloride [129°] Mb - -2°. 

8FIB0QB.^HIII V. PsoTEiDS, Appendix 0, 

BPONGIN V, Pboteids, Appendix 0 . 

STACHTDBIN C,H|,NOr [210°]. Occurs 
with glutamine, tyrosine, and stachyose in the 
tubers of Staehys tuberifera (Von Planta a. 
Schulze, B. 26, 939). Colourless, deliquescent 
crystals (from water). Behaves like bet^ne 
with regard to alkaloidal reagents.—B'HOl. 
Prisms, V. sol. water, sol. cold water (difference 
from betaine).—B'^H^’tOl, 2aq. Trimetric orys- 
talB; a;i:e--608:l:-828.—B'HAuOl,. Bmall 
yellow prisms (from water). 
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MAOBTOB* 0,^„0„8«q. Ca]„-148®. 

Ooonrs in the rooti of Stachys tuberifera (Planta 
B. Sohnlze, B. 23, 1692: 24, 2705). Tablets, 
with sweetish taste, v. sol. water. Dextrorota¬ 
tory. Has no action on Fehling’s solution until 
after boiling with mineral acids, by which it is 
converted into galactose and an isomoride' 
{? glucose). HNOj forms mucio acid, galactose, 
glucose, and cane-sugar. Gives a red colour on 
heating with resorcin and HClAq. Gives nopp. 
with lead acetate until NH,Aq is added. 

STANNATES, and salts related thereto; v. 
under Tin. 

SIAFHISAOBINE v. DsLrHtNiNS. 

STABCH. Amylum. nOijHjjO,,. The value 
of n has not been definitely settled; it is un¬ 
doubtedly high. Brown and Morris (0. J. !>5, 
402), employing Raoult’s method for determining 
molecular weights, show n for soluble starch 
(see below) =100, i.e. molecular weight =32,400. 
The molecular weight of starch cannot be loss 
than this. From O’Sullivan’s work {G.J.35, 
783) it would seem that n is not less than 30. 
I’foifer a. Tollons (B. C. 1882,775; A. 210,295), 
from the composition of some sodium and po¬ 
tassium compounds prepared from starch, arrive 
at the value n = 2; the substances are probably 
compounds, not of starch, but of some decom¬ 
position products thereof. Sachsse (C. C. [3] 
8, 73‘2) and Nagoli {A. 173, 218) proposed 
60„H|,O, -4 HjO as the formula. Other observers 
(Mylius, B. 20, 094 j Salomon, J. pr, [2] 28, 
82) have suggested different formula), but the 
evidence is not satisfactory; we may take it, 
however, that the molecule of starch is not loss 
than n = 100. 

Occtirrence. —Stak'ch is present at some time 
or the other in all green plants. It is said to be 
found in almost all parts of the plant, but it is 
specially stored up in seeds, the pith of stems, 
in bulbs, tubers, rhizomes, and roots - generally 
those parts of the plant which serve as a store 
for reserve material. It is, however, a question 
whether the granules recognised as starch in 
loaves, sap, <ko., outside the reserve organs, arc 
chemically identical with the starch of these 
organs. The evidence, one way or the other, is 
unsatisfaetory. Starch is not known to be an 
animal product. It is present in some fungi 
(Bourquelot, J. Ph. [6] 24,197). 

foroiation.—Starch has not been prepared 
artificially. It is produced in the chlorophyll 
cells of plants, light, carbon dioxide, and water 
being necessary; oxygen is eliminated at the 
eamo time. No doubt, intermediate products— 
amylan-like bodies, sugars, Ac.—are at first pro¬ 
duced, but the granules are the first visible pro¬ 
ducts of the assimilation found in the leaves. 
The starch thus formed is transferred to the re¬ 
serve organs as such, or, more probably, as some 
sugar or other transformation product or pro¬ 
ducts, as leaves are known to contain transform¬ 
ing agents (Baranetzky, Die starktumbildenden 
Fermente in den Pflamen, Leipzig, 1878; Brasse, 
O. B.99, 878). 

Preparation.—SiMob of oommerce is pre¬ 
pared from varions sources—viz., amongst others, 
wheat, rice, maize, potatoes, Maranta indica 
(Amerioan starch), Maranta arundinacea (arrow¬ 
root), the toots of Jairmha Manihot or Mani- 
Met tUUimma (tapioca), tin stems M several 


species of Sagtu or Oyeat (sago). For manu¬ 
facturing methods see TBoarx’s Diotionabt, art.' 

‘ Starch.’ In the laboratory, starch can be pre¬ 
pared from any starch-cont^ning material as 
follows 

From materials that can be ground, such as 
the cereals, &o., wheat, barley, maize, rice, deo. 
The material is ground in a coflee-mill, and the 
meal steeped in a 0'6 to 1 p.o. sol. KHO or NaHO. 
After standing 24-30 hours the coarser portions 
are separated by straining, with tubbing, and a 
slight flow of water through a wire sieve of about 
20 wires to the inch. The strained milky liquid 
is allowed to stand for a short time, when a 
layer of crude starch settles at the bottom of the 
vessel. The liquid, with the matter in suspen¬ 
sion, is transferred to another vessel, and again 
allowed to stand, when a second deposit of crude 
starch takes place. The process maybe repeated 
a third and a fourth time. The whole of the 
suspended matter is thus allowed to settle, when 
the fairly clear supernatant liquid is decanted oil 
and rejected. The deposit is then rubbed tlirough 
a fine hair sieve, with a slight flow of water, and 
allowed to deposit a layer of s.arch as before. 
This is repeated as long as a starch layer 
separates. 'The whole of the starch layers are 
then collected, again suspended in water, and 
allowed to settle. At times a layer contaminated 
with much brown matter falls out first; from 
this the supernatant liquid with the starch in 
suspension is decanted off and allowed to stand, 
when a fairly pure deposit of starch is obtained. 
Further crops can be got from the residue, but 
it is difficult to free them from fibre, Sc. 

From materials that cannot be ground, such 
I as potatoes, bulbs, rhizomes, oth^ roots, and 
\ pith. The well-washed material is robbed down 
I with a grater into water, to which afterwards, 
I the alkali is added. The first deposit in these 
; cases contains, as a rule, earthy matter, but it is 
easily separated by allowing it to settle, which 
I it does in a short time, and then decanting off 
i the starchy liquid. Two or throe depositions 
and strainings through a fine hair sieve give a 
clean stfirch. 

In dealing with the cereals the starch can be 
also separated by what is known as the acid 
process. The meal is steeped in water and 
kept at a temperature of from 25° to 27° until 
acid is developed. On then stirring up with 
water the light flocculeni cell walla and undis- 
Bolved albuminoids separate and allow the 
starch to deposit on standing. By repeated sus¬ 
pensions, stirrings, and depositions, clean crops 
of starch are obtained. 

These products, like the starches of com¬ 
merce, arc not pure, but, as a rule, contain ash, 
oil or tat, albuminoids, &c. Some of them are 
slightly alkaline, some acid, from the condition 
of the water used in the last washing. Purifica¬ 
tion is effected by treatment with dilute EHO 
solution (0'5 p.c.), then dilute BCl (up to 1 p.o.), 
then with strong alcohol, and finally with water. 
They then can be dried by exposute to the air 
on layers of filter-paper. 

Structure.—The starch thus obtained varies 
much in appearance, from the glistening silky 
white of potato starch to the dead chalky white 
of rice or maize starch. It consists of micro- 
aoopio granules, varying in size from about (hi 
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nin, to 0*003 mni. Tho same pisot always 
yields granules of speoificsUy the same size and 
shape, with as little variation as the size and 
shape of the leaf, henoe, from the mioroscopio 
appearance of the granules, it is always possible 
to tell the source of a sample of starch. If it 
is wished to determine the source of any sample 
of starch, the following classification of the 
starches will be of some use. If, under the 
microscope, the granules are 

(a) large, rounded, and more or less marked 
with rings: the starch may be potato, tapioca, 
sago, i&c. 

(b) rounded, very slightly ring-marked: 
barley, rye, wheat, <&c. 

(c) reniform; beans, peas, &c. 

{a) intermediate in size, rounded, and ir¬ 
regular : crocus, tulip, and other bulbs. 

(e) irregular in figure, bounded by surfaces 
more or less plain: maize, oats, rice, &e. 

(f) small granules, rounded or irregular; 
fern, chestnut, parsnip, &c. 

It will be observed that some of these are 
round, oval, or reniform, while others are ir¬ 
regular figures»bounded by surfaces more or 
less plain. The microscopic appearance does 
not always give the true form of the granule, 
but a form which is the result of the pressure of 
the cover glass; for example, the well-marked star 
with central spot in rye starch and the split and 
striated appearance of maize starch are produced 
by the pressure of the cover glass on the granules. 
The granules of some starches are marked with 
well-defined more or less concentric rings, well 
shown in potato starch; in others there are no 
markings, the granules appearing as a clear, 
transparent cell. It is not absolutely agreed 
upon whether the starch granule consist of a 
single body or is made up of two or more. Some 
hold that the properly purified granule is a 
single substance, the coating or layers of which 
differ from the contents simply in containing 
less water and being thus more dense. Accord¬ 
ing to Nageli (Die StUrkekOmer) and others, the 
dense portions consist of starch cellulose, while 
the less dense, transparent plasma is granulose. 
The stratified structure is the result of the mode 
of growth of the starch granule, the additions 
being made by intussusception, ».«. from within 
outwards. It is said that when the granule is 
ruptured the granulose dissolves in cold water, 
leaving the starch cellulose; the former gives the 
well-known blue reaction of starch with iodine, 
while the latter is only colouredT yellowish 
^essen, P. 106, 497; J, pr, 105, 66; Brown a. 
Heron, C. J. 85, 610; Brukner, M. 4, 889). 
On heating the insoluble portion with water 
it also gives the characteristic blue reaction 
with iodine. Granulose may be separated from 
starch cellulose (a) by digesting the granules 
for several days with s saturated solution of 
NaOl containing 1 p.o. HCl—the cellulose re¬ 
mains nndissolved (F. Schulze, Henneberg's Jour. 
Landwirth., new set., 7, 214); (6) by digesting 
starch with- saliva at 46°-66°, this dissolves the 
granulose (NSgeli, Die SUirkekOmer, 110; (c) by 
the action of certain schizomycetes, which de¬ 
compose the granulose of starch-paste and leave 
tte oellnlose untouched (Fitz, fl. 10, 282); and 

by the action of malt-extract on starch paste 
m the cold, the oelluloae is left undissolvedU 


A. Mayer (O. 0. 1887, 6; Bot. Zeii. 1886,698) 
considers that the starch granule is a homo¬ 
geneous substance, and that the terms * granulose ’ 
and ‘ starch cellulose' must be abandoned, for he 
points out that the delicate transparent skeletons 
left when the gelatinised granules are acted 
bn by saliva, dilute acids, (ko., are produced by 
the action of the reagent on the starch, and are 
identical with amylodextrin. I am inclined to 
the view that starch granulose differs from starch 
cellulose in being less dense in consequence of 
containing less water of hydration. Starch 
granules act on polarised light, and when ex¬ 
amined with the microscope between two Nicols, 
produce very pretty effects; v. Bailey (P. M. [6] 
2,123). 

Properties. —Air-dried starch sometimes con¬ 
tains over 20 p.o. H.jO; this it loses, slowly 
towards the end, in a vacuum over sulphuric 
acid; by gradually raising the temperature to 
100°, under these conditions, it soon becomes 
absolutely free from HjO'. The specific gravity 
of air-dried starch varies very considerably, the 
variation being due in the main to the quantity 
of moisture. Dry starches, however, would appear 
not to be absolutely alike in specific gravity; 
that of anhydrous potato starch is 1-650, whilst 
anhydrous arrowroot starch is 1-5648 (Fluckiger, 
Fr. 6, 306 ; Saaro, J. 1884, 1654). Dry starch 
lakes up water, with the evolution of much heat. 
It does not dissolve in H^O, and has neither 
taste nor smell, 

(a) Action of heat. Dry starch is not coloured 
at 100°, and, indeed, the temperature can be in¬ 
creased considerably beyond that point without 
being changed. Starch containing water is, how¬ 
ever, coloured by a moderately low temperature, 
and if the heat be increased to 160° a soluble 
product is obtained which is known as dextrin 
or British gum. It is a mixture of undescribed 
composition. The action of heat on dry starch 
has not yet been accurately recorded. When 
the heat is increased beyond 160°, and destruc¬ 
tive distillation begins, carbon dioxide, gaseous 
hydrocarbons, water, acetic acid, and an em- 
pyreumatio oil are evolved, and finally a car¬ 
bonaceous porous cinder is left. 

(b) Action of water. As long as the grannies 
are uninjured, starch is insoluble in cold water; 
when,'however, the water is heated, the granules 
swell up, and a gelatinous, mote or less trans¬ 
parent mass, known as starch-paste, is produced. 
This varies in transparency with the starch em¬ 
ployed, as does the temperature at which the 
gelatinisation takes place. B. Lippmann (C. C. 
1861,859; J.pr. 83,61) gives the following tabic 
on this point: 


Sonroe 

SweUins-up 

temp. 

Commencemeat 

of 

Perfect 

gelatinise* 

Bye 

ge!atlnlRattoo 

tlon 

46° 

60° 

65° 

Maize 

60° 

66° 

62-6° 

Barley 

87-6° 

67*6“ 

62*6° 

Potato 

46“ 

69° 

62-6“ 

Bice 

64° 

69° 

68° 

Wheat 

60° 

66“ 

67*6“ 


If the paste is sufficiently dilute it can be 
filtered, but it is doubtful if the filtrate is a tms 
solution (Ficton a. Linder, C. J. 61,166), The 
consistency or stiffness of starch-pastes, contain¬ 
ing the same amount of dry starch, seems tQ 
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Hry with ihc v»riety of staroh emplofed, and, 
indeed, with the method of preparation, even 
with ^e same staroh; but 1 feel inclined to 
^nk that if closer attention were given to the 
amount of dry starch and its purity much of 
this apparent difference would disappear. On 
the relative stiffness of flour or starch pastes, and 
the mode of estimating it, see Thomson (S. 0.1. 
1886,143). If the paste be heated under pres¬ 
sure to temperatures above the boiling-point, 
maltose and dextrin are said to be produced, but 
the change has not been accurately studied. 

(c) Action of glycerol. Starch heated with 
glycerol to 190° is dissolved; alcohol ppts. soluble 
staroh from the solution. If the heating be con¬ 
tinued at 200°, dextrins arc formed (Znlkowski, 
B. 13, 1S96; 23, 3295; C. G. 1888, 1060). 

(d) Action of acids. Moderately strong HCl 
in the cold converts starch, in a few days, with¬ 
out changing materially its microscopic appear¬ 
ance, into a modification perfectly soluble in 
water. This body is identical with soluble starch 
prepared by the limited action of malt extract on 
starch paste (0. Lintner, J. pr. 34, 378; Brown 
a. Morris, 0. J. 65, 450). Prolonged action of 
12 p.o. HCl in the cold produces amylo-dcxtrin 
(Nageli, Beitrdgc a. Kenntniss d. Sldrhegruppe\ 
Brown a. Morris, C. J. 55, 460). Boiling dilute 
acids convert starch, first into soluble starch, 
then into dextrin and maltose, intermediate pro¬ 
ducts, amylSins, are said to be formed (Brown, 
Morris a. Moritz, E. P. No. 1809 of 1889), and 
finally dextrose. The complete conversion takes 
place the more quickly and perfectly the higher 
the temperature and the longer the period of the 
reaction (Allihn, J.pr. 22,46; D. P. J. 250,534). 
This is only accomplished by employing diluted 
acid. Carbonic acid, oxalic acid, dsc., act like 
HCl and H^SO,, but less energetically. For the 
manufacture of dextrose (glucose) from starch, 
vide Thohpb’s Diotionauy. The action of acids 
ha» been studied chiefly by Kirohhoff, ttudrin- 
Varry, Payen (see Om. K.), Muscnlus (A. Gh. 
[3) 00, 203; J. pr. [2] 28, 496; Bl. 30, 4/; 
O’Sullivan (C. J. 25, 581); Musculus a. 
Gruber (0. B. 86,1469; Bl. [2] 30,64); Bondon- 
neau (0. B. 81, 972); Salomon (J. pr. [2] 25, 
348; 26, 342; 28, 82 a. 122); Sachsse {G. G. [.3] 
8, 732); Schulze {J. pr. [2] 28, 311); Sostegne 
(G. 16, 376); Seyborlich a. Trampedaoh (C. 0. 
1887, 376); Nageli {Stdrlcegru^e, Leipzig, 1874, 
83, 99). As a summary of this work it may be 
stated that dextrose is the final product, but that 
acids act on this, to some extent yielding products 
still imperfectly Investigated; that intermediate 
substances, dextrin and maltose and compounds 
thereof, are first produced; that the rapidity of 
the change varies with the strength of the acid, 
with the temperature, and with the pressure at 
which the change is effected, the most complete 
and perfect production of dextrose resulting 
when the conversion is hastened under pressure 
In presence of a small percentage of acid, 1^ to 
2 p.o. or less, and the proportion of dry starch 
to dilute acid does not exceed 1 to 8. Qallasin 

i O. Schmitt a. Oobenzl, B. 17, 1000; Bosenbek, 
3.17,2466), a gummy body, is found in com¬ 
mercial glucose. This is identical with iso- 
maltose obtfuned to Fischer (B. 28, 8687) by the 
aatiiHi oi strong HOI on dextrose (Scheiblet a. 
Mittelmeler, B. 24,801). 


Action of diaslasi (matt extract). Biastssa 
does not act on ungelatinised starch in the cold 
(O’Sullivan, 0. J. 80, 133; Brown a. Heron, 
C. J. 35, 596), but Kjeldahl has shown that 
this is not true of all starches. This is probably 
due to some condition of the staroh connected 
with the state of ripeness of the material whence 
it was obtained. The action, and the products 
thereof, of diastase on starch paste has been the 
subject of much study, but as yet only the 
broad facts are agreed upon. When starch 
paste is heated to 60° or thereabouts, and a 
little prepared diastase solution or cold water 
extract of malt added, the pastiness begins imme¬ 
diately to disappear, the solution rapidly loses 
the power of giving a blue colour with iodine, 
and acquires, for a short time, the property of 
giving with that reagent a deep reddish-brown 
colour. This, too, it rapidly loses if the diastase 
is in sufficient quantity. The solution is then 
perfectly clear when some starches are employed, 
with others there is more or less flocculent sus¬ 
pended matter in a clear solution. In the cold 
this dissolution takes place slowly. So far the 
reaction can be followed with little trouble, but 
when it comes to a question of the products of 
the action, the subject becomes more difficult. 
Musculus (A. Gh. [3] 55, 203) states that when 
diastase dissolves starch paste at 70°-75°, the 
products consist of 1 mol. sugar and 2 mols. 
dextrin, and that no further action takes place. 
Payen (A. Gh. [4] 4, 286) asserts that more than 
50 p.o. of the solid matter dissolved by the re¬ 
action is sugar, and says (A, Gh. [4] 7, 382) that 
four samples taken from an operation in the 
apace of 1^ hours contained 17'9,20'9, 25*8, and 
26 03 p.o. sugar on the total solids dissolved. 
Schwarzer (J. pr. [2] 1, 212) agrees with Mus¬ 
culus in finding equivalent quantities of dextrin 
and sugar in solution, but differs from him in 
supposing that dextrin is formed first, then 
sugar, and that the action ceases when definite 
equivalent proportions are produced. He says 
less sugar is produced at 65° than at lower tem¬ 
peratures; above 05°-70° the proportion of sugar 
to dextrin is as 1 eq.: 3 eqs.; below 60°, when 
the principal phase of the reaction is finished, 
the dextrin and sugar are in the proportion of 1 
to 1. The change was considered complete 
when the solution no longer gave a colour with 
iodine. These investigators took the sugar as 
dextrose and estimated the dextrin by difference. 
O’Sullivan r(G. J. 25, 681; 30, 137) showed 
that the sugar produced was not dextrose but 
maltose, and that the method of estimating the 
dextrin was wrong. He also demonstrated that 
dextrin and maltose were the invariable products 
of the transformation, and that by continuing 
the action the whole of the dextrin could b« 
converted into maltose. It was, however. Indi¬ 
cated in this work that another body— from 
which it was impossible to eliminate the cupric 
reducing power, and which seemed to be a mix¬ 
ture of maltose and dextrin—was amongst the 
products. Although this work laid the founda¬ 
tion of all that has since been done in idle trans¬ 
formation products of staroh, it received for a 
time no attention from the Oontinental chemists. 
Musculus (Bi. 22,82) states that the Mccharifi- 
cation of staroh paste with diastase ceases when 
ball the matter bt wlation is sugar. Be attri- 
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bntsR bii original impression that onl^one-third 
WM converted into sugar to the varying strnotnre 
o< the starch granules, the coating of one variety 
offering a greater resistance to the action of the 
diastase than that of another. He still bolds 
that the action is a molecular splitting*up of the 
starch molecule, attended with hydration, into 
dextrin and sugar. Bondonneau (G. R. 81,1212) 
concludes that the action is not a splitting-up, 
but that the starch molecule must pass through 
four isomeric modihcations, viz., amylogen [a]o 
« + 210°, a-dextrin =» + 186°, /S-dextrin » +176*^, 
and 7 -dextrin« +164°, before it arrives at the 
end-product, glucose. These bodies increase in 
cupric-reducing power as they descend to the 
tlnal product. Petit {Bl. 24,510) mentions, as a 
constituent of the transformation products, a 
sugar soluble in alcohol, fermentable, and with¬ 
out action on alkaline copper solution. This 
is, undoubtedly, to be traced to the fact that 
maltose does not reduce as much copper oxido 
as dextrose. O’Sullivan (G. J. 30, 125; 35, 
770) showed conclusively when working under 
clearly-deiined .conditions that maltose and 
dextrin were the only products of the action, 
although, as stated, he pointed out the presence 
of a body which gave a reduction with copper 
oxide equal to 9-10 p.c. dextrose. The opticity of 
this body ([a]j = + 204°-206°) was such as to in¬ 
dicate a mixture of 12’3-15‘3 p.c. maltose from 
the reduction, and the remainder dextrin. He 
concluded that if the amount of reduction of the | 
products be calculated as maltose, and the | 
opticity due to this be subtracted from the total 
opticity observed for them, the remainder will 
agree with the activity of on amount of dextrin 
obtained by subtracting the determined maltose 
from the total products. He further showed that: 
(a) malt extract begins to dissolve starch at the 
temperature of gelatinisation, or a few degrees 
lower; (6) perfectly gelatinised starch is almost 
completely dissolved in the cold (10°-20°); 
(c) at 63° the action takes place according to 
the equation 

A« OidHsoD,, + OHj[ =* Ci.JIjjO,, + C^HjnO*; 

Starch MoIU^se Dextrin 

((f) at 64°-70° to 

B. §;£o;;} +OH,=C.^^O„ + 4C.H,.0.! 

Starch Maltose Dextrin 

(«) Bt 70“-71° (0. J. 1879) to 

• C,2H,,oOrt.+30H3 = SCiaHj^O,! + CCyllioOi; 

(/) and 71'“-75'> to 

0. O^,a,0flo + + lOCallj.Oi,; 

(,) and he stated that althongh the proportions 
of maltose and dextrin indicated by these equa¬ 
tions ara easily obtainable when the strict con¬ 
ditions are adhered to, it was only necessary to 
vary the proportions of malt extract and starch, 
and time and temperature, to obtain with case 
produots containing from 1C to 92 p.o. maltose. 
It ia farther pointed out that the final product, 
maltose, was very slowly converted into dextrose 
by some samples, at least, of malt extract. O’Sul- 
Uvan (C. J. 86, 770) showed that soluble starch 
was the first product of the action, and that 
the changes afterwards brought about may ba 
expressed: 

BUroh UiUtou o-Bexirln 

0. CnB|,.0..*,Oi^ ■ 0||H..O||-f- 


B. 0„H|3qO. + 2 OH 2 => 20,2H.,30|| + OmH..Ou 

s-Dextrin-lI 

B'. O,,H,„O„ + 8OH,-3C,A,O„-l-0..H„O« 

jS-Dextrln-III 

A. C,.H,^,Oeo + 40H,=40,2Hy,0„ + 
and finally: 

+ SOIIj=2G,2H2 jO)j. 

From the action of malt extract on these products 
ho concluded that it is possible that only one 
3-dextrin exists. The theory of splitting up and 
breaking down of the starch molecules, as repre¬ 
sented by the equations, docs not account for 
all the facts eliminated. A theory which arranges 
all the molecules in solution in groups, depen¬ 
dent one on the other—and capable, therefore, 
of undergoing a simulfaneoua change, o%of being 
moved at the same time—and the re-arrange¬ 
ment of these groups attendant upon the hy¬ 
dration of a definite proportion of the mole¬ 
cules in each of them, is more in accord with 
the eliminated facts. Marker (L. V. 22, 69) 
states that at 60° four molecules starch yield 
three of maltose and one of dextrin, at 65° 
there is less maltose, and at a higher tem¬ 
perature two molecules starch yield one of 
maltose and oneof dextrin. Musculusand Gruber 
(Bl. 30, 54) look upon starch as a polysaccharide 
containing at least five times the group C, 2 H.q, 0 ,o. 
When this is acted upon by diastase, or dilute 
acids, it is broken down with hydration into 
maltose and a dextrin containing a 
group less than starch; that this dextrin is 
Wken down in the same way, maltose and a dex¬ 
trin contamingaG,. 2 H 2 oO,o group less than the first 
one, and so on through the scries by successive 
stages, until finally the solution contains only 
maltose. They point to the existence of three 
dextrins giving no reaction with iodine, and call 
them a, 3, and y achroo-dextrins. From the 
optical activity and K they attribute to these 
bodies, they do not agree with O'Sullivan; thpse 
factors do not agree with those of a mixture of 
maltose and dextrin. Brown and Heron (G. J. 
35, 596) have eliminated out of the possible 
varying proportions of maltose and dextrin in¬ 
dicated by O'Sullivan eleven distinct transfor¬ 
mations : viz. soluble starch, erythro-dextrin 
a and 3, achroo-dextrins a to i), and maltose. 
They agree with O'Sullivan that the dextrins 
are without action on alkaline copper solution, 
and that the dextrins and maltose are the only 
products of the reaction. They do not mention 
tlie body from which O'BuUivan could not 
eliminate the reducing power, and they did 
not observe dextrose amongst the final products 
with malt extract. They agree with him that 
the higher the temperature at which the trans¬ 
formation takes place the less maltose is found 
amongst the products. They represent the nor¬ 
mal reaction taking place between 10° and 60° 
by the equation 

lOOijHjuOif + 8Hj(0 « 8G12H33O11 + 4CgH|gO|. 

Starch Maltose Dextrin 

They consider the starch molecule to be at least 
lOCijHsoOio, and that the hydrolysis of it begins 
by the formation of maltose and erythro-dextrin a, 
containing that this, in its tura» 

yields maltose and erythro-dextrin 3 , 80 , 21 ^ 0 }^ 
and so on to the end-—product, maltose, They 
thus agree with MobouIus and Gruber as to tha 
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obariiotec ol the eotlon, but disagree vrith them 
as to its qaaDtitative natore. 

Herzfeld (B. 12, 2120; 18, 8469) agrees 
with O’Sullivan and others that erythro- and 
aohroo- deitrins are without reducing power on 
copper solution, but he points to the presence of 
a substance amongst the transformation pr<j- 
ducts which seems to hold a position between 
dextrin and maltose; he names it malto-dex- 
trin. K = about j maltose, [o]j = +171-0“; thus 
K corresponds to 83'3 p.o. maltose. A mixture 
consisting of one-third maltose and two-thirds 
dextrin would have an opticity [a]j =-f 199°; 
hence this contradicts the statement of O’Sul¬ 
livan, confirmed by Brown and Heron, that, 
taking the reducing power as maltose, the 
opticity of the remainder of the transformation 
products corresponds to dextrin. Herzfeld con¬ 
siders that Bondonneau’s y-dextrin is malto- 
dextrin. 

Brown a. Morris (C. X 47, 627) confirm 
the presence of malto-dextrin, but they sbov 
that Herzfeld was dealing with an impure body, 
and that when its true K and [a]j, viz. K = 2M 
and [a]j = +193’1°, are examined it is found that 
they correspond with a mixture of maltose and 
dextrin. It is completely converted into maltose 
by malt extract at 60° to 60°. They do not agree 
with Herzfeld that it is a hydration product of 
dextrin, but hold that it is produced from starch 
and the polymeric dextrins by the fixation of a 
molecule of water upon the ternary group 

(C„H,, 0 ,„) 3 , thus I They have die- 

carded the series of equations, and consider 
that equilibrium is attained when a condition of 
thuigs represented by the equation 

10C„H,.O„ -h 8 H 3 O - SCiA-O,, -t 2C,2H-.0,„ 
starch Maltose Dextrin 

is arrived at. This is always the result when the 
change takes place at 60° to 60°, or when a higher 
transformation-product is degraded at that tem¬ 
perature. This degradation is due to the hydro¬ 
lysis of the more complex polymeric dextrins and 
malto-dextrin. Bourquelot (C. R. 104, 61 0) 
looks upon the action of diastase on starch as a 
successive fixation of a water molecule with the 
production of maltose and a lower dextrin until 
the reduction of the degraded products is 
E 61‘62 (about 82 6 p.c. maltose), but he does 
not describe his dextrin or dextrins, and ho con¬ 
cludes, as has already been clearly proved, that 
heat alters, not alone the quantity of diastase, but 
the quality. 

Brown and Morris (0. J. 65, 402), from 
determination of the molecular weights of some 
of the transformation products, conclude, as 
suggested by O’Sullivan in 1879, that the dex¬ 
trins are metameric, and not polymeric, as they 
hitherto considered them. They therefore 
abandon their former theory of the hydrolysis 
of starch by diastase, and, as far as I can see, 
come to a broad agreement with the theory 
enunciated by O’Sullivan. They mention another 
product, amylo-dextrin, [a]j = + 206°, K = 9'0. 
Like malto-dextrin, it appears to be a compound 

of maltose and dextrin, ■! ,, Its op- 

tioity and E agree with the body described by 
O’Sullivan in 1872, and mentioned above. 

4 new phase bas been given to the trany- 


m 

formation by 0. 3, Idniner {Zeit. ana. Oh. 1892, 
263). He says h» has isolated a body, which he 
calls isormliose, from amongst the products. It 
is less fermentable and less soluble in alcohol 
than maltose, with [o]b - +189 and K = 62, the 
opticity being nearly that of maltose and the 
reducing power about 84 p.o. thereof. Diastase 
converts it into maltose completely. 

Since the publication of the above Morris 
a. Wells [Transactions of the Institute of Brew¬ 
ing, 5, 133), and Moritz (ibid. 4, 141) point 
to the presence of a whole series of amyloins or 
malto-dextrins amongst what they call restricted 
starch-conversions, and they assort that iso- 
maltose is a low amyloin—t.e. one in which 
the maltose constituent largely predominates. 
These amyloins begin with a high proportion of 
the dextrin residue, and end with a high propor¬ 
tion of maltose. Their optical activity and re¬ 
ducing power are such as would be yielded by 
mixtures of maltose and dextrin. 

Sohitlerer (In. Dissertation, Basel) denies in 
toto the existence of the amyloins, and asserts 
, that nothing is to bo found amongst the pro¬ 
ducts of the action of diastase on starch but 
achroo-dextrin, isomaltose, and maltose. His 
dextrin, however, is a reducing dextrin; even 
otherwise, the work will not bear criticism. 

Action of other enzymes. Ptyalin (ptyalase). 
This enzyme of saliva liquefies starch pasts 
(Niigeli, Die StCtrketclimer, p. 113; Lefberg a. 
Georgieski, Bl. [2] 25, 393; Dobroslavine, BL 
[2] 26, 452; Maercker, L. V. 22, 69; Watson, 
C. J. 1879, 639 ; Musculus a. Do Mering, Bl. [2] 
31,106; Lea, J. P/ij(.?iof.ll,226). 'The products 
are maltose, a reducing, unfcrmentsble dextrin, 
and a litBe dextrose. Ungelatinised starch is 
not acted upon by ptyalase; at a temperature 
slightly below the gelatinising point the starch 
is dissolved, and the action is most rapid when' 
the ferment acts at 60° on previously-boiled 
starch paste (Bourquelot, G. B. 104, 71 a. 177). 

Enzymes capable of dissolving starch have 
been observed in the pancreatic juice (Brown 
a. Heron, Pr. 1880, 394), in the small in¬ 
testine (lieppe-Seylcr, Plvjs. Ch. 276; Brown 
a. Heron, i.c.5, in the liver (Wittich, Pf. 7, 28; 
Bernard, C. B. 85, 519; Abele, Th. }. 6, 271), 
and in many other animal tissues (Ellenberger 
a. Hofmoister, Th. J. 12, 601; Pasohutin, Th. 
J, 1,304). The stomach, pancreas, and peritoneal 
lymph of fishes contain an enzyme capable of 
dissolving starch (Bichet, Th. X 14, 359; 
Kruckenbevg, Unter. Phys. Inst. Heidelberg, 1, 
2). Blood contains a diastatie enzyme, lot 
starch injected into the blood yielded maltose 
' and dextrin (Bimmerman, Pf. 20, 201; Ploz a. 
Tiegel, Pf. 6 , 249). 

Starch-dissolving enzymes exist in the leaves 
and other parts of most plants (Baranetzky, Die 
sUtrkeumbildenden Fermente in den Pflaneen, 
Leipzig, 1878; Vines, Ann. Bot. 1891, 409). 

Certain organisms, bacteria, moul^, dtc., are 
capable of secreting an enzyme or enzymes 
having the power of dissolving starch. The 
nature of the dissolution products has, as yet, 
been very imperfectly studied; we have simply 
the general statement that they are sugar ot 
sugars and dextrin (Wortman, Z. P. C. 6, 
287; Fitz, B: 10, 282; Marcona, C. R. 96, 
846 ». 866; Oayon a. Dttbonrg,C- it. 108, 886i 
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Atidnton, Pr. 83, 299; TsAamine, E. P. 
6700 a. 17874, 1891). Baoillm amylobacter 
yielda dextrin and a small quantit; of a orys- 
tall^e body (Villiers, 0. B. 112, 436 a. 113, 
144 a. 636). Under the influence ol Baeillui 
suaveolens, dextrin, glucose, alcohol, aldehyde, 
formic, acetic, and butyric acids are produced. 
Amylic alcohol is the result ol the action of 
Bacillus amylozymicus, no doubt intermediate 
bodies; dextrin and sugar are at first produced. 
Atkinson states that the moulds grown on 
steamed rice in the manufacture of Bak6, in 
Japan, secrete an enzyme, which first converts 
starch into dextrin and maltose, and further 
acts on the maltose and dextrin, with the pro- 
dnetion of dextrose. 

Some gums of the arabin group contain a 
starch-dissolving enzyme (O’Sullivan, C. J. 1891, 
1061). 

Maize, malted and raw, and other grains con. 
tain an enzyme capable of dissolving starch and 
yielding as a final product dextrose (Cuisinier, 
0. 0. 1886, 614). its action on starch is not 
very vigorous, but it acts more rapidly on dex¬ 
trin and converts maltose very rapidly into 
dextrose (Geduld, Wocliemchrift f. Brauerei, 
8, 620; laainet, Zeit. f. ges. Brau. 1892, 123). It 
would be interesting to determine in what re¬ 
spect this enzyme differs from that ol the 
moulds, and to establish their separate existence. 

Action of the halogens. Chlorine does not 
stain starch. Bromine colours it yellow. Iodine 
gives with it an intense blue. This reaction is 
a distinctive test for starch. The colour is de¬ 
stroyed by heating, but returns on cooling; but if 
the solution be boiled for some time, the colour 
does not reappear. The blue colour is also 
discharged by arsenious and sulphurous acids, 
by alkalis and carbonates thereof, and, indeed, 
alcohol can remove the iodine. A solution of 
iodine in strong alcohol does not colour dry 
starch. Some observers consider that the pro¬ 
duction of this blue colour is not due to a defi¬ 
nite chemical combination of iodine with starch 
(Vogel, N, Bep. Pharm. 22,349; 25,665; Pellet, 
M. [8] 7, 988; Tomlinson, P. M. [6] 20,168; 
Duclaux, A. Ch. [4] 25, 264), while others at¬ 
tribute a definite formula to the combination. 
According to Bondonneau (C. B. 85, 671), it is 
(0^,jOj),I; Mylius (B. 20, 688) considers it to 
contain HI, and gives the formula 
as probable. He finds that the HI can be dis¬ 
placed by metallic iodides. Stocks (C. N. 66, 
212; 57,183) and Seyfert (Zeit. ang. Ch. 1,15) 
contradict this. Bouvier (C. B. 114, 128 a. 
1866) attributes the formula (CsH„0,),I to the 
comMund, Starch is oxidised by chlorine and 
by bromine to gluconic acid (Habermann, A. 
172,11; Herzfeld, A. 220, 364). 

Action of alkalis. Weak solutions of the 
alkalis do not act on starch in the cold, but 
solutions containing over 8 p.c. real alkali cause 
the granules to swell up with the formation of a 
thick transparent paste, and, finally, a clear 
solution, a compound of starch with the alkali 
being formed (Schmidt, A. 61, 31; Ventzke, 
1. pr. 25, 66) which, according to the latter, 
is optically inactive, but this, no doubt, is in¬ 
correct, lor B6champ (0. B. 89, 663) gives the 
optioity [o]j =i + 211“ for the starch mssolved, 
•nd Thomsen (B, IS, 2168) shows that the ac¬ 


tivity of dilute soda solutions is Mg >+165. 
On neutralisation this becomes much higher, 
corresponding, in fact, with B^ohamp's number. 
The product does not reduce alkaline copper 
solution (Brown a. Heron, 0. J. 85, 617). The 
potassium compound is obtained by ppg. the 
solution in dilute KHO with alcohol, pressing 
the pp., dissolving in HjO, and re-ppg. with 
alcohol. This process repeated three or four 
times is said to yield a pure compound of the 
composition 02,H„Oj„K (Pfeiffer a. Tollens, A. 
210, 288). A sodium compound 02,H„0*,Na 
has been obtained in the same way (Keichardt, 
Z. 1870, 404). These formulas are, however, 
very improbable. Alcoholic soda does not act 
on starch (Dragendorf, J. f.Landmrthschaft, 7, 
206). 

Starch heated with ammonia yields brown, 
amorphous, nitrogenous bodies (Thfenard, C. B, 
52, 444). 

Fused with KHO, starch, like other carbo¬ 
hydrates, yields oxalic acid, acetic acid, and 
other products. 

Action of alkaline earths. Barium, stron¬ 
tium, and calcium compounds similar to the 
sodium and potassium bodies have also been pre¬ 
pared. When solutions of soluble starch are ppd. 
with solutions of lime in sugar syrup, pps. are 
produced which are not very definite in compo¬ 
sition, the percentage of lime showing a varia¬ 
tion between 0,H,.OjCaO and (CjH|,Oj),CaO. 
Similar baryta compounds have been examined. 
When a solution of soluble starch is saturated 
with strontia and alcohol added, a strontium 
compound is ppd. (Lintner, Zeit. f. ang. Gh. 
1888, 232). On distilling starch with lime 
acetone, mesityl oxide, isophorone, and ketones 
are produced (Harvat, G. C. 1887, 38). 

On digesting starch with acetic anhydride, a 
triacetate is said to be formed 0„H,Oj(OjHaOi), 
(Sebiitzenberger a. Naudin, Bl. [2] 13, 110; 
A. Ch. [4] 21, 235; Michael, Am. 5,359). This 
substance is amorphous; it is stained blue by 
iodine, and is decomposed by alkalis, with the 
re’production of starch. 

Qualitative determination. The presence of 
starch is indicated by the granular appearance 
under the microscope, and starch granules are 
distinguished from all others by being stained 
blue by iodine solution and yellow by bromine. 
If the plasma in which the granules are contained 
is alkaline, it must be rendered slightly acid, 
or sufficient iodine solution must be employed 
to destroy the alkalinity. A solution of iodine 
in potassium iodide is usually employed, but an 
alcoholic solution answers the purpose. When 
the test is applied for starch in solution, the 
solutions must be cold and slightly acid and the 
reagent must be added in small quantities at a 
time. It is sometimes necessary to test a solu¬ 
tion for soluble starch in presence of a-dextrm— 
t.e. the dextrin giving a reddish-brown colour 
with iodine. If this is in excess the reddish- 
brown colour covers the blue; ammonia added 
cautiously, drop by drop, discharges the reddish- 
brown, and if soluble starch be present the blue 
becomes definite and distinct. Care must be 
taken to avoid excess of ammonia (O’Sullivan). 
Small quantities of starch, which would other¬ 
wise not be observable, may be detected in the 
■ last runnings ’ pf inglf wort b^ adding, a litOt 
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teDats utd then aloohol to tiie aolntion. The 
iterob is ppd. in this way, and on washing the 
pp, with water will yield the oharaoteristio re¬ 
action with iodine (Borokhardt, Chem. Beit.1877, 
11S8). Starch, when moistened with an alco¬ 
holic solution ol o-naphthol and a tew drops oi 
warm concentrated sulphuric acid added, aa> 
quires a deep violet-red colour (Ihl, Chem. Zeit. 
11 , 19 ). 

Quantitative determination. There are very 
tew materials containing starch of which a suffi¬ 
ciently accurate average sample can be obtained 
to render a definite estimation of the starch 
therein of much value. 

In some oases separation of the starch, by 
one of the methods given for its preparation, 
gives results of sufficient accuracy to satisfy the 
requirements. 

In the case of potatoes, the percentage of 
starch is deduced from the specific gravity, a 
set of spccially-oonstruoted tables being used; 
but this method, on the face of it, cannot yield 
more than an approximation. The specific 
gravity of the washed potatoes is taken in the 
usual way, a balance constructed to meet the 
requirements of the case being employed. About 
6 kilos, of the potatoes are weighed in a strong 
wire basket in air, and then in water; thence, 
.. weight in air 

speci c gravi y = jjj ^ater. 

According to the tables of Behrend, Marker, and 
Morgan, we have from 


Sp.gr. 

Percent, of 


Per cent, of 

starch 

Sp.gr. 

starch 

1*080 

13*9 

1*120 

22*6 

1*090 

16*0 

1*130 

24*6 

1*100 

18*2 

1*140 

26*7 

1*110 

20*3 




In cases in which fair average samples of the 
material can be obtained, several methods have 
been proposed, all depending on the conversion 
of the starch, or the starch transformation pro¬ 
ducts, into dextrose by digestion with dilute 
HOI or HjSO„ the dextrose being estimated 
with Fehling’s solution, volumetrieally or gravi- 
metrioally, and the starch calculated therefrom 
according to the equation C„H„0, + H,0- C,H|jO, 
(». Saohsse, C. 0. [S] 8, 732; Marker, Handb. 
der Spiritusfabrication, 4 Auf., Berlin, 1880, 
93; Soxhlet, Zeit. f. gee. Brau. 1881, 177; 
Faulenbaoh, Zeit. f. phys. Chem. 7, 510; Zip- 
erer, Ttep. An. Chem. 6, 699). Dubrnnfaut 
issolved the starch by rubbing the material 
with concentrated HCl, diluting the solution 
with water to a certain volume, and deter¬ 
mining the opticity. The starch was calculated 
from[o], =192'4®. 

Efironi {Bl. [2] 47, 6) dissolves the starch 
with malt extract, determines the optical activity 
of the solution, then heats it with ammonia, 
after _ which he treats it with sodium hypo¬ 
chlorite and with HCl, and again determines 
the opticity; but this method is open to many 
objections. 

These methods are unsatisfactory, inasmuch 
as it is difficult, if not impossible, to completely 
convert starch or starch products into dextrose, 
there being a probable error at one time from over- 
oonversion, at another from nnder-conversion; 
.And, indeed, botb maj ocepr at the sme time, 


the amount of redaction ol Fehling’s solntion 
taken as dextrose never being a correct measure 
of the starch transformed. Another objection 
to the method is due to the fact that dilute acids 
convert other substances besides starch into 
bodies capable of reducing copper oxide. 

Girard (0. B. 104, 1629) titrates starch with 
iodine solution, 1 grm. of starch taking up 0*157 
grms. iodine, 

Asboth (Chem. Zeit. 11,785) proposes to add 
an excess of baryta water to the gelatinised 
starch and then aloohol. The dried pp. con¬ 
tains 19*8 p.o. BaO, the remainder is starch. This 
method, too, cannot bo of any use. 

O’Sullivan (0. J. 45, 2) described a method 
by which starch in most materials can be esti¬ 
mated with accuracy. If a fair average sample 
of the material cannot be obtained by grinding 
and powdering alone, it is first dried in warm, 
dry air and then powdered. The following is 
the method as applied to the cereals, but it is 
also applicable to all materials when treated as 
just described. 

Five^ams, or thereabouts,accurately weighed 
—more if the material contains liss than 40 p.o. 
starch—of the finely-ground material are intro¬ 
duced into a wide-necked flask of 100 to 120 o.o. 
capacity. To this sufficient alcohol of sp. gr. 
0*82 is added to saturate it, and after a time 
20 to 25 c.o. ether are introduced. The clear, 
ethereal solution is decanted off after standing 
for a few hours, and the residue again treated 
two or three times with ether. It is then ex¬ 
tracted with aloohol, op. gr. *90, at 35° to 38°, and 
treated with a large bulk ol water, with which it 
is left in contact for at least 24 hours. If any 
sign of fermentation shows itself, a little salicylic 
acid sol-jtion may be used with the water. The 
residue, after being completely extracted with , 
water, together with the filter, through which all 
the extracts should have been passed, is trans¬ 
ferred to a beaker of about 100 o.o. capacity, and 
made up with water to about 40 to 45 c.o. This 
is heated to boiling for a few minutes in a water 
bath, care being taken, by continual stirring, 
to insure a homogeneous paste; then cooled to 
02° to 63°, and 0*025 to 0*035 gram prepared 
diastase or its equivalent of malt extract added, 
the digestion being then continued at the tem¬ 
perature stated for a few hours. At the end of 
that time the contents of the beaker are boiled 
for a few minutes, thrown on to a filter, and the 
filtrate received in a 100 o.o. measuring fiask. 
The residue* is carefully washed with small 
quantities of boiling water at a time, and the 
filtrate made up at 15*5° to 100 0.0. A deter¬ 
mination of the reducing power calculated as 
maltose, and of the remainder of the optical 
activity as dextrin, gives the data for calculating 
the quantity of starch. This holds good even 
though the amyloin theory of the breaking down 
of starch be proved to be accurate. 

Example.—6 grms. barley-flour treated oi 
described, 0*03 grm. prepared diastase being 
employed,' gave 100 o.o. solution of sp. gr. I'OIOOB 
= 2*639 grms. solid matter. 9*178 grms. this 
sol. reduced 0*241 grm. CuO. Opt. act. in 
r If cold-water malt extract be need, a portion of IS 
muBt be beated for the tame time and at the tame tea- 
perature as the aeeay; then boiled, and the opticity and 
reducing power detennlned; these taotors ealcnlateS 
on the quantity employed oast bp allowed (K*. 
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200 mm. tabe»+21'l divs. (Sol«iI-Veutzke- 
Boheibler BEUKsbarimeter). Hence 

0-241 +0-72,M (K of maltose=62-8) 

= 0-1748 grm. maltose; 

2-178 grms.; 101-003 (tbe wt. of 100 o.o. sol.) 

::0-1748:a:; 

X =maltose in tbe 100 o.o. sol. = 1-923; 

Opt. act. maltose [a]j = 4-154° and of dextrin [a]] 

= + 222 °. 

Hence 1 grm. maltose in 100 c.o. sol. in 200 mm. 
tube => 8-62 divs. of instrument mentioned, and 
1 grm. dextrin under like circumstances = 11-66 
divs. Thenl-923 x 8-02 = 15'422diYB.opt.activity 
of the maltose, 21-1-16-422 = 6-678 divs. opt. 
activity of the dextrin, and 5-678 +11-66 = 0-491 
grm. dextrin in the 100 c.o. sol. Dextrin is derived 
from starch without any increase of weight: 
100 grms. starch yield 105-6 maltose; hence 
1-065 :1-923:: 1: a: starchmaltose j 
a=1-822 grms. starch. 

1-822 + 0-491 (as dextrin) = 2-313 starch; in 
the 6 grms. taken = 46-26 p.o. 

It is clearly shown in the paper quoted that 
if starch is not estimated in the way indicated 
no reiianoe can be placed on the results. It 
happens when dealing with some varieties of 
material that the aqueous extract contains 
solublt starch (biue colour with iodine). This 
cannot be looked upon as starch; it must be 
estimated in the solution as the soluble modih- 
cation. 

Soluble starch may be prepared (a) by tritu¬ 
rating starch with sharp sand or powdered glass 
so as to disintegrate the granules and extracting 
with cold water; (6) by the limited action of 
malt-extract or of acid. 

Delfts (P. 109, 648) prepared soluble starch 
by triturating starch with sand and water; the 
solution gave a dark - blue colouration with 
iodine. Fluckiger {Z. 1861, 104) prepared 
a similar solution by acting on starch with 
a concentrated solution of calcium chloride 
and treating the resulting gummy mass with 
water, when, on filtration, a solution is obtained 
which exhibits all the characteristics of soluble 
starch. Musculus (Bl. [2] 22, 26; A. Ch. [5] 2, 
386) does not consider this a true solution; 
he prepares the body by boiling starch with 
very dilute sulphuric acid, saturating the solu¬ 
tion with chalk, and evaporating to a syrup. 
This deposits small granules which gradually 
increase in size, ace soluble in hot water, and 
may be purified by precipitation jvith alcohol. 
It possesses no reducing power -, its rotatory 
ower is four times that of glucose. Bon- 
onneau (C. B. 80, 671) has prepared soluble 
starch by this method, but does not find it 
altogether soluble under all conditions. Soluble 
starch is undialysable. Fuming nitric acid con¬ 
verts it into a mononitro- derivative, C,H,(N0 JO,; 
dilute nitric acid oxidises it to carbonic and oxalic 
acids; bromine and silver oxide to gluconic acid 
(Reichardt, B. 8,1020; 7,424). 

Nageli (BeUrOgs s. nHheren Kenntniss der 
SUirkegruppe, Leipzig, 1874, p. 33, 99; A. Ch. 
173, 218) gives the following method: 1 kilo, 
potato starch is allowed to stand 6-8 weeks 
with 6 litres hydrochloric acid, S.G. 1-06; this is 
then purified ly solution in hot water; it crystal¬ 
lises in sphsro-orystals (Jaquelain, A. Ch. [2] 
fl, 178). According to Brown ». Morris, this is 


not soluble starch (v. above). ZulkowsU (B. IS, 
1895) prepares soluble starch by heating dry 
potato starch with glycerol at 180°-190° for half 
an hour. Tbe solution is cooled, precipitated 
b^ alcohol, and the precipitate purified by solu¬ 
tion in water and reprecipitation by alcohol. 

Salomon {J. pr. [2] 28,82) finds that soluble 
starch is the first product of the action of dilute 
acids on starch; it does not reduce Fehling’s 
solution, and has an optical activity [a]„—211-6°. 
O’Sullivan (0. J. 1879, 77‘2) prepares soluble 
starch by dissolving starch paste at 73°-74° 
with the least possible quantity of cold water 
extract of malt, boiling tbe solution as soon as 
it becomes clear, filtering, and concentrating. 
The soluble starch falls out on cooling as a 
white precipitate, which is purified by dissolving 
in hot water and allowing to cool when it sepa- 
rates out again. It has a reducing power, 
3-5-0-78, and an optical activity [e]) = 219-5- 
222-0, the reducing power being probably due to 
a small quantity of maltose; v. also Action of 
acids on starch, above. 0. O’S. 

STEAEIC ACID Mol. w. 284. 

[69°]. (232° cor. at 16 mm.) (Krafft, B. 17, 
1629); (3.'i9°-383°) (Carnelley a. Williams, B. 
12,1360). H.F. 126,000 (Von Uechenberg). S.G. 
(liquid) SS -845 ; (solid) 2 1-01; 12 1-00. S.V.S. 
332-6 (R. Schiff, A. 223, 264). S. (alcohol) 2-6 
in the cold. S. (benzene) 22 at 23°. S. (CS,) 
30 (Vogel, J. 1861), 892). Occurs as glyceryl 
stearate in very many fixed animal and vegetable 
fats and oils (Chcvreul, A. Ch. 88, 226 ; [2] 2, 
3.54 ; 23,19; Braconnot, A. Ch. 93,250; Rodten- 
bacher, A. 36,46; Bromeis, A. 35, 86; 37, 303 ; 
Stenhonse, A. 36, 67; Erdmann, J. pr. 25, 497; 
Francis, A. 42, 256; Gottlieb, A. 67, 35; 
Laurent a. Gerhardt, A. 72, 272; Hardwick, 
C. J. 2, 232; Crowder, P. M. [4] 4, 21; Berthe- 
lot, A. Ch. [3] 41, 216, 432; 47, 297 ; Pebal, A. 
91,138; Heintz, A. 92, 296; Johnston, 0. J, 
29, 8). 

Fonnation.—!. By saponification of cetyl- 
(cetoacetio ether, obtained from cetyl iodide and 
sodium acetoacetio other (Gntbzeit, A.206,351). 
2. By heating cetyl-malonio acid at 150°.—3. 
From ricinolcio acid by treatment with water, P, 
and I, followed by zino and HClAq (Claus, B. 9, 
1916).—4. By heating olcio acid with iodine 
(1 p.e.) for several hours at 275°''and distilling 
the product in a current of superheated steam 
(De Wilde a. Reyohler, Bl. [3] 1, 296). 

Preparation. -Suet or cacao fat is saponified 
by NaOIIAq, the acids ppd. by H^SO. and crystal¬ 
lised from alcohol. An alcoholic solution of the 
impure stearic acid (4 pts.) saturated at 0° is 
heated to 60° and mixed with a boiling alcoholie 
solution of Mg(OAc), (1 pt.). The ppd. magne¬ 
sium stearate is boiled with HClAq and the 
steario acid recrystallised from alcohol (Heintz). 
Stearic acid can also be readily obtained from 
shea-butter which contains no other solid fatty 
acid (Buff a. Oudemans, J.pr. 89, 215). 

PrOTcrftes.—Pearly plates, insoi. water, soL 
alcohol and ether. Tasteless and inodorous. 
May be distilled in vacuo and, in small quantity, 
under atmospheric pressure, but in this ease it 
is partly decomposed with formation of hydro¬ 
carbons, stearone, water, 0O„ acetio acid, and 
butyric acid. Fusion with P,0, forma 0„H,iO 
[64^0°]. Nitrio aoid forms ssbgoie, glutanq. 
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llWQUug, aau uuior wuus. jor tuiu waier at 140^ 
torn bromo* and dibromo-steario acids (Oade- 
mans, J. pr. 89, 193). Distillation in vacuo 
with NaOMe yields 0„Hn (^‘^'> 2133). 

Salts.—KA'. Hygrosoopio crystals. S. 4 
in hot water. Partially decomposed fay a large 
quantity ot water into an insoluble acid salt and 
free potash.—KHA',. 8il?ery scales (from 
alcohol). S. (alcohol) *36 in the cold; 27 at 78°. 
Bailing water oonverts it into a more acid salt. 
NaA'.—NaHA',: insol. water.—BaA',: minute 
lamime, insol. water.—CaAV—SrA'y—MgA',: 
minute laminos (from alcohol).—OuA',: light- 
blue amorphous powder.—PbA'j: amorphous 
powder, insol. ether. -PbjOA'j.—AgA': white pp. 

Methyl ether MeA'. [38°]. Crystalline, 
insol. water (Hanhart, 0. B. 47,230). 

Ethyl ether KtA.'. [33°]. (224°). Formed 
by heating the acid with alcohol at 200° (Las- 
saigne, A. 13, 168; Berthelot, A. 88, 312) by 
passing HCl into an alcoholic solution of stearic 
acid (Bedtenbacher, A. 35, 51) and by heating 
steann with a little NaOEt (Dully, C. J. 5,197 j 
Bonis, C. B. 45, 35). Crystalline mass, partially 
decomposed by distillation. V. sol. alcohol. 

Eikytene ether [76°]. From 

AgA' and CjH,Br., (Wurtz, A. Ch. [.3] 55, 436). 

Isoamyl ether CjH„A'. [25°]. 

Octyl ether [45°]. 

Oetyl ether [55°-60°]. Lamlnse 

(from ether) (Berthelot, A. Ch. [.3] 56. 70). 

Glyceryl ethers v. toI. ii. p. 022. A 
mixture ot stearic acid and glycerin saturated 
m^h HCl at 100° forma C^,Cl(OH)(O0„II„O) 

Phenyl ether PhA'. [52°]. (207° at 15 
mm.) (Krallt a. Biirger, B. 17, 1380). 

p-Tolyl ether C,H,A'. [54°]. (276° at 

15 mm.). 

Chloride Ci.H^^OCl. [23°]. (215° at 15 
mm.). Crystalline mass. 

Amide 0|„H3,O.NH,. [109°]. Formed by 
distilling ammonium stearate at 230’ under 
pressure; the yield being 50 p.c. (Hofmann, B. 
15, 984; c/. Carlet, Bl. 1859, i. 76). Formed 
also by the action of NH, on the ether or on the 
chloride. Converted by the action of Br and 
NaOHAq. into stearyl-hentadeoyl-urea (Turpin. 
S. 21,2486). V t* • 

Anilide C„H„ONHPh. [94°]. Formed 
by distilling aniline over stearic acid at 230° 
(Pebal, A. 91,152). White needles. 

Phenyl hydraeide C„Hj,,.CO.N.H,Ph. 
[107^. Formed by heating stearic aoiii with 
phenyl-hydrazine. White unctuous plates (from 
alcohol), si. sol. cold alcohol, benzene, and ether 
(Strache a. Iritzer, M. 14, 37). 

Nitrile C„H„CN. [42°]. (275° at 100 

mm.). S.G. *,' *815; ija *779. Formed by dis¬ 
tilling stearamide with (Kralft a. Stauffer, B. 
15,616, 1730) or by heating oyanosteario acid at 
260° (Hell a. Sadomsky, B. 24, 2779). 

Beferences. — Bnouo-, Di - bhouo - lono-, 
Cblobo-, lono-, Nitho-, and Oxy-sTSAnio acip. 

iBosteario acid (C,H„)20H.CO,H. [98*6°]. 

(278® at 101 mm.). Formed from di-ootyl- 
aoetoacetio ether or m-ootyl-malonio acid (Conrad 
a. Qnthzeit, A, 204,11,1^). Colourless leaSets 
(from adoohol).—HaA'; needles (from alcohol). 
—AgA': thick white pp. 

. Ethyl ether £tA'. (27fi°-330° »t 100 am.). 
TWa IV, 


0,fiuOr r«4*J. 
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(218° nneor. at 22 mm.). Fonned"by dlstllHni 
ooloium stearate with calcium formate (Kraftt, 
B. 13,1417). Plates with bluish glitter, si. sol. 
ether. 

STEABIH V. Stearyl derivative of Oltcbbih. 

8TKAHOUC ACID C„H„Or Mol. w. 280. 
[48°]. (200°). Formed by heating bromo-olefc 
acid or the dibromide of oleic acid with alooholio 
potash at 100° (Overbeck, J. pr. 97,169; A. 140, 
49). Needies (from alcohol), insol. water. Bt 
forms C„H„Br,0, and 0„H,.Br,0, [70°]. I and 
Fel, in C.S, form C„H,.;I,02 [51°] (Liebermana 
a. bachsse, B. 24, 4116). Potash-fusion- yields 
myristio acid Ci.IL.O, and an acid C,,H„0, 
[21°] (Marasse, E. [2] 5, 671; B. 2, 359). Alka- 
lino KMnO, oxidises it to suberic and stearoxylic 
aeid3(Hazuraa. Griissner, 3f.9,952). HNO,yields. 
azelaio, stearoxylic, pelai-gonic, and nitroso- 
pelargonio acids (Limpach, A. 190,294). Phenyl- 
hydrazine at 140° gives G,,H,,CO.N„H.J>h (82°! 
(Holt, B. 25, 2670).-BaA'2.-CaA'2aq.-AgA'. 

SIEARONE (C|,H,5).;C0. Di-heptadecyl 
ketone. [88°]. S.G. (liquid) *7979 (Krafft, B. 
15,1715). Formed by heating stead .i acid (9*6 g.) 
with P-A (6g.) at 210° (Kipping, 0. J. 67,637; of. 
Bussy, A. 9, 269; Bedtenbacher, A. 85, 67; 
Varrentrapp, A. 85, 80; Bowney, 0. /. 6, 97; 
Hointz, P. 94. 272; 96, 65). Got alsobydis- 
tilling the stearyl derivative of heptadeoyl-urea 
with lime (Turpin, B. 21, 2480). Plates, si. sol. 
hot alcohol. Br forma C„H,„Br20 (72°]. 

Oasiw (C,,H,3 )jO:NOH. [63°]. White powder, 
m. sol. hot benzene and alcohol, insol. water 
and alkalis (Spiegler, B. 17,1675; Kipping, 0. /. 
67, 640). 

SIEABOXYLIO ACID C„H,,,0,. Mol. w. 
312. [86°]. Formed by the oxidation of stearolio 
acid (Ovcrbeck, A. 140, 63; Hazura a. Griissner, 
M. 9, 952). Plates or needles, el. sol. cold al¬ 
cohol. BaA'j. —AgA': crystalline powder. 

STEAKYli-GLYCEBIN v. GnYCBius. 

steel V. Ikon, vol. iii. p. 63, and DiorioNaat 
OT Appuan CnmnsTRY, vol. ii. p. 300. 

SIIBIlfE. Synonym of antimony hydride,v, 
vol. i. p. 288. 

STILBENE V. Dl-PHBNYn-ETnYLBNB. 

STILBEEE ALCOHOL c. Hyduobbnzoin. 

STILBENE DIB-BOMIDEp.Di-bboaio-pii&nyi,* 

EIRANK. 

STILBENE DICABBOXYLIC ACID v. Di- 

pnuNTT.-MAr.Kirn aom. 

STILBENE DICHLOBIDE «. Di-chubo- 

PnENYL-ETBANsI! 

STOlCHIOHETBY. The laws of chemical 
combination, and their application to chemical 
calculations; v. Combinaiion, ohbuical. Laws or, 
vol. ii. p. 235. 

BTORAX. A balsam produced by Styraa 
offichtalis, a shrub growing in the Levant. It 
occurs in two varieties, liquid storax and reed 
storax, the latter containing a large quantity of 
bark. Liquid storax is a browuiah-yellow sticky 
mass containing styrene, styraoin, cinnamic acid, 
phenylpropyl cinnamato, a little ethyl oinnam- 
ate, a substance [65°] smelling like vanilla (pos¬ 
sibly ethyl-vanillin), and (a) and (S)-atoreain(d 
(W. von Miller, N. B. P. 24,1; £.9, 274; A, 
188,184; 189, 838). 

(«)-Btoreainol 0„H„O, t-e. 0„H.,(OH)- 
[160°-168°J. Amorphous, v. sol. dUute KOHAil 

till 





Intt tone. KOHilq ppta. Oij^^O^K. Tidda • 
l&iMo- and tri-acetyl derivative. 

(lll)-8tOTeaiiiol. [140°-145'’]. Amorphons. 
Vomia amorphous 0„Hj,0,E, which is more sol. 
water than its (a)- isomeride. 

STBONTIA. Oxide of strontium (n.v. p. 516). 
. STEOSnUM. Sr. At. w. 87-3. Mol. w. not 
known. Very little known about properties. 
Doubtful if approximately pure Sr has yet been 
isolated. S.G. c. 2'4 to 2-58 (Franz, J. pr. 107, 
2S3; Matthiessen, J. 8, 324). For omission- 
apeotrum «. B. A. 1884. 444. H.O. [Sr,0]=. 
128, 440 {Th. 3, 258). 

OccujTcace.—Compounds of Sr are widely 
distributed, but not in very large quantities. 
StCOg occurs in small quantities in ail specimens 
ot arragonite ; very small quantities are found 
in many calc-spars, marbles, and dolomites. 
SrSO, is an ingredient of many Iteavy spars. 
SrCO, is found as strontianile, and SrSO, as 
cclestine in a few localities; brewsierite contains 
Sr silicate, vrith silicates of Ba or Ca. Traces of 
SrSO, and SrCL are found in many mineral 
springs, in some hard river-waters, in sea-water, 
and in the rshcs of certain plants, especially 
Fucus vesiculosus. 

Historical. —A mineral found at Strontian, a 
village in Argyleshire, in 1787, and supposed to 
be barium carbonate, was observed to colour 
flame reddish by Crawford and Cruikshank in 
1790 {Mem. Manchester Soc.). The supposition 
made by C. a. C. that the mineral contained a 
new element was confirmed by Hope (T. JS. 4,3), 
Klaproth (Crell's Ann. 1793 [ii.] 189 j 1794 (i.) 
99), and Eirwan-Eiggins {Crell's Ann. 1795 (ii.) 
119, 205). The metal was isolated by Davy in 
1808 {T. 1808. 845). 

Formation. —1. By electrolysing moist SrOjHj 
or SrClg in contact with Hg and a little naphtha, 
and heating the amalgam so formed (Davy, T. 
1808. 345).—2. By heating saturated SrCl.,Aq 
with Na amalgam to 90°, quickly washing the 
Sr amalgam so formed, drying it by filter paper, 
and distilling off the Hg in a stream of H (Franz, 
J.pr. 107, 253).—8. By heating SrO or SrOjE, 
Intimately mixed with Mg powder, a mixture of 
Sr with MgO is obtained (Winkler, 3. 23,125, 
2647). 

Pre^ration —A porous clay cylinder is 
placed in a crucible, and SrCl.,, mixed with a little 
NH,01, is placed in the crucible and in the cell, so 
that when the mixture is fused the surface of it is 
at a higher level in the cell than in the crucible. A 
cylinder of sheet iron surrounding' the cell serves 
as the positive electrode, and an iron wire pass¬ 
ing through a tobacco pipe, the bowl of which 
dips under the molten mixture in the cell, serves 
as the negative electrode. The crucible is heated 
till the mixture of SrCl, and NH,C1 melts, tem¬ 
perature being kept so that there is always a 
solid crust on the surface of the mixture in the 
porous cell. A current from 5 or 6 Bunsen cells 
is passed through the molten mass; Sr is sepa¬ 
rated and runs into small pieces, which are pro¬ 
tected from the air by the solid crust of SrCl, 
and NH,C1; the pieces of Sc are removed by 
an iron spoon and kept under petroleum. 

For (he preparation of pure Sr salts from 
ttrontianite v. Barthe a. Falilres {Bl. [3] 7,104). 

Properties.—A yellowish-white metal, some- 
egritat harder than Oa or Fb} can be beatw into 


thin leaves *, melts at (nil red heal. According: 
to Mallet (A. 190, 62), Sr is slightly volatUlSed at 
a very high temperature. Easily oxidised by 
exposure to air; decomposes cold water rapidly; 
dissolves in dilate acids, not in HNO,Aq, ^ving 
salts and H. Combines directly with S and the 
halogens. Sr is a strongly positive metal, less 
positive than the alkali metals and Oa,bat more 
positive than Mg; it is closely related to Ca and 
Ba, less closely to Mg; it also shows resemblances, 
to Zn, Cd, and Hg {v. Alkaline eaetus, hetals 
or THE, vol. i. p. 112; and Magnesium oboup or 
ELEMENTS, vol. iii. p. 163). The atomic weight 
of Sr has been determined (1) by determining 
CO, in SrCO, (Stroraoyer, S. 19, 228 [1816]; 
Salvdtat, 0. R. 17, 318 [1843]); (2) by ppg. Cl 
from SrCl, by Ag (Bose, S. 19, 228 [1816]; 
Pelouze, C. B. 20, 1047 [1845]; Marignac, A. 
106, 168 [1858]; Dumas, A. Ch. [3] 65, 191 
[1859]); (3) by determining water in SrCl,.6H,0 
(Marignac, A. 106, 168 [1858]); (4) by trans¬ 
forming SrCl.„6H.,6 into SrSO, (Marignac, l.c.). 
The S.H. of Sr has not been determined directly. 
The V.D. of no compound of Sr has boon deter¬ 
mined. 

Reactions and Combinations (ti. Bunsen, 
A. 94, 111).—1. Exposed to air or oxygen rapidly 
forms SrO, or Sr0.jH, if moisture is present.— 
2. Burns brilliantly when heated in oxygen, 
sulphur vapour, chlorine, bromine, or iodine 
vapour; also in dry carbon dioxide .—3. Decom¬ 
poses cold water rapidly, giving oil H and form¬ 
ing SrO.,n,.—4. Dissolves rapidly in dilute 
hydrochloric or sulphuric add; reacts slowly 
with cone, sulphuric acid ; scarcely acted on by 
nitric acid, even when hot and cone.—6. Beduces 
silica and silicates when heated therewith to lull 
redness. 

Strontium, antimonate of; v. vol. i. p. 286. 

Strontium, arsenates of; v. vol. i. p. 309. 

Strontium, arsenite of; v. vol. i. p. 307. 

Strontium, borates of; v. vol. i. p. 530. 

Strontium, bromide of, SrBr. Mol. w. not 
' determined. By heating Sr in Br. By dissolv¬ 
ing SrCO, in HBrAq and evaporating, long white 
needles of the hydrate SrBr,. 6aq are obtained 
(LOwig, Mag. Pharm. 33,7); S.G. 2’368 (Favre a. 
Valson, C. B. 77, 679); these crystals do not 
effloresce over H.,SO, (Bammelsborg, P. 66,238), 
baton heating give off their water, leaving SrBr, 
as a white solid, S.G. 8'986 (F. a. V., lx.), that 
melts at red heat without decomposition (B., 2.C.). 
[Sr,Br°] -167,700 {Th. 8, 258). Camelley (C. J. 
83, 279) gives melting-point as o. 630°. Com¬ 
bines with ammonia to form 2SrBr,.NH, (Bam- 
melsberg, P. 65, 238). 

Strontium, chloride of, SrCl,. Mol. w. not 
determined. 

Formation. —1. By burning Sr in Cl.—2. By 
passing Cl over hot SrO (Weber, P. 112, 619).— 
8. By heating SrO in a stream of HCl (Chevreul, 
A. Ch. 84, 285).—4. By decomposing SrCO, by 
cone. CaClgAq or MgCl, by heating together, 
then dissolving out SrCl, and oiystallUing 

(SrCO. -I- MgClgAq = SrCl,Aq -4 MgO -4 CO, ; 
Wackenroder’s Patent ; o. B. 19, &/. 688).—S. 
By heating a mixture of SjrSO,, CaCl^ and obar- 
coal with a little chalk, lixiviating, and orystiti' 
Using (SrSO, -4 CaOl, 4 40 - SrOL -4 QaS + 4CO' j ■ 
Mpctear.D.i’./. 862,2^8}, 
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ertparanm,—amm»atMt (tirou,J is dia- 
•olrtd in HOiAx], tee solution is digested in 
nbsenoe of aii wite more StOO, (to remove iron, 
& 0 .), poured oft and evaporated to tee or^stal- 
Uaing point; the crystals of SrOl,. 6aq that sepa¬ 
rate ate purifled by re-orystallisation, then dried 
and heated to 100° until they cease to lose 
weight. 

Propsrlics.—A white, crystalline powder, with 
a sharp, bitter taste. Melts at 825° (Oarnelley, 
C, J, 83, 880) to a glass-like mass with an 
alkaline reaction. S.Q. 2-96 at 0°; 2'77 at 
m.p. (Quincke, P. 138, 141). S. 44-2 at 0°, 
48-3 at 10°, 63'9 at 20°, 60 at 30°, 66-7 at 40°, 
74'4 at 50°, 83-1 at 60°, 87-6 at 65°, 88 8 at 
66'6°, 89'6 at 70°, 92-4 at 80°, 96-2 at 90°, 101-9 
at 100°, 109-1 at 110°, 116-4 at 118-8°; satu¬ 
rated SrCl^q boils at 118-8° (Mulder). Gerlaoh 
(iv. 8, 245) gives the following data:— 

B.G.Sr01.All P.o.Sr01. S.aSrCa,Aq P.O.SrCI, 
1-0453 5 1-2580 25 

1-0929 10 1-3220 30 

1-1439 15 1-3633 S3 

1-1989 20 

SrOl, is insol. absolute alcohol; it dissolves 
in aqueous alcohol in proportion to the amount 
of water present (Gerardin, A. Ch. [4] 5, 156). 
[Sr.CP]-184,550; [Sr,CP,Aq] = 195,690 {Th. 3, 
258). For connection between solubility in water 
of SrCL and temperature v. Etard (0. B. 113, 
854). 

Beactums and Combinatums. —1. Heated to 
redness in water vapour, HCl is given off and 
SrO remains (Kraus, P. 43,138; Eahnheim, J. 
1861. 149).—2. Heated wiUi bromine to 200° is 
partially decomposed to SrBrj (Potilitzin, B. 7, 
733; 8, 766); the amount of decomposition 
varies with temperature and tee relative masses 
of SrCl.j and Br.—3. Combines with water. So¬ 
lution of SrCOj in HClAq evaporated yields long, 
six-sided, hexagonal needles of the hexa- 
hpdrots SrClj.6H,0; S.G. 1-933 at 17°. By 
keeping these crystals over H^SO, in vacuo for 
some months the dihydrate Sr01j.2H.;0 is 
formed.—4. Combines with ammonia to form 
St0l2.8NH, (H. Bose, P. 20, 155). 

Strontium, cyanide of; v. vol. ii. p. 347. 

Strontium, ferrocyanide of; v. vol. ii. p. 337. 

Strontium, Snoride of, SrF,. A white, crys¬ 
talline powder; scarcely sol. water or HFAq. 
Prepared by tee action of HFAq on SrO or 
SrCO, (Berzelius, P. 1, 20); also by fusing 
2 parts StOl, with 1 part NaF and 1 part NaCi, 
and lixiviating the product (Boder, Dissertation 
[Gottingen, 1863] 14; Feldmann, B. 21, Bef, 
866 [Patent]). Poulenc (0. B. 116, 987) ob¬ 
tained SrF,, as an amorpnous powder, by the 
reaction of HFAq and SrCl^Aq; S.G. 2-44; 
partly decomposed to SrO by heating in air to 
0 .1000°. By fusing with alkali chlorides, or 
with KHF,, P. obtained SrF, in regular octa¬ 
hedral crystals. . 

Strontium, hydride of. By heating to red¬ 
ness a mixture of 103 parts SrO (made from 
SrCO,) with 24 parts Mg powder, in an iron 
tube, in an atmosphere of H, Wi^lor (B. 24, 
1975] obtained a gnyish-brown powder teat 
quiouy oxidised in air to BrO,H, -with evolution 
of H, and was decomposed rapidly by water 
9 r SCU .9 wi^ Ttolegt eyolutipq (f 9. Ah4l;sei 


indicated test tee substance might be a mixture 
of 0.66 p.c. SrH wite 0 . ^9 p.o. blgO, 0 .4 p.o. SrO, 
and a very little Mg. 

Stronunm, hydrosnlphide of, SrSA-2H,0. 
By saturating SrOAq with H„S and evaporating 
in vacuo over H^SO,; or by dissolving SrS in 
water, evaporating, Sltering from SrO^H,, and 
evaporating over H^SO, in vacuo. Large, 
white crystals; melts when heated in water of 
crystallisation, and then gives SrS. Aqueous 
solution bailed gives off all H,S and forma 
SrO,H, (ti. Bose, P. 55, 430; Berzelius, P. 6, 
442). 

Strontium, hydroxide of, SrO,H,. Mol. w. 
not determined. Prepared by the action of 
water on SrO. Also by heating celestine (SrSO,) 
with charcoal, dissolving SrS so formed in water, 
heating with CuO or ZnO, filtering from CuS or 
ZnS, evaporating to dryness, and heating to 
redness (c/. BAnioa hydiioxibk, vol. i. p. 442). 

A white solid; S.G. 3-625 (Filhol, A. Ch. 
[3] 21, 415). Sol. water, forming a markedly 
alkaline solution reacting similarly to BaO^H^Aq 
and CaOjH^q. Scheibler (0. 0. [3] 18, 83) 
gives the following data, showing solubility in 
water, expressed in terms of SrO, and the hydrate 
SrOjHj.8HjO, dissolved:— 


T m 


s. 

Tem 


8 . 

cmp. 

'srO 

SrO,II,.8U,d 

emp. 

6W) 

SrO,Hr8H,0 

6-62 

0° 

-35 

-90 

65° 

2-54 

6 

-41 

1-05 

60 

3-03 

7-77 

10 

-48 

1-23 

65 

3-62 

9-29 

16 

•67 

1-46 

70 

. 4-35 

11-16 

20 

-68 

1-74 

75 

6-30 

18-60 

25 

-82 

2-10 

80 

6-66 

16-88 

30 

1-00 

2-57 

85 

9-00 

23-09 

35 

1-22 

3-13 

90 

1200 

80-78 

40 

1-48 

3-80 

95 

15-15 

88-86 

45 

1-78 

4-57 

100 

18-60 

47-71 

50 

2-13 

6-46 

1101-219-40 

49-76 


Dry SrO-^Hj takes up only traces of CO, from 
the air (Heyer, B. 19,2684); but the hydrate 
ScO.,H,.H,0 absorbs CO, till it is changed to 
SrCO, (H., l.e.) -, according to Finkener {B. 19, 
2958) a basic carbonate is formed. 

The octohydrate, SrO,H,.8H,0, crystallises 
in tetragonal crystals (a : c=.l:-6407) from 
SrOAq; S.G. 1-396 at 16°; in air falls to powder, 
giving the monohydrate SrO,H 2 .H, 0 , which loses 
H,0 at 100° (». Finkener, l.e .; Muller-Erzbaoh, 
B. 19, 2874; 20, 1628). Weisberg {B. 11, 61H 
says that Cl reacts with the hydrates of SrO,H, 
to give SrCl, 8 nd Sr(C10,)y 

Strontium, iedide of, Sri,, A white solid; 
by dissolving SrCO, in HIAq, evaporating, and 
heating the hexahydrate, Srl 2 . 6 H, 0 , which 
crystallises out. S.G. 4-416; melts at red heat; 
strongly heated in air gives SrO and I (Croft, 
J. pr. 68 , 420). Thomsen gives [Sr,I“,Aq] 
-143,460 {Th. 3, 258). 

Strontium, manganooyanide of; «. vol. te 
p. 842. 

Stronti^ nitride of. By heating Sr amal¬ 
gam containing from 20 to 25 p.o. Sr (prepared 
by electrolysis and beating the product in vacuo) 
in a stream of N, Maquenne {Bl. [ 8 ] 7, 866 ) ob¬ 
tained a dark-coloured compound of Sr and N 
to which he gave tee formula Sr,N_ 

Strontium, oxides ot Two oxides bavo beop 
Isolated,’ SrO and.StO,, ‘ - 
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Stbomthth oxmz PrO. USlrontium man- 
ixeide. StKmtia.) Mol. w. not known. Prepared 
1^ strongly heating BrOjH^ Sr(NO,)„ SrCO, 
(Brflgelmann, Fr. 29,127! Heyer, B. 19,2684); 
also by strongly heating Sri, in air (Croft, J.pr. 68, 
420). Best prepared similarly to BaO {v. Bsbipu 
BONOjana, vol. i. p. 443). A grey-white, porous, 
infusible solid! prepared by heating SrCO, or 
SrO.,H, forms a mass of regular cubes with 
B.G. 4'76 referred to water at 4° (Briigelmatm, 
I.C.). According to Moissan (C. ft. 115, 1034), 
BrO melts to a transparent liquid at o. 3000°, 
and this solidifies to a crystalline mass. Thom¬ 
sen gives [Sr.OJ = 128,440 {Th. 3,258). Dissolves 
in water (for data v. Strontium hydroxide ); 
from this solution the octohydrated hydroxide 
SrO,H.,.8H,0 separates on evaporation. By pass¬ 
ing moist air over SrO the monohydrated hy- 
droxide, Sr02H.,.H.j0, is formed (Heyer, B, 19, 
2684). SrO is a strongly basic oxide, reacting 
with acids to form salts SrX, where X = SO„ 
2NO„|PO„&c. 

Btbontium DtoxtDE SrO,. {Strontium per¬ 
oxide.') Mol. w. not known. Addition of H,0-Aq 
to SrOAq ppts. the octohydrate SrO.,.8H,0 
(Thinard, A. Ch. [2] 8. 312; Schune, B. 6, 
1172; of. Conroy, C. J. [2] 11, 812). By drying 
this pp. at 100° BrO, is obtained as a white 
powder, having similar properties to those of 
• barium dioxide (}.«. vol. i.p. 443). SrO, is not ob¬ 
tained by methods similar to those generally used 
for making BaO,. 

Btrontinm, oxychloride of. According to 
Andr4 {A. Oh. [6] 3, 66) crystals of the compound 
BrCl,.Sr0.9H,0( = Sr,0Cl,.9HD) are deposited 
from a mixture of saturated SrCl,Aq and satu¬ 
rated SrOAq; the crystals are very unstable in 
air. 

Strontium, oxysnlphide of. Schfine (B. 117, 
69) obtained SrSj.SrO. 12aq(Sr.,OS,. 12aq) by 
slow oxidation of SrS,Aq. 

Strontium, platiuooyanide of; v, vol. ii. p. 
344. 

Strontium, salts of. Compounds obtained 
by replacing S of adds by strontium. These 
compounds belong to the type SrX, where X is 
SO,, CO„ 2NO„ fPO, &c. The Sr salts are very 
definite compounds; not many basic salts are 
known. The chief salts of oxyacids are the fol¬ 
lowing: bromate and hypobromite, carbonate, 
chlorate, chlorite and perchlorate, chromate and 
dichromate, iodate and periodates, molybdate, 
nitrate, nitrite, and hyponitrite, selenate and 
selenites, sulphate, sulphite, thidsulphate, and 
thionates {v. Cuibonates, mitbates, iic.). 

Strontium, selenide of. Obtained as a white 
solid, rapidly decomposing in air with separation 
of Se, by heating a small quantity of SrSeO, in 
Hto duU redness; [Sr,Se]-87,160 (Fabre, C.B, 
102,1469). 

Strontium, silioofluoride of, SrSiF,.2H,0. 
Four-sided prisms; S.O. 2-999; loses 2H,0 
when gently warmed; prepared by dissolving 
SrCO, in H,SiF,Aq and evaporating (Berzelius, 
Lehrbuch [6th edit.], 8, 385]. Fresenius {Fr. 
29,143) gives S. 3'2 at 16°; S. in alcohol (60 p.o. 
by vol.) -06 at 16°. 

Strontium, sulpkides of. Three sulphides 
have been isolated: SrS, SrS„ and SrS,. 

SiBON-nuK BONOSULPHIDE SrS. Fo.rmed by 
Seating together Sr and S in the ratio 87:32; 


also by reducing SrSO, by eharooal; also by 
passing CS, vapour mixed with H, H,8, or CO, 
over red-hot SrCO, { cf . Babiom bonosolphidb, 
vol. i. p. 444). A white powder, which slowly be¬ 
comes yellowish when exposed to air. Does not 
phosphoresce (Sch6ne, B. 117, 69). For phos¬ 
phorescence of SrS mixed with small quantities 
of other salts v. Beoquerel (0. B. 107, 892). 
Sabatier {A. Ch. [6] 22, 5) gives [Sr,S] = 49,600. 
SrS does not combine with S when heated there¬ 
with, but polysulphides are formed by boiling 
an aqueous solution of SrS with S (Sch6ne, P. 
117, 69). SrS dissolves in water; on crystal¬ 
lising SrO^H, separates and SrS,G, remains in 
solution (H. Bose, P. 56, 430). 

Stbontium TETBASDLpnmE SrS,.xH,0. The 
hexahydrate, SrSi-OH^O, is obtained, as a red¬ 
dish crystalline solid, by boiling 100 parts SrS in 
water, and evaporating the solution tn vacuo at 
a temperature not higher than 16°. From a 
solution at 20°-25° the dihydrate SrS,.2H.,0 
separates. An aqueous solution of SrS, oxidises 
in air to the oxysulphide SrO.SrS,. 12aq, and 
then to SrS..,0„ while S separates and some SrCO, 
is formed (Sch6ne, P. 117, 69). 

Stbontium PENTAsoLeniDE SrSj.xHjO. An 
amorphous, yellowish, hygroscopic solid; formed 
by evaporating a solution of SrS, saturated with 
S in tlie cold. After drying at 100°, CS, dis¬ 
solves out Jth of the S, leaving SrS, (Schone, 
U.). 

Strontium, sulphydrate of; v. Stbontium 
UYDBOSULPHIDE, p. 515. 

strontium, sulphecyanide of; ii. vol. ii. p. 
852. M. M. P. M. 

STHOPHANTHIN C„H„0„ (A.); C„H,.0,. 
(F.). [«]b“ 80°. Extracted by alcohol at 70° 
from the seeds of Strophanthus hispidus (Gal- 
lois, C. B. 84, 261; Fraser, Ar. Ph. [3] 3, 229; 
Pr. E. 124, 370; Ph. [3] 18, 69; Elborne, Ph. 
[3] 17, 743! 18, 219; Gerrard, Ph. [3] 17, 923; 
Arnaud, C. B. 107,179; Gley, 0. B. 107, 348). 
White micaceous crystals, sol. water, v. sot. 
alcohol, insol. ether. Dextrorotatory. Bitter. 
Besembles ouabain in toxic elTects. Decomposed 
by boiling dilute acids (even H.,S) into glucose 
and crystalline strophanthidin, which yields a 
resin on further boiling with dilute H,SO, (F.). 
H,SO, and a trace of FeCl, gives a reddish- 
brown pp., changing to emerald-green (Helbing, 
Ph. [.3] 17, 924). 

STEUTHHN v. Saponin. 

STEYCHIHC ACID C„H„NO(NH).CO,H. 
Formed from strychnine, alcohol, and Na at 
60°-66° (Tafel, A. 264, 60). When heated in a 
current of H at 190° it changes to strychnine. 
KjCr^O, and R,SO, give a brown-red colour or 

pp. 

Nitrosamine C.,jH,JlJO(N.NO).C 05 H. Ge¬ 
latinous pp. Exhibits laebermann’s reaction. 

Methylo-iodide 

Os,H.„N(MeIjO{NH).CO,H. Formed from 
methyl-strychnine and HI (Tafel, A. 264, 55). 
Colourless needles (containing aq), v. si. sol. 
cold alcohol and cold water.—NaA' aq: v. e. sol. 
water, m. soL alcohol. Converted by Mel into 
crystalline C„,HaN(MeI)(NMe).CO,Me. 

Hethyl-stryobnlo acid. Methylo-iodide. 
C„H,,N(MeI)0(NMe).CO,H. Formed from di- 
methyl-strychnine and HI (Tafel, A. 264, SB). 
Heedles, m. sol. boiUiig water and hot aloobtdi 
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0MZ7itryoliiiio add 0„H^(NH).C02H aq. 
formed by heating deoiystryohnine with alco¬ 
holic NaOEt at 180° (Tafel, A. 268, 253). 
Needles (containing aq) (from dilute HjSO,) or 
anhydrous prisms (from alcohol), si. sol. hot water. 
Quickly converted by acids into dcoxystiychnino. 
Yields a nitrosaminc. • 

Isostrychnic acid C 2 ,H,NO(NH).COjH. 
Formed from strychnine, Na, and alcohol at 70°. 
Got also by heating strychnine with' baryta- 
water at 140° in absence of air. Minute 
needles. K^CrjO, and dilute H^SOj form a 
brown liquid on heating, and a brown pp. with 
excess of KjCrjO,.—HA'HI aq: prisms, m. sol. 
cold water and alcohol, insol. ether. 

Nitroso- derivative 

N0.02,H,,N0(NH).C02H aq. Sol. alkalis, but 
ppd. by CO.J. Yields a nitrosaminc, which gives 
Licbermann’s reaction with phenol and HjSOj. 
—HA'HCl: needles, insol. water. 
Methylo-iodide 

C2„H2.2N(MeI)0(NH).C0.2H. Crystalline, m. sol. 
hot water.—NaA': minute needles. Converted 
by methyl iodide at 100° into crystalline 
C2,n.jN(MeI)0(NMc).CO.,Mc 2aq. 

lidtayl-isostrychnic acid 
Cj„Hj,,NO(NMe).C0.2H. From isostrychnic acid 
hydroioJide and McI at 100° (Tafel, A. 208,240). 
Small colourless prisms (confining 2,'.aq). Its 
alkaline solution is not coloured by air (Siilereuce 
from isostrychnic acid). 

Methrilo-indide 

C2„H2Ft(MeI)0(NMe).C0.2H aq [271°-275°]. 
Formed from methyl-strychnine methylo-iodide 
and HI (Tafel, A. 264,77). Needles, m. sol. hot 
water and hot alcohol, insol. ether. 

Nitroso-mothyl-isostrychnic acid 
N0.C.„H2,0N(NMe).C02H. Formed froin tte 
preceiing acid, alcohol, HCl, and amyl nitrite. 
Green needles (from benzene). When heated 
with benzoic aldehyde and ZnClj it gives a 
green mass, which dyes like malachite green. 
Uiazo-benzenechloride forms a brownish-orange 
dye. 

SIBYCHNINE C.,,H.,.N202. Mol. w. 33a. 
[221°] (Blyth) i [284°) (Claus a. Glassner, B. 14, 
773); [268°] (Loabisch a. Schoop, M. 6, 868); 
[26a°] (Stoehr). (270° at 5 mm.), S.G. « 1-3.79 
(Clarke, Am. 2, 174). 6. -016 in the cold; -04 
at 100°. S. -014 in the cold (Dragendorll, J. 
1866, 739); -025 at 14-6° (Crespi, O. 13, 175). 
S. (alcohol) -3 at 8°; 1-8 at 78°. S. (95 p.o. 
alcohol) -936. S. (ether) -08. S. (benzene) -607. 
S. (isoamyl alcohol) -53 at 12°; 4-3 at 99°. Oc¬ 
curs in nux voinica, in St. Ignatius beans, in 
the wood of Stryohnos Colubrina, in Stryclmoe 
TieuU, and in other species of Strychnos (Pelle¬ 
tier a. Caventou, A. Oh. [2] 10, 142; 26, 44; 
Pelletier a. Dumas, A. Oh. [2] 24, 170; Liebig, 
A. 47, 171: 49, 244; Begnault, A. Oh. [2] 68, 
113 ; Gerhardt, Rev. Scient. 10, 192; Nicholson 
a. Abel, 0. J. 2.241; Henry, Ph. 8,401; Corriol, 
Ph. 11, 492: Bobiquet, Ph. 11, 680; Henry, 
jun., J. Ph. 16, 762; Berlekom, Z. [2] 2, 443; 
Shenstone, Ph. [3] 8, 445). Occurs also in the 
bark of Erythrophlmm guineense, from which 
the pigmies of Central Africa prepare their 
arrow-poison (Holmes, Ph. [8] 21, 921). 

Pre^raiim.—l. The nuts (Ikilo) are softened 
by steam, dried, powdered, and digested with 
■Lohol (6 kiloi irf 8.0. '^6) aoidulatnd with 


H,80, (46 g.). Lime ii added to the filtrate; 
and, after standing, the decanted liquid evapo¬ 
rated ; the residue dissolved in dilute acid; and 
the filtrate ppd. by ammonia. The strychnine 
is separated from brucine by crystallisation from 
alcohol (Henry).—2. The dilute alcoholic extract 
of nux vomica is evaporated to a small bulk 
and ppd. by lead acetate. The filtrate is mixed 
with magnesia and left for a few days. The pp. 
is dissolved in alcohol of 83 p.o. and evaporated 
to crystallisation. Strychnine is first deposited, 
and afterwards brucine. The bases are further 
purified by crystallisation of their nitrates, the 
nitrate of strychnine, separating first. 

ProperHe.e. —Trimetric prisms, permanent in 
the air and not altered by light. Laivorotatory, 
the rotation varying greatly with the nature of 
the solvent (Hoorweg, A. 166, 76; Tykociner, 
R. T. C. 1,146). The dispersive power is con¬ 
stant (Grimbcrt, J. Ph. [5] 16, 295). At 169° it 
forms n sublimate of minute needles (Blyth). 
Very bitter. Alkaline in reaction. Strychnine 
is a violent poison, acting on the spinal cord and 
producing convulsions (Lovett, J. Physiol. 9, 
99). -03 g. may be fatal. Strychnine dissolves 
with difiiculty in acids, the solubility being 
greater the more dilute the acid ; when a cone, 
solution of a strychnine salt is slightly acidified 
a pp. is formed which dissolves in excess of 
acid, forming a solution which yields a pp. on 
dilution. Thus H.,SO, added to a cone, solution 
of strychnine sulphate ppts. the acid sulphate 
B'H.,SO„ the mother-liquor retaining -113 p.o. 
of salts. HCl added to a solution of strychnine 
hydrochloride ppts. B'HClllaq in needles, the 
mother-liquor retaining -il'i p.o. of salt (Han- 
riot a. Blarez, C. R. 96, 4504). Strychnine 
is readily soluble in dilute hypophosphorous 
acid (Jones, Ph. [3] 20, 256). KCy added to a 
solution of a salt of strychnine ppts. the pure 
base (Fluckiger, N. J. P. 38. iSS ; Weith, B. 4, 
627). A solution of ICl gives a yellow pp. v. sol. 
HCLAq, from which it crystallises on cooling 
(Dittmar, B. 18, 1612). 

Reactions.—1. Dry distillation yields carb- 
azole, H, C.H., and C,H, (Loebisoh a. Schoop, M. 7, 
614).—2. Distillation with lime yields ( 8 )-methyl- 
pyridine, methyl-indole (scatolc), C^H,, NEtl^, 
and NHj (Stoehr, B. 20, 810,1108, 2729; J.pr. 
[2] 42, 405).— 3. Distillation with soda-lime 
gives carbazole, scalole, and ( 8 ).methyI-pyridino 
(Loebisch a. Malfatti, ill. 9,628).—4. Distillation 
with KOH gives indole (Goldschmidt, B. 16, 
1977) and bfctyric acid (Loebisch a. Schoop, if. 
7, 93).— 6 . Distillation with zinc-dust at 400° in 
vacuo yields solid 03 ,H.j.N.j 0 , which dissolves in 
alcohol with blue fluorescence, and gives no 
colour with ICCrjO, and H..,SO,. Zinc-dust at a 
red heat givos'H, C. 3 H,, 0.,H,, NHj, and carbMole 
(Loebisch ^ Schoop, if. 7, 609), and (‘y)-lntidine 
(Scichilone a. Magnanini, 0. 12,444).— 6 . Alka¬ 
line EMnO, yields oxalic acid, OO 3 , N£[|, and a 
crystalline acid [195°] (Hoogewerff a. Van Dorp, 
B. T. 0. 2,181). Hall the nitrogen is riven off 
as ammonia (Wanklyn a. Chapman, 0. J. 21, 
161).—7. EMnO, in dilute acid solutions yields 
an amorphous acid 0,|H„NO,aq (?) (Plugge, 
B. T. G. 2, 270), which yields amorphous 
0„H„,AgNO,aq (Hanriot, C. B. 96,1671).—8. By 
treatment with OrO, and H 3 SO, it yields the 
same oxidation product CnH^NjO, as that ^ 
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tkined bom braeln^ ondto^ tbe lame treatment 
(Hamnen, B. 18,1917).-9. FOl, (1 pt.) acting 
onatrjrohnine faydrochiorlde (8pts.) nnder boiling 
ohloroform jdelds a eompoand omtallising from 
benzene in needles [92i°], possibly penta-ohloro- 
sbyohnine (Stoehr, J,pr. [3] 43,414).—10. Boil¬ 
ing ENO, forms oacostryehnine and piorio acid 
{Bnenstone, 0. J. 47,143^; nitric acid forms 20 
p.c. of di-nitro-di-ozy-qamoline carboxylic acid 
C,^,N,0„ which yields KA', is reduced by 
SnOl, to Oi^jNjO, (a body having acid and 
basic properties), and when heated with water 
is split up into CO, and di-nitro-di-oxy-quinol- 
ine (Tafel, B, 26, 863).—11. Baryta water in 
sealed tubes at 140’ forms two bases, 0„H*,N,0, 
and 0,jHa,N,0„ both crystallising from water 
(Gal a. Etard, C. B. 87, 362).—12. Alloxan 
added to a solution of strychnine in a saturated 
solution of SO, forms small colourless prisms of 
B'0,H,N,0,H,S0,aq (Pellizzari, A. 248,150).— 
18. Iodoform (6 g.) and strychnine (12 g.) dis¬ 
solved in hot alcohol (500 c.c.) deposit on 
cooling crystals of B',CHI„ sol. ether and chloro¬ 
form, but decomposed by light, hot water, and 
dilute acids ,(Lextreit, C. B. 92, 1057).— 
14. Chloro-acetic acid at 180° forms C^H^N^O,, 
a base which crystallises in silky needles, v. sol. 
hot water and alcohol, insol. ether (Roemer, Z. 
1871, 436). It yields (C„H„N,0.),PtCl,.- 
16. AcCl formsB'AcCl,which gives (B'AcCl).,PtCl, 
(Konrad, /. 1874, 876).—16. Cliloro-acetone at 
iS6° yields B'C,H,C10, S. 6'6 at 15°, which yields 
P'0,H,C10),PtCl, 2aq and B'C,H,OSO,H I’aq 
(Konrad).—17. Aqueous SO, and alloxan give 
colourless prisms of B'SO,HC,H,N,0, aq (Pelliz- 
zari, 0. 18, 329). 

Detection, —1. H,SO, forms a colourless solu¬ 
tion which with K,Cr,0, gives a blue colour, 
changing through violet and red to yellow (Otto, 

A. 60, 278). A drop of nitric acid and PbO, or 
MnO,may be used instead of K,Cr,0, (Marchand, 

B. J. 24, 400; Davy, A. 88, 402). KMnO, and 
Ag,0 act in like manner (Lyman, Fr. 12,126). 
The oolonr with H,80, and K,Cr,0, is not shown 
in presence of brucine (Hanriot, C. B. 97, 267), 
and is interfered with by quinine, morphine, and 
sugar (Brieger, J. 1850, 617; Vogel, J. 1853, 
686; ElUckiger, Fr. 28, 102).—2. A minute 
quantity of KCIO, added to a warm solution in 
dilute HNO, gives a scarlet colour, changed by 
ammonia to brown, and then, on evaporation to 
dryness, becoming green (0. L. Bloxam, C. N. 
66, 166).—8. Ammonium vanadate in BL^SO, 
gives a blue colour, turned rod by potash 
(Mandolin, Fr, 23,240).—4. Chlorine water gives 
® PP-—6. Strychnine can be extracted from beer 
containing the poison by shaking with animal 
charcoal, the charcoal being subsequently ex- 
tracted with ^cohol (Graham a. Hofmann, A. 
88, 39; cf. Wagner, Fr. 6, 887).—6. Obtained 
from acid liquids by adding ammonia and im¬ 
mediately shaking with chloroform (Cioetta, Fr. 
6, 266; Gray, BV. 12, 125).—7. A liquid con¬ 
taining strychnine sulphate may be sh^en with 
benzene without loss of strychnine, but if the 
liquid be neutralised by magnesia the free 
strychnine can be extracted by benzene (Dragen- 
dorfl, Z. [2] 2, 27).—8. A 1 p.c. solution of 
strychnine strongly acidified by HOI is ppd. by 
KiPeOy, while brucine remains in solution (Holst 
M Beekiirts). This may be used as a volumetric 


method.’ 8ti^)olinlBe and bradne may also M 
sroarated by crystallisation of their picrates 
(fferook, Ar. Fh. [8] 27,168). 

Salts.—B'HOllJaq (Begnanlt, A, 26, 17). 
Tnmetrio crystals; a;b;c»'484:1:-466 (Stoehr, 
J. pr. [2] 43, 399). Koutral in reaction. B. 2 
.at 22°. Lffivorotatory. [o],=-28°.—ETBiAuCL. 
Orange crystals (from alcohol) (Nicholson a. Abel, 
0. J. 2,241; A. 71,8^. Decomposed by boiling 
water (0. De Coninck, Bf.[2] 45,131).—B'APtCl,: 
golden scales (from alcohol). S.Q. 1'779 

(Clarke, Am. 2, 176).-B'^,Pt01,aq (Schmidt, 
A. 180, 295).—B'jHjZnCl, aq: prisma (Grafing- 
hoff, Bl. [2] 4, 391).—B',H,CdCl, (GaUetly, 

N. ed. P. J. 4, 94).—B'HHgCl,. Crystals (from 
alcohol).-B'HgCLj: insol. alcohol, water, and 
ether. — Byi,S0.2HgClr-B'^^dCl,: dark- 
brown needles (from alcohol).—B'HClfiHgOy,: 
tables* (Brandis, A, 66, 268).—B'HgCy^: small 
prisms, el. sol. water and alcohol, insol. ether. 
—B'HBraq: needles, sol. water and alcohol.— 
B'HI aq: plates or needles, almost insol, cold 
water.—B'HI,. S. *007 at 16°, Reddish-brown 
pp. got by adding a solution of I in HIAq to a 
salt of strychnine. Crystallises from alcohol in 
dark-brown needles with bluish metallic lustre. 
Dichroio (brown and yellow) in polarised light. 
M. sol. hot alcohol, si. sol. ohloroform, nearly 
insol. CS, (Tilden, C. J. 18, 99; Horapath, Pr. 
8,149; Bauer, Ar, Ph. [3] 5, 289; JOrgensen, 

A. Oh. [4] 9, 115).-B'HHgI,: yellow tables 
(from alcohol) (Groves, 0. J. 2,97).—B'H,P, 2aq; 
prisms (Eldorhorst, A. 74, 77).—B'HNO,: 
needles. — B'HC10,aq: prisms, si. sol. cold 
water (Boedeker, A. 71, 62).—B'H.,SO, 2aq: 
needles.—B',II,SO,. Four-sided prisms. Lasvo- 
rotatory [o], = - 26°.—B',H,SO, 5aq: long thin 
prisms. Got by erystallisation between 109° and 
95°.—B',H.,SO, 6aq. Obtained by cooling a conn, 
solution to 95°-60° (Lextreit, J. Ph. [6] 6, 259; 
Rammelsberg, B. 14, 1231; cf. Baumhauer, 

O. J. 44,485).—B'^HjCrO,: lemon-yellow needles, 
si. sol. water and alcohol.—B'jH,S.jO, 4aq. S. 
•3 in the cold. Formed by atmospheric oxida¬ 
tion of a mixture of strychnine, alcohol, and 
ammonium sulphide (How, g. N. 18, 232).— 
B',H.,S,. Formed from strychnine and alcoholic 
ammonium polysulphide (Hofmann, B. 1, 81; 
10, 1087) and by atmospheric oxidation of a 
solution of strychnine in clooholioHjS (Schmidt, 

B. 5, 1267; 10, 1288; A. 180, 2881. Orange 
needles, insol. water, alcohol, and ether.— 
B'HjPO, 2aq. S. 19. Needles (Anderson, A. 
66, 56).—B'jHjPO, 9aq*. rectangular tables.— 
B'HjAsO, ^aq. S. 7 in the cold; 20 in hot water. 
—B'HAsO,: efflorescent cubes. 8.3 in the.cold; 
10 at 100°.—B',H,FeCy, 4aq. Crystalline powder 
fflolst a. Beekiirts, Ar. Ph. [3] 26, 818; of, 
Brandis, A. 66, 267). By atmospheric oxida¬ 
tion in presence of water it is converted into 
strychnine and the ferricyanide (Beekiirts, B, 
18,1236).—B'HjFeCy,: white powder, sol. hot 
water. Acid in reaction.—B',H,FeCy, 6aq: golden 
prisms. - B'.(H.CoCy.) 4aq. — B'.(H,NiCy,), 8aq 
(Lee, B. 4,789).—B'jHjPtCy, 2aq: needles (from 
alcohol).—Oxalate B',H,0,0.: flat needles.— 
B',H,0,0,4Jaq. — B'H,C,0,. — B-HSOy: long 
silky needles.—B'HSCyCr(SCy),3NH,. Bedpp., 
V. si. soL hot water (Christensen, j.pr. nn 
46,867}.-B'*,2H^(S0y).. Bed oiystals 
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•fed Owes*, .dm. d,' Ddl}. —Ojftoarfetss: 

Prisms, si. sol. water, 
m.sol. ateohol.—B'HjO,C,N,a(i. [296°]. Needles 
(OlsuB, J.pr.ji] 88,228)i— Nitroprusside. S. 
•12 (Davy, Ph. [3] 11, 766). Suooinate 
B'.oXo. 6W (Crespi, O. 13, 176).-Tar. 
trates; B'jOjH.O,.—B'jO,H,Oj 4aq; white 
efflorescent needles (Arppe, J. pr. 63, 831).— 
B',0,H,0,7aq (Pasteur, A. Ck. [8] 38. 487 .— 
B'0,HA3aq.-B'C,H,(Sb0)0,. Needles (Sten- 
house, d. 129, 26).—Mai ate B'jCjHjOjSlaq.— 
Pyrotartrate B'.;C,HgO,3)aq. — Mnoate 
B ,C„H„0,. Long needles (Buhemann a. Dnfton, 
0. J. 69, 754). 

Di-hydrate B'2aq. Stryohnol. Formed 
by warming strychnine with alcoholic NaOEt, 
adding water, and evaporating. The brown oily 
layer that forms is allowed to solidify, dissolved 
in water, and ppd. by COj. The pp. is dissolved 
in NHjAq and re-ppd. by expelling NH, by air 
|Loebi8ch a. Schoop, M- 7, 83). The same body 
IS got by heating strychnine (15 g.) with BaO^H, 
(30 g.) for 12 hours at 140° (Tafel, B. 23, 2737). 
Minute wedge-shaped needles, el. sol. cold water, 
insol. alcohol and ether. Darkens at 150°. Sol. 
dilute alcohol and solutions of ammonium salts; 
sol. acids. Converted into strychnine on warm¬ 
ing with dilute acids. Dilute HNO, and a little 
NaNOj give a crimson colour. Bromine water 
gives a pale-purple colour. Does not give the 
strychnine reaction with R^SO, and Kfirfi,, 
On heating at 100° with NaOMe and Mel it is 
converted into OaHjjNjO-^MesI 2aq, crystallising 
in needles. 

Tri-hydrate v. Reaction, 10. 

Pentahydrate B'Saq. [215°]. Got by 
heating strychnine with alcoholic NaOEt (Tafel). 
Needles, more soluble than the dihydrate. Be¬ 
comes very hygroscopic when dried in vacuo. 

Benzoyl derivative Oj,a;,BzN.p,. V. si. 
sol. water (Schiltzenberger, A, 108, 353; C. R. 
47, 233). 

Methylo-iodideB'Meil, S. •5intheoold 
(Stahlschmidt, P. 108, 513). Poisonous (Crum 
Brown a. Fraser, Tr. E. 25). Formed by heat¬ 
ing with Mel in sealed tubes. Pearly plates. 
Fields B'Mel, (Jorgensen, J. pr. [2] 3, 157) 
and the salts B'Mffir, B'MeCl 2aq, B'.;Me,PtCl„ 
B'MeAuCl,, B',Me,SO,5aq, B'McHSO,, 
B'MeH.,PO,2aq, B'MeC124HgCl„ B'MeNO„and 
B'jMe,FoCy,. 

Methylo-hydroxide B'MeOH or 
0„H.„0(NH).^™®>0. Formed from B'Mel 

by successive treatment with Ag..SO, and baryta 
(Tafel, B. 23, 2733; A. 204, 02). Colourless 
crystals (containing 4Bq), v. sol. alcohol, but a 
* product containing less water soon separates. 
Poisonous. Gives the same colour-reactions as 
stryohnio acid. Alcohol and Na yield a com- 
ound [168°]. Mel forms B'MelMeOH crystal¬ 
sing in plates, decomposed at 280°. 

Isomeride of the methylo-hydroxide 
C,^„NjO,7aq. Formed from the methylo- 
iodide of isostrychnio acid, Ag, and Ag.jO at 40° 
(Tafel, 14. 264, 81). Colourless needles ; v. e. 
sol. hot water and alcohol, insol. ether. 

Methyl-itrychnine methylo-hydrox¬ 
ide 0 „H^,0, is. CyH:aO(NMe)<^^®>0. 
femed bom B'MelMeOH by successive treat¬ 


ment irith AgjSO, attJ batlHa. Got also by the 
action of Ag,0 on the methylo-iodidc of methyl- 
strychnio acid (Tafel, B. 23, 2786; A. 264, 66). 
Prisms (containing 6aq), v. sol. hot water and 
alcohol, nearly insol. etlier. Gives a blood-red 
colour with HNO„ CrO„ or FeCl,. Forms with 
.acids salts which differ from those prepared 
by the action of silver salts on B'MelMeOH. 
Forms a crystalline nitroso- derivative, vt sol. 
water and warm alcohol, forming a yellow solu¬ 
tion changed by NaOn to brownish-red and 
olive-green. HI yields the methylo-iodide of 
mothyl-strychnic acid. Diazobenzene sulphonio 

acid gives a brownish-red dye_Hydroiodide. 

8. 7. Plates.—Methyloiodide O^^HjiNJO,. 
8. 1. Needles. 

Isomeride ^of methyl-strychnine 
methylo-hydroxide Cj,H,NjO,8aq. Formed 
from the methylo-hydroxide of methyl-iso- 
strychnic other (Tafel, A. 264, 82). Crystals, v, 
sol. hot water and alcohol, insol. ether. Yields 
a dye with diazo-benzene sulphonio acid. 

Ethylo-iodideWVAl. 8. '6 at 15°; 2 at 
100°. Formed by heating strychnine with alco¬ 
hol and EtI at 100° (How, A. 92, 338). Four- 
sided prisms. Not attacked by KOHAq. Gives 
the strychnine reaction with K.jCrjO, and H,,SO,. 
Converted by moist silver oxide into the base 
B'EtOH2aq, which yields the salts B'EtNO,, 
B'.,Et.,PtCl., B'EtHCO,, B'EtllCrO.aq, B'EtCy 
[105°] (Claus a. Merck, B. 16, 2748), and B'EU, 
(Jorgensen, A. Ch. [4] 11,116). 

Isoamylo-chloride B'C,,H||C1 Jaq. 
Formed by heating strychnine with isoamyl 
chloride (How, Tr. E. 21, 1, 27). Prisms. 
Yields B'C,,H,,OH, B'OjH,,!,, B'0,H,,lj, crystal¬ 
lising in black prisms (Jorgensen, J. pr. [2] 8, 
145), and B'EtHCrO,. 

Bromo-ethylo-bromide B'C^Br,. 
Formed by heating strychnine with ethylene 
bromide and alcohol (Mdndtriis, J.pr. 86,230). 
White crystals, si. sol. cold water and alcohol. 
Converted by AgNO, into B'C.H,Br.NO, and by 
Ag.,80, into B'C,H,nr.80|H, whence baryta pro¬ 
duces alkaline B'C,ABr.OH.-(B'CjH,Br) 2 PtCV 
—B'C,II|Brl,: shining brown laminss.—Moist 
AgjO converts B'C,^,Br, into B'C,H,OH, whi<* 
is alkaline and is converted in aqueous solution 
by chlorine into C.jiH.,,CljN„0,.—B'C-H-CrO.H.' 
-(B'aH,CI).,PtCl,. 

Chloro-eyiylo-hydroxideB'Cl0.fi„OS, 
Got by heating strychnine with glycolic ohlor- 
hydrin at ISfjJ* (Messel, A. 167, 7). Silky needles 
(containing aq). Yields (B'C.jH,OH),jSO, 2aq, 
which is converted by baryta into crystallins 
(B'C,H,OH)pH2>q.~(B'C.,H,OH)jPtCl.. 

Beneylh-chlorideB'G.fi,Cl, [263°]. Prisms 
(containing aq). Yields (B'C,H,Cl)sPtCl. [216°], 
B'C,H,NO, [c. 264°], (B'0,H,),Cr,0„ and 
B'C;H.SCy [237°] (Gerzarolli, M. 10,1). 

Beneylo-hydroxide B'C,H,OH. Plates. 

Chlorostrychnine C._.,H,|0 !NjOj.[o]b= -106®. 
Fonned, together with di- and tri-ehloro- 
strychnine, by passing Cl into a soluticD of 
strychnine hydrochloride (Laurent, A, Ch. [3] 
24, 312; A. 69, 14; Bichet a. Bouchardat, 
0. R. 91,990). Crystalline, v. sol. alcohol,ether, 
and chloroform. Chlorostrychnine tonng s hy¬ 
drate Oy^ClNjO, 8aq«n heatmg with alfeoholis 
potash. - B.',H,SO,7aq. 
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StoUDrs.itryehniiit 0„^CILH,0_ Keedlet 
(trom .loohol). 1 * • r 

(a)-Xrl<hloro- 0 tryoJinlii» 0„H„CBI,N,0p 

Formed bjr saturating a solntion of st^ohnine 
hTdroohtoride with 01. Minute crystals (from 
alcohol). Yields a trihydrate which is not very 
poisonous. 

{i8)-Tri-ohloro-strychnine 0„H„01,N,0r 

Formed by heating strychnine hydrochloride 
with POi, and chloroform (Stoehr, J.pr. [2] 42, 
412; B, 20, 818). Microcrystalline powder 
(from alcohol). Gives the strychnine reaction 
with E,Cr,0, and H^SO,.—B'HCl: plates (from 
dilate idcohol).—B'H,SO,. Plates, m. sol. water. 

Bromo-strychnine 0„Hj,BrNj0,. [222“]. 
Formed by adding Br (2 at.) to a solution of 
strychnine hydrochloride (1 inpl.), ppg. by alkali, 
end rccrystallising from alcohol (Shenstone, 
0. J. 47,189; Beokurts, B. 18,1236; Loobisoh 
8.' Schoop, M. 6, 865). Trimetrio crystals; 
o:6:e -1-459:1:1-195 (Miors, C. J. 47, 144).— 
BBa.—B'HBr.—B'HNO,.—B',H,S0.7aq. 

Methylo-iodide B'Mel. Pearly plates, 
sol. alcohol. Converted by moist Ag,0 into 
B'MoOH4aq., 

Dibromide OjiHjiBrjNjO,. Got by adding 
Br to a solution of strychnine at 40". Bright 
yellow crystalline powder. 

U-bromo-strychnine 0,|H,|BrjNj0j. Got by 
adding Br to strychnine in chloroform. Tri- ■ 
metric crystals, v. sol. chloroform and dilute 
alcohol.—B'HCl: needles. 

Sitro-strychnlne C„H 2 ,(NOj)NjOj. [225°]. 
Formed by adding strychnine nitrate to H^SO, 
(Loebisch a. Schoop, M, 6, 845; 7, 69). Golden 
plates (from alcohol). Gives no eolour with 
H.SO, and K,Cr,0,. Dissolves in acids and 
alkalis. On heating with alcoholic potash it 
is converted into xanthostrychnol CjiH^iNjO,, 
which forms ruby-red crystals (containing 2aq) 
and gives salts with acids and bases.—B'HCl.— 
B'jHj'tCl,.—B'2KOH: red deliquescent needles. 
—B'jBaOjH,2aq.—AgjdjiHi.NjO,: unstable pp. 

(o).Di-nitro-8tryohniue 0j|Ha(N0j)iNj02. 
[228°]. Formed by passing nitrous acid gas 
into an alcoholic solntion of strychnine nitrate 
(Claus a. Glassner, B. 14, 774). Orange-yellow 
plates. Converted by dilute HNO, into caco- 
strychnine.—B'HNO,: yellow nodules (from 
aeeton^ v. si. sol. hot water. 

(8)-(n-nitro-strychnine. Formed by dis 
solving strychnine (60 g.) in fuming HNO, (300 g.) 
at —10° (Hanriot, C. B. 96, 585). Transparent 
amber-yellow prisms (from chloroform-alcohol), 
sol. hot water and alcohol, v. sol. chloroform. 


Decomposes at about 202°.—B'HCl.— Nitrate: 
plates (from hot water). 

Amide-strychnine v. vol. i. p. 184. 
Si-amido-st^ehnine, ibid. 

Caoostrychnine v. vol. i. p. 654. 


Deoxystrychnine C.^,H 2 ,NjO i.e. Cj„H„N.^^q. 


[172°]. Formed by boiling strychnine with HI 
and P (Tafel, A. 268, 246). Crystalline muss 
(eontaining 8aq), almost insol. water, si. sol. ether 
and benzene, v. sol. alcohol. Melts, when hy¬ 
drated, at 76°. Poisons like strychnine. Very 
bitter. Very little produces vomiting. Lbvo- 
rotatory, a 10 p.c. solution rotating 1-6° in a 
100 mm. tube. Its solution in H,S 04 is coloured 
Bluish-violet by K,Cr,0„ quickly becoming brown. 


Its salts are mote soluble than those of strycli- 
nine—^B'HIaq. Groups of prisms.—B',H,OrjO,. 
Thin yellow needles.—B'jH,KOI,. 

Methylo-iodide B'Mel. Crystals. S. o. 10 
at 100°. 

Strychnine snlphonic acid 0„Hj,(S0,HlN,0,. 

. Formed by dissolving dry strychnine sulphate 
in fuming H^SO, (containing 80 p.c. anhydride 
extra) in the cold and allowing to stand a fort¬ 
night (Loebisch a. Schoop, M. 6, 657). Deli¬ 
quescent mass. Does not give the strychnine 
reaction with KjCr^O, and H^SO,. 

Strychnine snlphonic acid. Formed by 
heating strychnine with H^SO, (2 pts.) at 100° 
(Stoehr, B, 18, 3429; Guaresohi, O. 17, 109). 
Amorphous powder, v. al. sol. water and alcohol, 
sol. dilute acids and alkalis. Does not give a 
colour with E,Cr,0, and H.SO,. Not poisonous. 
—NH,A': V. sol. water, insol. alcohol.—KA': 
m. sol. water.—BaA',: amorphous pp. 

Strychnine disalpbcnic acid 
C 2 ,Hj,(SO,H)aNjOr Got by heating stiyohnine 
with H,SO, and SO, at 150°. Amorphous, 
V. sol. water, v. si. sol. benzene, insol. alcohol 
and ether.—Na,A"6aq.—BaA": plates, sol. 
water.—BaA"7aq.—Ba(HA"),: yellow powder. 

STBYFHNIC ACID 0,^N,0.,. Got by adding 
HOAc to a mixture of uric acid and KNO, and 
evaporating (Gibbs, B. 2, 341). Small pale- 
yellow crystals, sol. hot water. Sodium-amalgam 
forms crimson crystals. — KA'lJaq: yellow 
needles.—MgA'., 6aq.—CaA', 2aq.—SrA', 6aq.— 
BaA’., 2aq.—PbA',.-Pb,A',0 3aq. 

STYCEKIC ACID v. PnENYL-aLVOEBio acid. 
STYCEEIN CHPh(OH).CH(OH).CH,OH. 
Formed by heating CHPhBr.CH,Br.OH,OH (o. 
Di-brouo-phenyl-pbopyl amohol) with 30 pts. 
water and some AgOAo at 150"-165° (Grimaux, 
J. 1873, 404). Yellow gummy mass with bitter 
taste. V. sol. Aq and alcohol, nearly insol. ether. 
STYPHNIO ACID ». TRi-NiTBo-nESOROiN. 
SIYEACIN 1 ). Cinnamyl ether of Oimnauio 

ACID._ 

STTKENE 0,H, i.e. O.H,.CH:OH,. StyroU 
'Btyrolene. Cinnamene. Phenyl-ethylene. 
Mol. w. 104. (144°) (Schiff, A. 220, 93). S.G. 
f -9074. /»„ = 1-641 (Madan, G. J. Proe. 1,107). 
S.V. 131 (ScbiB). Ba) 58-1 (Nasini a. Bern- 
heimer, 0. 1, 93). Occurs in liquid storax 
(Bonastre, J. Ph. 17, 338; Simon, A. 31, 265; 
Blyth a. Hofmann, A. 6S, 293, 325) and in coal 
tar (Bertheiot, A. Suppl. 3, 368; Kramer a. 
Spilker, B. 23, 3282). 

Formation .—1. By distilling cinnamic acid 
aloneor with lime or baryta(Gerhardt a.Cahours, 

A. Oh. [3] 1, 96; Kopp, 0. B. 63, 634; Howard, 
C. J. 13,135: Kraemer, Spilker, a. Eberhardt, 

B. 23, 3269).—2. By distilling cupric oinnamate * 
(Hempel, A. 69, 316).—3. By distilling balsam 
of Peru with pumice (Scharling, A. 117,184).— 

4. By distilling dragon's blood alone or with 
zinc-dust (Gldnard a. Bondault, A. 53, 325; 
Batsch, M. 1, 610).—6. By heating acetylene at 

a dull-red heat (Bertheiot, C. B. 62, 905, 947 ; 
A. 141, 181),—6. By passing ethylene ^one or 
mixed with benzene or diphenyl through a red- 
hot tube (Bertheiot, Z. [2] 4, 884; A. 142, 267; 
Barbier, 0. B. 79, 660; Fetko, B. 20, 660).—7. 
By passing ethyl-benzene through a red-hot 
tube (Bertheiot, Z. [2] -4, 689).—8. By heating 
0,H,.CH,.OH,Br alone or with aloohouo potosb 



smtL DtrfEimi kbtonb. 


(t I8d’ (S.‘, Thorpe, Z. 1871, ISO).—9. By 
heating 0,Hj.OHBr.OH, with alooholio KOy 

g iadziszewski, B. 7, 140).—10. By diatillihg 
,H..CH(OAo).CH, (B.). — 11. By heating 
0,H,.CH(0H).CHg (derived from acetophenone) 
with ZnOlj (Emmerling a. Engler, B. 4, 147).— 
12. By the action of acetylene on benzene in. 
presence of AlOJ, (Varet a. Vienne, Bl. [2] 47, 
918; 6. B- 104,1375).—18. From phenyl-aoetyl- 
ene, zinc, and HOAc (Aronstein a. Hollemann, 
B. 22,1184). 

Properties.—Oil, with aromatic odour. In¬ 
active to light (Van't Hoff, Bl. [2] 25, 175). 
Miscible with alcohol and ether. Changes on keep¬ 
ing, or on heating in a sealed tube at 800°, to solid 
metastyrene. Combines with Cl, and Br,. HBr 
forms OgHg.CHBr.CHg. HCl forms PhCHCl-CH, 
only (Schramm, B. 26, 1709). Potash has 
no notion. Fuming HNO, forms nitro-styrene. 
Chromic acid mixture forms benzoic acid. Cone. 
HgSO, changes it to metastyrene. On heating 
with aqueous NaHSO, at 120° styrene forms the 
compound CgHgNaHSOg [306°] (W. von Miller, 
N. B. P. 24, 31). Condenses, in presence of 
HgSO,, with toluene and xylene, forming di¬ 
phenyl-propane and phenyl-tolyl-propane re¬ 
spectively (Kraemer a. Spilker, J3.23, 3169). 

Metastyrene (0,H,)i. S.G. 12 1054. fin 
1'593 (Madan, 0. J. Proo. 1, 107). Occurs in 
liquid storax (Kovalevsky, A, 120, 66). Formed- 
from styrene on keeping or on heating in a 
sealed tube at 200°. Formed also by heating 
styrene with aqueous NaHSO, at 110° (Miller, 
A. 189, 341). Transparent solid without taste 
or smell, becomes sticky when warmed. Highly 
refractive. Insol. water and alcohol, si. sol. 
ether. Inactive to light (Van't HoiJ, B. 9,1339; 
cf. Berthelot, 0. B.85,1191). Changes to styrene 
on distillation. 01 and Br ack slowly, forming 
the same compounds as with styrene. 

Di-styrene 0„H„i.e. Ph.CH:CH.CHMe.Ph(?). 
(0. 316° i.V.). S.G. 5 1027; » 1-016. V.D. 
7 07 (calc. 7-2). Got by boiling einnaraio acid 
with H,SO, (1 vol.) and water (1^ vols.) (Erlen- 
meyer, A. 135,122; Fittig a. Erdmann, A. 210, 
187). Liquid, with blue fluorescence, which 
slowly disappears. Inactive to light. If kept 
boiling for a long time it decomposes, forming 
toluene, styrene, high boiling products, and 
probably iso-propyl-benzeno. 

Beactions.—l. Chromic mixture gives benzoic 
acid.-2. Bromine gives the di-bromide 0„H„Br, 
[102°], crystallising from ether in needles. V. e. 
sol. CSj, ether or benzene, v. sol. hot alcohol. 

Solid distyrsne C|„H„. [119°]. A product 
of the distillation of cinnamic acid or of its Ca 
salt (Engler a. Leist, B. 6, 266; Miller, A. 189, 
840). Formed also by passing C,H,.C,H,Br, 
over red-hot lime (Badziszewski, B. 6, 494). 
Tables. Yields a dibromide C„H|,Brj [238°], 
orystallising from benzene in needles (Lieber- 
mann, B. 22, 2256). 

Beferenca .— kaxao ; Bbomo-, Bbomo-axido-, 
Bbouo-kitbo-, CnnoBO-, Celobo-bitbo-, Mnao-, 
and Nxtb o-amipo- Stibbnb. 

8TYBEHE DIBBOHIOE «. Hi-BBOUo-BTcrn,- 
BIHZINK. 

■ITBEHE BIOABBOXYUO ACID 0,AO« 
ij, [1:3]GO,E,0,H,.OH;CH.CO,H, o-CarU^- 
«WHianiMao&[176°]. Formed by heatingthesalts 
oxy-carboxy-phenyl-propioido acid (Gabriel 


a. Michael, B. 10, IS58, 2200). Slender needles 
(from water). Changed on fusion into the lactone 
of oxy-oarboxy-phenyl-propionio acid.-PbA''.- 
Ag,A": sticky pp. 

Isomeridev.n-CABBozY-ociNAuia Acm, vol.ii, 
p. 190. 

STYBEN'E DICHLOBIDE v. wa-Hi-ORliOBO- 
DI-STHrL-BENZENE. 

STYBEKE DI-IOBIDB tf, Di-tono-BTHYL- 

BENZEKB. 

STYBENE DISEXPHOCYAinDE 0,H,(SCN)~ 
[102°]. Formed by heating C.H,CHBr.OK,Br 
with potassium sulphocyanide in alcohol (Nagel, 
A, 216, 323). Pale-yellow needles, v. sol. ether, 
hot benzene, and toluene. Crystallises from 
benzene as C„H,aiN,CjH, [62°]. Alooholio am¬ 
monium sulphide at 100° forms (C,H,).,S [161°]. 
Cold faming HNO, gives rise to the compound 
[1:4] C,H,(NO.J.CH(SCy)CH,(SCy) [112°] crystal¬ 
lising from alcohol in needles. 

DI-SXYBENIC ACID C„H,.0, U 
Ph.CH;CH.CPhH.CH,.CO,H or 
Ph.CH:CH.CH(CO,H).CH,Ph. Formed by boil¬ 
ing cinnamic acid with H,SO, (1 vol.) diluted 
with water (1 vol.) (Fittig a. Er-'mann, A. 216, 
182). White amorphous powder. V. si. sot. 
water, v. e. sol. ether, alcohol, or glacial aoetio 
acid. It melts below 50°. May be distilled 
almost undeoomposed. 

Bcactiom. —1. Soiiium amalgam has no 
action.—2. Br in CS, forms no bromide.— 
3. Boiling H,SO, (1 vol.) mixed with water 
(1) vols.) does not alTeot it.-^. Chromic mixture 
gives only benzoic acid. 

Salt s.—Ca(C| ,H„0 Jr—BaAV—AgA'. 
Ether. —EtA'. Liquid. 

STYBOGALLOL C„H,0. i.e. 

0«II.<C®>OvH(OH) 

QjjQQ_/O (?)• Formed from 

cinn,amie acid, gallic acid, and cone. H,SO, at 
60° (Jacobsen a. Julius, B. 20, 238.S; von Kos- 
tauecki, B. 20, 3137). Yellow needles, which 
may be sublimed; si. sol. hot alcohol. Not 
melted at 350°. With mordants it dyes like 
nitro-alizarin. 

STYBOLEirB ALCOHOL ti. Dt-oir-ETHYi.- 

BENZENE. 

STYBONB V. CnmAMYL alcohoi,. 

SIYBONE DIBBOMIDB v. (t[t)-BB0U0- 

BUEBYIi-PROFYI, ALOOUOti. 

STYBYL-ACBYLIO ACID «. Phenye-pee- 
unoio acid. 

STYBYff AMYL KETONE CABBOXYLIC 
ETHEBO„H„O,i.e.C,H,.Cn.-CH.0O.CEtrCO.,Et. 
[102°]. Formed from di-ethyl-acetoaoetiq ether, 
benzoic aldehyde, and HCl in the cold (Claisen 
a, Matthews, A. 218, 184), Triclinio prisms 
(from ligroin). Yields C„H,jBr,0, [66°] crys¬ 
tallising in small prisms. 

STYBYL-ANOELIO ACID 0,,H,,0, ts. 
C,H,OH:CH.CH:CEt.COja. [127°]. Formed by 
heating cinnamic aldehyde with butyric anhy¬ 
dride and sodium butyrate at 165° (PerUn, 0,/. 
81, 418). Crystals, v. sol. aloohoL—AgA'. 

STYBYL BVIEMYL KETONE 0,.H„0 L*. 
O.H,.CH:CH.CO.OH:CMer (179° at Umm.). 
Formed by passing HCl into a mixture of ben¬ 
zoic aldehyde and mesityl oxide (Claisen a. 
Olaparkde, B. 14,861). Yellowish liquid, smell¬ 
ing like strawberries. Yields [189°], 





msn-osLOtma ma o,iH„Or 
FotBMd by beating ainDamio aldMjrde with 
p^ionio anhydride and sodiam propionate 
(Perkin, 0. J. 81,413). Prisms (from llgndn). 
— ^gA.'; white pp., si. sol. cold water. 

BTYBTI ETHYL KETONE C&BBOXYUO 
ACID 0,H,.CH:OH.CO.OHs.O^CO,H. Oinna- 
moffl-propionic acid. Bemylidene-levulic acid, 
[120°]. Formed from O-scetyl-propionio acid, 
benzoic aldehyde, and dilute KOHAq (Erdmann, 
A. 258,130). licaliets (from water). May be re¬ 
duced to OA-CH,CHrCO.CH .CHj.CO^ [88°]. 

Oxim [149°]. 

8TYSYL ETHYL OXIDE Oija. jO t.«. 
0,H..CH:OH.O.C,H,. (217°). S.G.2-981. Formed 
from w-ohloro-styrene and NaOEt at 180° (Er- 
lenmeyer, £. 14,1868). Aromatic liquid. Con- 
yerted by beating with water into alcohol and 
phenyl-acetic aldehyde. 

«TYBYL.ETHYL.PYB1DINE 0„H„N 

ie. OA-CH;CH.C<p^:®^CEt. EtkyUtU- 

batole. [68°]. (856° cor.). Formed by heating 
methyl-ethyl-pyridine with benzoio aldehyde 
and ZnCl, at ^0° (Flath, B. 21,3087). Needles 
or plates, insol. water, y. sol. alcohol and ether, 
si. sol. ligrofn. Bromine yields the dibromide 
OA-CHBr.CHBr.C,H,EtN. [128°]. - B'HCl. 
[193°].—B',ftPtC1.2aq. [188°]. Needles.— 
B'HAuCa,. [168°].—B'HSnCl, 3aq. [246°].— 
B'HHgCl,. [196°].-B'0,H,N,0,. [203°]. 

STYEYI-GLYOXAL. Oxim C,.H,NO., i.e. 
CACH:CH.CO.CH:N.OH. [144°]. Formed from 
nitroso.acetone, benzoio aldehyde, and alcoholic 
NaOEt (Cloisen a. Manasse, B, 23,529). Crystals 
(from water or benzene). Gradually decom¬ 
poses, with evolution of HGy. 

STYBYL-OLYOXYIIO ACID 0,„HA 
C,H,.CH:CH.CO.CO.,H. Formed by saponifica¬ 
tion of its amide by cone. HClAq, and also by 
saturating a mixture of benzoic aldehyde and 
pyruyic acid with HCl (Claisen, B. 13, 2124 j 
14, 2472). Gummy mass, sol. water. Split up 
by alkalis, even in the cold, into benzoic 
aldehyde and pyruvic acid.—AgA': pp. 

AmtdeCHPh:Cfl.CO.CO.NH,. [130°]. Pre¬ 
pared by the action of cone. HClAq and HOAo 
on the nitrile of cinnamic acid. Flat prisms or 
plates. Sol. ether and hot water. 

ife^erencs.—NiTKo-STYiivi-OLYOxYLto Acrn. 

BTYBTL-HYDANTOIC acid C„H„N.A. 
[ISB'n. Formed by boiling styryl-hydantoln 
with baryta water (Pinner a. Spilker, B. 22,692). 
Whits plates, sol. rdcohol and hot witter. Boiling 
HClAq converts it into styryl-hydantoin.—AgA'. 

BIYBYL-HYDANTOIN ». Di-oxY-siYBYL-m- 
riBSzotj. 

BTYBYIIDENE-THIO-aLYCOLLIC ACID o. 
Cnmiimmmiz-THio-onYcoiiLio acid. 

DI-BTYSYL-XETONE «. Di.BENZYi.mmm- 
ACHioNB and Nitbo- and Oxt- nr-STYBYn-KBioNE. 

BIYBYIrOI-HEIHYL-OIYOXALIHE 

0,^„N,iA. 0A0H;CH.C<^^-^^®, [202°]. 

Formed from di-methyl di-ketone, cinnamic 
aldehyde, and alcoholic ammonia at 100° 
(Wadsworth, 0. J. 67, 11). Crystals, y. sol. 
alcohol.—B'AP tOl,! minute yellow needles. 

BIYBYL HETSen KETONE (i.Benzyliuene- 
tCBTONE and Nizao- and Ozy- anaxL hsibyi. 
Wien- 


I BTYBTL lCnTm XETOM OAfiBOmM 

XTEEB V. BaNZYliIDENa-AOaTQAClUO HBEB, 
voL L p. 24. 

BTYBYL.UETHYL.OXAZ0LB DIHYDBIDE 

O.H.CH:CH.C<^;^g“®. [81°]. Formed from 

'8-bromo-propylamine hydrobromide, cinnamoyl 
chloride, and alcoholic potash'(Elfeldt, B. 21, 
3226). Transparent crystals. — B'AiFlCl^ 
[198V-B'0AN.0,- [183°]. Needles. 

BTYBYL-METHYL-PYBIDINE 0„H„N 
t.s. C,H,‘^B:CH.0 ,H,^b11- Methyl-stilbazole. 
(c. 323°). S.G. 5 1-0717. Formed by heating 
benzoio aldehyde with (ay)-di-methyl-pyridine 
and ZnCl, at 215° (Baohir, B. 21, 3072). Oil, 
y. sol. alcohol and ether. Gives C,,H„Br.,N. 
[140°]. May be reduced to C„H„N (o. 293°) 
and C|,n„N (c. 283°).—Hydroiodide. [211°]. 
B',.H..l>tC16aq. [183°].—B'HAuCl,. [142].- 
B'ilHgCl,.—B'C,H,NsO,. [193°]. Yellow needles. 

STYBYL-DI-METHYL-PYBIDINE DICABB- 
OXYLIC ACID 0„H„NO, 
i.e. O.H,CH:CH.C<§CO^);CMe^N. [241°]. 

Formed from its ether, which is got by the 
action of nitrous acid gas on an alcoholio 
solution of the dihydride C.,II.,:,NO, [149°], ob¬ 
tained from cinnamic aldehyde, acotoacetio 
<ther, and alcoholic NH, (Epstein, A. 231,1). 
Minute colourless tablets (oontaining 2aq), si. 
sol. water, sol. alcohol. Melts at 219° when 
hydrated. Converted by bypochlorous acid into 
C„H„NO,2aq (Messinger, J5.19,196).—KjA"3aq. 
—(IIA"),H,l'tCl,.—Hpt."HCl. Decomposed by 

Ethyl ether EtjA". [39°]. Yields the salt 
(Et>")jHjPtCl, [196°]. 

STYBYL-METHYL-THIO-OLYCOUIC ACID 

V. CtNNAUYI.-THIO.OLYCOLLIO AOID. 


STYEYL-(a).NAPHTHO(l0INOLINE 

».e. -(J ;C.CH;CHPh. 


[104°]. Formed by distilling the carboxylic acid 
O.CHiCHPh ^Wch is 


got by the action of {a)-naphthylamine on cin¬ 
namic aldehyde and pyruvic acid (Dobner o- 
Peters, B. 23, 1233). Concentric groups of yel¬ 
lowish needles, si. sol. alcohol.—B'2H..'PtCl,2aq: 
orange.yollow pp. — B'jHjCrjO,.—B'C,H,NjO,. 
[230°]. Golden needles. 

Carboxylic acid [256°]. 

Yields BaA'22aq, CuA’, aq, and AgA’. ' 
Styryl-(8)-naphtboqttinoline 

°«^<<CH:OH.a™:GOH:CHPh' 

Formed in like manner from (8)-naphthyIamino. 
White silky needles or pearly plates.—Salts; 
B'jAI'tCl. 2aq. — B'AiCr^O,. — B'0,H,N|0,. 
[254°]. Golden needles, si. sol. ether. 

Carboxylic acid OnH,,NO,. [806°]. 
Demon-yellow needles, si. sol. hot alcohol. 
BIYBYL-OXAZOLE DIHYDBIDE a„H„NO 

♦.s. OACHiCaC^-^^. [68°]. Formed from, 

CHjBr.O ANH.CO.CH:(^b and alooholia 
potash (EUeldt, B. 24, 8236}.-B^^tC2^ 
[194°]. Orange-yellow powdm.—B'OtHAsOw' 
[189°]-- Yellow needlea. c 
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' m&n^ncirrtzAzous sraraiaoB 

C.H.OH:OH.O<^;^^OHj. [66^. Formed* 

by the action ol alooholio potash on the y-bromo- 
propyl-amide o{ oinnamio aoid 0Ueldt, B. 24, 
8227). Needles.—B'^^PtOl,. Decomposes at 
193“.-B'0AN,0,- [196°3. 

STTSTL-FHBNOL v. On-Di-PESHiL-EiBn,- 

EKE. 

(a).)BTTIlYl.PTEIDINE 0.^„N ».«. 

0^,0H:0H.0^®®;®g>0H. StilbazoU. [91^. 

(325° cor.). ’ Formed by heating benzoic alde¬ 
hyde with methyl-pyridine and ZnClj at 220° 
(Baurath, B. 20, 2710; 21, 816). C^stals, m. 
sol. alcohol. 

BeacUons. —1. Br forma C,5H|,BrjN [167°]. 

2. HIAq reduces it to OuHuN [-3°]_3. Na 

and HOEt reduce it to C,»H„N (288° cor.). 

Salts.—B'HCIdaq: needles. Melts at 177° 
when anhydrous.—B',H.,PtCl, 2aq. [188°]. Bed 
needles.—B'HAuCl,. [186°]. — B'HHgCl, aq. 
[183°].—^B'HIj. [159°]. Prisms, with blue reflex. 
Beference. —0xT-8TraYi.-PYiiii>iNB. 

(By. 3)-BTYBYL.ftBINOLINE C„H,.N i.e. 

0„H,<[®;^^jj.QHph- [100°]. Formed by 

distilling its carboxylic aoid (Doebner a. Peters, 
B. 22, 3008). Got also by heating (Py. 3)- 
methyl-quinoline with benzoic aldehyde and 
ZnOl, (Wallach, B. 16, 2008; Jacobsen a. 
Beimer, B. 16, 2600). Crystals. Yields 
C„H„Br^ [174°].—Salts: B'jHJPtCl. 2aq.— 
B'H.,Cr,0, 3^aq. 

Be/crenccs.—Niino- and Oxy- SxYBYt-qniN. 
OLms. 

SIYBYI-ftUINOLINE CABBOXYLIC ACID 

C.CH:OHPh* POO'J- formed 
from oinnamio aldehyde, pyruvic aoid, and aniline 
in alcohol (Doebner a. Pclors, B. 22, 3006). 
Yellow needles, insol. water, si. sol. ether.— 
MgA^: ooneentrio groups of needles. 

STYEYI-QDINOLIHE S0IPHONIO ACID 
0,H,(SO,H)N.CH;CHPh. Formed by heating 
(Py. l)-methyl-quinolino (B. 2)-saIphonic acid 
with benzoic aldehyde and ZnCl, for six hours 
at 170° (Busch a. Koenigs, B. 23,2682). Crystals 
(containing 2aq). V. sol. 50 p.o. acetic acid. 

8TYBYI THIENYL KETONE C„H,.SO i.«. 
C„H,OH;OH.CO.C,H,S. [80°]. Formed by pass¬ 
ing HOI into a mixture of thienyl methyl ketone 
end benzoic aldehyde (Brunswig, B. 19, 2895). 
Needles. Yields a dibroraide 0„H„Br,SO [157°] 
crystallising from alcohol in plates. 

DI-STYBYL-DI-VINYL KETONE «. Dl- 

PHENYL-ra-BUTINYI, KBTOHB. 

BTYBYL-VINYL METHYL KETONE v. 

PbEHYL-BUTINYI. UETHYli XETOKE. 

8DBEBCOLIC AOID CA(CO^,. Formed 
In small quantity by the action of alooholio 
potash on di-bromo-snberio aoid (Hell a. Bempell, 
B. 18, 820). White powder, yielding at 225°- 
230° a sublimate of slender white needles.— 
BaA".—CaA".—MgA" 2aq.—Ag^" : white pp. 

SDBEBCONIC ACID. [166°-170°]. A crys¬ 
talline product of the action of alcoholic potash 
on bromo-suberio aoid (Ganttner a. Hell, B. 15, 
U9). 

SDBEBBHX OABBOKTUO ACID 0,,H„O, 
nxmed by boiling dhloto-sabetonie Md 


0,Bi,010t widi NbOBAq [l^iegel. At 211,119)i 
Pearly plates, ToUttile with steam. Bedueed by 
sodium-amalgam to snberane carboxylio acid 
0.H,.O.. 

SCBEBIO ACID 0,H„O,- Mol, w. 174. 
[140°]. (o. 800°). {279° at 100 mm.) (Krafft, 
•B. 22,816). S.-142atl6°. S. (ether) *8 at 15°; 
H.O.p. 992,409 (Louguinine, 0. B. 107, 
985,600 (Stohmann, /. or. [2] 40, 216). H.F. 
249,400 (S.). 

Formation.—!. By the action of nitric aoid 
upon cork (Brugnatelli, Crell. Ann. 1787, i. 1451 
Bouillon-Lagrange, A. Oh. 23,2; J. Ph. 8,107: 
ChevreuI, A. Oh. 62, 323 ; 96, 182; Brandes, S. 
32, 393 ; 33, 83; 36, 263; A. 9, 295; Bussy, 
J. Ph. 8, 107: 19, 425; Boussingault, J. pr. 7, 
211; Harll, N. Br. Arch. 5, 303).—2. By the 
action of nitric aoid upon oleic and steario acids 
(Laurent, A. Oh. [2] 06, 157; Bromeis, A. 85, 
89), upon castor oil (Tilley, A. 39,166; Dale, A. 
132, 244 ; 199, 145; Grote, A. 130, 208), upon 
linseed oil (Saco, A. 51, 222), upon cocoa-nut oil 
(Wirtz, A. 104, 261), upon almond oU, upon 
spermaceti (Arppe, A. 120, 292; 124, 89), upon 
palmitolio acid (Schrdder, A. 143, 33), upon 
paraflln (Pouchet, 0. B. 79, 320), upon palm oil 
(Ganttner a. Hell, B. 13, 1165; 14,1549), and 
upon myristic aoid (Noerdlinger, B. 19,1896).— 
3. Occurs among the products of the distillation 
'of crude fatty acids in superheated steam 
(Cahours, C. B. 94,010).—4. From dl-oxy-steario 
acid and alkaline KMnO, (Spiridonoff, J. pr. [2] 
40, 250).—5. Suberic ether is formed by the 
electrolysis of COjEt.CH2.CH..CH,.CO.,K, the 
yield being 28 p.o. of the theoretical amount 
(Crum Brown a. Walker, A. 261,120). 

Properties. —Long needles (from water) or 
tables. May be sublimed in needles. Not vola¬ 
tile with stefim. 

Beactions. —1. Yields hexane when distilled 
with baryta. —2. Forms suberone on distilling 
with lime.—S. Bromine at 100° foims bromo- 
and di-bromo-suberic acids, which when boiled 
with potash yield oxy- and di-oxy- suberic acids 
(Gal a. Gay-Lussac, 0. B. 70, 1175). 

Salts.—KjA". S. 85 at 14°.-Na^'' Jaq. 
S. (of NajA") 60 at 14°.-NaIIA".—(NH,),A". 
S. 38 at 25°.—BaA": crystalline powder, less 
sol. hot water than cold. S. 2*2 at 7’6°; i'8 at 
100°.-SrA''. S. 2-9 at 14°; l-9atlOO°.-t3aA"aq. 
S. -62 at 14°; -42 at 100°.—MgA" 2aq. S. 13-6 at 
20°.-ZnA". S. -041 atl4°.—OuA" aq: blue pp. 
-CuA" 2aq. • S. (of CuA") -024 at -16°.— 
CdA" aq. B. (of CdA") -08 at 17°.-HgA". S. 
•012 at 7-6°.—AljOA'V S. -0094 at 6-6°.—PbA''t 
S. -008 at 16°.—Pb,A"0.,.-MnA'' 3aq. A 1-08 
at 13°.—Fe,A'',0. S. 0016 at 9°.-CoA"4sq;— 
CoA" 2aq. S. (of CoA") 1-16 at 14°; -85 at 100°, 
—NiA" 4aq. S. (of NiA") -79 at 7-6°.—Ag^< 
S. -0076 at 8°. 

Methyl ether Me,A". S.G. it 1'014. 

Ethyl ether Et,^''- (282°). AO. II 
•9862; n -9783 (Perkin, 0. J. 45, 617). M.ll£ 
12-461 at 14°. 

Amide 0J3.,Jd,0~ Orystalline. 

Amio ocid 0 ,HJcON^.CO^ [wlTO^ 
Formed by distilling ammonium anoeratk 0^- 
talline, T. sol. hot'water. 

Anilide 0^,,(OO.NHPh), ri88°]. Formed 
by heating sobeiu aoid (1 pt.) wiUi nniliaf 
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/I pt) (Oeibsrdt s. Iiannnt, A. Oh. [8] S4,186). 
tesrlT plates (trom sloobol), t. eol. ether. 

Phtn 4 flamioaeid 0,H,,(Cfb.NHFh).00^ 
Formed at the same time as tne anilide. Minate 
laminie, si. sol. hot vater.— AgA'; white pp. 

Sefirences.—Bsotio; Chloeo-, and Oxr- 
SDBBBio aom. 

Iiosnberie acid is Di-aTHYL-soconna aom 
(Hell. B. 22, 67). 

BUBEBIC AIDEHYDE C,.H„0,. (202°). A 
prodnot of the action of faming HNO, on pal- 
mitolio acid (Schroder, A. 143, 34). Oil, par¬ 
tially decomposed by distillation. Oxidised by 
bromine water to suberic acid. 

SEBEBOCABBOXYUC ACID v. Haxaim 

IBiaXBBOXXLIO Acm. 

SUBEBOUALIO ACID v. Oxy-scdisrio aoid. 

SUBEBOIIE 0,H„0. Mol. w. 112. (180° 
LV.). V.D. 8’73 (calc. 3-89). Formed, together 
with hexane, by distilling suberic acid with lime 
(Boussingault, A. 19, 308; Tilley, A. 39, 167; 
Dale a. Sohorlemmer, G. J. 27, 935; A. 199. 
147; Wislicenus, A. 275, 356). Colourless 
liquid, smelling like peppermint. Oxidised 
by HNO, (S,G. 1'4) to »-pimelic acid [102°]. 
Does not reduce AgNO, or Fehling’s solu¬ 
tion. Combines with bromine, forming a pro¬ 
duct which, when distilled over KOU, gives 
C,H,.,0 (Ladenburg, B. 14, 2406). Combines 
with HCy yielding C,H„(OH)CN, which is con¬ 
verted by HCl into suberyl-glycollio acid 
C,H|,(OH)i.CO,H [80°], from which cone. HClAq 
at ISO'' produces ohloro-suberane carboxylic acid 
C,H|,Ci.CO,H, a thick oil, converted by KOH 
into euberene carboxylic acid C,H|,.COJl [54°], 
which may be reduced by sodium-amalg,am to 
suberane carboxylic acid C;H|,.CO.jH, and this 
may be oxidised by HNO, to a dibasic acid 
C,H,,0, or C,H|,0, (Dale a. Schorlemmcr, C. J. 
89, 589; Spiegel, d. 211, 117). Suberone is 
reduced in alcoholic solution by sodium to 
C,H,,0, a colourless liquid, with mouldy smell 
(185°), S.G. IJ '9596, which unites with phenyl 
oyanate forihing C,H„O.CO.NHPh [85°], and 
also with HI forming a compound which is con¬ 
verted by alcoholic potash into suberonylcne 
0,H„ [114 5°] and a little CjHuOEt. The com¬ 
pound 0,H,,0 is reduced by cone. HIAq at 
260° to C,H|,. Suberonylene combines with 
bromine (Markownikoff, G. B. 110, 466). 

Oxim C,H,,:NOH. Liquid, smelling like 
peppermint, sol. alcohol, ether, alkalis, and 
adds (Nigeli, B. 16, 497). Beduced by sodium- 
amalgam to 0,H„.NH,. t 

SBBEBO-TABIASICACID «. Di 'OXY-8UBBRIO 
iCXDe 

SirB£BYI..6I.TC0I.lC ACID v. Oxr -SUBEBAHIO 
ACID. 

STTBUHATION. The passage of a solid 
body, when heated, to the state of vapour with¬ 
out melting. The temperature of sublimation 
is definite for every solid, and is dependent on 
the pressure. There is a definite pressure for 
each definite solid below which the substance 
cannot exist as a stable liquid, so that if heated 
below this pressure it passes from the solid 
directly to the gaseous state; but if heated under 
pressures greater than this pressure the substance 
first liquefies and then vaporises. As the definite 
pressure is considerably below that of the atmo¬ 
sphere for most substanoss, but few bodies 


undergo sublimation, properly so oaOed, whei 
Jteated under ordinary conditions. Sublimation ii 
treated fairly fully in Thorpe’s Diotiodabx or Ar. 
FLnm OBEHisTax (vol. iii. p. 609), and instsncei 
are given where the process is made use of is 
manufacturing operations. M. M. P. M. 

SUBSTITUTION. The replacement of on( 
element in a compound by another element Ie 
the primary meaning given to the term ‘ substi- 
tution.’ As our ways of looking at composition, 
and changes of composition, are saturated with 
the conceptions of the molecular and atomic 
theory, substitution is better described as the 
replgiccment of an atom in a molecule by another 
atom. But the term must be widened to include 
cases wherein an atom is replaced by a group of 
atoms, which group is regarded in that reaction 
as if it were a single atom. The moment atten¬ 
tion is paid to the number of atoms that can be 
substituted for some specified atom in a molecule 
the conception of chemical equivalency is found 
necessary to give a common foundation to the 
facts that are observed (o. Equivalxnov, vol. ii., 
especially pp. 449-451). The properties of a 
molecule are changed by the substitution of an 
atom or atomic group in the place of one, or 
more, of the atoms in the origin^ molecule; the 
prosecution of the inquiry into the connections 
between the properties of molecules derived, by 
substitution, from some parent molecule leads 
to the hypothesis of types, which is afterwards 
merged in the wider subject of chemical classifi¬ 
cation (v. Classification, Cueuioal, vol. ii. p. 
196; Bqoivalenot, vol. ii. pp. 450-461; Types, 
in this vol.). 

Experiments show that the substitution of a 
more positive by a less positive atom, or atomic 
group, is accompanied by a change of properties 
in the direction that the substitution-product is 
more acidic than the parent substance. This 
field of inquiry has been cultivated systemati¬ 
cally in recent years, and measurements have 
been made of the eUects of substitution-changes 
of the kind indicated on the aliinities of many 
"acids. The results obtained have led, and, are 
leading, to new conceptions of the nature of 
allinity, and of the constitutions of molecules 
(v. PuTsicAL METHODS, sectiou EUctrical 
methods, pp. 197-207 in this vol.). 

M. M. P. M. 

SUCCINAMIDINE 0,H,N, i.e. 

Formed by the action of 

ammonia on snccinic-di-imido-di-etbyl ether 
C,H,(C(OEt):NH), (Pinner, B. 16,362, 924,1643, 
1655). The salt B”2HC1 forms minute needles, 
dissolving in water with formation of NH,C1 and 
succinimidine C.,H,(NH),. 

SUCCINAMIDOXIK a,H,(C(NH.,):NOH)r 
Succinene diamidoxim. [188°]. Formed by 
adding hydroxylamine hydrochloride and 
Na,00,Aq to an alcoholic solution of the nitrile 
of succinic acid (Sembritxki, B. 22, 2958). 
Crystals, sol. hot water, si. sol. hot alcohol, 
insol. ether. Coloured reddish-brown by FeCl,. 
Fehling’s solution gives a dirty green pp. Ao„0 
forms C2 H,(C(NH,):NOAo), [168°]. NaOBt and 
EtI form C,H,(C(NH,):NOEt), [118°]. BzOl 
and NaOH produce the benzoyl derivative 
0^,(C(NHJ:NQBz), [192°], oiystallising ia 
needW, converted ny beating with vater at 
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Ufl- into O.H,{0.^-^OPh), [1690]. Aqne. 

01U potassium oysnato and HOI lorm 
0^,(C(N0H).NH.C0.NHs), [164°]. 

Suoelnimidoxim c^;c[n^|>NH. Formed 

by heating the nitrile of succinio acid with 
bydroxylamine at 65° (Sembritzki, B. 22, 2964). 
Prisms (containing 2aq). Sol. hot water, insol. 
alcohol. Alcoholic NaOH forms a blue solution 
turning green. FeCl, gives a dark-violet colour.— 
AgjC.HjNsOj: pearly plates. 

Di-acetyl derivative CjHjACjNjOj. 
[171°]. Crystalline powder, sol. water. 

Di • beneoyl derivative 
[189°]. Crystals, insol. water, sol. hot alcohol. 

SUCCINIC ACID 0.H.0, i.e. 
COjH.CHj.CH,.CO,H. Mol. w. 118. [182°] 

(Kralit a. Noerdlinger, B. 22, 816; Reissert, B. 
23, 2245); [185°] (Davidoff, B. 19, 406). (261°). 
S.G. 1'65. S. 2-88 at 0°; 6-14 at 14-5°; 121 at 
100° (Bourgoin, Bl. [2] 21, 110 ; 29, 243; 
Miczynskii M. 7, 263). S. (alcohol) 7-5 at 15°. 
S. (ether) 1-25 at 15°. H.C.v. 357,100. II.C.p. 
356,800. H.F. 226,200 (Stohmann, J. pr. [2] 40, 
207): 229,000 (von Bechenbcrg). S.H. -290 (from 
0°-60°); -365 (0°-lS0°) (Hess, A.Ch. [2] 35,410). 
Heat of Neutralisation: Gal a. Werner, 0. It. 
103, 871, 

Occurrence. —In amber (Agricola; Berzelius, 

A. Ch. 94, 187 j Leoanu a. Serbat, X Ph. 8, 641; 
9, 89 ; Liebig a. Wohler, P. 18, 162 ; D’Arcet, P. 
86, 80), in turpentine from several species of 
pine, in Chclidonium majus (Walz, N. J. P. 15, 
22; Zwenger, A. 114, 350), in lettuce (KOhnke, 

B. /, 25, 443), in Papaver somnifcrum, in unripe 
grapes (Brunner a. Brandenburg, B. 9, 982), in 
exudations from the bark of mulberry trees 
(Goldschmiedt, M. 3, 136), in beet juice (von 
Lippmann, B. 24,3299), and in rhubarb (Brunner, 
B. 19, 595). Occurs also in the thymus gland 
of the calf, the spleen of the ox (Gorup-Besanez, 
A. 98, 28), in certain pathological exudations 
(Heintz, A. 76, 369 ; Briegor, H. 5, 368), in the 
urine of rabbits fed on carrots (Meissner a. Jolly, 
J. 1865, 675 i cf. Salkowski, P/. 4, 91), and in 
human urine after eating asparagus (Hilger, A. 
171,208). 

Formation.—1. By the action of UNO, on 
many organic substances, including fats, fatty 
acids from butyric acid upwards, wax, spermaceti, 
eebacic acid, and azelaic acid (Broineis, A. 35, 
90; 37, 292; Sthamer, A. 43, 346; Ronalds, A. 
43, 356; RadcliS, A. 43,351; Arppe, A. 95,242; 
Dessaignes, A. 70, 102 ; 74,361; Erlonmeycr, B. 
7, 696; Noerdlinger, B. 19, 189.5). - 2. In the al- 
eohqlic fermentation of sugar (Pasteur, Bl. 1852, 
52; A. 105, 264).—3. In the fermentation of 
asparagine (Piria, A. 68, 343), of calcium malato 
(Dessaignes; Liebig, A. 104, 363), of ammonium 
tartrate (KSnig, B. 14, 211), and of flesh (Sal¬ 
kowski, B. 12, 649).—4. By reducing fumario 
and maleic acids with sodium-amalgam (Eeknid, 
A. Suppl. 1, 133).—5. By reducing malic and 
tartaric acids with HI (R. Schmitt, A. 114,106; 
pessaigues, A. 115, 120; 117,184).-6. By heat¬ 
ing its nitrile (ethylene cyanide) with alcoholic 
potash at 100° (Maxwell Simpson, A. 118, 373), 
or by treating it with dilute nitrio acid (Jung- 
fleisw, Bl. [9] 19,197).—7. From bromo-acetio 
•cid aod reduqed qilver at 130’ (Stei(ier,.B. 6, 


184). — 8. From F-ohloro-propionle ether by 
successive treatment with KCy and potash 
(Wichelhaus, Z, [3-] 8, 247).—9. From sodium 
acetoacetic ether by treatment with ohloio- 
acetio ether and saponification of the product 
(Wippermann, B. 3, 337; Noeddecke, A. 149, 
224).—10. By heating ethane tricarboxylic acid 
at 160° (Bischofl', B. 13, 2162).-11. By potash, 
fusion from gum arabic, milk sugar, and oar- 
minio acid (Hlasiwetz, A. 138, 76; 141, 340).— 
12. By reducing acetylene dicarboxylic acid with 
zinc and IIOAc at 00° (Aronstein a. Hollemann, 
B. 22,1183).—13. Its ether is formed by electro¬ 
lysis of CO.Et.CH.j.CO.,K in aqueous solution ; 
the yield being 60 p.c. of the theoretical (Crum 
Brown a. Walker, A. 261,115). 

Preparation.-1. By distilling amber, heat¬ 
ing the watery distillate, filtering, and allowing 
to crystallise. The product is freed from oils 
by treatment with nitrio add.—2. By neutral¬ 
ising tartaric acid (2 kilos) with NH,Aq. adding 
to the aqueous solution (40 litres) K^PO, (20 g.), 
MgSO, (10 g.) and a little CaCO,. Fermentation 
is started by diluting a little (5 o.c.) of the solu¬ 
tion with water (25 o.c.) and exp(j^ing it to the 
air for a few days. When fermentation has set in, 
the liquid is returned to the main quantity, and 
the whole kept at 25°-30° lor seven weeks. The 
liquid is evaporated somewhat, clarified by white 
of ep, and boiled with lime. After cooling, the 
calcium succinate is collected and decomposed 
by H.,SO,. The yield is good (500 g.) (Koenig, 

B. 15,172). 

Properfies.—Monoclinio prisms, permanent 
in air, acid in taste. V. sol. water, m, sol. al¬ 
cohol, si. sol. ether. Resolved on boiling into 
water and anhydride; the lactone 0,H,0, being 
also formed. BaCl, completely ppts. hot neutral 
solutions (Schmitt a. Hiepe, Fr. 21, 536). BaCl, 
followed by NH,Aq and alcohol ppts. succinio 
(but not benzoic) acid. FcCl, gives in neutral 
solutions a reddish-brown pp. PbAO: gives a 
pp. sol. excess. 

lieactums .—1. Not attacked by HNO„ CrO„ 
or chlorine water. MnO, and HBO, yield acetic 
acid. KMnO, in neutral solution oxidises it to 
oxalic acid and GO,; and, in acid solution, to 
CO- (Borthelot, Bl. [2] 8, 390; Sorokin, J. B. 
11, 383).- -2. Yields ethylene and CO, when de¬ 
composed in alkaline solution by an electrio cur¬ 
rent (KekulA, A. 131, 79; Bourgoin, A. Oh. [5] 
21), 80; ef. Kolbe, A. 113, 244). In perfecUy 
neutral solution only CO„ CO, and 0 are given 
oil at the posRive pole.—3. Potash-fusion jiolia 
oxalic acid.—4. PCI, forma successively: suo- 
cinic anhydride 0,H,(C0).,0, suooinyl ohlorida 

C, H,(COCl).„ fumaryl chloride C,H,(COCl)„ 
chloro - fumaryl chloride 0,HC1(C001)„ di- 
ohloro-maleyl chloride 0,C1,(C001)„ two tetra- 
chlorinated di-chloro-maleyl chlorides, viz,; 
C,Cl,(CCl,)(COCl)andC,01,(CCl,).,0(t).Di-OHLOBo. 
MALEIC acid), and finally per-ohloro-ethane, 
20,01, (Kander, J. pr. [2] 8i, 1).—6. On long 
boiling It yields the dilaotone of diethyl ketone 

s-di-w-carbSxylie acid 

(o. 203° at 16 mm.), crystallising from alcohol in 
plates, converted by HClAq into hydroohelidonio 
acid 00(OH,.CH,.CO,H), [148°], which yields an 
oxim [129°] (Volhard, A. 263, 206).—6. Oonver- 
ted into eaccinie anhydride bjr tieatuont wi^ 
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PjO«'AoCn, B*01, Ae,0, or snooinyl ohloiide 8.*UMI0«JHeiM,i.l8S,8Sl).—Oinohooint 
B. 10,825,1881).-7. A solution oon- suit (0^N,O)ftA" aq. Thick crystals 

taming 6 p.e. succinic acid-and 1 p.o. uranium (Hesse, A. 122, 228)_Oinchonidine salt 

suoclnatB when exposed to sunlight turns green 6aq. Silky prisms. S. -4 at 

and gradually gives off 00„ leaving propionic 10° (Hesse, M 135, 842).—Urea salt 

' acid in solution (Seekamp, .4.133,253). Barium (OONJH,)2HJA^^ Siz.sided monoolinic prisms | 
succinate (1 mol.) heated with NaOMe (1 mol.). o:5;c - 1-483:1:1'3GS; 8 = 83° 28' (Lisohmidt, 
for 3 hours at 800° yields propionic acid (Mai, Sits.H''.62,ii.238).—Ethylene-diamine salt 
B. 22, 2133).—8. Heated with a large excess C2H,(NH^,_,H2A". [182°]. Thick white prisms, 
of lime it yields ethane as chief product (Han- v.'sol. water, insol. ether (Mason, 0. J. 56,10).— 
riot, SI. [2] 46, 79).—9. The salts on distillation Bensylamine salts (C,H,NH,)jH,A". [146°]. 
peld a liquid product (160°-260°) which yields Thin plates, sol. alcohol (Werner, O. J. 66,628). 
benzene when distilled over zinc-dust (Von —(CjHjNHJHjA". [117°]. Bectangular prisms 
Bicher, J.pr. [2] 20,200 j cf. Fumaro, <?. 11,273). (containing aq), v. sol. water. 

Hydroquinoneis also a product of the distillation Methyl ether [19°]. (196° cor.), 

of snooinatoB.—10. The sodium salt heated with S.G. 1-1209 (Emery, B. 22, 8185); « 1-1261; 
PA yields thiophene (Volhard a. Erdmann, B. || 1-0383 (Perkin, 0. J. 45, 616). M.'M. 0-232 
18,464).—11. The Na salt heated with aldehydes at 18-2°. S.V. 169-7 (Lessen, A. 254, 64). H.O. 
and NaOAc forma oxyaoids of the form (solid) 703,600. H.O. (liquid) 708,600. IS.F. 

. B.OH(OH).CH(C02H).CHj.COjH (Fittig, B. 18, (solid) 206,400 JStohmann, J. pr. [2] 40, 853). 
2623).—IS. By heating with phthalio anhydride Formed from succinic acid, MeOH, and gaseous 
and MaOAo at 260°, exhausting the product HCl (Fehling, A. 49, 196). Formed also from 
with water and alcohol, and boiling the residue suocinyl chloride and NaOMe in ether, and from 
with aniline, there is got ‘ diphthalsuccinanilide' AgjA" and Mel. Crystalline, sol. alcohol. 
OuAAA [207^ converted by boiling with Methyl ethyl ether MeTMA.". (208° cor.). 
HOAo and fiCl into ‘ diphthalsuccindehydranil- C.G. s 1-093. S.V. 184-6. Formed by the action 
ide ’ CjjHjAaOj, crystallising from HOAc in of EtAgA" on Mel (KShler, A. 221, 88). On 
small yellow prisms, not liquid at 280° (Boser, B. saponification by baryta it yields H^A", HMeA", 
18, 8122).—13. By heating with glycerin at 200° and HEtA" (Lessen a. KOhler, A. 262, 200). 
it yields‘suocinin’C3H,(OH)A", a gummy mass. Mono-ethyl ether HEtA". Formed by 
insol. cold water, alcohol, and ether (Fumaro a. boiling succinic anhydride with alcohol (Heintz, 
Banesi, G. 10, 68). Alkalis and acids split it up ,7.1869,280). Syrup, miscible with water, alco- 
into glycerin and succinic acid.—14. a-Chloro- hoi and ether.—AgEtA"; amorphous, si, sol. 
propionic ether and alcoholic potash give water.—The salt NaEtA" is converted by POCL 
OA{CO.O.CHMe.COjEt)a (c. 302° at 730 mm.) into COjEt.C^H,.0001 (144° at 90 mm.), which is 
(Wurtza.Friedel, A. CA. [3] 63, lOli Wislicenus, split up by distillation into EtCl and succinic 
A. 183, 262). anhydride, and is converted by phenyl hydrazine 

Salts.-(NH,)jA". Hexagonal prisms, v. into CO.iEt.O2ncOO.NH.NHPh [107°], crystal- 
sol. water and alcohol. Yields suocinamide when Using in white needles, itself converted into 
heated.—(NH,)HA". Triclinic crystals, v. sol. 0(C0.C2H,.C0.N2H2Ph), [137°] by successive 
water and alcohol (Brooke, Ann. Phil. 22, 286). treatment with HOH and HCl (Michaelis a. 
Formed by evaporating a solution of the neutral Hermans, B. 26, 2748). The salt NaEtA" is 
Balt.-.»-K2A" 2aq. Deliquescent crystals, sol. alee- converted by, a-chloro-propionic ether into 
hoi, insol. ether. -KjA" 3aq. Trimetflc crystals C02Et.C.2H|.C0.CHMe.C0.2Et (280°) S.G. 2 1-U9, 
(Salzer, B. 16, 3026).—KHA" 2aq. Efflorescent which is split up by boiling with baryta water 
■ix-sided prisms.—KH,A"y—NOiA" 6aq: mono- into succinic and lactic acids (Wurtz a. Friedei, 
clinic prisms.—NaHA". Triclinic prisms.— J. 1861, 878). 

NaHA"8aq: monoclinio oryBtals.-BaA". SI. Ethyl ether Ptiji.". (216-6° cor.). S.G 1| 
sol. water, insol. NH,Aq and alcohol. S. -42 at 1-0465; If 1-0383. M.M. 8-380 at 17-8^ (PirkinV 
• 8°; "43 at 12°; -28 at 67° (Miezynski),— S.V. 209-4. Formed by boiling succinio acid 
OaA" 3aq : small needles, deposited gradually on (20 pts.) with alcohol (8 pts.) and HjSO, (1 pt.) 
mixing cold cone, solutions of sodium succinate (Eghis, B. 6, 1178; cf. D’Arcet, A. Ch. [2] 
Md CaClj. On mixing the hot solutions OaA" aq 68, 291). It is also produced by heating 02H,Br, 
is ppd. S. 1-1 at 0°: 1-3 at 24°; -8 at 68° in alcohol with potassium succinate in sealed 
(Miezynski, Jtf. 7, 266).—CaH2A",2aq.—SrA": tubes (Davidoff, Bl. [2] 46, 818; 19, 406). Oil. 
monoclinio prisms.—BeA" 2aq (Atterberg, Bl. [2] Converted by Na into the dihydride of dioxy- 
21,162).—Be2(OH)2A"2aq.—MgA"6aq. Prisms terephthalic ether. Not attacked by hydroxyl- 
(Pehling, A. 49,164).—MgKjA'^—ofi- amine (Jeaurenaud, B. 22,1273). Succinic ether 
—OrA" aq: scarlet pp.—CuA" (dried at 200°).— (40 g.) treated with cyanamide (20 g.) and an aloo- 
ChxA"2NA.—CuA"4NH| (Schiff, A. 123, 46).— holic solution of K (18 g.) for 6 hours with in- 
Fe(OH)A"; brownish-red pp. — NIA" 4aq. — verted condenser yields CjHdCO.NKCy), and 
MnA" 4aqv Triolimo prisms (Handl, Sit*. W. OjHdCOsK){CO.NKCy). These bodies may be 
89, 264).—I’bA" (dried at 100°). White powder, converted ny AgNO, into Ag salts, which may 
sL sol. water, v. sol. EOHAq and HNO,.— be separated by HNO„ in which silver ‘ sucoin- 
FbaOA",: sticky pp., got by addiflg lead sub- cyanamate ’ dissolves, while silver • snooinyl- 
acetate to Mdium succinate.—Pb,0^", (dried at di-cyan-di-amide ’ is insoluble. The Ag salta 
200°); white powder.—ZnA" (dried at 200°). may then be suspended in alcohol anddeoom- 
^tslline powder.—ZnA"8NH, (Lutschak, B. posed by H,S (M6Uer, J. pr. [2] 22, 214), SnO- 
{UiO)jA"aq.-^K(UrO)A''faq.— oinyl di-oyan-oi-amide (^,(OO.NHOy)j [108*] 

1 4®*!-—Ag^". White amorphous pp. crystallises in monoclinio pyramids (containing 

■-'-Ijainine sa>t (C^H„N,0JA>A" Frisae, . decomposed hy -wa«» w*t«: utfo luooiaig ’ 
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mU and (^anamida. It nu^ also b« prepared 
b; the aetion of NaKH.OT on snccin;! ohloride, 
■ and by wanning 0»H,(C^,N0y with cysnamide. 
The salt 0^j?COJIAgOy)jiaq oryatallises in 
plates, soL NH,Aq.—Et^''6TiCl, (Demarqay, 
0. B. 70,14U).—Et^"2Ti01,.-Et.A''TiCl,. 

Ethyl propyl ether EtPrA". (231“). 
S.G. i 1'0387. S.V. 230-2 (Wiens, 4. 253, 300). 
Yields, on saponification by baryta, salts of 
EtHA", PrHA", and HjA" (Lossen a. Kohler, 

A. 262, 201). 

Ethyl butyl ether Et(OjH,)A" (247“). 

B. a. * 1-0218. S.V. 266-9 (W.). 

Ethyl heptyl ether Et(0,H,,)A". 
(291-4“). S.G.S-9850. S.V. 332-9 (W.). 

n-Propyl ether Pr^A" (247-1°). (Wiens, 
A. 253, 300) -, (250-8°) (Perkin, 0. J. 63, 661). 
S.G. a 1-0189 (W.); } 1-0157; 1-0062; 

-9986 (P.). S.V. 26^8. Fonned by passing HCl 
into succinic acid in propyl alcohol. 

Isopropyl ether Pr^A".' (228°). S.G. - 
1-009 (Silva, A. 154, 255). 

Propyl butyl ether Pr(C,H,)A". (268-7°). 
S.G. g 1-0106. S.V. 277-8 (Wiens, A. 253, 300). 

Jsobutyl ether (PrCHJjA". (205° cor.). 
S.G. ig -9737: If -9667. M.M. 12-707 at 14-6° 
(Perkin, 0. /. 4o, 619). 

Isoamyl ether (C,H|,)jA". (290° cor. at 
728 mm.). S.G. la-961. Formed from Ag^A" end 
isosmyl bromide (Del Zanna a. Guareschi, Atti 
Real. Instil. Veneto [6] 6; B. 12,1699). 

Heptyl ether (C,H„),A" (350°). S.G. 
g -9519. S.V. 469-6 (Wiens). 

Cetyl ether [68^. Formed by 

sealing the acid with cetyl alcohol (Tiitscheff, 
Rep. Chim. pure, 2, 463). Plates, si. sol. alcohol, 
V. sol. other. 

Ethylene ether 0.jH,A". [o. 90°]. By heating 
sucoinio acid with glycol at 170° there is formed 
crystalline (CO.jH.C2H,.CO.J,C,H, melting below 
100°, which at 300° yields C^,A" (Louren(;o, 
A. 116, 358). Crystalline, insol. water and ether, 
sol. hot alcohol. Decomposed by distillation. 

Di-phenyl ether CjH,(COjPb)j. [119°]. 
(330°). Formed from succinic acid, phenol and 
FOCI, (Itasiilski, I. pr, [2J 26, 03). Got also from 
Buocinyl chloride and phenol (Weselsky, B. 2, 
619). Completely decomposed by slowly heating 
(Anschfitz, 0. J. 47, 898). NaSEt gives di-tliio- 
sucoinio ether. Pearly plates (from alcohol). 

Di-bemyl ether (CH,,l’h) A". [42°]. Formed 
from Ag,A" and benzyl bromide (Zanna a. 
Guafesohi, Q. 11, 266). Laminos. 

Ohloride C,H. (CO.Cl), or C,H,<;^°’“>0. 

Mol. w. 166. (190°-200°). S.G. 1-39. Formed 
from succinic anhydride andPCi, (Gerhardt a. 
Ohiozza, A. 87, 293). 

Fri^rofion.—Sucoinio acid is heated with 
PCi, for two days with an inverted condenser in 
an oil bath. The POCl, is distilled off (below 
120°) and the residue shaken with benzoline that 
has been dried over lime. The benzoline dis¬ 
solves the rest of the POCl, and the suocinyl 
chloride separates as a lower layer. The opera¬ 
tion is repeated until the oil no longer forma 
nhosphorio acid when mixed with water (H. 
Muller, J.pr, [2] 22, 208). 

PrcpsrMu.—Solidifies at 0°. 

. Reactions.—1. Seduced tn bntyrolactone by 
tf4im vml^am (8 p.o.'Sa) acting apon 


ethereal solution mixed with glaoial aoetie 
acid.—2. Benzene and aluminium ohloride give 
[90°]. 0,H,(CO.CA), [184°], 
and a little fi-benzoyl-propionio acid (Anger, 
A. Ch. [6] 22, 312; Bl. [2] 49, 845),-8. ZnEt, 

gives 0,H,<;®^‘»>0.-4. Na,S gives suocinyl 

sulphide.—5. PCI, at 230° gives off HCl and the 
product, after treatment with water, contains 
CjCljO (199°-215°) which solidifies below 0°. 
Hot cone. H,SO, dissolves C,C1,0 and the pro¬ 
duct, diluted with water, yields on evaporation 
hygroscopic crystals, which on sublimation give 
non-hygroscopic plates of C,C1,0, [120°] Kauder, 
J. pr. [2] 28,191). Di-chloro-maleio chloride is 
also a product of the action of PCI, on suocinyl 
chloride—6. Chforine passed into boiling sno- 
oinyl ohloride forms chlorides of fumaric, chioro- 
fumario, and di-chioto-malelo acids (Kauder, 
J. pr. [2] 81. 24).—7. C.H,,SO,NBzAg forms 
C,H,(CO.NBz.SO,.C.H.), [146°] (G. a! C.).- 
8. Phenyl-hydrazine forma the compound 

C.,n,(CO.NH.NHPh), [218°] (Freund, B. 21, 
2162 ; Fischer, B. 22,2728),whenoephosgenepro¬ 
duces C,H,(CO.N,Ph:CO), [225°]. ^dium phenyl- 

hydrazine in benzene forms 


[199°], which gives OA<co;nAo 


[179°] 


(Michaolis a. Hermans, B. 25, 2761).—9. Cyan- 
amide in ethereal solution forms, on warming, 
sucein-cyanimido C,H,(CO),NCy [138°] crystal¬ 
lising from alcohol in plates (Holier, J. pr [2] 
22, 207).—10. Cyano-acctic ether in Et,0 at 100° 
forms C,H,;C,0,:CCy.CO,Et [126°) (Muller, O.B. 
112,1140).—11. Urea at 66° forms the compound 
C,H|(CO.NH.CO.NH.j).„ a powder, v. si. sol. hot 
water (Conrad, J. pr. [2] 9, 301), 

Anhydride C,H,<^gQ>0. Mol. w. 100. 

[119°]. (261°) (Krafft a. Noerdlinger, B. 22,816). 
Formation.—1. By rapidly boiling succinic acid. 
2. By distilling the acid with P,0, (D’Aroet, 
A. Ch. [2] 68, 282), with PCI, (Gerhardt a. 
Chiozza, 0. R. 36, 1050), or with BzCi (Kraut, 
A. 137, 254).—3. By warnaing sucoinyl (boride 
with dry oxalic acid (Anschutz, A. 226, 18).— 
4. By heating succinic acid (100 g.) with POCl, 
(65 g.) at 120° (Volhard, A. 242,160).—6. By 
distilling succinyl ohloride (180 g.) with succinic 
acid (137 g.), and crystallising from alcohol 
(H. Holler, I.pr. [2] 22, 194).-6. By the action 
of dry Pb(NO,), (also nitrates of other heavy 
metals) upon sucoinyl chloride; PbCl, is pro¬ 
duced, and N,0, and oxygen evolved; yield o. 
60 p.o. of theoretical (Lacbowicz, B. 18, 2990). 

Properties.— Long trimetrio needles (from 
alcohol); a:b:e = -595:1: -462 (Bodewig, B. 14, 
2788). SI. sol. water, v. si. sol. ether, inverted 
by dry NH, into sucoinimide. Slowly converted 
by boiling alcohol into succinic ether. Phenyl- 
hydrazine reacts in alcoholic solution, forming 
CO,H.C,H,.CO.NH.NHPh [120°], converted 1^ 

heat into'C,H,<®®>N.NHPh [166»] (Auger, 

A. Ch. [6] 22, 889 ; c/. this vol. p. 46) or [168-°] 
(Hichaelis, B. 25,2760). Potassium cyanamide 
forms ‘ succincyanamio' acid, the compound 
0O.,H.0,H,.CO.NHCy [12»’], which la v. e. sol. 
W»tet, V. soL Alcohol »nd other, ii ^lit rq? Jy 
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dilaM aoidi into inooinfe aeid and oyansmide, 
and yielda the following six salts NajA" 6aq, 
CaA''4aq, BaA"2aq, AgHA", and Ag^" 
(Mfiller, J. pr. [2] 22,193). Urea heated with 
snocinio anhydride at 126° forms saooinario acid 
CO,H.O.H..CO.NH.CO.NH, [205°] (Pike, B. 6, 

Nitrili 0,H,.(0N),. Ethylene cyanuU. 
Mol. w. 80. [66°]. (147° at 10 mm.) (P.)} 
(185° at 60 mm.) (Biltz, B. 25, 2541). H.O.p. 
646,100. H.F. (from diamond) -32,000 (Berthe- 
lot a. Petit, 0. B. 108,1217). Formed by boiling 
ethylene bromide (300 g.) with alcohol (500 g.) 
and KOy (200 g.) for two hours with inverted 
condenser (Maxwell Simpson, Pr. 10, 674; 
Oeuther, A. 120, 268; Fauconnier, Bl. [2] 60, 
214; Nevoid a. Tscherniak, C. B. 86, 1411). 
Amorphous, sometimes crystalline, solid, v. sol. 
water, alcohol, and chloroform; si. sol. ether. 
Decomposed by distillation under atmospheric 
pressure. Converted into succinic acid by boil¬ 
ing alcoholic potash. Aniline hydrochloride at 
200° reacts, forming di-phenyl-sucoinimidine 

(Blochmann, B. 20,1856). 

—0,B,Cy,4AgNO,: tables, sol. water and alcohol, 
insoi. ether. 

Amide-nitrile CN.O^Hi.CO.NHj. Formed 
by heating the nitrile with alcoholic potash at 
110° (Drouin, C. B. 108, 675). Crystals, si. sol. 
alcohol, insol. ether. Slowly decomposes at 
210°-220°. 

Amide C,H,(CO.NH..),. Succinamide. Mol. 
w. 116. [243°]. S. •625 at 9° (Henry, C. B. 
100, 943); 11 at 100° (F.). Formed by the action 
of aqueous NH, on the ether and on the chloride 
(D’Arcet, A. 16, 215; Fehling, A. 49, 190). 
Formed also by warming succinimide with 
alcoholic NH, (Menschutkin, A. 162, 105, 187). 
Needles, insol. ether and alcohol. Decomposed 
at 200° into NH, and succinimide or by saturating 
at —15° with gaseous NH„ and heating to 160° 
in sealed tubes (Roubtzoff, Bl. [2] 45, 250).— 
HgC,H,NaO.,l]aq. White powder, deposited on 
oooling from a solution of HgO in hot aqueous 
luooinamide. 

Iso-amide [o. 95°]. 

Formed to the extent of 8 p.c. in the preparation 
of the amide from succinyl chloride and NHjAq 
(Auger, A. Ch. [6] 23, 312). Hygroscopic mass. 
Its aqueous solution gives with AgNO, a pp. of 
0^,(CO),NAg. 

Uethylamide C,H,(CO.NHMe),. [175°]. 
Plates (Wallach a. Kamenski, B. 14, 170). 

Dimethylamide C.,H,(CO.NMeJ.,. [81°]. 
Formed from succinyl chloride and NHMe,, in 
ether (Franchimont, B. T. 0. 4, 202). Crystals 
(from ether), v. sol. water. 

Beneyl-di-amide 

C,H,(CONH,)(CONnCH,Ph). [189°]. Formed 
from the benzylimide and ammonia at 100° 
(Werner, C. J. 56, 633). Minute prisms, si. sol. 
ether and hot benzene. Yields the benzylimide 
when heated. 

Di-bensyl-diamide 

CiH,(CO.NHCEy“h)r [206°]. Formed from 
succinic ether and benzylaminein alcohol. Thin 
plates, not decomposed by boiling NaOHAq. 

Anilide C,H,(CO.NHPh), [227°]. Formed 
'h^ boiling succinic acid with aniline (Laurent a. 


Oerbardt, A. Oh. [8] 24, 179; A. 68, 97t 
Menschutkin, A, 162, 187). Needles (from 
alcohol), insol. water. Not affected by boiling 
alooholio potash or by nitrous acid. Gives the 
phenylimide on distillation. Cold faming HNO, 
converts it into CA(CO.NHO,H,(NO,)[l:4]), 
[260°] (HQbner, A, 209, 877). Benzoic aldehyde 
at 180° forms succinic phenylimide and benzyl- 
idene-aniline (Schiff, A. 148, 338). 

Amide-anilide CO{NEy.C^,.CONHPh, 
[181°]. Formed by heating the phenylimide 
with alcoholic NH, at 100° (Menschutkin, A. 
162, 182). Broad needles (from water), si. sol. 
hot alcohol. Alkaline EOBr followed by heating 
with HOAo forma C.;H,:OA:(NHBr)(NHPh) 
crystallising in minute needles, converted by 
boiling alcohol into 0,H4:CjOj(NH2)(NHC,H,Br) 
[216°], whence potash forms the compound 
CO.,H.CA-OO.NHC,H,Br[l:4] [187°] (Hooge- 
werff a. Van Dorp, B. T, 0. 9, 41). 

Di-{a)-naphthyl-di-amide 
C,H,(CO.NHC„H,),. [285°]. Needles (from 

HOAo). Converted by fuming nitric acid 
into C,H,(CO.NH.C,.Hj(NO.;),)„ [225°], and 
C,H,(GO.NH.C,A(NO.,),)j [266°]. 

Tetra-phenyi-di-amide 
C,H,(CO.NPhJj. [234°] (Piutti, 0. 14, 467). 
Needles (from alcohol). 

o-Tolyl-diamide 

C,H,(CONHJ.CO.NHC,H,. [160°]. Formed by 
heating the o-tolylimide with alcoholic NG, at 
100 ^ 

Di-o-tolyl-diamide CjH,(CO.NHC,H,)r 
[100°]. White needles (Beohi, B. 12, 25, 321). 
V. si. sol. water, m. sol. alcohol. 

p-Toly 1-di-amide 

C.,H,(CONHJ.CONHC,H,. [148°]. Formed by 
heating the p-tolylimide with alooholio NHj. 

Di-p-tolyl-diamide C,H,(CO.NHO,H,), 
[256°]. Plates (from alcohol), si. sol. hot water 
(Bechi, B. 12,323 ; Hubner, A. 209,380). Yields 
on nitration C^,(CO.NHC,H..NO.Jj [217°] and 
C.A(CO.NH.C,Hj(NO,)j), 

{$)-Nap hthalide C.,H ,(CO.NHC,H,) j. 

•[266T (Bischoff a. Beebe, B. 25, 3267). Got by 
heating succinic acid (10 g.) with (S)-naphthyl- 
amine (24 g.). Insoh ordinary solvents, sol. 
HjSO,. 

Amie aeid CO.^.CjH,.CO.NHy Succin- 
amic aeid. [157°]. Formed by warming sucoin'- 
imide with an equivalent quantity of baryta 
water (Teuohert, A. 134, 136) or milk of lime 
(Menschutkin, A. 162, 175). Formed also from 
nitrosoglutario acid by heating alone or with 
Ao-iO (Serda a. Wiedemann, B. 23, 3284; Wolff, 
A. 260, 114). Needles, m, sol. water, insol. 
alcohoh Decomposed at 200° into water and 
succinimide. Boiling water forms acid am¬ 
monium succinate. 


Salts.—KA': very hygroscopic mass (Lands- 
berg, A. 215, 201).—BaA', : needles, v. sol. 
water. - CaA'*—MgA', 3aq: trimetrio crystals.— 
MgA', 6aq.—CdAaq: prisms.—CuA'2.—PbA', 
Concentric needles, v. sol. water.—MnA', 6aq.— 
ZnA',. — AgA': monoclinio crystals, v. sol. 
NH„Aq. 

Ethyl-amie aeid CO^H.C,H,.CONHSL 
Formed by warming the ethylunide with baryta 
water (Menschutkiiii A. 182, 92). — FaA 1 1 
crystals, v. lol. watw. 
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SiMent-di-amio acid 0„H„N,0, O. 
0^,(NH.00.0gH»G0^)r Bthylme-disuccin- 
amic aeid, [185^. Formed by boiling the di- 
imide with baryta (Mason, 0. J. S5,13). Large 
plates, V. soL hot water. Does not yield an 
oxim or aphenyl-hydrazide.—CaA" 8aq: prisms. 
—AggA": white amorphous powder. 

Bemylamie acid 

COjH.C^,.CO.NHO,H,. [IM"]- Formed by 
boiling the benzyl-imide (2 mols.) with aqueous 
barium hydroxide (1 mol.) (Werner, C. J. 65, 
C31). Flat prisms, m. sol. hot water, v. el. sol. 
ether. 

Phenylamic acid COjH.OjHj.OO.NHPh. 
Succinanilic acid, [149°]. Formed by boiling 
the phenylimide with NH.A<I (Laurent a. Gor- 
hardt, A. Oh. [3] 24,179) or baiyta (Menechut- 
kin, A. 162,176), Flat needles, v. si. sol. cold 
water. Decomposed by heat into water and the 
phenylimide. Boiling alooholio HCl forms sue- 
oinie aeid. — CaA'jdaq. — BaA'jSaq. — AgA': 
crystalline pp. 

o-Tolyl-amic acid 

CO,H.C,H,.CO.NHC,H,. [97°]. Got by boiling 
the o-tolylimide with baryta water (Beohi, B. 12, 
322). White needles.—BaA, aq. 

p-Tolyl-amic acid [167°]. —BaA',aq. 

(a)-Naphihyl-amic acid ' 
CO.,H.O.,H,.CO.NHC,„H,. [171°]. Formed by 

heating the (a).naphthylimide with KOHAq 
(Pellizzari, A. 248, 158; G. 18, 323). Needles 
or plates (from alcohol), v. e. sol. HOAo and 
benzene. 

{fi)-Naphthyl-amic acid [192°]. Crystals. 

Di.phenyl-amic acid 
CO,H.CjH,.CONPh.^ [119°]. Plates (Piutti,G. 
14, 468).—AgA': pp. 

Phenylene-di-amic acid 
C,H,(NH.CO.CjH,.COjH) 2. Formed by heating 
pbenylene-diamine with succinic acid at 200° 
(Biedermann, B. 9,1668). Small crystals (from 
HOAo). Melts above 360°. Converted by 

KOHAq and Mel into 

crystallising in plates or tables (containing llaq) 
(Griess, B. 18, 2410). 

/wide [128°] (Erlenmeyer, 

B. [2] 6.176). (288°). H.0.439,000. H.F. 110,500 
(Berthelot a. Andrd, Bl. [3] 4, 229). Formed 
from succinic anhydride and dry NH, (D’Arcet, 
A. Ch. [2] 68, 294), and also by heating sue- 
oinamide or ammonium sucoinato (Fehling, A. 
49, 198; Laurent a. Gerhardt, Compt, Ghim. 
1849,108; Mensohutkin, A. 102,166,187; 182, 
93), Large etiloresoent crystals (containing aq) 
or ootahedra (from acetone) (Bunge, A. Suppl. 
7,118), V. sol. water and alcohol, m. sol. ether. 
Not attacked by pure HNO, (S.G. 1-53) (Franohi- 
mont, it, T. 0. 6, 228). Converted by hot 
baryta water into succinamio acid, and finally 
into snooinio acid. Alcoholic NH, at 100° forms 
sucoinamide. Yields pyrrole on distillation with 
zinc-dust. EOH (6 mols.) and KBrO (1 mol.), 
acting for two hours at 60°, form (fij-amido- 
^pionic acid [196^ (Hoogewerff a. Van Doiq>, 
it. P, 0. 10,4). Bromine forms bromo-sucoinimide 
[226°] and bromo-maleimide [162°] (Kisielinski, 
Siti. W. [2] 74, 661; cf. EnsseroS, A. 262,168). 
(fiilorine at 1M° forms ohloto- and di-ohloro- 
Budela imide. POl, forms )t compound melting 


at 148»-148« (Bemthsen, B, U, 1047). A solution 
of bleaohing-powder added to a solution of sue. 
oinimide oontaining> excess of HOAo forms 

[148°], which separates from 

benzene in large crystals, and is reconverted by 
acids and alkalis into sucoinimide (Bender, B. 
19, 2273). Hydroxylamino at 66° forms 
NH(CO.O^,.CO.NH.QH), [171°], crystallising 
in needles, v. e. sol. water, and yielding a piorate 
B'C.HjN.O, [260°] (Gamy, B. 24, 3434). Methyl 

cyanate forms [149°],while 

EtNCO forms corresponding 0,H,,N.O, [96°] 
(Menschutldn, A. 178, 204). 

Salts.—KC,H,NOj|aq. Ppd. by adding 
alcoholic potash and ether to an alcoholic sola* 
tion of Buccinimido (Landsberg, A. 216, 200).— 
KA': needles. V. sol. water and alcohol.— 
BaA'j2aq. — BaA'j2iaq. — MgA'.Saq. — 
HgA'j. — NHj.HgA'. — ClHgA'. — OyHgA'. — 
Cu,A',(OH),,9aq. — Cu,A'.,(OH), 2aq.—AgA'iaq. 
Needles. Converted by iodine into ICjH,NO„ 
crystallising in dimetrio prisms; a;c>l:-873, 
melting, with evolution of I, at M6°. Silver 
sucoinimide is converted by succinyl chloride 
ill ethereal solution into ‘ trisuccinamide ’ 
C,H,O.JjN, [83°], crystallising from ether 
Gerhardt a. Chiozza, A. 90, 108).—AgA'NH,: 
crystalline. 

Methylimide C^H.iOAjNMe. [66-6°]. 
(234°). Formed by distii’ling methylamine 
succinate. Plates. Got also by the action of 
cone. HjSO, on the oxim of fi-acetyl-propionic 
acid (Itischbieth; Bredt a. Boeddinghous, A. 261, 
316). 

FlfAylimide a,H,:CA:NEt. [26°]. (284°). 
Formed by distilling acid ethylamine succinate 
(M.), and by adding alcoholic EtI to sodium 
succinimide (Landsberg, A. 216, 212). Long 
lancet-shaped crystals, v. sol. water, alcohol, 
and ether. Yields ethyl-pyrrole on distillation 
over zinc-dust. 

Allylimide O.A:OA:NO,H,. (245°). 
S.G. J 1'1643; 1‘1432. Formed by heating 

succinic acid with allyl thiocarbimide. Liquid, 
V. sol. water and alcohol. 

Ethylene-imide (C,H,:C AtN^OA- 

[251°]. (395°). Formed by heating succinic 
acid with the hydrate of ethylene-diamine at 
180° (Mason, C, J. 65, 10). Prisms, sol. hot 
water, v. si. sol. hot alcohol, insol. ether. 

Propylene-imide (C.H,:C A^NlaCjH,. 
[100°]. i’ormefi from the anhydride and pro¬ 
pylene-diamine (Strache, B, 21, 2360). Crystals 
(from benzene). 

Phenylimide CAvOAtSPh. Sue- 
cinanil. [166°] (L. a. G.; Kauder, /. pr. [2] 
81,17). [150°] (Hiibner, A. 209, 373 ; Bischofl 
a. Nastvogel, B. 22,1807) (above 300°). Formed 
by heating succinic acid with aniline, and ciys- 
tallising &e product from water and alcohol 
successively (Laurent a, Gerhardt, A. CH. [8] 
34,179). Formed also by the action of POl, on 
CA,(CO.NHPh).CO,H in chloroform (Ansohfltz, 
B. 21, 967). Needles, si. sol. hot water. Pd, 
in presence of boiling POGl, forms the phenyl- 
imide of di-chloro-malei'c acid C,CL:Oi6,:NPh. 
AlcohoUc NH. forms OA.(CONiy.CONHPh. 
Boiling lime-water forms C^H(((K)A'OONHPh. 
Faming HNO| forma on o-ai(to- derivative [166°] 
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•nd the p-nitro- deriTative [206‘’-208°]. The 
salt OjH 4 :C.jOa!NC,H,.SO,Na is got by heating 
sueoinio aoid with sodium amido-benzene y>-sul- 
phonate (Pellizzari, Q. 18t 817)- 

B^n^ylitnide C2H4:OjO.^:NCH.^h. [99°]. 
Formed born benzyl chloride, succinimide, and 
alcoholic NaOH (Werner, 0. J. 66, 629). Six- 
sided prisms, sol. alcohol. 

. o-Tolylimide 0 ,H,: 0 , 04 :NC„H,Me. [76°]. 
(345° uncor.). Formed by heating o-toluidino 
with succinic acid (Michael, B. 10, 679; Bochi, 
B. 12, 26, 321), Needles, t. sol. water. 

p-Tolylimide. [160°]. (346°). Needles 

(from water), si. sol. cold water. Yields on nitra¬ 
tion 0,H,;OjO,:NCsH,Me(NOj)[l:4:2] [140°] 

(Hiibner, A. 209", 378). 

Tri-methyl-phenyl-imide 
OjHjiCjOj'.NOjHjMCr Succmmesidil. [137°]. 
Formed by heating succinic aoid with mesidine 
(Eisenberg, B. 16, 1018). Pearly plates, sol. 
alcohol and ether, si. sol. water. 

{a)-Naphthylimide CjH,:Cj 0 . 4 ;NC,„H,; 
[168°]. Formed by healing succinic aoid with 
(a)-naphthylamine (Hahnemann, B. 10, 1713; 
Hiibner, A. ,209, 381; Pellizzari, A. 248, 158). 
Needles, m. sol. aloohol. Yields a di-nitro- 
derivative [250°]. The sulphonic acid 
0 ,H 4 :C 20 j:NO,oHsSOjH, prepared from (a).naph- 
thylamine p-sulphonio aoid, yields KA' 2aq (Pel¬ 
lizzari, G. 18, 321). 

{P)-Napkthylimide. [180°]. Colourless 
needles, v. sol. alcohol. Converted by KOHAq 
into CO,H.CjH 4 .CO.NHO„H, [192°] (Pellizzari, 
A. 248,169). 

Bemimidide C, 4 H,:C,Oj:NCPh;Nn. [212°]. 
Formed from aoctyl-sucoinio other C|„H,„Oj, 
benzamidine hydrochloride, and NaOHAq (Pin¬ 
ner, B. 22, 2620). Needles, si. sol. cold acetone 
and ether, sol. alcohol. 

Beferences.—Amx> 0 ; Baoiio-, Bbomo-amido-, 
Cblobo-, Nitbo-, and Oxz-succinio acid and 

Dl-IODO-StrCOINAUIO ACID. 

Isosnccinic acid v. Methtl-malonic acid. 

8UCCINI0 ALDEHYDE. Keduction of suc¬ 
cinic anhydride, which might be expected to 
yield the aldehyde, forms instead the isomerio 
■y-oxy-butyric lactone. 

Oaim C.,H,(CH:N 0 H) 4 . [173°]. Formed by 
heating pyrrole with hydroxylamine hydro¬ 
chloride at 100 ° and, together with ethylamine, 
by the action of hydroxylaraine on v-ethyl- 
pynole (Ciamician, B. 17, 633; 22, 1908; 23, 
1788). Small white crystals (from alcohol). 
May be reduced to tetrametliylene-diamine 
C4H,(CH,NH,),[28°]. 

Phenyl hydraeide CjH 4 (CH:N 4 HPh)p 
[126°]. Formed by heating a solution of the 
oxim (1 pt.) in water (60 pts.) with phenyl 
hydrazine (6 pts.) dissolved in dilute HOAc 
(&amician, B. 22, 1074 ; 23, 1784). Small 
silky plates, t. sol. alcohol. Converted by cold 
cone. HCLAq into a base Cj^H^iN, [18.6°], which 
crystallises from EtOAo in needles, v. si. sol. 
alcohol, and gives a deep-blue colour with 
KjCrjO, and H 4 SO 4 . 

Bneoinic semi-aldehyde. Nitrile 
CN.CH,.CH.,.CHO. $-Cyanopropionic aldehyde 
(77°). S.G. 14 -89. Formed by heating 
CH^.CHyCHO (92 g.) with aloohol (180 g.) and 
AgCy (67 g) for ten hours (Chautard, A, Ch. 
[8] 16, 182). Oil, not solid at -20°i niiscible 


with alcohol and ether. Beduoes Failing’s 
solution. Does not combine with NaHSO, or 
phenyl-hydrazine. Decomposed by hot alkalis 
and acids. Aniline at 360° forms the compound 
CH 40 y.CH(NHPh)V 

Sneeinimidine C 4 H,N, i.e. 
CjH 4 <^Q|^g|^NH. Formed, as hydrochloride, 

together with NH,C1, by the action of water on 
succinamidine (Pinner, B. 16, 362, 1667; 18, 
2845).—B"HC1: long plates, v. sol. water, si. 
sol. alcohol. Converted by acetoacctic ether 
into crystalline C,H||NjOj.—B"(HNOs )2 Jaq: 
leaflets (Orabowski, A. 265, 168).—AgOjHyN,: 
ppd. by adding ammoniacal AgNO, to a solution 
of the hydrochloride. 

SDCCINIMIDO-ACETIC ETHEE C,H„N04 
i.e. C, 4 H 4 : 0202 ;N.OH 2 .C 0 . 4 Et. [67°]. Formed by 
heating succinimide with alcohol, NaOEt, and 
OHjChCOjEt (Haller a. Arth, C. iJ. 105, 280). 
Needles, V. sol. water, alcohol, and ether. Alco¬ 
holic NaOEt forms gelatinous C 4 H, 4 NaN 04 . 

SDCCINIMIDO-ETHYL ETHEE C,H„NjOj 
i.e. C.,H,(C(NH).OEt).. The hydrochloride 
B"2HC1 is prepared by passing gaseous HCl 
into an ethereal solution of ethylene cyanide 
(Pinner, B. 16, 359). It is v. si. sol. alcohol and 
ether, and decomposed by water into succinic 
other and NH 4 CI. With ammonia it gives 
C 2 H,(C(NH).NH 2 ) 2 . 

BUCCINIMIDOXIM 

[197°]. Formed by heating ethylene cyanide 
with alcoholic hydroxylamine at 05° (Gamy, B. 
24, 3427). White crystals, sol. water.—B'HCl. 
[98°]. Needles.—B'CjHjNjO,. [212°]. 
Benzoyl derivative 

C,H,<g|J^^^>>NH. [184°]. Formed from 

the oxim, NaOH, and BzOl. White powder, sol. 
alcohol, si. sol. ether. 

SUCCIHOPHENONE v. Di-puentl etuviene 

DIKETONE. 

SDCCINOXYL-AMIDO-BENZOIC ACID v. 

OABBOXY-PHENYL-eCOOINAMIO AOID. 

BUCCINYL-AUIDO-BENZOIC ACID v. 

AmIDO-BENZOIC AOID. 

8DCCINY1 - SUCCINIC ACID 0 . Di-oxt. 
lEBEPHTHALIO AOID DIHTDBIDE, Vol. iii. p. 777. 

SDCCISTEEENE C„n,o. [160°]. (above 
300°). Occurs in the product of distillation ol 
amber (Pelletier a. Walter, A. Ch, [3] 9, 96). 
Flat needles, nearly insol. cold aloohol, v. si. sol. 
ether. 

SUGAB, a term applied to the members of s 
group of carbohydrates in consequence of the 
property they possess of being sweet to the taste 
and of their relationship to the substance tc 
which the term was originally given. The knowi 
natural members of this group are not ver} 
numerous. They are all easily soluble in water 
crystallisable, and diffusible. When solution: 
of them are heated with alkaline solutions oi 
the more easily reducible metals, reduction take: 
place with precipitation of the lower oxides it 
some cases, and of the metals in others; somt 
sugars, behre exhibiting this property, requir: 
to be digested with dilute mineral acids. En 
zymes also convert some of the non-redacin( 
members into toducing oncSi With phenyl 
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bydnzlne they yield phmylhydrazidu and 

S henyloBozona. Oxidising agents easily oonvert 
lem into acids, and reducing agents into alco¬ 
hols. Some ol them undergo fermentation when 
submitted to the action of beer yeast, i.e. they 
are decomposed into alcohol, CO,, &o. They 
yield solutions which are optically active, those* 
of sqme rotating the plane of polarisation to 
the right, of others to the left. They give colour 
reactions with aromatic acids and phenols. 

The group may be divided into two classes: 
(1) those which, when digested with dilute acids, 
do not yield any other sugar or sugars—the 
sugars of this class are distinguished by the 
termination -ose; (2) those which, when diges¬ 
ted with dilute acids, do yield some other sugar 
or sugars—these sugars are distinguished by the 
termination -on. They are designated according 
to the number of carbon atoms they contain; 
thus, pentose containing 0„ hexose containing 
0„ <io., and di-pentou containing C,„ di-hexon 
containing 0,„ &e. 

The members of the -ose class are: 

Trioso CjHjOi, glycorose 
Tetroses 0,HgO„ erythrose 

C 4 H,( 0 jH,) 04 , phenyltetrose 
Pentoses arabinose 

„ riboso 

„ xylose 

C,H,(CH,)0„ rhamnose (methyl 
pentose) 

„ fucose (ditto) 

Hexoses C,H„Oj, <Z- Z- and i-‘ glucose {d- 
glucose = dextrose) 

„ d-1- and t-mannose 

„ d-1- and Z-guloso 

„ d- I- and i-fruotose (d- 
frnctose = lesvulose) 

„ d- Z- and t-galactose 
„ sorbose (sorbinose) 

„ formose 
„ lokaose 
„ 3-aorose 

C„II||(CH,)0„ rliamnohexosn 
(methyl hexose). 

Hoptoses CiH„0„ maunoheptose 

„ a- and iS-glucoheptose 

„ galaheptoso 
„ fructoheptose 
„ digitalose 

C,H,j(CH,)0„ rhamnoheptose 
(methyl heptose). 
Octoscs C,H„0„ mannoctoso 

„ a- and i3-gluooctose 
Nonoses C,,H„0„ mannononose 
„ gluoononose 

The members of the -o» group are: 

Di-p..nton C,„H„Oj, arabinon 
Di-hexon C,,H„0,„ cane.sugar (saooharon) 

„ milk-sugar, lactose 

(lac ton) 

„ maltose (di-gluoon, 

amylon) 

H iso-maltose 

„ melibiose 

n trehalose 

„ oyclamose 

„ para- saccharose 

„ tewhkose (tewhkon) 

)d,I,aDdf. 7licbsr'inctstlon,iMp.i8j, 


Tti-hexon OuH„0,„ raiHnoss 
„ melezitose 

Eex-hexon 0,,H,,0a„ gentianose 
„ staohyose 

Occurrence.—Some of these sugars have been 
obtained by synthesis, others are products of the 
action of dilute acids or ferments on more com¬ 
plicated bodies, and others occur naturally. 
The most important source of the latter is the 
vegetable kingdom. Little, if anything, is known 
concerning the formation of the sugars in nature; 
it is very probable that they are intermediate 
products of assimilation between CO, and H,0, 
and starch, inulin, cellulose, and such bodies. 
For an account of the various theories, see text¬ 
books of vegetable and animal physiology. The 
sugars found in animals are moat probably of 
vegetable origin. 

Determination.-Omng to the fact that the 
sugars possess many properties in common, the 
presence of a particular sugar can only be dell- 
nitely proved by its isolation in the pure state, 
and a determination ol its optieal activity, re¬ 
ducing power, and other definite distinguishing 
properties (e. end ol art.). • 

Molecular IFciy/iZ.—Until quite recently none 
of the accepted methods for determining mole¬ 
cular weights wore applicable to the sugars. At 
the present time there arc several, chief among 
which are the physical methods ol Baoult 
(A. Oh. [5] 28,133; [6J 2, 66-124; [6] 4, 401; 
[6] 8, 289 a. 317), and De Vries, which are of 
general application, and the various chemical 
ones which are of special application. ByBaoult’s 
method Brown and Morris (0. ,1.1888.610; 1889. 
462),Tollensand Mayer (B.21,1566), and Tollens, 
Mayer, and Wheeler (B. 21, 3508), Bkstrand and 
Mauzehus ( Vetensk. Akad.filrllandl. 1889.167), 
and O’Sullivan (C. J. 1890. 62) have determined 
the nioleeular weight of xylose and arabinose to 
be 150, corresponding to a formula ; of 

dextrose, Issvulose, galactose to be 180, corre¬ 
sponding to a formula CuH„Oj; of arabinon to 
bo 282, corresponding to a formula 0„H„0,; ol 
cane sugar, maltose, lactose to be 342, corre¬ 
sponding to a formula C,,H.„0„; and of rafiinose 
to be 604, corresponding to a formula C„H„0„. 
These numbers have been confirmed in the case 
of thesimpler sugars by various chemical methods 
(see succeeding paragraphs). In the case of ara¬ 
binose it was first shown to be by Eiliani 

(B. 20, 339) by the analysis of some of its com¬ 
pounds, its fgrmula previously having been con¬ 
sidered to be 0,H|jO,. 

NynZhesis.—The first step towards the syn¬ 
thesis of the sugars was made by Butlerow (A. 
120, 295; C. li. 53,145). He obtained a sweet 
syrup,'having the common characteristics of the 
sugars, by adding lime-water to a hot solution ol 
di-oxymethylene; the product he called methyl- 
enitan, and considered its formula to be 0,H„0,. 
The next step was made by Loew [J. pr. 33, 
821), who, having discovered a method for the 
preparation of formaldehyde (GH.,0) in quantity, 
investigated its condensation by lime-water. 
He obtained a sweet syrup, which he called 
formose, and considered it to have a formula 
C,H„0,. Neither methylenitan nor formose 
fermented with yeast (see also Tollens, B. 19, 
2133). Fischer (JB. 21,989) finds these products 
to be a mixture of various saccharine ^diesr 
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the ohiel whieh ie s ingei, formoBo 0(H„0,i 
fielding an osezone C„H^,0„ m.p. 144°. 
Another sugar is present in smaller quantities in 
the condensation products of formaldehyde. It 
fields an osazone greatly resembling gluoosazone, 
vhioh has been identified with a-aerosazone. 
Later, Loew {B. 22, 476), by the condensation 
of formaldehyde with lead oxide and magnesia, 
obtained a sugar which is fermentable. Loew 
called this methose, but Fischer has shown it 
to be identical with a-acrose. 

Across was obtained by Fischer {B. 20,1093 
and 2606) by acting on acrolein bromide with 
bases 20,H,OBr, + 2Ba(OH),=+ 2BaBrj. 
Two isomeric sugars, a-acrose and fi-acrose, arc 
thus produced. 

Glycerose yields these two sugars by the 
action of alkalis, (Glycerose is a sugar C,H,0], 
obtained by the action of bromine and soda on 
glycerol and other methods by Van Been, J. 
1863. 601; Grimaux, C. B. 104, 1276; and 
Fischer a. Tafel, B. 20, 1088 and 3385; 22, 
106. It is probably a mixture of the aldehyde 
and ketone of glycerol.) The formation of 
a-acrose from''glycerose may be represented 
CH.,(OH).OH(OH).COH+CH.;.OH.CO.CH.,OII = 
CBLPH.CH(0H).CH(0H).CH(0H).C0.CH.,0H. 
The sugars can only be separated from the pro¬ 
ducts thus obtained as osazones; a-acrosazone 
is identical with glucosazone in every way ex¬ 
cept in its action on polarised light, 

a-acrosazone 

CIIrOH{CH.OH)3C—CH.NJiHO,H, 

y 

N.NH.C,H, 

acted on by fuming hydrochloric acid, is converted 
into a-acrosone CH,.0H.(CH.0H)3C0.C0H, 
which, when reduced by zinc and acetic acid, 

, yields a sugar CH 3 . 0 H(CH. 0 H),.C 0 .CH 30 H, in 
the form of a sweet syrup; it ferments with 
yeast, yields Imvnlinic acid when heated with 
hydrochloric acid, and is reduced by sodium- 
amalgam to a bcxahydric alcohol a-acritol, 
which resembles mannitol in every way except 
that it is optically inactive. By these various 
reactions so much is lost that from 1 kilo, 
glycerol only 0'2 g. acritol is obtained. Farther, 
all the bodies obtained in the processes were 
optically inactive. More knowledge was neces¬ 
sary before the natural sugars could be synthe¬ 
sis^ At this stage a new light was thrown on 
the subject by an observation of Fischer (B. 23, 
870) that arabinose carboxylic aci^ and man- 
Donic acid were identical in every way except 
that their optical activities, although equal, were 
opposite in sign, and that they combined to 
form an opticuly inactive acid. These three 
acids were reduced by sodium-amalgam to three 
sugars resembling one another in all respects 
except that one of them had a right-handed 
optical activity, the other an equal but left- 
handed one, while the third was optically inac¬ 
tive. They are named l-mannose, i-mannose, 
and i-mannose ; ’ by further reduction they 
yielded the corresponding hexahydric alcohols 
l-mannitol, i-mannitol, and d-mannitol. 

The sugar obtained from a-aorosazone as 

• I, 4 sod d are very aDsatlsfactory, and lomewliat 
jnJileealoK; but aa Piacber baa Introduce tliom we must 
Irttbem ataod. 4 ptUe etudy will iqake tbelr meaning 


above described 11 Identicsl with lasvnlose except ’ 
that it ie inactive. If, then, we can decompose 
this liBvulose into d-hevulose and f-lcevulOBe, the 
synthesis of the natural sugar vdl be accom¬ 
plished. This Fischer has done {B. 23, 870). 
If i-lfflvulose be submitted to the action of 
yeast, the Isvo- constituent ferments and the 
residue is dextrorotatory. This is f-lmvulose; 
it is not the natural sugar: that belongs to the 
d- group, and was destroyed by the ferment. 

To obtain the natural sugar from the in¬ 
active synthetic one, Fischer proceeded as fol¬ 
lows i-mannitol, i.e. a-acritol, is oxidised by 
nitric acid to i-mannose, and this further by 
bromine-water to i-mannonio acid. By fractional 
crystallisation of the strychnine or morphine 
salts it can be mesotomised, the result being <2- 
and i- mannonio salts, which, on being freed 
from the base, yield by reduction the corre¬ 
sponding mannoses and mannitols. These, by 
means of the osazones, can be converted into 
'the corresponding Icsvaloses (see Dextrosazone). 

Bextrose and mannose both yield the same 
osazone; the difiarence in their constitntion 
must therefore be caused by the position of the 
group marked with a * in the formula 

CH,(OH).(;ir(OU).Cn(OH).CH(OH).»OH(OH).COH. 
Fischer (B. 23,799 a. 2611) found that by heating 
gluconic acid with quinoline, part was converted 
into mannonio acid and part unaltered; and also 
that mannonio acid, treated in the same way, 
yielded some gluconic acid. Bextrose may then 
be obtained by reducing the gluconic acid thus 
obtained. The corresponding reaction with 
2-mannonic acid does not take place easily, if at 
all, but 2-gluconic acid is produced simulta¬ 
neously with arabinose carboxylic acid (2-man- 
nonio acid) by Eiliani’s mode of preparation 
(sea Arabimse), From 2-gluconio acid, by re¬ 
duction, 2-glacose, the optical isomer of dextrose, 
is obtained. The table on next page gives a con¬ 
cise view of the synthesis of dextrose, lesvulose, ' 
and mannose. 

Another sugar, gulose, stereoisomeric with ' 
glucose, has been obtained by Fischer {B. 23, 
93; '24, 521) by the redaction of saocharic acid, 
the d-, 2- and i- modifications being obtained by 
the reduction of d-, 2- and i- saccharic acids. As 
these are the products of the oxidation of d- 2- 
and t- glucose, the synthesis of gulose is com¬ 
plete. 

Galactose' has not been synthesised op to 
the present (June 1893), but by the reduction 
of mucic acid Fischer and Hertz {B. 26,1247) 
have obtained i-galactonic acid and i-galactose; 
i-galactonic acid, by the fractional crystallisa¬ 
tion of its strychnine salt, may be mesotomised 
into d- and U galactonic acids from which d- 
and f-galactose are obtained; d-galactose is 
identical with ordinary galactose. * 

Arabinose has not been directly synthesised, 
but its relationship to the synthetical sugars is 
shown by the fact that the two acids obtained 
from arabinose by the nitrile reaction are 2-man- 
nonic acid and (-gluconic acid (Fischer, B. 23, 
2611; 24, 639). 

Of xylose the same must be said; but by the 
nitrile reaction it yields 2-gnlonic acid (Fischer 
a.Btahel, £.S4, 628). 

Arabonic acid, when heated with quinoline, 
is partly changed into its ytereoigcigetiac rihoni* 
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n-aoroae (bom {oimaldehjrde, glydoTol, «r Acrolein dibromide) 

{-gluoosszone 

fglacosona 

i-lsBTUlOBO" 

i-mannitol 

i-maimose 

I 

t-mannonio acid 


I-mannonio acid 

I-gluconio acid ^mannose 

i-glocose {-glucosazone 

MteraloBO 

acid, jQSt as glaconie acid yields gnionio acid; 
ribonio acid, by redaction, yields the stereoiso- 
meride o{ arabinose, which it is proposed to call 
Hbose. 

The synthetical passage from an -ose sugar to 
an -on one is said to be accomplished for 
lactose (lacton) and cane sugar (saceharon) as 
well as for maltose (amylon). 

Lacton. A mixture of dextrose and galactose, 
is acted on by acetic anhydride, and the result¬ 
ing products, carefully saponified with alkali, 
yield lacton (Demole, 0. B. 69,481). This has 
been oontradieted by Berthelot (Bl. [2] 34, 82) 
and by Herzfeld {A. 220, 219). 

Sucron. A body having a dextrorotatory 
power, and by inversion becoming lievorotatory, 
was obtained by acting on aceto-chlorhydrose 
• (a derivative of dextrose) with an alcoholio solu¬ 
tion of loevuloso in the presence of barium car¬ 
bonate. Another body which was lavorotatory, 
and became less Issvorotatory on inversion, wm 
obtained by acting on aceto-chlorhydrose by 
sodium IsBvulosate (Colley a. Vakovitoh, Bl. [2] 
34, 82C). 

Isomaltose has been prepared by Fischer (B. 
23, 8687) by the action of HCl on dextrose. 
Dilate acids again hydrolyse it to dextrose, the 
same product as is yielded by maltose. 

Phenyl-letrose has been prepared syntheti¬ 
cally from cinnamaldehyde eyanhydrin; this, by 
the action of bromine, yielding phenyl-dibromo- 
oxy-butyronitrile CH.Ph.Br.CH.Br.CH.OH.CN, 
which, when heated with hydrochloric 
acid, yields phenyl-bromo-di-oxy-butyro- 
lactone, from which the corresponding acid 
OH.eH.Ph.OHBr.CH.OH.COOH ■ is easily ob- 
tamed, and which on reduction yields the sugar 
OH.OH.Ph.CH(OH).CH(OH).COH. 

It will not be out of place here to indicate 
what has been done in the way of converting a 
sugar into one containing a carbon atom more. 
To do this, Fischer (B. 22, 2^04; 23, 870, 799, 
880, 2226, and 8102; Ann. 270, 64) made use of 
tbs well-known reaction for proceeding from one 
alcohol to its next higher bomolo^e by-means 
o( the nitrile. Now, in this reaction, where an 
Wymmettio.oarbon atom is addedto the molecale, 



• tZ-mannonic acid 

I - I 

d-mannose d-gluconic acid 

d-glucosazone d-glucose (dextrose) 

d-lasvulose (Itevulose) 

Tan’t Hoff has predicted that two isomeric bodies 
Will be formed which will differ by the arrange¬ 
ment of the groups round the new carbon atoms. 
Fischer (Ann. 270, 64) has shown that this is so 
in the case of the glucose homologues, the two 
acids obtained from glucose being a- and 0-gluco- 
heptonicacids ; a-glucoheptonic acid is always the 
prmcipal product of the reaction, and is identical 
with the dextrose carboxylic acid described by 
Kiliani (see Dextrose). When the reaetion takes 
place at 20“-25° hardly a trace of the $- acid is 
formed; but at 40° about 13 p.c. of the latter is 
obtained. By oxidation these acids yield two 
penta-oxy-pimelio acids, the a- acid being opti¬ 
cally inactive, and by reduction the two sugars 
a- and ^-glucoheptose are obtained. 
o-Glncoheptose 

H H OH H H 

I I I I I 

CH,OH-C-C-0-C-C-CHO 

I I I I I 

OH OH H OH OH 

separates from its aqneous solution in rhombic 
prisms, m.p. 180°-190°; they have a faintly sweet 
taste, dissolve in 10 5 pts. of water at 14°, and 
are easily soluble in hot water and sparingly in 
hot alcohol. Its solution is optically active. 
Freshly-prepared solutions show a slight bi-rota¬ 
tion j for a ^0 p.c. solution, =• -19‘7°. It 
does not ferment with yeast, but reduces Febling 
slightly less than dextrose. It is oxidised by 
bromine to a-glucoheptonic acid. It yields a 
hydrazone C,H„ 05 N.^O„Hj, very soluble in 
water, m.p. 170°, and also an osazone 
O.H.jOjIN-^IOsHj)® forming yellow needles, m.p. 
195°, almost insoluble in water and difficultly m 
hot alcohol. Treated with acetic anhydride a^ 
zinc chloride it yields a hexacetate, m.p. 166°, 
and with sodium acetate and acetic anhydride it 
yields dce-acefy2-dipZucok^toseO„H„(OAO)>On, 
m.p. 131°-132°. 

By reduction with sodium-amalgam, «-glaco- 
heptose yields a-glucoheptitol, which oryst^isea 
in delicate prisms, m.p. 127°-128°, if optically 
inactive, easily soluble in water and apai^ly 
in alcohol. It yields • heptaoetyl d^vative 
CA(0AO),O,. 
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3-OlaAoheiitoM 

H H OH H OH 

CHjOH_0_<!)-- (i-d -CHO 

OH in H i)H i 


Is obtained by the redaction of ^-glucoheptonio 
aoid, it has not yet been obtained in a crys¬ 
talline state, it forms a phcnyl-hydrazide 
C,HnOjNjH.CjHj, crystallising from alcohol in 
slender needles, m.p. 192°; the osazone is identi¬ 
cal with a-glucohcptosazone. 

Jnst as dextrose yields two isomeric glnco- 
heptonic acids, so a-glucohcptose yields two 
isomericglucoctonio acids. The a- acid is the chief 
prodact, and the amount of acid formed varies 
with the temperature. a-Glucoctonic aoid yields 
a lactone C,H„Oj, sparingly soluble in alcohol and 
readily in water, m.p. 146°-147° Mdm" = ~ ii5’9 ; 
by reduction with sodium-amalgam it yields a-piw- 
coctoie C,H„0,.2HjO,whiehorystallises in colour¬ 
less needles, m.p. 93°. Its aqueous solutions 
are optically active and show bi-rotation, [o],,,,* 
•= —60’6° for the anhydrous sugar. It yields a 
phenyl hydraione C,lI„0,.(N2UC„Hj),m.p. 190°, 
and an osazone 0 ,H„Oj(N.HC,Hi) 2 , m.p. 210°- 
212°, almost insoluble in water. By reduction 
with sodium-amalgam it yields o-glucootitol 
0,H„0„ which is easily soluble in water; it 
forms slender white needles, m.p. 141°. From 
a-glucootose two glucononic acids may be pre¬ 
pared. Only one has been examined; this when 
reduced yields glucononose CjH.jOj, its phenyl- 
hydrazide C,H„OgN.,HCjHj is sparingly soluble 
in cold water and alcohol, m.p. 195°-200°, its 
phenyl osazone C,H„0,(N.HCgHg)j is sparingly 
soluble in hot water and alcohol, m.p. 220°-223°. 
Unlike mannononose, glucononose does not fer¬ 
ment with yeast. By reduction glucononitol is 
obtained. 

ilannoheptoae 0,H„0, is obtained by the re¬ 
duction of mannoheptonic acid. It crystallises 
from alcohol in fine needles, it has a sweet taste, 
m.p. 1S4°-135°. It is easily soluble in water, 
and does not ferment with yeast; its solution is 
dextrorotatory and exhibits bi-rotation, the con¬ 
stant value is [o]d= -t68-6°. It yields a diili- 
oultly soluble hydrazide OjH, .Oj.NjH.OjHj, m.p. 
197°-200°, and an osazone C,H,jO,(NjH.Cgnj)j, 
m.p. 200°. By reduction with sodium-amalgam 
it yields a heptahydric alcohol which is identi¬ 
cal with the naturally produced body, perseit 
(Maquenne, A. Ch. [0] 19, 1; C. 107, 583). 
It combines with hydrocyanic acid, and the com¬ 
pound decomposed by hydrochloric acid yields 
mannoctonic aoid, 

Mannoctose C,H,gO, is obtained by the re¬ 
duction of mannoctonic acid. It is easily soluble 
in water, has a sweet taste, and does not fer¬ 
ment with yeast. Its aqueous solutions are liovo- 
rotatory, [ajB--3'3°. It yields a hydrazone 
0,H„0,.N^.O,Hj, difficultly soluble in water, 
m.p. 212°; and an osazone 0,H|,Og(NjH.OjHj)„ 
m.p. 228°. By reduction it yields the octohydric 
alcohol mannoctitol. It combines with hydro- 
cyanio acid, and the compound decomposed by 
hydrochloric acid yields mannonononic acid. 

Mannononose is obtained by the re- 

duotion of mannonononic acid. It is easily soluble 
in water and crystallises from alcohol, m.p. 
•bont 180°, its solution is dextrorotatory, lajs 


! > -f 60° approx. It ferments readily and ooitt> 
pletely with yeast, and resembles dextrose in 
many ways. It yields a difficultly soluble 
hydrazide 0,H„O,.N^.O,H„ m.p. 223°, and an 
osazone, m.p. 217°. 

Oalactoheptose 0,H„0, is obtained by the 
‘reduction of galacto-heptoic acid. Its hydrazide 
(m.p. 199°) is sparingly soluble ; so is its osazone 
(m.p. 220°). 

Frmloheplose is obtained from lovulose by 
the same set of reactions. 

Ithamnohexose CH,.( 0 H. 0 H) 5 C 0 H is ob¬ 
tained by the reduction of rhamnohexolactone 
(Fischer a. Piioty, B. 23, 3102); it does not 
ferment with yeast, but exhibits all the charac¬ 
ters of a sugqr; the osazone is obtained in 
stellate groups of needles, m.p. 200°. On re¬ 
duction the sugar yields rhamnohexitol 
OH,(CH.OH),CH,OH; by the action of hydro¬ 
cyanic acid on rhamnohexose, the lactone of 
rhamnoheptonio acid is obtained, which on re- 
■ duction yields rhamnoheptose. The osazone 
forms yellow needles, m.p. 200°; by the action 
of hydrocyanic acid, rhamnooctonic acid is ob¬ 
tained. These compounds have the . following 
optical activities:— 

Ithamnose, [o]b = -4 8°. 

Bhamnohexose, [o]i, = - 61’1°. 

Bbamnoheptose, Mb = -4 8’4°. 

Ehamnitol, Mb = +10‘7°. 

Ehamnohexitol, [a]D= •4ll‘C®. 

Ehamnohexonolactone, Mb => -4 83'8°. 

Ehamnohcptolactone, Mb = + 55'G°. 

Bhamnootonolactone, [ajB= —51-2°. 

The reverse of the method of proceeding 
from one sugar to its next higher homologuc—i.e. 
the production of a sugar containing one less 
carbon atom than the original one—has been 
effected by Wohl (B. 20, 730). When dextrose 
oxim (vide below) is treated with acetyl chloride 
it yields an acetyl compound from which hydro¬ 
cyanic acid can be eliminated, and on hydrolysis 
of the resulting compound a pentose is obtained, 
jvhich is d-arabinose ; i-arabinose (ordinary 
arabinose) treated in the same way as dextrose 
yields a tetrose. 

Asis well known, mucio and saccharic acids are 
products of the oxidation of the sugars with nitric 
aoid. The action of reducing agents on these bodies 
indicates their relationship to the sugars and helps 
to a clearer idea of the synthetical process. 

Bcduction of mucio acid. Sulphuric acid 
and zinc-dust reduce mucio aoid to t-galaotonio 
aoid (Fischer a. Hertz, B. 26, 1247). The lac¬ 
tone crystallises in delicate prisms, m.p. 122°- 
125°. It is optically inactive. By further re¬ 
duction with sodium-amalgam i-galactose is ob¬ 
tained. This can be prepared as a crystalline 
mass, m.p. 140°-142°; it yields a hydrazide, m.p. 
158°-1C0° and an osazone, m.p. 196°, whmh is 
identical with that obtained from the oxidation 
product of dulcitol (Fischer a. Tafel, B. 20,3384f. 

t-Oalactonio acid may be separated into the 
d- and 2- acids by fractional crystallisation of 
the strychnine salts. The two acids yield 
respectively d- and 2-galaotoso; d-galaotose is 
identical with ordinary galactose. 2-Gslaotose 
may also be obtained by the fermentation of 
t-galactose syrup. The sugar orystalUses from 
alcohol, m.p. 162°-183°, Its specific rotatory 
power is [a]B«-78-6°, the phenyl-hydnwiM 
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iA«Iti fti 168'’-160” and the osaione at 192°- 
196°. From this, as well as from other matters 
eonneoted with the synthetioal portion of the 
worh, it will be seen that d-, {-, and I- were in¬ 
tended to mean dextro-, inaetive, and Imvo-, as 
indicating the optical aotivit; of the substances 
to which they are prefixed; but it is obvious the 
d- body is not always dextro-.northe I- body lasvo-. 
Hence the unsatisfactoriness already indicated. 

Beduclion of saccharic acid. Fischer (B. 23, 
930; 24,621) found that the lactone of saccharic 
acid was easily reduced by sodium-amalgam with 
formation of glycuronio acid. Thierfelder (M, 15, 
71) has shown thatthis latter isfurtherreduced to 
an acid OgH,.,0„ which reaction Fischer has con¬ 
firmed, and oalls the acid gulonic acid and the 
corresponding sugar gulose. The relationship 
of these bodies to the others of the sugar group 
is shown here: 

Dextrose . . OH.CH 2 .(OH.OH),.COH. 

Gluconic acid . OH.CH.,.(CH.OH),.COOH. 

Saccharic acid . COOH.(CH.OH)..COOH. 

Glycuronic acid . COOH.(CH.OH),.COH. 

Gulonic acid . COOH.(CH.OH),.CH,OH. 

Gulose . . COH.(CH.OH),.CHjOH. 

Olycuronic .acid obtained by the reduction 
of d-saechario acid has Hd = n-19"1°, m.p. 175°- 
178’! d-gulonic acid obtained by the reduction of 
glycuronio acid yields a lactone, m.p. 180°-181°, 
Wd =■ + 55°; its phenyi-hydraxido is easily solu¬ 
ble in hot water and hot alcohol, m.p. 147°- 
149°; d-gulose obtained by the reduction of d- 
gulonic lactone is a colourless syrup, easily solu¬ 
ble in water and sparingly in absolute alcohol, 
it is oxidised by nitric acid to sacohario acid, 
it does not ferment with yeast. 

Constitution. Dextrose and galactose are 
represented by the formula 

OH,(OfI).OH(OH).CH(OH).OH(OH).OH(On).COH 
and Issvulose by 

OH,(OH).CH(OH).OH(OH),On(On).OO.Cn,OE 
and for the following reasons. 

By oxidation dextrose and galactose yield 
acids containing tho same number of carbon 
atoms as themselves, whilst lievuloso yields 
acids containing less carbon atoms than itself; 
dextrose and galactose yielding gluconic and 
galactonio acids CH,(OH)|CH(OH)),.COOH 
and by further oxidation saccharic and mucic 
acids COOH|CH(OH)l,COOH respectively; 
whilst lievuloso gives rise to trioxybutyrio 
on,(OH) j CH(OH) 1 jCOOH, formic H.COOH, and 
glyeollio CHjOH.OOOH acids. 

By reduction dextrose and galactose yield 
respectively mannitol and dulcitol; leevulose also 
yields mannitol. These yield hexaoetyl deri- 
vatives, and are reduced by hydriodio acid to 
secondary hexyl iodide CH,.(CHJ,CHLCH, 
(Wanklyn a. Erlenmeyer, X 1801. 731; 1862. 
480); they are evidently hexahydrio alcohols of 
nojmal hexane. 

All three sugars combine with hydrocyanic 
acid to form nitriles which when boiled with 
hydrochloric acid yield different acids 0,H„0„ 
which are reduced by hydriodio acid to hep- 
toio acids; dextrose and galactose yielding 
Dormid heptoio acid CH,fCHjh.COOH and 
IsBvalose yielding methyl-Dutyl-acetio acid 

^^|CH.C00H (Kiliani, B. 18, 3066! 19, 221, 
707 0 .1188}. Galactose, dextrose, and Itsvolose 


form oxime or iso-niiroso- Ooillpotmds by .com¬ 
bination with hydroxylamine (Bischbietii, B. 
20,2673 i Jaeobi, B. 24,698: Wohl, S. 24,993). 
With phenyl-hydrazine, dextrose and galactose 
yield bydrazides 

CH,(OH) jOH(OH)!,OH.N^.O,H,; 
hovulose does not i but all three yield osazonea 
CHdOH) {CH(OH) (,O.NjH.C,^H,.CH.N,H.O,H,, 
All three yield pentacotyl derivatives ferwig a. 
Koenigs, B. 22, 2207). Previous to Fischer’s 
synthetic work, other formulis had been sug¬ 
gested (Tollens, Kurses Eandbuch d. Kohlen- 
hydrate ; B. 16, 921; Sorokin, X pr. [2] 37, 
312), but there is no doubt now that the above 
are correct. 

From the synthetic work above described, it 
is evident that the aldeliyde formula belongs 
also to mannose, gulose, arabinose, xylose, and 
ribose, and also their synthetic homologues. 
Ithamnose, as is evident from its reactions, has 
also an aldeliyde constitution; it appears to be 
methyl-arabinose. 

Sorbose appears to be isomeric with lievu- 
lose. By oxidation it yields tri-oxyglutario acid 
COOH.lCH(OH)j,COOH and othe». acids, and 
by redaction it yields mannitol. It combines 
with hydrocyanic acid. By reduction with 
hydriodio acid and phosphorus it yields hexyl 
iodide (Kiliani a. Scheibler, B. 21, 3276). 

Little is known concerning the -on sugars. 
Maltose and lactose are probably anhydrides of 
equal molecules of dextrose and dextrose, and 
dextrose and galactose respectively; they yield 
acids (maltobionic and lactobionic) which on 
boiling with dilute mineral acids are decomposed 
into dextrose and gluconic acid and galactose 
and gluconic acid respectively. Both sugars 
thus appear to contain tho dextrose-aldehyde 
group unaltered. Fischer (£. 21, 2633) has re¬ 
presented lactose as 

-OCH. 

CH.(OII).l0H(On)l.CH<' I , , 

‘ ^0CH-{CH(0H)1.00H. 

Cano sugar appears to be differently constituted 
from either maltose or lactose. 

It thus appears that the formula 
CHj(OH).jCH(OH)},COH must be assigned 
to eight known sugars—i.e. d- and I- glucose; 
d- and f- gulose, d- and I- mannose, d- and 
I- galactose (the i- modiffcations being analogous 
to racemio acid, i.e. compounds of tho d- and Z- 
modilications). 

Now, as this formula contains four asym¬ 
metric carbon %toms, according to Van’t Hoff’s 
theory there will bo possible 2'= 16 isomers, 
which in tho case of the symmetrical derivatives, 
as tho hexahydric alcohols and dibasic acids, 
will bo reduced to 10, of which J2‘ = 8 com¬ 
pounds are grouped in pairs (d- and I-) and 
12* = 2 inaetive, amesotomio (Fischer, B. 24,1836 
a. 2683; Van’t Hoff, La Ghimie dans I’Espc^ 
and Dix Annies dans I’Histoire d’ane Thiorie), 

Each of the groups K"-Ci.H.OH-B' may 

be grouped in two positions represented thus 
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(the oarbon atom being eoneicleied to be at 
the centre of the tetrahedron). For the sake ol 
brevit; these two groupings will be written 
bt , OH 

B"- g -B' and B"-g- 

OH H 

The sixteen possible modifications of the glucose 
formula may then be expressed by the following 
symbols; in the case of the symmetrical deriva- 
tiyes (hexahydrio alcohols and dibasic acids) 
Bos. 11-16 are identical with Nos. 6 to 10 :— 

H H H H 

1. OH,(OH)-g-0- 

OH OH 
H QH 

a. CH,{OH)—ig—g— 

OH H 
H 

8. CH,(OH)—g—g—c 


on 

OH 
..g_ 

H 

H 

- 0 - 
OH 
H 

6. CH,(OH) -C- g-( 

OH ■ 

H 

-C— 
OH 
OH 
_C— 

H 
OH 
.g_ 

H 
H 

-g- 
OH 
H 

_g_ 
OH 
OH 
_g_ 

H 
QH 


4. CHi(OH)- 


6. CH,(OH?- 


7. CH,(OH)- 


8. CH,(OH)- 


9. OH,(OH)- 


10. CH,{CH)- 


11. OH,(OH)- 


19. OH,(OH)- 


QH 

-g. 

H 

QH 

-Q— 

H 

H 

-g— 

OH 

H 

-C- 

6h 

H 

-Q- 

OH 

H 

..g_ 

OH 

V 

- 9 - 

OH 

OH 

-g_ 

H 

QH 

-Q— 

H 

H 

-g__ 

OH 

OH 


-C 

OH 

QH 

-Q- 

H 

-C- 


-COH 


-COH 


-COH 


■Q— 

OH 
H 

.0 - 

OH 
QH 
■Q— 

H 
OH 
Q— 

H 
QH 
Q— 

H 

H 

.g—g__ 

H OH 
QH OH 
-g—c— COH 
H H 
OH 
.g_ 

H 
OH 
Q— 

H 
OH 
Q- 


OH 

QH 

Q— 

H 

H 

g-_ 

OH 

OH 


H 

-C— 

OH 

OH 

-Q— 

H 

QH 

Q 


13. CH,(OH)- 


14. OH,(OH)- 


15. CIH,(OH)- 


16. CH,(OH)- 


-Q—Q- 

H H 


QH 

-Q— 

H 

OH 

-Q— 

H 

QH 

_g_ 

H 


H 

.g__ 

OH 

OH 

-Q— 

H 

QH 

•Q— 

H 


H 

H 

-Q— 

OH 

H 

-Q— 

OH 

S 

-g— 
OH 
QH 
-C— 
H 
oH 
.0— 
H 
H 

Q— 

OH 


H 

H 

-Q— 

OH 

H 

-Q-- 

OH 

H 

-Q— 

OH 

C— 

OH 

H 

-Q— 
OH 
QH 
-Q — 
H 


-COH 


-COH 


-COH 


-COH 


-COH 


-COH 


COH 


-COH 


COH 


-COH 


COH 


COH 


Since saccharic acid may be obtained either 
from glucose or its stereoisomeride gulose, then 
the 4- and I- saccharic acids must be repre¬ 
sented by formula corresponding to two of those 
numbered 5 to 10. Now, 7 and 8 may be elimi¬ 
nated, as they are optically inactive from in¬ 
ternal compensation. Nos. 6 and 10 may be 
excluded lor the followmg reasons; Glucose and 
mannose yield the same osazone, and conse¬ 
quently differ only in the arrangement ol the 
groups round the asymmetric carbon atom next 
to toe COH group. Other facta which confitjii 


thm formala are (1) t-glneonie and f-maimonlt 
acids are both prtmoced by the nitrile reaction 
from arabinose; (3) fructose reduced by sodinm- 
amalgam yields mannitol and sorbitol; (8) man- 
nonio and gluconic acids can be converted, one 
into the other, by heating with quinoline; (4) all 
attempts to resolve gluconic and mannonic acids 
into two components have been unsuccessfnl. 

If saccharic acid has the configuration 6 or 
10, then manno-sacohario acid must have the 
configuration 7 or 8; but the latter are opti¬ 
cally inactive, and therefore cannot be the con¬ 
figuration of manno-sacohario acid. Hence el¬ 
and 2-saccharic acid must have a configuration 
corresponding to 6 and 9; for convenience we 
may assign 6 to the d- and 9 to the U bodies. 

Now the two sugars corresponding to d-sao- 
ohario acid— i.e. d-glucose and d-gulose—must 
consequently have the configuration 6 and 11; 
but in order to determine which to assign to one 
and which to the other, we must consider xylose 
and arabinose. 

Arabinose by the nitrile reaction yields 
2-glncose and xylose yields l-gulose; now since 
l-glucose and 2-gulose are 


(9) CH,(OH)- 
ond (16) 
CH,(OH)— 


H OH OH QH 
_c—c—g—g—COH 
OH H H H 

OH OH OH H 

-g-g-g-g_C0H 

H H H OH 


then xylose and arabinose must bo 
? OH OH 

(a) CH,(OH)—g—g—g —coh 
OH H H 
QH OH OH 

and (6) OH,(OH)-Q-Q-Q-COH. 

H H H 


According to theory, there will bo 2’ = 8 isomeric 
pentoses,bat when the formula becomes symme¬ 
trical, the asymmetry ol the centre oarbon is 
destroyed, and there will be only three isomeric 
pentahydric alcohols and three isomeric tri- 
oxy-glutario acids, ol which two are optically 
active, i.e .: 

_ § . V 


cooH_g_ 

-OH(OH)_ 

.0_ 

-COOH 

OH 

QH 

nooH—n_ 


V 

OH 
OH 
.0_ 

-COOH 

H 

and one is optically inactive, i.e. 
QH 

COOH_0_OHfOHi_ 

V 

H 

9 

,0_ 

-COOH. 

H 


V 

OH 



The same applies to the pentahydric alcohols. 
As arabitoi and the tri-oxy-glutaric acid from 
arabinose are both lovorotatory, whilst the dbr- 
responding compounds from xylose are optically 
inactive, the formala marked (a) is the formula 
lor xylose, and (6) is the formala for arabinose, 
(9) and (16) being the formula lor f-guiose and 
2-gIucoss respectively. 

d-guloss will consequently be 

QH 9 5 9 

CH,(OH)-g- Q-Q -g-COH 

H OH 05 OB 
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CH,(OH)- 

d-mannose 

CHj(OH)- 

l-mannose 

CH,(OH)- 


0 5 5 QH 

_g-Q-Q-Q-COH 

OH OH OH H 


-g_ 

OH 

OH 
_C— 
H 


5 

_g_ 

OH 

QH 

_g_ 

H 


H 

-g_ 

OH 

OH 

_0- 

H 


5 

-g— 

OH 


-COH 


OH 

-g —COH. 
H 


As Isvulose fields the same osazone as man¬ 
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The alcohols will be represented as follows; 
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The other di-basio acids known are mncio acid, 
which is optically inaotire; allomnoic acid, 
formed by the action of pyridine on mncio acid, 
- which is also optically inactive; another isomerido 
«f mnoic acid, which is 0 ])tioaIly active, obtained 
by treating galactonio acid with quinoline and 
oxidising the product; and iso-saccharic acid. 
We have as yet not sufficient data to write the 
constitution of these with certainty. 

So far. we have considered the sugars in 
mneral; we mustnowtum to a description of the 
Ldividual members of the group. 

Olata I. -Ot* tagun. 

- AiabiaOM OfluOr li does not occur in 
MUuic. 


w 

Formalion.—^j the aotton of dQate aoidi on 
metapeotic acid, aoonstitnent of beetroot, gum ara¬ 
ble, cherry-tree gum, gedda gum, gum tragaoanth, 
and many other gums (Scheibler, B. 1,68,108; 6, 
612; OlaSsson, B. 14,1271; Martin, Sachsse's 
Phytocliem. Unter. p. 69; Bauer, /.pr. [2] 84,47; 
Eiliani, B. 19, 3030; v. Sandersleben, Saohsse, 
J.C., p. 90; O’SulUvan, 0. J. mi. 41, 1891, 
1029; Stone a. Tollens, A. 249, 267; Stone, Am. 
12,435); wheat and rye bran (B. 23,8110). Owing 
to the fact that moat of the above gums yield 
galactose besides arabinose, the two were for 
some time confused (H. Kiliani, B. 18,2304; 15, 

34; ClaS38on,B. 14,1270; B, 0. 205; Scheibler, 
B. 17,1729; E. 0. v. Lippmann, B. 17, 2238). 
Arabinon yields on hydrolysis arabinose alone 
(O’Sullivan, 0. X 1890. 59). 

Preparation, —A dextrorotatory gum, or one 
yielding little mucic acid when oxidised by nitric 
acid, is selected. A solution containing 30-40 
g. per 100 o.c. is heated to 100° in a water 
bath and digested at that temporataro with 
2 p.c. sulphuric acid for 10-15 minutes. The 
solution is then cooled, neutralised with milk of 
lime, baryta water, or calcium or bArium carbon¬ 
ate, and hot alcohol, S.O. 0-83, added as long 
as a precipitate is formed. The clear alcoholic 
solution is poured oif the pp. which in a short 
time collects at the bottom, and evaporated in 
a vacuum to a syrup. After standing a few hours 
arabinose crystallises out in well-formed rhombic 
prisms with monoclinic terminations, and is 
purified by recrystallisation from water. 

Formula and syntlmis. See general part. 

Properties. —Arabinose crystallises in fins 
rhombic prisms out of aqueous solution. Tbs 
termination and habitat ot the crystals vary 
with the source. From alcoholic solutions it 
separates in sphenoids. The crystals melt at , 
160°. Its specific rotatory power is [a]D"“ 

+ 104-5° lor 10 p.c. solution at 20°C.; in more 
concentrated solutions it is higher, Wj- -f 110° 
being observed for nearly saturated solutions. 
Freshly-prepared solutions possess bi-rotation, 
an angle of [«]„ = 156-7° having been observed 
(Scheibler, f.c. -, O'Sullivan, f.c.; E. 0. v. Lipp¬ 
mann, l.c .; Bauer, L. V. 36, 304; Tollens, A. 
257,160; Grotb, B. 6,615 -, Griess a. Harrow, B. 
20, 3111). The specific gravity of aqueous solu¬ 
tions does not increase regularly with the 
strength, being less in proportion for high con¬ 
centrations than for low ones. The S.O. of a 
solution containing 10 g. in 100 o.c. at 15-5° is 
1-0385-1-0384. 

Action of acids. The action of boiling dilate 
mineral acids destroys much of the optioity and 
E. of arabinose in a short time (O’SalUvan, 1884', 
55), The first products of the change have not 
been studied. When, however, the action is 
continued for a considerable time, no Issvulinio 
acid is produced, but furfural is present in large 
quantities (Ganz, Stone, a. Tollens, B. 21, 2148; 
23, 3791). Chalmont a. Tollens (B, 24, 694) 
obtained 52-7 p.c. furfural by precipitati^ the 
distillate from the products of action of acids 
with phenylhydrazine acetate. Formic and 
Bceto-propionio acids and humus sabstanoes ate 
.also present (Conrad a. Guthzeit, B, 18,2906). 

i&ducfton.—Treated -with sodina-anmlgam 
in acid solutions, arabinose yields arcMtol, a 
body resembling sorbitol, imp. 102°. This body 
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does not redaet Febling’i solution, And is opti- 
eali^ inactive (Eiliani, B. 30, 1233). 

OxidaHon.—Bj oxidation with nitric acid 
arabinose yields arabonic acid {Iievorotatocy 
trioxyglutaric acid), and by violent oxidation at 
an elevated temperature oxalic acid (Eiliani, B. 21, 
8006). Bromine also oxidises it to arabonic acid ' 
C,H„0„ m.p. 89° (Bauer, J. pr. [2] 34, 47 J C. C. 
1877. 732 ! Eiliani, B. 19, 3031; 20, 346). It is 
oxidised by alkaline solutions oi metallic oxides, 
100 0 . 0 . of Fehling’s solution being reduced by 
0’4303 g. arabinose, and 100 c.o. of Sachsse’a 
solution being reduced by 0"4375 g. arabinose 
(Bauer, £. V. 36, 304). Its E-108 110 (O’S., 
I.C.), i.e, 100 pts. of it reduce as much CuO as 
10^110 pts. dextrose. 

Fermentation. —Arabinose does not seem to 
be capable of fermentation with yeast (Stone a. 
Tollens, lx.; Scbeibler, lx.; v. Lippmann, B. 
17, 2238); with Bacillns etkaceticiis it ferments 
with the production of ethyl alcohol, acetic, 
formic, and carbonic acids, and hydrogen (Frank- 
land a. MacGregor, C. J. 1892. 737). 

Compounds with cyanogen. By the nitrile 
reaction arabinose yields a mixture of f-glu- 
conic and f-mannonic acids (Eiliani, B. 19, 
3029 ; 20, 282, 839, 2710; Fischer, B. 23, 2611; 
24, 639). IThe first product of the action of 
HCy on arabinose seems to be a compound of j 
both bodies. HCl con\frts this into a crystal- 1 
line amide C,H„NO„ which on treatment with 
baryta yields the acids just mentioned. 

Hydrazine compounds. Arabinose yields 
with phenylhydrazine, just as dextrose (j.®.") 
does, an osazone, m.p. 167°-163° (Scheiblcr, B. 
17, 1729 ; Eiliani, B. 20, 345). 

Compounds with diamines. With o-diamido- 
benzene, arabinose yields arabinose-o-diamido- 
, benzene C,Hj.(NH).,C5H,0,. It is a neutral 
body, not reducing Fehling’s solution, and 
is dextrorotatory, m.p. 235° with decomposi¬ 
tion ; it withstands boiling with dilute hydro¬ 
chloric acid or potash, and yields a hydro¬ 
chloride and hydrobromide, Arabinose-m-p- 
diamido - toluene CsH 3 (CH,)(NH) 2 :CiH, 0 „ m.p. 
238°, and arabino - y - diamido - benzoic acid 
C00H.0,N,:(N5)3:C3H,0,■^2a,0, m.p. 235° 
have also been obtained (Griess a. Harrow, B. 20, 
3111). Arabinose gives colour reactions with 
orcinol and phloroglucinol (Wheeler a. Tollens, 
A. 264, 814 ; 260,304). 

Bilmse. Fischer a. Filoiy, B. 24, 4214. 

When certain carboxylic acids rif the sugar 
group are heated with quinoline or pyridine, 
they are converted with stereo-isomeric acids. 

When arabonic acid OH.CH 3 (CH.OH) 3 ,COOH 
is treated in this manner it yields a new acid 
C 00 H.(CH. 0 H):,.CH. 30 H, which thcauthors name 
ribonic acid; ribonic laotone crystallises from 
solution in ethyl acetate in long prisms, m.p. 
72°-76°, does not reduce Fehling’s solution, and 
is easily soluble in water, alcohol, and acetone. 
Its specific rotatory power is Wdsc’- -18. Its 
phenylhydrazide forms colourless needles, ra.p. 
162°-164°. Bibonic acid may be converted into 
arabonic acid by heating with quinoline. 

By reducing ribonic lactone with sodium- 
amalgam, it yields the now sugar ribose, which 
forms a phenylhydrazide cryataUlsing from alco¬ 
hol in colourless crystals, m.p. Ifid'-iee®; 
libose-osazone is identical with arabinose- 


osazone. By oxidation ribonic acid yields trl< 
oxy-glutario acid, which differs from the tri-oxy- 
glotario acid obtained by the oxidation of xylose, 
but which is also optically inactive. By the 
further reduction of ribonio lactone, a penta- 
hydrio alcohol was obtained which has been 
found to be identical with the naturally occur¬ 
ring adonitol, obtained from Adonis siemalis 
(Fischer, B. 26, 636). ' 

Xylose. CsHijO,. It does not occur free in 
nature. 

Formation. —It is obtained by the action of 
dilute boiling acids on xylan or wood gum (Koch, 
B. 20, ref. 145; Wheeler a. Tollens, B. 22,1046; 
A. 260, 289; Winterstein, H. 17, 381; Stone a. 
Test, Am. 15, 195), on the carbohydrate from 
the epidermis of Psyllium gallicum (Bauer, A. 
248, 140), on vegetable amyloid (Winterstein, 

A. P. C. 17, 353), on brewer’s grain (Stone a. 
Tollens, A. 249,227; 271, 56), on jute (Wheeler 
a. Tollens, l.c.), and other vegetable bodies 
(Voswinkol, 0. 0. 1891,2,655; Hebert, Ann. Ag. 
16, 358 ; 18, 261; Stone a. Lotz, B. 24, 1657; 
Allen a. Tollens, B. 23,137; Bertrand, Bl. [3] 6, 
554). 

Preparation.—Xylose may be prepared by 
extracting straw or any other of the above-men¬ 
tioned materials by 5 p.o. soda, precipitating the 
wood gum from the solution by alcohol, and 
hydrolysing this by boiling with dilute sulphuric 
acid. 'The digested solution is treated in the 
same way as described in the case of arabinose, 
and the xylose may be easily purified by 
crystallisation from water. 

The formula and synthesis have already been 
discussed in the general part. 

Properties. —Xylose is easily soluble in water; 
100 pts. of water at 20-3° dissolve 117 pts. of 
xylose; it is insoluble in absolute alcohol, 90 
p.o. alcohol will dissolve in 10 c.o. 0'4 g, 
sugar at 19° (Bertrand, Bl. [3] 7,499). Its solu¬ 
tions are optically active, freshly-prepared solu¬ 
tions having about four times the constant 
optical activity (Parcus a. Tollens, A. 207, 160). 
For a 10 p.o. solution at 20° [a]D=+19‘3“ 
(Parcus a. Tollens, l.c. ; Bertrand, i.c.). Schulze 
a. Tollens (A. 271, 40) give the formula 
[ajn = +18‘093 006986p at 15°-20°, where 
p = percentage of xylose in solution. Xylose 
frequently crystallises in prisms belonging to 
the ortho-rhombic system. Its solutions are not 
fermentable by yeast. It reduces Fehling’s 
solution, K=-109-6, agreeing in this respect very 
closely with arabinose (Bertrand, lx.). Boiled 
with acids it yields about 50 p.o, furfural 
(Gunther a. Tollens, B. 23, 1751; Chalmont a. 
Tollens, B. 24, 694; Bertrand, l.c.). 

It is reduced by sodium-amalgam to a penta- 
hydric alcohol xylitol (Bertrand, Bl. [3] 6, 554; 
Fischer a. Stahel, B. 24, 528). It is oxidised by 
bromine to xylonio acid (Bertrand, Z.C.; Allen a. 
Tollens, A. 260,306); it is oxidised by nitrio acid 
to inactive tri-oxy-glutario acid 0,H,0, (Fischer, 

B. 24, 1836). By the nitrile reaction xylose 
yields 2-gulonio acid, the stereo-isomeride of 
Z-gluconio acid (Fischer a. Stahel, B. 24, 628; 
Fischer, B, 23, 2625; Fischer a. Curtis, B. 26, 
1026). 

With phenyl hydrazine it yields an osazoma 
m.p. 180°. Warmed with pbloroglwdaol and 
hydroohlorio acid, it gives a ehatiy-iad oolanne 
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lidii, jost As atrsbinosA does under the same ooa> 
ditions (XoUens a. Mayer, B, 21, 3608; Wheeler 
a. ToUens, B. 22,1046). 

Bhamnoae. Isodulctte, rnamnodulciU 
0,Hi,O,.H,O. 

Preparation. —Bhamnoae is obtained, to¬ 
gether with other bodies, by the action of hot 
dilate acids on quercitrin, hesperidin, xantho- 
rhamnin, naringin, and frangulin (Rayman a. 
Krais, Bl. [2] 48.632; C. C. 1888, 6; Hlasiwetz 
a. Pfaandler, A. 127, 362; Liebormann a. Hor- 
mann, A. 196, 323 ; Krais, A. 196, 333; Borend, 

A. 196,328; Rigaund, A. 90, 292; Will, B. 18, 
1316 ; 20, 297 and 1186 ; Dehn, Zeit. d. Ver. 
16, 562; Rayman, Bl. [2] 47, 668; Tanret, Bl. 
49, 20; Thorpe a. Miller, 0. J. 1892. 8). 

Properties.—Rhamnose forms fine crystals, 
which have a sweet taste', and a composition 
corresponding to the formula OaHuOj.H.O; by 
careful drying it loses water and then melts 
at 90°-110° (Websky, B. 18, 1318; Hirschwald, 
A. 196, 330). It is easily soluble water, and its 
solutions are dextrorotatory, [a]-e9‘’. Freshly- 
prepared solutions show bi-rotation (Schnelle a. 
Tollens, A. 271, 61). In alcoholic solutions the 
optical activity decreases as the proportion of 
alcohol to water increases, until the solution be¬ 
comes loBvorotatory (Rayman a. Kruis, 0.0.1888. 
6). It reduces Fehling’s solution, 1 c.o. being 
reduced by 0 0052-e 0055 g. rhamnose (K = 91-96) 
(Rayman a. Kruis, l.c.). Its solution does not 
ferment with yeast. 

Action of acids. Boiled with moderately 
strong acids furfural is evolved (Maquenne, 0. li. 
169, 603). Concentrated nitric acid converts it 
into a nitrate. 

Oxittofioii.—Nitric acid oxidises rhamnose 
to tri-oxy-glularic acid (Will a. Peters, B. 22, 
1697). Malin (A. 146, 197) obtained an acid 
OjlIijO,. Bromine water oxidises it ’to rham- 
nonio acid O^HuO^, which is obtained in the 
form of the lactone CaH,„Oj, m.p. 148° (Will a. 
Peters, B. 21, 1813 j Rayman, B. 21, 2046). 
With bromine and silver oxide it is oxidised to 
acetaldehyde and acetic acid (Herrig, Ghent. Zeit. 
1887, Rep. 146; U. 8, 227). 

Redaction. —Sodium-amalgam reduces rham- 
nose to rhamnitol CHj(CH.OH),.CHjOH, which 
crystallises from alcohol or acetone in triclinio 
prisma, m.p. 121°, and has a sweet taste (Fischer 
a. Piloty, B. 23, 3102). 

Compounds. —With phenylhydrasine rham¬ 
nose yields a hydrazide 0 ,H, 20 ,:N.jH 0 ,Hj, m.p. 
169°, and an osazone CnHjjNjOj, m.p. 180° (Will, 

B. 20,1186; Fischer a.Tafel, B. 20,1089,1091 a. 
2606). With aniline it forms a compound 

C. H„0,N0„H„ m.p. 118° (Rayman a. Kruis, f.c.). 
With ammonia and othylacoto-acetate it forms 
rhamnodiasiue C„H,.20gN„ m.p. 186° (Rayman a. 
Chodounaky, B. 22, 304 and 3247). 

Rhamnose combi nea with hydrocyanio acid to 
produce rhamnonamide. The lactone G,H,-Oa 
crystallises in needles, melting-point 168°; this 
is reduced by, hydriodio acid and phosphorus to 
normal heptoio acid (Fischer a. Tafel, B. 21, 
1687 a. 2178). Rhamnose hexoio acid lactone 
is reduced by sodium-amalgam to a sugar 
(Fischer, B. 22, 2204; Fischer a. Tafel, B. 23, 
8102). Sodium rhamnose 0,H,jO,Na, is pre¬ 
cipitated by adding sodium ethylate to an aloo- 
bolie i o<eti«n of chamnose ^ebeimann •. 


Hamburger, B. 12,1186). With benzOyl ohlorida 
tri- and tetrs- rhamno-benzoates are formed; 
with acetic anhydride rhamno-tetracetste (Ray¬ 
man, B. [2] 47, 668). From thermo-chemical 
considerations rhamnose appears to be methyl- 
xylose (Stohraann a.Langbein, J. pr. [2J 46,806). 

• Pucose C,H|jOj is obtained by the hydrolysis 
of fuetts. The sugar forms microscopio needles. 
Its solution has a sweet taste and is lievorotatory, 
[a]D= —77°. With phenyl-hydrazine it forma a 
hydrazide, melting-point 170°, and an osazone, 
melting-point 169" (Bieler a. Tollens, A. 268, 
110; Gunther a. Tollens, B. 23, 2685). Fucose 
appears to be methyl-arabinose (Stohmann a. 
Langbein, 2.C.). 

Dextrose, d-glucose, glucose, starch-, corn-, 
grape-, honey-, diabetic-sugar. (Ger. Krilm- 
meleucker, Traubenzucker ; Fr. Sucre de raisin.) 
C.H,,0.andO.H,A + H.p. 

Occurrence.—Dextrose is widely distributed 
throughout the vegetable kingdom, being usually 
adcompanied by laivulose and cane sugar. The 
most important sources are honey, most fruits, 
the sap of plants, seeds. It occurs in the animat 
kingdom in 4he liver, blood, and other parts of 
the body, and in diabetic urine (S. Saohsse, 
Die Ch. and Phys. der Farbst. Kohlenhydrate 
u. Protein subst., Leipzig, 1877; F. Mack, J. 
1869, 892; Girard, B. 17, 17o; Neubauer, Fr. 

12, 39 ; Gorup-Besanez, B. 4, 906; Petit, B. 6, 
1313; V. Schneider, A. 162, 235; Report on 
Sorghum and Cornstalks, Dep. of Agr., Report 
No. 35, Washington, 1881; Hermann a. Tollens, 
A. *230, 60; Vogel, B. 16, 2271; Fischer a. 
Bodocke, A. 117, 111; Do Bary, Iloppe-Seyler’s 
Medic. Gh. Tint. p. 72; Hoppe-Seyler, Handb. 
d. phys. Gh. Ana., 1883, 301 ; Klason, B. 
19, 2541; Wehraer, Inaug. Diss., Gottingen, 
1886,40; O’Sullivan, C. J. 1886,68; Welimer a. 
Tollens, B. 19,707 ; Seegen a. Kratzschmer, Pf. 
22, 206; Kutz, Pf. 24, 62; Boussingault, 0. R. 
91, 639 ; J. Siobon, B. C. 1885.134 ; Hermann a. 
Tollens, A. 230, 60; MiiUer, Ann. Agrotiotn. 

13, 88; Seegen, Pf. 37, 348; 39, 121; 40, 48; 
Cuisinier, G. G. 1886, 614; H. Thoms, B. 21, 
1916 a; Reali, Q. 17, 325; Maquenne, A. Ch. 
[6) 17,495). 

Formation. —By the action of acids and fer- 
meiits on the following glucosides : amygdalin 
(Schmidt, A. 119, 92; Hesso, 2.C., 176,112); 
populin (v. Lippmann, B. 12,1048 b) ; ruberythna 
acid (Liebermann a. Bergarai, B. 20, 2247) ; 
salicin (Schnddt, A. 119, 97; Hesse, 176, 
112); lupinin (2J. 11,2200 6); hesperidin (Tanret, 
BL 40, 20); phlorizin (Rennie, G. J. 1887, 636). 
Other glucosides yield dextrorotatory, reducing, 
fermentable, and orvstallisable sugars, but there 
is not sutfioiont evidence to prove with o*rtamty 
that they are dextrose. These are: ffiscuUn 
(Rochleder a. Schwarz, A. 87, 186; Zwenger, 
I.C., 90, 76); arbutin (Hlasiwetz a. Grabowski, 
Ar. Ph. 141, 329); ooniferin (Tiemann a. Her¬ 
mann, B. 7, 608). . 

By the action of dilute acids the following 
carbohydrates yield dextrose, alone or with other 
glucoses. Some of them are also hydrolysed to 
dextrose by fermeuta: 

o- and 8- amylan yield dextrose. 

Oeliulose yields dextrose (Fleohsig, H. 1, 638; 
lilndsay a. Tollens, A. 267,870). 

Glycogen yieldc dextroM. 
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Ziio&m!n yidilti dexitoit. 

Tnnicin » 

Starch n 

Dextrin „ 

Maltose „ • 

Xjactose yields dextrose and galactose. 

Cane sugar yields dextrose and IsTulose. ‘ 

Baffinose yields dextrose, IssTuIose, and 
galactose. 

Preparafion.—Dextrose can be prepared from 
any of the substances above mentioned, but it is 
in many oases difficult to obtain it in any quan¬ 
tity in the pure state. Starch and sucrose are 
the bodies usually employed, and we find that 
lactose can also be used with advantage. 

(а) A white sacoharom (the commercial 
glucose obtained by the action of acids on starch) 
with an optical activity approaching that of 
dextrose is selected. This is scraped as fine as 
possible, and treated with boiling ethyl alcohol 
S.Q. '820. On cooling, the clear saturated solu¬ 
tion is separated from the undissolved syrup add 
a little previously prepared dextrose added to it. 
Crystallisation soon begins and continues for 
some time f< a crop of fairly pure dextrose is thus 
obtained. Further purification can be effected 
by melting the crystals in 8-10 p.o. boiling 
water and adding dry boiling methyl alcohol 
until a slight cloud is produced. Anhydrous 
dextrose in a state of great purity separates 
abundantly from this solution. Or the saccharum 
is melted in 5 or C p.c. water, allowed to crystal¬ 
lise, the crystals pressed and further purified by 
treatment with methyl alcohol as described.» 

(б) A 25 p.c. aqueous solution of crystallised 
sucrose is taken and heated to 50®-65“ and 2-3 
p.c. pressed brewers’ yeast stirred in (Tompson, 
£. P.8686,1884), the temperature is maintained 
for 2-3 hours, when the sucrose is completely 
inverted—that is, converted into dextrose and 
leevulose. The solution is then evaporated in 
a vacuum to a syrup, S.G. I'S or thereabouts. 
On standing for a short time this solidifies to 
a crystalline mass; it is washed with cold alco-, 
hoi, B.O. '830, and the residue dissolved to 
saturation in alcohol of the same strength.' 
Dextrose soon begins to crystallise out; the 
orystals can be further purified by dissolving in 
methyl alcohol and recrystallisation. 

Sucrose may also be inverted by digestion 
with sulphuric acid, the acid separated by baryta 
water, and the filtrate from the barium sulphate 
evaporated to a syrup and treated^n the way men¬ 
tioned. Inversion by yeast yields the best result. 
Boxhlet (J. pr. [2] 21, 242) recommends that in¬ 
version be effected by alcoholic hydrochloric acid. 
480 O.C. of strong %drochlorio acid ace mixed 
with ]£ litres of alcohol, S.G. '810, in a glass 
vessel, the mixture heated 45'’-60‘’, 4 kilos, 
powdered sucrose stirred in, and the whole main¬ 
tained at that temperature for two hours. When 
cool a little previously prepared anhydrous dex¬ 
trose is added, and in a few days there is an 
abundant crystallisation of dextrose. This can 
be purified by crystallisation from methyl alco¬ 
hol. Should any colour be developed, the aqueous 
solution is treated with animal charcoal and 
again concentrated in a vacuum. Under such 
eiroumstancea it is better to begin again, for if 
proper care be taken no colonr need be produced. 

An aqueous solution containing 85 pjs. 


lactose and 8 p.c. sulphuric acid is digested lit 
s water-bath for three hours, care being taken 
by continued agitation that no 'oolout is de¬ 
veloped, the sulphuric acid is separated by baryta 
water, and the filtrate concentrated to a syrup 
containing 76-80 p.o. solid matter. On standing 
this solidifies, and after a few days is treated 
with boiling methyl alcohol; this dissolves out 
the dextrose, leaving the galactose undissolved; 
the former soon crystallises from the saturated 
methyl alcohol. A recrystallisation yields the 
pure body in moderately large, well-defined 
orystals. 

Hydrous dextrose C„H|.;0,.HjO can be ob¬ 
tained from any of the above preparations by 
dissolving in 12 to 20 p.c. water, and allowing to 
crystallise. It honey is used as a source of dex¬ 
trose, any sucrose it may contain should be 
inverted by yeast or acids, and the residue ob¬ 
tained by evaporation crystallised from methyl 
alcohol as in the case-of inverted sucrose. A 
pure product may be obtained in a lew crystal¬ 
lisations. 

Formula and synthesis. See first part on the 
sugars generally. 

Properties .—Dextrose crystallises out of 93- 
95 p.c. ethyl or methyl alcohol in the anhydrous 
state. Anhydrous orystals may also be obtained 
by special treatment from concentrated aqueous 
solutions at 30°-35°. As a rule aqueous solutions 
deposit crystals containing one molecule of 
water of crystallisation. Anhydrous dextrose 
crystallises in rhombic, hemibedric forms; the 
axial relationship is a:b:c = 0’704:l;'335. Hy¬ 
drated dextrose forms hemimorphous crys¬ 
tals; the elements are a:6:c = l'7350:l:l'9080, 
e=97° 59' (P. Bcoke, M. 10, '231). Well-defined 
crystals of both varieties are difficult to obtain; 
usually the first separates as a powder and the 
second iir cauliflower-like masses; both dissolve 
easily in water, the first with evolution of heat. 
Hydrated dextrose dissolves easily in strong 
ethyl and methyl alcohol, but the anhydrous 
sugar is almost insoluble in them. It is in¬ 
soluble in ether and hydrocarbons, slightly 
soluble in aniline, acetic acid, and acetic ether. 
Hydrated dextrose easily loses its molecule of 
water of crystallisation when exposed in a 
vacuum over sulphuric acid, or when heated 
gently. The anhydrous sugar melts at 144°- 
146° (Hesse, A. Ch. 176,106); its specific gravity 
is, according to Gu4rin-Varry a. Heintz, 1'386 j 
according to Bodeokcr, 1'5384 (v. Lippmann, 
Zuckerarten, p. 12). Dextrose is not so sweet 
as cane sugar. Behr (B, 15,1106) finds it | as 
sweet, and T. Schmidt (B. 0. 1887, 405) uat 
1'63 pts. of dextrose are as sweet as 1 part of 
cane sugar. An aqueous solution of 10 g. 
dry dextrose in 100 o.o. of solution at 17'6° has 
a specific gravity of 1'0381 (water at 17'6-1) 
(Salomon, B. 14, 2710). This is fairly accurate, 
K =■ 100. Its solutions rotate the plane of polar¬ 
isation of a ray of polarised light to the ^jght. 
According to Hesse a. Tollens (B. 17, 2284), the 
amount of rotation for the D line is expressed by 
the formula [o]» = 62-6 +'018798P +'00061088P* 
for anhydrous dextrose; and 
[a]„ - 47-78 + '016684P + -0008888P! forhydrated 
dextrose, in which P is the percentage of the two 
varieties respectively in solntion. In lolatiottl 
oonteining 10 p.e. d^ sngar and thaiwilKKitA tbd 
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factor! laffioienily 

aooarate. bat probably a shade too low. These 
valaes are not materially affected by the tem- 
peratare. The presence of some inactire bodies 
in the solution appears to have some effect 
(Pribram, M. 9, 896); bodies such as potash, 
soda, lime, Ao., which act on dextrose reduce its 
optical activity; other bodies,- such as urea, 
do not alter it (N. Wender, 24,2200). Freshly, 
prepared solutions have a greater optical activity 
than those which have stood a few hours. F. 
tJrech (B- 17,1647) has observed a rotation 2'19 
times greater thdn the constant value. Parcus a. 
Tollens {A. 267, 160) observed an angle of 
[aln-106-16 in a 10 p.c. solution 6^ min. after 
commencing solution. This phenomenon is called 
bi-rotatim ; the optical activity quickly falls, and 
the constant value is reached in about six hours 
in the cold and immediately on boiling. The 
bi-rotation is also immediately destroyed by po¬ 
tash (O’Sullivan a. Tompson, C. J. 1890, 920), 
or ammonia (Schulze S, Tollens, A. 271, 49). 
Dextrose when produeed by the inversion of cane 
sugar at a low temperature is set free in the bi- 
rotatory state (O’Sullivan a. Tompson, l.c.). 
Only crystallised dextrose exhibits this pheno¬ 
menon ; fused dextrose does not show it (Hesse, 
A. 176,113). A solution of dextrose in strong 
alcohol retains its bi-rotation (?) The dispersive 
power of dextrose solution is practically the same 
as that of quartz (Hoppe-Seyler, i'r. 3,1866,412). 
The ratio between the specific rotatory power lor 
the 0 and D lines respectively is 1;1-2G8 (Grim- 
bert, J. Ph. [6] 16; 295 and 345). The heat of 
combustion of dextrose is + 677-2 cal., and the 
beat of formation 300-8 cal. (Berthelot a. 
Eecoura, C. B. 104,1671). 

Action of heat, Wlien the dry sugar is 
heated to 170°, a molecule of water is eliminated 
and dextrosan CaHuO, is produced, which may 
be reconverted into dextrose by the action of 
water and dilate acids. If the temperature is 
raised to 200°, gas, water, and volatile acids are 
given off, and if the heating be continued with¬ 
out raising the temperature, a brownish black 
mass is finally left. This substance is soluble 
in water and constitutes the colouring matter 
(caramel) •used in beer, wine, cooking, &o. 
Should the temperature be raised, carbon mon¬ 
oxide, dioxide, and methane are evolved, and 
aldehyde, furfural, acetone, metacetone, pro¬ 
pionic, acetic, and formic acids distil over, and 
a black carbonaceous mass is left. If the hy¬ 
drate be heated tor a considerable time in a 
closed tube a fluid is obtained which absorbs 
oxygen and nitrogen (?) from the air (Th4nard, 
C.B. 62, 796). 

Action of acids. Dextrose is dissolved by 
strong sulphuric acid without blackening, dex¬ 
trose-sulphuric acid being formed (P61igot, A. Ch. 
[2] 67, 170); from this solution alcohol preci¬ 
pitates a compound of diglucose -with alcohol 
(Musculns a. Meyer, B. 14, 860). Similar com¬ 
pounds are produced by the action of chloro- 
Bulpbodio acid (Clabsson, Ji pr. [2] 20,1). A 
mixture of sulphario and nitric acids converts 
dextrose into a nitro- compound (Carey Lea, Bl. 
[2] 10, 416). Dextrose phosphoric acid is said 
to exist (Amato, B. 4, 418). Several acetyl de¬ 
rivatives have been described. Dextrose di- 
l^)e and dexttow tiiMotato 


0,H,0,(0,,H,0,), ore amorphous, soluble in 
water, alcohol and ether (Schiitzenberger a. 
Naudin, Bl. [2] 12, 107, 204; Liebermann a. 
HOrmann, B. 11, 1619; Herzfeld, B. 18, 266). 
D.extrosepentacetate 0,H,0(03,02), is prepared 
by thS action of acetic anhydride and zino 
chloride on dextrose, m.p. 111-112 (Erwig a. 
Koenigs, B. 22, 1464, 2207). Didextrose ooto- 
acetate C„H|,0,(C,HjO»), is prepared by the ac¬ 
tion of acetic anhydride and sodium acetate 
on dextrose, m.p. 134 (Herzfeld a. Erwig 

a. Koenigs, l.c.), Dcxtrose-monoohlorhydrin- 
tetracetato is formed by the action of acetyl 
chloride on dextrose (Culley, 0. B. 70, 401). 
Tri-, tetra-, and penta-benzyl (C3,(C,H,0),0,) 
dextroses are obtained by the action of benzoic 
chloride and potash on dextrose (Skraup, M, 
10, 389; Kueny, H. 14, 330; Panormoff, J. B. 
23, 376). Compounds of dextrose with other 
organic acids have been prepared (Berthelot, 
A. Ch. [3] 64,74; Qm.-K. 7,764; v. Lippmann, 
Zuckerarten, p. 40; Baumann, B. 19, 3218; 
Colley, 0. B. 76, 436). If dextrose is boiled 
with dilute sulphuric acid the specific gravity of 
the solution, gradually increases forborne time, 
apparently from the fixation of the elements of 
water. On continued boiling the solutions be¬ 
come coloured, brown humus substances, oceto- 
propionic and formic acids, are produced (Ma- 
laguti, A. Ch. [2J 69, 407; Tollens a. Grote, A. 
175,181: 206,207; Wohl, B. 23,2084). Dilute 
hydrochloric acid produces similar results, but 
more rapidly. Gummy bodies are also produced 
(Grimaux a. Lcfdvre, G, B. 103,146). See also 
Conrad a. Guthzeit (B. 18, 439; 19, 2669) and 
Wehmer a. Tollens {B. 19, 707). 

Action of alkalis. Alkalis give a brownish 
colour wiih dextrose solution, quickly on heat¬ 
ing, slower in the cold, with production of 
acetal, acetone, and lactic, acetic, and formic 
acids. Other bodies of unknown composition are 
also formed, such as gluoinic, saocharumic and 
japonic acids. When potash is used oxygen is ab¬ 
sorbed. With calcium hydroxide, saccharin or 
calcium sacoharinate is also produced; this is 
not one of the products of the action of potash 
(Emmcrling a. Loge, B. 14, 1006; 16, 838; 
Henry, B. 14, 2272; Breuer a. Zinoke, B. 13, 
638 -, Kochleder a. Kawalier, J. pr. 94, 403; 
Hoppe-Seyler, B. 4, 346; Kiliani, B. 16, 700; 
Nencki a. Sieber, j. pr, [2] 24, 498; Pbligot, 
A. Ch. 30, 75 : Mulder, A. Ch. 36, 260; Beich- 
ardt, Z, 1870. 404; v. Lippmann, Zuckerarten, 
p. 22; Pbligotf B. 13, 196; Soheibler, B. 13, 
212; Kiliani, B. 16, 701; Cuisinier, v. Lipp¬ 
mann, Zuckerarten, p. 25; Scheibler, B. 16, 
2434). Thbnard {C. B. 62, 444) obtained 
bitter bodies containing 10-19 p.c. nitrogpn, by 
acting on dextrose with ammonia; they absorb 
oxygen from the air, and resemble certain nitro¬ 
genous humic acids. Tanret (Bl, [2] 44, 10^ 
obtained two volatile bases: a-giucosine 

b. p. 136° and fl-gluoosin« 03ioO, b.p. 160°, by 
heating dextrose with strong ammonia. Heated 
with a^ne, dextrose anilide is produced (Bohifl, 
A. 140,123; Sorokin, B. 19, 298). 

Beduefton.—Nascent'hydrogen reduces dex¬ 
trose in alkaline solutions to maimitol, but not 
in neutral or acid solutions (Linnemann, A, 128, 
186; Dewar, Z. 1870. 418; Bouchardat, BL [3] 
16,88; Eiaseinan%£.9| 1466). 
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IftTOiirAbla OonditiooB ths yi«Id does not exceed 
10 p.o. II the redaction be carried on at a high 
temperature other fatty alcohols are formed. 
Meunier (C. B. Ill, 49) obtained sorbitol by re- 
dnoing dextrose with sodium-amalgam. ^ 

Oxidation. —Gluconic ooid OjH,jO, is pro¬ 
duced by oxidising dextrose with mercuric oxide 
(HeSter, B. 22, 1049; Herzfeld, A. 245, 27) or 
with chlorine or bromine and sabsequent treat¬ 
ment with silver oxide (Illasiwetz a. Haber- 
mann, A. 165, 122 ; 15C, 253 ; Kiliani, A. 205, 
182; Kiliani a. Kleeman, £. 17, 1298; Herz¬ 
feld, A. 220, 336, 358), or by the action of Bac¬ 
terium aceti (Brown, C. J. 1880.179 ; Boutroux, 
C. B. 1880. 230). Oxygen has no action on 
dextrose in neutral or acid solutions, but it is 
absorbed by alkaline solutions. Ozone oxidises 
dextrose to saccharic and formic acids (Itenard, 
A. C. 6, 17, 289). Platinum black acts simi¬ 
larly (Locw, B. 23, 865). Nitric acid oxidises 
dextrose to saccharic acid C„H|,0„ and finally 
to oxalic, formic, and carbonic acids (Liebig, 

A. 113, 1; Heintz, P. 51, 183; Ilorncmann, 
J, pr. 89, 304; Kiliani, A. 205, 172; Gudrin- 
Varry, A. 8; 31; Sohst a. Tollens, Z. 11, 99). 
Iodine when acting on alkaline solutions of dex¬ 
trose yields a little iodoform (Lichen, A. Suppl. 
7, 228; Hermann a. Tollens, B. 18, 1336 ; 
Millon, C. B. 21, 828). Alkaline solutions of 
many metallic oxides oxidise dextrose, in some 
.oases being reduced to the metal, in others to 
lower oxides. Potassium ferrocyanide, potas¬ 
sium permanganate, indigo, picric acid, litmus, 
(Sc., oxidise dextrose also. The chief products 
are formic, oxalic, glycollio, and carbonic acids. 
Some of these reactions are employed for the 
quantitative estimation of dextrose (Tollens, B. 
16, 921; Herzfeld, Zeitschr. d. Ver. d. Ruben- 
tucker-Ind. 87, 337; Habermann a. Honig, B. 
16, 2624; Worm-Mviller a. Hagen, Pf. 22, 325 ; 

B. 13, 2096 a. 2442; Herzfeld a. Bmbns, 
Zeitschr. d. Ver. d. Rubemucker-Ind. 36, 110; 
Eeiohardt, A. 127, 297; Felsko, A. 149, 856; 
Beyer, A. 131, 353; Claus, A. 147,115 ; Smolka, 
£. 20,167; U. 8,1). • 

Fermentaticm.—Vndei the influence of 
Tarious species of saccharomyces and other or¬ 
ganisms, dextrose ferments, yielding alcohol and 
carbon dioxide as the chief products, glycerol, 
succinic acid, and small quantities of other 
bodies are formed at the same time. Bacteria 
decompose dextrose in other ways, one yielding 
chiefly lactic acid, another butyric, another cel¬ 
lulose, (fee. {v. P'emmentation). ' 

Compounds with acids (v. Action of acids). 

Compounds with bases. Potassium and 
sodium dextrose OjH„KO, and C,iH„NnOj are 
prepared by adding potassium or sodium 
ethylate to a solution of dextrose in strong alco¬ 
hol. A white, bulky precipitate is obtained, 
which is very hygroscopic, and decomposed by 
water (HSnig a. Itosenfeld, B. 10,871; P’ranchi- 
mont, B. 10, 994). The compounds with the 
alkaUne earths are differently constituted, being 
apparently a combination of the sugar and base. 
They are formed by mixing alcoholic solutions 
of ths base and sugdr, or by precipitating 
their mixed aqueous solutions with alcohol. 
Lime forms C,H„0,.Ca0.H,0, C,|H,jO,.CaO, 
9C.H„Or80aO.H,O, 20.H„0,-3080.211,0, 

dOfHuOrbCaOt and similar compounds are 


formed with baryta, sirontia, and ma^esla. 
Neither lead acetate nor subacetate precipitate 
aqueous dextrose solutions, but lead oxide yields 
compounds similar to those with lime (2a, 
(Brendeohe, Ar. Ph. [2] 29, 84; v. Lippmann, 
Zuckerarten, p. 45; Pdligot, j. pr. 16, 105; 
Franchimont, B. 12, 1939). Alkaline dextrose 
solutions dissolve copper hydroxide, and from 
these solutions soda or potash in proper propor¬ 
tions precipitates compounds of copper oxide and 
dextrose of varying composition (Guignet, 0. B- 
109, 628 ; Worm-Miiller a. Hagen, Pf. 22, 825; 
Fileti, B. 8, 441; Salkowski, B. 12, 704). The 
compound 0„H|20,.2Zn0.3HjO is formed by add¬ 
ing an alcoholic solution of dextrose to an am- 
moniacal solation of zinc oxide (A. 0, Chapman, 
0. J. 1889. 676). Dextrose forms amorphous 
compounds with liickel, chromium, and iron 
oxides (Chapman, 0. J. 1891. 323). 

Compounds with metallic salts. Dextrose 
forms well-defined cryB^allino compounds with 
sodium chloride and bromide; their formulas 
are 2CBH,j0,.NaCl.H.,0, which crystallises from 
diabetic urine, C,II|.,0,.NaCl, CsH|.,0,.2NaCl, 
2CBH„OB.NaBr (Pastoiir, A. CA. [3] 31, 92; Erd¬ 
mann a. Lelimann, J. pr. 13, 111; v. Lipp- 
mann, Zuckerarten. p. 45; Stiiclcler, G. C. 1854. 
930; Honiga.Ilosenfeld,.B. 10,872; Stenhouse, 
A. 129, 286). 

Compounds with cyanogen. By digesting 
an aqueous solution of dextrose with hydro¬ 
cyanic acid solution, the following reaction takes 
place : C,H,.,0, + HCN t 2H,,0 = C,H„O.NH, 

(Kiliani,S. 19,767). To prepare this compound 
Kiliani gives the following directions: 100 g. 
crystalline dextrose are dissolved in 30 g. water, 
and an equivalent quantity of 60 p.o. hydro¬ 
cyanic acid is added and digested for six days 
at the ordinary temperature; after twenty-four 
hours’ further digestion at 35'’C. all smell of 
hydrocyanic acid had disappeiUrod, and the liquid 
smelt of ammonia. The ammonium salt thus 
obtained is converted into a barium one by boil¬ 
ing with baryta, and the free acid obtained by 
removal of the barium by sulphnrio acid. 
Fischer (A. 270, 64) dissolves 5 kilos, dextrose in 
25 litres 3 p.c. hydrogen cyanide solution, adds 
10 0 . 0 . ammonia solution, and digests the solu¬ 
tion at 25°C. for six days, boils with baryta 
(0-7 kilos.) dissolved in water (20 litres) until all 
the ammonia is expelled, the hot liquid 
acidified with sulphuric acid, and boiled to 
expel hydrogen cyanide, neutralised with baryta, 
and filtered. The filtrate is concentrated. This 
syrup contains the lactones of a-heptonic acid 
and /3-heptonia acid. After standing some weeks 
nearly the whole of the o-lactone will have crys¬ 
tallised out; the mass is triturated with alcohol 
of 80 p.o.; the filtrate yields a farther crop of 
a-lactone, and the mother-liquor contains the 
/3-laotone. This may be obtained by neutralising 
with brucine; the brucine ff-heptonate crystallises 
out, and is purified by recrystallisation; the 
brucine may be separated by precipitation with 
baryta, and the barium salt decomposed by 
Bulphnrio acid. 

a-Gluoohepto-laotone forma rhombic crystals 
readily soluble in water, and has [a]»-—65-3; 
boiled with concentrated hydriodio acid it yields 
a heptolaotone, b.p. 2l6“-280‘’ at 717 mm., with 
partial decomposition. Aboqt an equal quantity 
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o( coimal hsptoio add i( also prodneed (Eiliani, 
B. 19,1128). By digestion with nitrio aoid S.G. 
1'2 at 40° tor 24 hours, a-glucoheptoio acid is 
oxidised to normal penta-oxy-pimelio add 
(Kiliani, B. 19, 1916); this melts at 143°, is 
easily soluble in water, difficultly in alcohol, 
and soluble in ether. o-Glaco-heptonio acid yields 
a hydrazide C,H„0,N,HjO,H, m.p. 171°-179° 
(Fischer, B, 22, 2732). 

^-Glucc-hoptonic lactone crystallises in deli¬ 
cate needles, m.p. 1S1°-152°, reduoes Fehling's 
solution, and is very soluble in water; its sp. 
rot. power is [«],,„» =■ - 67-7°. Its phenylhydra- 
zide C,H„0,N,HjPh crystallises from alcohol in 
yellowish leaflets, and melts at 160°-152°. 
Heated with pyridine (4 lactone, 4 pyridine, and 
20 water) in a sealed tube for three hours it is 
converted into the a- acid. 

Hydrazine compounds. A concentrated 
solution of doxtrosoyields, with phonylhydrazine, 
dextrose phenylhydrazine C, 2 H,,N, 0 ,; this forms 
fine crystals, melting at 144°-145°. When heated 
with an aqueous solution of phonylhydrazine, 
hydrochloride, and sodium acetate on the water- 
bath, yellow crystals of pbenylglucosazone 
are formed (Fischer, B. 20, 824). 
Phenylgluoosazono can be prepared by heating 
on the water-bath Ipt. dextrose, 2 pts. phenyl¬ 
hydrazine hydrochloride, 3 pts. sodium acetate, 
and 20 pts. water; after 10-15 minutes’ heating 
the separation of osazone commences, and after 
IJ hours the precipitate amounts to about 86-90 
p.o. of the weight of dextrose taken. It is purified 
by recrystallisation from alcohol. Anothermethod 
wliich gives satisfactory results is to heat a mix¬ 
ture containing 1 g. sugar in 100 o.o. water 
and 5 o.c. of a solution containing in 1 litre 
400 g. phenylhydrazine and 400 g. glacial 
acetic acid. According to Maquenno’s (C. 11. 
112, 799) numbers, the yield is low, but by in¬ 
creasing the strength of the sugar solution and 
keeping up the quantity of the phenylhydrazine 
acetate solution in proportion, it is materially 
increased. It is insoluble in water; not very 
soluble in cold, but fairly easily in boiling 
alcohol. It molts at 204°-205° with decomposi¬ 
tion, and so in m.p. determinations it is impor¬ 
tant that the heating be done as quickly as 
possible. It reduces Fehling’s solution, and is 
loevorotatory (Fischer, B. 17, 679). It dis¬ 
solves in cold fuming hydrochloric aoid, with 
a dark-red colouration, the osazone group 
0 ,H,.HN. 2 :C:C:N 2 HC,H 5 being thereby converted 
into the group .CO.GO. This reaction is common 
to all the osazoncs of the sugars, and Fischer 
{B. 21, 2631) has called the compounds thus ob¬ 
tained -osones. Doxtrosone reduoes Fehling’s 
solution on boiling, and does not ferment with 
yeast; with phenylhydrazine acetate it again 
ields phenylglucosazone. The osazone is re- 
ueed byzino and acetio acidtoiso-glnoosamine, 
which yields Imvulose by treatment with nitrous 
aoid (Fischer, B. 19, 1920; 20, 2669). The 
osone yields compounds with methyl phenyl, 
hydrazine and ortho-diamines (Fisoher, B. 22, 
87). By proceeding in the same way o-tolyl- 
dextrosazone 0.»H„N,0, m.p. 201° and p-tolyl- 
dextrosazone Oa|H.,jN,0, have been prepared 
(Basohen, A. 239, 229). Diphenyl-hydrazine 
oombines with the sugars in aloohol solution; 
sparingly soluble oiystalline bydrasones are 
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formed, wbieli are resolved into their constituents 
by concentrated hydroohlorio acid. The dex¬ 
trose compound 0 ,H|, 0 ,iI. 2 ( 0 ,H,)j molts at 161° 
(Stahel, A. 268, 242). Boder {A. 236, 229) has 
prepared pbenyldextrosazone oarboxylio aoid. 

Compounds with aromatic amines. Dex¬ 
trose - 0 - diamido - benzene 0,H,(NH)j.O,H|jO, 
and anhydro - dextrose - o - diamido - benzene 
C„H,.N,.O^H„0, -r are formed by the inter¬ 
action of dextrose and o-phenylene-diamine in 
acid solution. Di-dextrose-o-diamido-benzene is 
obtained when the reaction takes place in neu¬ 
tral solution. They are all crystalline bodies, 
soluble in water, and having a bitter taste. The 
first one does not reduce Fehling’s solution, the 
last two do (Griess a. Harrow, B. 20, 281 and 
2205); o-tolylene-diamine gives a similar com¬ 
pound (Ginsberg, B. 20, 496). Dextrose-y- 
diamido-benzoie acid is obtained by mixing boil¬ 
ing aqueous solutions of dextrose and y-dlamido- 
bonzoio aoid (Griess a. Harrow, l.o.). With 
aniline dextrose forms a crystalline anilide 
m.p. 147° (Schiff, A. 154, 30; Sorokin, B. 19, 
613; J. B. 1887, 377). Dextrose forms com¬ 
pounds with aldehyde, acetone, ^nzaldehyde, 
chloral, &o. (Schiff, A. 244, 19; Heffter, B. 22, 
1050). 

Dextrose.oxim 0,H|,0,N is formed by the 
combination of dextrose and hydroxylamine. 
It forms colourless, microscopic orystols, m.p. 
136°-137°; very soluble in water, sparingly 
Boluble in alcohol, and insoluble in ether. It 
reduces Fehling, and is lievorotatory, having 
-2-2° (Jacobi»D. 24, 696). 

On warming an alkaline solution of dextrose 
with picric acid a blood-red colour is produced 
(Braun, Fr. 4,186). If to crystallised diazobenz- 
cno suiphonio acid be added soda, dextrose solu¬ 
tion, and a little sodium-amalgam, a red coloura¬ 
tion is produced in a short time (Penzold a. 
Fisoher, B. 16, 657). 

Many aromatio alcohols give a colouration 
with dextrose and other carbohydrates in the 
presence of sulphuric acid. If two drops of a 
16-20 p.c. alcoholic solution of (a).naphtbol be 
added to a dextrose solution, and one part of 
concentrated sulphuric acid, a violet oolouration 
will be produced, changing to bluish violet. 

Optical isomeridcs of glucose, glnconio aoid 
and saccharic acid (E. Fischer, B. 23, 2611). 

2-Qlaconic acid. 2-Mannonio acid con be con¬ 
verted into 2-gluconio acid by heating with 
quinoline, but it is most conveniently pre¬ 
pared from aArbinose by treatment with hydrogen 
cyanide and baryta (Kiliani, B. 19, 3029); 

1- mannonie and 2-gluconio acids are formed 
simultaneously. The greater portion of the 
f-mannonio acid may be separated as lactone, 
and the remainder may be separated from the 

2- gluconio acid by crystallising out the calcium 
2-glaconate. 

t-Qluconic acid is obtained by mixing the 
I- and d- acids, or from i-maimonio aoid by 
quinoline. 

2-Qlucose is formed by rednoing I-glnoonic 
lactone with sodium-amalgam; it resembles 
dextrose closely, but does not ferment with yeast,' 
[a]o 3 - 61-4°; its derivatives also resemble the 
corresponding ones of dextrose very closely. 

t-61acose is prepared by mixing U Mid 
d- glucose, or rednoing t-gluconio aoil 
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I-lMaUTM asia ii prepared by oxidising 
t-glnoonie acid with nitrio acid. 

i-Sacehario aeid is prepared i>y oxidising 
i-glnoonio aeid or by mixing I- and d- saoohario 
aeid. 

LiSTnlose. d-Fructose, hevogluoose, fruit 
sugar; C^i^O,. 

Occurrence.—L sbtoIosb is widely distributed 
in the vegetable kingdom, being found, together 
with dextrose, in many parts of plants, in honey, 
do. (v. Dextrose). 

Formation. —The following carbohydrates 
yield iBvulose, either alone or accompanied by 
other sugars, when acted on by dilute acids: 

Oane sugar yields dextrose and lavulose. 

BaiBnose yields Iwvulosc, galactose, and dex¬ 
trose. 

Inulin yields liBTuloae. 

Irisin (0. Wallach, A. 234, 3C4), lesvulan 
(v. Lippmann, B. 14, 1509), triticin (Beide- 
meister, G. G, 1880. 808), scillin (Biche a. 
Bemont, J. Ph. [5] 2, 291), sinistrin (Schraiedc- 
berg, B. 12,704),leevnlin or synanthrose (Dieck a. 
Tollens, A. 198, 228; Ville a. Joulie, Bl. [2] 7, 
262: Popp, A. 166, 185; Muntz, 0. R. 287, 679), 
and innloid(P&pp,,4.156,190) also yield liovulose. 
Iitevulose is formed by the oxidation of manni¬ 
tol (Cotton, Bl. [2] 33, 546; Qorup-Besanez, 
A. 118, 273; Bodenbender, Zeii. d. Ver. 14, 
812; Benard, A. Gh. [5] 17, 316), by the fer- 
mentation of mannitol by B. aceti and B. 
xylinum (A. 3. Brown, C. J. 1886, 184; 1887, 
641); from phenylglucosazone by reduction to 
isoglucosamine, and thepce by the action of 
sodiam nitrite; from glucosonc by reduction with 
lino and acetic acid (Fischer, B. 22, 87, 2566). 

Preporotion.—Inulin is heated with very 
weak sulphuric acid tor some hours, after which 
the sulphuric acid is carefully precipitated by 
baryta water and the filtrate decolourised by 
charooal and evaporated on the water-bath to a 
syrup. This is treated several times with ab¬ 
solute alcohol, which removes the wator, and 
the syrup which remains put on one side for | 
some time in a closed flask, when fine needles 
make their appearance, and in time the whole 
solidifies (Jungfleisch a. Lefranc, G. B. 93, 547; 
also Crookewitt, A. 45, 184; Erusemann, A. 
282, 26; Wohl, B. 23, 2084). A 10 p.o. solution 
of oane sugar is carefully inverted with hydro¬ 
chloric acid (20 o.o. to a litre of solution) at 60°. 
The solution is cooled to -5°, 6g. of slaked 
lime added for each 10 g. sugar, the temperature 
allowed to rise to 2°, and the lime lievulose 
carefully pressed from the rest of the solution 
and washed repeatedly with water. It is finally 
suspended in water, decomposed by oxalic acid, 
and the filtered solution evaporated in vacuo 
to a syrup which, when treated with absolute 
alcohol as above described, yields crystals of 
lievnlose (Qirard, Bl. [2] 33,154 ; Dubrunfaut, 
O.B. 42, 901; 69,438). 

Formula and syntlmis. See general part. 

Properties. —Lssvulose forms colourless, fine, 
shining needles, belonging to the rhombic sys¬ 
tem, the axial ratio is a:6;c=0’80067:l:0'90674; 
they are slightly biaxial as regards their action on 
polarised light; they have a composition corre¬ 
sponding to the formula 0 ,H, 20 „ melt at 
95°, and lose water at 100°. According to 
tldnig a. Jesser (K. 9, 662), the crystals con¬ 


tain water of orystalllsation and have a fomult 
20,H„0rH,0. If free from alcohol they are sot 
deliquescent in the air (H6niga. Schubert, M. 
8, 629; Jungfleisch a. Iiefrano, Im.). The sugar 
is almost insoluble in cold absolute alcohol, 
and soluble in a boiling mixture of alcohol and 
, ether (Dieoh a. Tollens, A. 198, 228). With re¬ 
gard to the specific rotatory power of Isvulose 
there are many and varied statements; all those 
based on the factors of unpurified solutions ob¬ 
tained by the inversion of inuiin or cane sugar 
are worthless, as lssvulose is extremely easily 
decomposed by acids (Jungfleisch a. Qrimbert, 
G. B. 108, 144), and many apparent discre¬ 
pancies may be explained by the fact that the 
optical activity varies very much with the tem¬ 
perature. Jungfleisch a. Qrimbert (C. B. 107, 
390) found tor crystallised leavulose [o]d 
= -101-38°-0-66< + 0108 (p-10), where t is 
the temperature and p the weight of Imvulose 
in 100 0 . 0 . solution. This formula holds for 
temperature 0°-40° and for concentrations be- 
low 40 p.o. The [a]j--108° (o=10 g. sugar 
in 100 O.O.), calculated from [a]j=—24-5 for 
invert sugars, and (a]j = + 68-5 for dextrose 
agree very well with the numbers of Jungfleisch 
a. Qrimbert. Honig a. Jesser (if. 9, 662) give 
[a]j = —111-38, c 10, t = 20° for a carefully crystal¬ 
lised preparation. Hcrzfeld a. Winter (B. 19,390) 
give lor 20 p.o. solution at 20° [o]n=-71-4°; 
but these determinations cannot be for the pure 
body. Freshly-prepared solutions of crystallised 
Iffivulose have a greater sp. rot. power than after 
standing a short time; Parens a. Tollens (A. 257, 
160) found for a 10 p.o. solution at 20° observed 
in a 200 mm. tube, [a]n = -104 02° six minutes 
after commencing solution, which sank to a 
constant value [o]o=—92-26° in 35 minutes. 
This cannot have been pure lssvulose. E »100; 
but Soxhlet makes it 92-93 (J. O’Sullivan, 
0. J. 1892, 408). 

Action of heat and acids. Lssvulose is ex¬ 
ceedingly easily decomposed by heat and acids. 
Its aqueous solutions colour exceedingly quickly 
if heated tor any length of time. Wohl (B. 23, 
2084) found that by the action of minute quan¬ 
tities of acid on a hot concentrated solution of 
lssvulose, a dextrin-like body was produced 
which was reconverted into lavulose by bailing 
with dilate acids. This instability accounts for 
the many different numoers which have been 
given for the sp. rot. power and for the fact that 
the opt. act. of invert sugar does not in all cases 
correspond with that of a mixture of pure Isevulose 
and dextrose in equal quantities. On boiling with 
dilute sulphuric or hydrochloric acids, aceto- 
propionic, formic, and other acids are produced 
(Jungfleisch a. Qrimbert, G. B.108, 144 ; Qrote 
a. Tollens, A. 175, 181; Sieben, Zeilschr. d. 
Ver. 34, 237; Conrad a. Quthzeit, B. 19, 2569). 

Action of alkalis. Alkalis quickly decom¬ 
pose lavulose, especially on warming; caustic 
soda and baryta yield lactic acid among other 
products (Sorokin, J. B. 1885, 868). Sodium 
lavulose C,E„MaO, is produced by acting on 
an alcoholic solution of lavulose with sodium 
ethylate (Hdnig a. Bosenfeld, B. 12,45). Lime 
yields a compound C,H,, 0 ,.Ca 0 .H 20 , which is 
soluble in 137 parts cold water (B. Pdligot, 
0. B, 90,163; Herzfeld a. Winter, Bj 19, 890); 
and 2(0^u0,)80a0, which (cmi needle* fcls- 
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ble in 888 parts cold water (Dobronfaut, A. Ch. 
[8j 169). Similar compounds are formed 

with potash, baryta, lead oxide, and bismuth 
oxide (Herzfeld a. Winter, B. 9, 890, and 
T. Lippmann, ZuckerarUn^ p. 68). If a solu¬ 
tion of lesTuIose be boiled with lime, saccharin 
is formed (Sohelbler, B. 13,2212). 

Reduction. —LsBvulose in alkaline solution is 
reduced by nascent hydrogen to mannitol, and 
more easily than dextrose (Scheibler, B. 16, 
8010; H. Krusemann, B. 9, 1465; Herzfeld, 
A. 244, 274). Fischer {B. 23, 3684) finds that 
equal parts of mannitol and sorbitol are pro¬ 
duced. 

Oxidation. —Mercuric oxide and baryta 
boiled with an aqueous solution of lusvuloso 
yield formic, glycollic and normal trioxy- 
butyric acid (Bornstoin a. Herzfeld, B. 18, 3353). 
Bromine water in the same way yields normal 
trioxybutyrio acid (Honig, B. 19, 171; Horz- 
feld a. Winter, B. 19,390; C. C. 1836,271). Lajvu- 
lose by oxidation always yields an acid containing 
less carbon atoms than itself (Herzfeld a. Born- 
stein, 0. 0.1886,187 ; Horzfold a. Winter, C. 0. 
1886, 271; B. 19, 390). Chlorine and bromine 
with silver oxide oxidise la>vulose to glycollic 
acid (Hlasiwetz a. Habermann, A. 155, 130; 
Kiliani, A. 205, 175). Nitric acid yields oxalic 
acid, tartaric acid, glycollic acid, formic acid, a 
little saccharic acid, malic acid, acetic acid, and 
racemic acid {Dragendorf, Materialien zu eincr 
Monographie des InuUns ; Kiliani, A. 205,102; 
Hornemonn, J. pr. 89, 283). 

Ferinentatio7i. —Loivulose ferments easily 
with yeast, with formation of alcohol and car¬ 
bonic acid &o., but rather slower than dextrose, 
BO that towards tho end of a fermentation of in¬ 
vert sugar tho solution is always Imvorotatory 
(Bourqnelot, A. Ch. [6] 9, 245 ; C. R. 101, 958; 
C. R. 100,1404 and 1406; Maumend, 0. R. 100, 
1606; 101,696; Leplay, C.R. 101,479; Gourgon 
a. Dubourg, 0. R. 110,865). 

CoinpouTids with acids. Chlorosulphonio 
acid gives a tctra-sulphate (ClaOsson, J. pr. [2] 
20, 1 a. 18). Acetyl chloride yields an aceto- 
ohlorhydrin (Colley a. Wachowitsch, B. 13,2390; 
Bl. [2] 34, 326). With acetio anhydride, acetio 
acid, and zinc chloride hovulose yields pent- 
acetyl Iffivulose (Erwig a. Koenigs, B. 23, 072). 
Benzoyl chloride yields pcntabenzoyl Iievulose, 
m.p. 86® (Skraup, M. 10, 389). 

Compounds with bases. See Action of alka¬ 
lis above. 

Compounds with metallic salts. Compounds 
with potassium or sodium chloride have not 
been described. A compound with lead chloride 
is known (Herzfeld a. Winter, B. 19, 390). 

Compounds with cyanogen. By treatment 
with strong hydrocyanic acid, Iffivulose yields a 
oyanhydrin CjHjjO^N, this crystallises from 
water in tabular monoclinio crystals, m.p. 110®- 
116®, and has a slight dextrorotatory power; 
faming hydrochloric acid converts it into the 
lactone of fruotobeptonio acid 07 H, 30 „ and this, 
heated with hydriodio acid and phosphorus, 
yields a heptolactone C^Hi^Oj, b.p. 220®, which 
does not solidify in a freezing mixture. When the 
lactone is further treated with hydriodio acid and 
phosphorus an acid is obtained boiling at 210®, 
which is identical with meth^l-butyl-acetic 
aoid as syntbetioally prepared (mliaxu, B, 18. 

Yofc. IVr 


8066; 19, 221 and 1914; Kiliani a. DQll, B. 
23, 449). Tetra-oxy-butane-tri-carboxylio acid 
CC)OH.(CH.OH),.C(OH)(COOH), is obtained by 
oxidising fructoheptonic acid by nitric acid 
(Dull.B, 24, 348). 

Hydrazine compounds. Lravulose yields an 
osazone which appears to be identical with, and 
is prepared in the same manner as, dextrose 
osazone (g.v.). 

Anilides. By heating an aqueous solution 
of Ifovuloso with aniline, an anilide is formed 
CjaHi^NOj; It is easily obtained in crystals which 
melt at 147® with partial decomposition (Soro¬ 
kin, B. 19, 513; /. li. 1886, 129; 1887, 877). 
With hydroxylaniino looviilose combines to form 
liovulosoxim (Wohl, B. 24, 993). It strongly 
resembles dextrosoxim in appearance, m.p. 118®, 
it is liBvorotatory, and reduces aminoniacal silver 
solutions on warming, whilst dextrosoxim does 
so in tho cold. 

Oalactose. Lactose. C„H,j,Oj. Galactose 
docs not occur in nature. 

A’orwwfioJi.—By the action of dilute acids on 
many carbohydrates and similar substances of 
vegetable and animal origin. Lactose yields 
dextrose and galactose (Pasteur, 0. R. 42, 347; 
Fudakowski, B. 9,42; (7.0. 1877,6). Raffinose 
yields la^ V ulose, galactose, and dextrose. a-Galao- 
I tin, 8-galactin, paragnlactin, lactosin, agar-agar, 
carragheen moss, plum gum, poach gum, gum 
arabio, gedda gum, and many other similar 
vegetable substances, yield galactose amongst 
other products of their hydrolysis (Miintz, Bl. 

; [2] 37, 409; A. Ch. [6] 10, 666; C. R. 94, 453 ; 
102, 624, 631; A. Meyer, B. 17, 690; Bauer, 
pr. [2] 30, 375 ; L. V. 1888, 33 a. 214; Iladicke, 
Bauer a. ToJleus, A. 238, 302; Kiliani, B. 13, 
2304; 15, 30; v. Lippmann, B. 17,2238; Scheib- 
Icr, B. 1, 58; 6, 612; 17, 1729; O’Sullivan, 
C. J. 1884. 41; 1391,1029; Iliidicke a. Tollcns, 
A. 238, 308; Schulze a. Stoigor, B. 19, 827; 
20. 290; L. V. 36, 391; Schulze, B. 25, 2213; 
Maxwell, Am. C. J. 12,51 a. 265; v. Lippmann, 
Deutsche Zuckcrimi., 1887, 456; B. 20, 1001; 
Stone, Am. 12, 435). Galactose is also produced 
by the long-continued action of dilute sulphuric 
acid on certain nitrogenised constituents of the 
brain (Thudichum, Ann. of Chem. Med. [2] 209; 
Thiorfelder, Z. P. C. 14, 209 ; Brown a. Morris, 
C. J. 1890, 57). This sugar was called by the 
discoverer cerebrose ; B. a. M. proved it to be 
galactose. 

Preparation. —A solution of lactose (milk- 
sugar) containihg in every 100 c.o. 26 g. dry 
lactose; 2 to 3 grams RSO^ is digested in a fiask 
on the wator-bath for 2.^ to 3 hours, the water 
being kept boiling all the time and care being 
taken by continual shaking of tho fiask to avoid 
colouring. The acid is, on cooling the solution, 
carefully neutralised with baryta water and the 
BaSO, separated by filtration. On evaporating 
the filtrate to a strong syrup in a vacuum solidi¬ 
fication takes place in a short time. The solid 
orysiallisod mass is digested several times with 
dry methyl alcohol; this dissolves out the dex¬ 
trose and other products of the action of the 
acid on lactose and the hydrolysed sugars, and 
leaves galactose as a white c^stalline powder. 
This is dissolved in the least possible quantity 
of boiling water, again allowed to solidify, and 
again treated with boiling methyl alcohol. If 
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tlw whde of the lactose h^diol^d, and it 
generall; ie under the conditions indicated, the 
residue is white, nearly pure, galactose. It can 
be rendered pure by recrystallisation from water. 
If the crystals are allowed to form slowly from 
solutions not too concentrated they are dis¬ 
tinct and well-defined (Bendell, N. Z. 4, 163; 
Soxhlet, J. pr. 2, 21, 2C9|. The sugar can also 
be prepared from certain gums of the arabin 
group. For this purpose the most suitable are 
those having a lievorotatory power and yielding 
the larger percentage of mucic acid on oxidation 
with nitric acid. The dextro- gums also yield 
the sugar, but in less quantity (O’Uullivan, 0. J. 
1834, 41; 1891,10'29). A solution of the gum 
selected—gum arable, Turkey, Levantine or 
East India gum-ismade containing about equal 
weights of water and gum ; this is heated in a 
flask in a water-bath as high as the boiling 
bath will take it, and 6 grams H.^SO, dilated to 
16 c.o. added for every 100 c.c. of the gum solution 
employed. The mixture is digested for 30 to 35 
minutes, then rapidly cooled, and alcohol, S. (i. 
0'83, added as long as a pp. is produced. This 
pp. is again dissolved in water, and again ppd. 
One or two fepetitions of this process frees the pp. 
from arabinose. A solution of the samo strength 
as that above described for the original gum is 
then made of the pp. and heated as high as the 
boilingwaterof awator-bathwill takeit, and then 
for every 100 c.o. of the solution 5 grams BL^SO, 
diluted to 15 o.c. added. At the end of about 
8 hoars' digestion the solution is cooled, carefully 
neutralised with baryta water, and alcohol, 0 82, 
added as long as a pp. is thrown out. The alco¬ 
holic solution becomes clear on standing; it con¬ 
tains galactose,and on concentration in a vacuum 
yields crystals of the body in a fairly pure state. 
They may be completely purified by washing 
with methyl alcohol, recrystallising the residue 
from ethyl alcohol, and finally from water. 

Formula and synthesis. See general part. 

Properties ,—Galactose crystallises in hexa¬ 
gonal plates, m.p. 163°-164'’ (after drying at 
100°) (E. Bourquelot, J. Ph. [5] 13, 51), oi, 
according to v. Lippmann (B. 18, 3335), in 
microscopic six-cornered prisms and needles, 
m.p. 168°. Galactose is easily soluble in 
water, almost insoluble in methyl alcohol. 
Solutions of galactose rotate a ray of polarised 
light to the right, the specific rotatory power 
for the D line being given by the formula 
[o]„-83-883 + 0 0785P-0-209< (Meissl, J. pr. 
[2] 22, 97); this formula agrees iwell with num¬ 
bers found by other observers. Freshly-prepared 
solutions exhibit the phenomenon of bi-rotation 
(Pasteur, J, pr. 68, 428). Parous a. .Tollens 
jA. 267,160) observed an angle of [o]b =■ 117-48° 
in a 10 p.c. solution at 20°, 7 minutes after com¬ 
mencing solution. E 100, and varies slightly 
with the conditions of determination. 

AeUon of acids. By prolonged heating with 
dilute acids, galactose yields aceto-propionic 
and formic acids (Kent a. Tollens, A. 227, 228; 
B. 17, 668; Conrad a. Guthzeit, B. 18, 2906); 
snlphuric acid and chloro-sulphuric acid yield 
galactose-snlphurio acids (Honig a. Schubert, 
it. 7, 455; Olagsson, J. pr. [2] 20 a. 18). 

Action of alkalis. Alkalis colour galactose 
yellow; the action of milk of lime produces 
Mtccharin(Caisinier,v. Lippmann, Zvckerartcn). i 


Fusion with EHO gives rise to acetic and oxalic 
acids. 

Reduction. — By reduction with sodium- 
amalgam, galactose yields dulcitol and other 
alcohols (Bouchardat, A. Oh. [4] 27, 79). 

Oxidation. —Bromine oxidises galactose to 
galoctonio acid (lactonic acid) C,H„0„ isomeric 
with gluconic acid (Hlasiwetz a. Habermann, 
A. 122, 96; Kiliani, B. 18, 2307; 18, 1651; 
Bauer, J. pr. [2] 30, 379); which when heated 
loses 1 moL water, and is converted into the 
lactone; it yields with phenylhydrazine a hydra- 
zide which melts at 200°-205° with decomposi¬ 
tion (Fischer a. Passmore, B. 22, 2731). Nitric 
acid oxidises galactose to mucic acid, isomerio 
with saccharic acid. As mucic acid is only slightly 
soluble in water, the yield of mucic acid, which 
is normally 75 to 78 p.c., is sometimes made use 
of for the estimation of galactose; but the yield 
varies considerably with the condition of experi¬ 
ment (Pasteur, 0. B. 42, 349; Kent a. Tollens, 

A. Oh. 227, 228). Neutral or alkaline solutions 
of cupric hydroxide are reduced by galactose; 
carbonic, formic, glycollio, and lactic acids are 
produced (Habermann a. H3nig, M. 5, 208). 

Fertnentation. —According to Eiliani (B. 13, 
2305) and Eoch (B. 20, Bef. 145), galactose does 
not ferment with yeast, whilst v. Lippmann (B. 17, 
2238; 20, 1001), Bourquelot (C. B. 106,283), and 
Pasteur find that it does ferment. Stone a. 
Tollens (A. 249, 267; B. 21, 1672) find that it 
ferments with beer yeast as well as with iVfucor 
raxemosus, but slower than dextrose. Certain 
bacteria yield hactic acid (Pranzmovaski a. v. 
Ticghom,B. 12, 2087). 

Oompounds. —Galactose yields a crystalline 
compound with sodium chloride (Fudakowsky, 
Bl. [2] 30, 433). With a solution of baryta in 
methyl alcohol, galactose yields the compound 
(C,H„0,),Baj.BaO (Fudakowsky, lx.). With 
acetic anhydride, a pentacetate is produced 
OaH,0(C.iH,O.Jj, m.p. 62°-66° (FudakowskyJ. 
According to Erwig a. Eoenigs (B. 22,2207) this 
body melts at 142°, crystallises in rhombic 
prisms, reduces Fehling’s solution, is dextro¬ 
rotatory, and differs in ail its properties from 
Fudakowsky’s galactose pentacetate. With 
aniline, galactose forms dn anilide, crystallising 
in long triclinic prisms, and lievorotatory (Soro¬ 
kin, J. B. 1887,377; B. 19,298). With hydroxyl- 
amine, galactose yields the oxim C,H„NOi, the 
crystals melt at 175°-176°, and are easily 
soluble in water and weak alcohol (Bischbieth, 

B. 20, 2673). With ortho-diamido-benzone, 
galactose yields galactosc-o-diamido-benzene 
CjH,(NH)j.C,H,jOs, melting at 246° with decom¬ 
position. Galactose-'y-diamido-benzoio acid 
COOH.CaHj(NH)yCaH|jO,-f H^O crystallises in 
needles (Griess a. Harrow, B. 20, 3111). With 
hydrocyanic acid, galactose yields galaotohep- 
tonamideC,H|,NO„ m.p. 194°; it is converted 
into the barium salt of galactoheptonio acid 

C. H,|0, by digesting with baryta. The free 
acid melts at 145° and crystallises in slender 
needles; it is reduced by hydriodio acid and 
phosphorus to the lactone of normal -y-oxyhep- 
toio acid (b.p. 231°) and a very small quantiW 
of normal heptoic acid (Maquenne, 0. B. 106, 
286; Eiliani, B. 21,915; 22, 521 a. 1886). With 
phenylhydrazine, galactose forms galactose- 
phenylhydrazide, crystaUiring ia 
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needles^ m.p* 158^, and galactose-osazone, 
m.p. 198®-194® (Pisoher, B. 20, 821). Fischer’s 
first determination of the melting-point (J3.17, 
679) was 182°, Soheibler (B. 17,1731) gave 171°. 
and other observers have given lower numbers; 
this may be accounted for by the fact that unless 
the osazone be heated up very quickly it decom* 
poses before it fuses. By the action of hydro- 
ohlorio acid it yields gaiactose-osone (Fischer, 
B. 22, 87). Galactose also yields a diphonyl- 
hydrazide, m.p. 167°(Stahel, 4.258,212). Galac¬ 
tose forms a penta-benzoate C.H.OiO-H.O-)., 
m.p. 165° (Skraup, M. 10, 389). 

Sorbose. Sorbinose Sorbose is ob¬ 

tained from the juice of tlie mountain ash after 
allowing it to stand for some time. It is doubtful 
if it exists in the fresh juice as a free sugar, but 
it is probably formed by the decomposition of a 
glucoside (Pelouze, A. Ch, [3] 35, 222; Bous- 
flingault, 0. B. 74, 939; BeUTs, B. 4, 799; 
Byschl, J. pr. 62, 604; Freund, M. 13, 6G0). 
The expressed juice of the unripe ferries of the 
mountain ash is allowed to ferment for eight or 
ten months, the clear solution is filtered from the 
organisms by which the fermentation was 
efiected, and evaporated to a syrup, when the 
sorbose crystallises out on standing. It forms 
colourless rhombic crystals easily soluble in 
water. Its solutions are Isevorotatory: for 10 p.c. 
solution, [a]i>=—43*4° (Wehmer a. ToUens, B. 
19, 708). It is oxidised by chlorine and silver' 
oxide to glycollio acid; it behaves with bromine 
water like Imvuloso, being practically unaltered 
(Kiliani a. Scheibler, B. 21, 3276); nitric acid 
oxidises it to oxalic, aposorbic and tartaric 
acids. By more careful oxidation with HNOj 
Kiliani a. Soheibler (f.c.) obtained trioxy- 
glutaric acid. Copper hydrate oxidises it to 
carbonic and formic acids and other bodies, 
amongst which is possibly glyceric acid (Dcs- 
saignes, J. pr. 89, 313; Hlasiwetz a. Habermann, 
A. 165,129; Habermann a. Honig, M. 5, 208). 
Hydriodio acid reduces it to hexyl iodide (Kiliani 
a. Soheibler, Z.c.). It reduces Fehling’s solution, 
and is coloured yellow by alkalis. Sorbose 
ferments slowly with beer yeast (Stone a. Tollens, 

A. 249, 257). By prolonged heatiug with dilute 
acids it is decomposed, yielding, amongst other 
bodies, lAvulinio acid (Wehmer a. Tollens, l.c.). 
With phenyl-hydrazine it yields an osazone 

m.p. 164°, which is almost insol. in 
water, but fairly easily soluble in alcohol, from 
which it crystallises in fine microscopic needles 
(Fischer a. Tafel, B. 19,1920; 20.217 and 2566; 
Fischer, B. 20, 828). 

Uannose. Seminose C«H, 30 c. This sugar 
does not occur free in nature. 

Formai^'oTt .—It is obtained by the action of ; 
dilute sulphuric acid on the so-called reserve , 
cellulose (Beiss, B. 22,009, 3218) and on salop I 
juice (Tollens a. Gans, A. 249, 256), and by the | 
oxidation of mannitol (Fischer a. Hirsohberger, ' 

B. 21,1805; 22, 1155 a. 3218; Cai4et, J. 1860. 
250; Gorup-Besanez, 4.118,257 ; Dafert, B. 17, 
227). 

Preparation, — Sifted ivory nut shavings 

i l pt.) are digested with 6 p.c. hydrochloric acid 
2 pts.) for six boors on the water-bath, filtered 
lot, and the residue pressed and extracted with 
water. The brown solution contains the sugar, 
ll may be obtained M bydraaide by adding 


phenyl-hydrazine acetate, and this Is decom¬ 
posed by hydroohlorio aoid with reproduction of 
the sugar (Fisdier a. Hirsohberger, B. 22,365 a. 
3218). 

Properties.—Mannose is precipitated from 
its alcoholic solution by ether; the syrup, on 
keeping under absolute alcohol, solidifies to a hard 
colourless mass which shows no sign of crystal¬ 
line structure. Its solutions are dextrorotatory, 
[ajo =» 13*0°approx.; they are reduced by Fehling’s 
solutiou, 1 o.c. of this solution being reduced by 
4-307 mgm. mannose, i.c. K= 110°-112°. It is 
fermented by yeast. 

lieduction.—Mannose is reduced by sodium- 
amalgam to mannitol. 

; Oxidalio?i. —Mannose is oxidised by bromine 

; to mannonic acid, the lactone of which (C^Hn,©#) 

' crystallises in colourless needles, readily 
I soluble in water and less in alcohol; it is dextro- 
' rotatory in aqueous solutions, [a]D = 53'8°, and 
' forms a phenylhydrazide C,.H,„N.^O„, m.p. 2I4°- 
216'^. Its optical isomcridc, 2-mannonic acid, is 
obtained by the nitrile reaction from arabinose. 
Oxidised with nitric acid, maniio-sacchai’io acid 
is obtained (Easterfield, C. J. 1891,31^); Fischer, 
B. 24, 539). It crystallises in colourless needles, 
m.p. 180°-190°, anti [ajn - ‘201*8°. With ammonia 
ityietds a mouamide,andwithphonylhydrazinea 
mono- and di-phcnylhydrazidc. Kiliani’s meta- 
saccharic acid is its optical isomeride (f-manno- 
saccharic acid) (Fischer, l.c.). 

Action of acids. Hot hydrochloric acid baa 
little action on mannose, but if the heating be 
continued for some time, humus substances are 
formed. 

Action of alhalis. Alcoholic potash pre¬ 
cipitates a fioccuicnt hygroscopic substance 
I from solutious of the sugar. 

; Gompoimls. —Lead acetate and ammonia pro¬ 
duce a precipitate wliich becomes yellow on 
keeping. With phenylhydrazine it yields a 
sparingly soluble hydrazide, crys- 

tallisinginyellow slender prisms, m.p. 195°-200°, 
Ifflvorotatoryin dilute hydrochloric acid solution. 
By heating the hydrazide with excess of phenyl¬ 
hydrazine hydrochloride, sodium acetate, and 
water, it yields an osazone C,hH^N ,04 crystal¬ 
lising in yellow needles, which is identical with 
phenylgluSosazono. With di-phenyl-hydrazina 
it yields a di-phenyl hydrazide, m.p. 155°. With 
hydrocyanic acid it yields a compound which ii 
easily decomposed, yielding mannose-heptonio 
acid; its lactone crystallises in needles, 

m.p. 148°-150°;°by reduction with hydriodio acid 
normal hoptoio aoid is obtained. With hydro- 
xylamine mannose yields an oxim C„H,,0«N, 

I m.p. 184° (Reiss, l.c .; Fischer a. Hirsohberger, 
B. 22,1155). Aceto-chloro-mannose is obtained 
by the action of acetyl chloride (Fischer, l.c.). 

Fhiorose CyH,. 40 tt. This has been shown to 
bo identical with dextrose (Bennie, C. J, 867, 
636 ; Fischer, B. 21, 988). 

Crocose C(jH,.^Og. Kayser (B. 17, 2232) a. 
Bochledor a. Mayer {J. pr. 74, 1) obtain^ a 
dextrorotatory sugar by heating saffron (from 
Croctis electus or yellow shoots of Gardenia 
grandifiora) with dilute sulphurio acid. It forms 
rhombic crystals, which only reduce half as much 
copper oxide as dextrose. According to Fischer 
(B. 21, 988), it yields, with phenylhydraama, an 
osazone identical with phenyl glucosazone, 
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IiOktH* 0,H„0, ia obtained trom lobao or 
Oblness green by boiling with dilute sulphurio 
Mid, lokaonio acid yielding lokanio acid and 
lokaose O,jH„Oa,= 0 „H 3 ,O 2 , + OjH,jO,. Lokaose 
forms minute acicular crystals, and is distin¬ 
guished from dextrose by being optically in¬ 
active and haring a lower reducing pow^c 
(K=60) (K. Kayser, B. 18, 3417). 

labakose is said to exist in tobacco (A.tt- 
field, Fh. 641). 

Sigitalose G,H„0, is obtained, together with 
dextrin, by the action of strong hydrochlorio 
acid on digitalin; oxidised with bromine it 
yields digitalonic lactone hence the 

formula of the sugar (Kiliani, Ar. Ph. 230,260; 
B. 25,2116). 

Aromatie sugar. Phenyltetrose (Fischer a. 
Stewart, B. 25, 2555). Cinnamaldehyde cyan- 
hydrin, when dissolved in chloroform and 
bromine added, yields phenyl-dibromo-oxy- 
butyronitril CUPliBr.CIIBr.CH(OH)CN; this 
when heated with hydrochloric acid yields 
phenylbromodioxybutyrolactone 

CHPh^Q^Q'^CH.OH, from which the acid 

OHPh.CH&.CH(OH).COOH ia easily obtained; 
on reduction this yields phenyltetrose 
OH.CHPh.CH(OH).CH(OH).COH. It yields a 
phenylhydrazide, m.p. 164“. 

For Acrose, Fonnom, Olycerose, see SynthesU 
of the Sugars. 

Cmss II. The ‘ -on ’ sugars. 

(o) Dipentose. 

Aiabinon, diarabinose, or arabinbiose 
0,gH„0,. k product of the partial hydrolysis 
of a series of gum acids, k 25 p.c. solution of 
any of the strongly rotating gum acids is heated 
to boiling, and 2 g. sulphurio acid for every 
100 C.C. solution, previously diluted with 4 to 6 
volumes water, added. At the end of 10 to 16 
minutes’ digestion the solution is quickly 
cooled and alcohol, sp.gr. '830, added as 
long as a precipitate forms. The clear alcoholic 
solution oontains arabinon and arabinose, and 
some arabinon is taken down with the precipitate,' 
and on again dissolving it in a little water and 
reprecipitating with alcohol, the arabinon often 
appears on the surface of the syrup in sphero- 
crystals, and the alcoholic supernatant liquid 
contains it in quantity. It is easily soluble in 
water and methyl alcohol. Dilute ethyl alcohol 
also dissolves it, but absolute alcohol precipitates 
it as a syrup from a strong methyl alcohol solu¬ 
tion. Ether also precipitates it Its solutions 
are dextrorotatory, (o]o - + 202“ (c. 6-466), there 
appears to be an increase with the concentration; 
it reducesFehling’s solution; E,3 58(E = 57'6 if 
2 mols. sugar reduce 9 mots. CuO). Dx3'95. 
It tastes sweet, and is easily diffusible. Dilute 
acids hydrolyse it, the sole product being ara¬ 
binose, 

OjoHigO, + H„0 ,= 20,HmO, 

Arabiuon Arabinose 

(O’SuUivan, 0. J. 1890, 69). 

(i) Dihexoses. 

Cane sugar. Saccharon, sucrose CisH^^O,,. 

Occurrence. — Cane sugar is widely distri¬ 
buted throughout the vegetable kingdom, and is 
frequently accompanied by dextrose and Issvuiose. 
The most important sources are the sugar-cane 
{Saccharum offidnarum) ; the sugar-beet [Beta 


vulgaris)', the sugar-maple I Acer saoeharlnum) 
and Sorghum saccharatum (Girard, 0. B. 102, 
108; Oentrbl. /, Agric. Oh. 1886.688; Bertbelot, 
0. B. 68,583; A. Oh. [8] 66,289; Buignet, A Oh. 
[3] 61,233; Maxwell, L. 7. 86,16, Am. 12,265; 
Beports of the Department of Agriculture, \7ash. 
ington, No. 0; The Sugar I^ustry of the United 
States, by Wiley, 1885 ; The Literature of the 
Sugars, H. L. Both, London, 1890; Gossmann, 

A. 104,335; Hermbstadt, Gehlen’s J. f. Gh. Ph. 
Min., 8, 689 (1809) ; Boier, Jahresb. f. 
Zuckerfabr. 6,139; Balland, J. Fh. [4] 26, 97; 
Corenwinder, G. B. 83, 1238; A. v. Waehtel, 

B. 0. 1880, 844; Stone, B. 23, 1406; Wiley, 
G. N. 51, 88; Ann. Agronom. 11, 392; Schulze 
a. Seliwanoii, L. 7. 1887. 403; Washburn a. 
Tollens, B. 22, 1047; Stingl a. Morawski, M. 
7,176; 8, 82; D6on, Bl. [2] 32,125 ; Beali, O. 
17, 325; Schulze, L. 7. 1887, 403, 408 ; v. 
also the references under the heading Dextrose, 
Occurrence, and many others throughout the 
range of chemical literature). 

Formation.—leery (A. Gh. [4] 6, 350) and 
Jackson (C. It. 46, 55) found that in the early 
period of vegetation of many plants, invert sugar 
only occurs, and that cane sugar is formed later, 
Leplay (0. B. 46, 444) eonfirms this observation 
in the case of sugar-cane. Barley oontains from 
0'8 to 1'6 p.c. cane sugar, whereas germinated 
barley (malt) contains from 2-8 to 6-0 p.c. cane 
sugar; the starch of the endosperm being con¬ 
verted into cane sugar for the use of the growing 
plant (Kuhnemann, B. 8,202,387; Kjeld^l, i2(!s. 
du G. B. des Travaux du Lab. de Carlsberg, 
1881,189; O’Sullivan, G. J. 1886, 68). Brown 
a. Morris {G. J. 1890, 516) found that the cane 
sugar of germinated barley was chiefly localised 
in the embryo, whilst maltose appears in the 
endosperm; they consider that starch is first 
converted by diastase into maltose in the endo¬ 
sperm, and then, being transferred to the embryo, 
is converted into cano sugar for the purpose of 
growth. Colley a. Vakovitch {Bl. [2] 34, 326) 
may have obtained cane sugar by acting on 
barium Iravulosate with acetochlorhydrose, but 
the evidence is not satisfactory. Aubert a. 
Oiraud (D. -P. J. 257,298) state that by passing 
an electric current through acidified starch-paste 
at 100"C. cane sugar may be manufactured (?). 

Preparation.—{For the commercial prepara¬ 
tion of cane sugar see Thorpe’s DicriONAar 
OF Appued CnFuisTnx.) The best samples of 
commercial cane sugar consist of almost the 
pare sugar. Dry, clean, glassy sugar-candy is 
sufficiently pure for moat purposes. Absolutely 
pure saccharon may be obtained by careful 
crystallisation from warm aqueous solutions; or 
a cold, clear saturated solution made with care¬ 
fully-purified distilled water is mixed with an 
equal volume of purified ethyl alcohol, 8.G. 
-820, with continual stirring. On standing, 
saccharon crystallises out in pure glassy crystals. 

PrqperfMS.—Cane sugar forme fine large 
monoclinio hemihedral crystals, S.G. 1-68047 

(Schroder, B. 12, 662; Gerlaoh, D. P. X 172, 31 
and 286; Joule a. Playfair, G. J. 1, 130), which 
do not contain water of crystallisation. It is 
easily soluble in water; 100 parts of a solution 
saturated at 0“ contain 66-0 pts. saccharon, at 
20“ 67 pts., and at 40“ 76-8 pt«. (Scbeiblat, 
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2. 252). Alargd numW of figures have 

been given to represent the elation between the 
quantity of sugar in solution and the specific 
Gravity thereof (v. Lippmann’s Ztickeratien; 
Brown a. Heron, 0. /. 1879, 644; P6rier, C. B, 
108, 1202), and much apparent contradiction 
exists on the subject; but the bulk of this dis« 
appears when the processes by which the figures 
were obtained are inquired into. The general 
agreement is with the numbers of Balling, con* 
firmed, within the limits of error, by Scheibler 
a. Mategczek (Z. V. 15, 58G; 24, 827; 27, 32) 
and others. These are 


Per cent, saccharoa 

Sp. gr. soL 

17 * 8 ® 

In sol. 

17^5 

6 

1-01970 

10 

1-04014 

20 

1-08329 

40 

1-17913 


The relation is sometimes more convenient 
when expressed as weights in measure. If a 
vessel bo made to hold 100 g. H^O at 16’5°, 
and such is the 100 c.o. vessel most generally 
in use, then a solution containing 
20 g. saccharon in this 100 c.o.»sp. gr. 1*07686 
10 „ 1-03867 

6 » „ „ 1*01031 

1 .. 1*00380 

Hence, if the sp.gr. of a pure cane sugar is 
known the amount of sugar in the 100 c.o. can 
be arrived at broadly by dividing the S.Cl. —1*000 
by *00385. This number multiplied by 1000 has 
been called the D of the sugar. D = 3*85 for 
saccharon. The use of the number gives too 
low an indication for the higher specific gravities 
and too high a one for the lower ones, being 
almost accurate for solutions containing between 
10 and 20 g. sugar per 100 o.c. It is a useful, 
practical factor when its meaning and value 
are understood, being at most 3 per 1000 incor* 
rect. 

Concentrated sugar solutions possess a higher 
boiling-point than water, an 80 p.o. solution boils 
at 112°, a 90*8 p.o. solution at 130° (Gerlach, 
D. P. J, 172, 31 and 286). 

Solutions of pure cane sugar crystallise 
quickly, but if foreign matters are present the 
crystallisation is very much slower, and the 
forms of the crystals vary with the character of 
the imparity; some impurities entirely prevent 
crystallisation. These facts play a most im¬ 
portant part in the refinery (see art. in Dictio- 
jfABY OF Apflibo CHEMISTRY and V. Lippmann’a 
Zuckerarten, p. 115). Solutions of cane sugar 
are highly diactinio (Hartley, 0. 1887, 50). 

Cane sugar is soluble in methyl and ethyl 
alcohol, acetone, and glycerin in proportion to 
the amount of water they contain, being almost 
insoluble in them when they are anhydrous 
(Scheibler, Z. F. 22, 246; B, 5, 343). Solu- 
tions of cane sugar and the fused sugar are 
optically active, rotating the plane of polarisa¬ 
tion to the right; crystallised sugar is not 
optically active. The oldest value given for 
specific rotatory power is [a]j =3 + 73*8°« 
fajo- +86*6° (24:21*67: :78*8°:66*6°). 

This IS only an approximate average number, 
much of the same value as the D desoribed 
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above. It is the apparent ^oifio rotatoiy 
power, and may be called the working value. 
Tollens {B, 17, 1757), Schmitz (B. 10, 1419), 
Girard a. de Luynes (0. B. 80, 1355), and Calde* 
ron {C. jR. 83, 393), from numerous observations 
worked out an aosoluto value. Tollens gives 
[«]d = 66*386+0*016035P - 00003986P*, where 
P is the p.c. of sugar *, Schmitz’s numbers are 
[aln = 64*156 + 0*051596g - 0*000280520*, where 
g “ p.c. of water. The optical activity diminishes 
with the concentration of the solution, so that 
for a 100 p.o. solution (i.e. for the dry sugar, if 
the curve follows the same course as the obser¬ 
vations) the specitio rotatory power is [a]£,«64° 
approximately, while very weak solutions, as 1 p.o. 
for example, it is [o]d « 67° (Pibram, B. 20,1849; 
Nasini a. Villavccchia, Qaz, 22 , 1 , 97). The 
temperature of observation has but a very slight 
infiucnco on the optical activity (Dubrunfaut, 
A. Ch. [3] 18, 99 ; Andrews, M, 8. [4] 3,1366). 
The specific rotatory powers of solutions of the 
sugar in mixtures of water and ethyl alcohol, 
methyl alcohol, and acetone respectively are 
slightly greater than that of aqueous solutions; 
if the latter be taken at [aj 0 sC 6 *O^° they are 
respectively [ajn = 66*83°, 68*63°, and 67*40° (Tol¬ 
lens,B. 0. 1881,570). The optical activity of fused 
sugar is less than that of its solutions, and di- 
m iiiishesaccording to the length of time it has been 
kept fused. This is, no doubt, duo to the presence 
of decomposition products. The specific rotatory 
power of aqueous solutions is altered by the 
presence of most foreign substances; alkalis 
and alkaline earths diminish it (Thomson, B. 
14, 1649; V. Lippmann, Ztickerarten, p. 157; 
Farnstcincr, B. 23, 3570). Lead acetate does 
not appear to have any inilueuce, while ammonia 
increases the rotation (Ost, N.Zcifsch.f. Rubeng.^ 
Ind. 9, 42). The dispersion 0 ! cane-sugar sola* 
tions is almost the same as that of quartz, so 
that the rotation of the plane of polarisation 
caused by a sugar solution may be almost 
completely neutralised by a plate of left-handed 
quartz of the correct thickness. Grimbert 
(/, Ph, [5] 16, 295) gives [a]i> = 66*45° and 
[a]o» 52*85°, so that the dispersive power for 
these two wave-lengths is 1*257. The refractive 
index for sugar solutions has been determined 
for seven lines of the spectrum (Qbermeyer, 
Landolt-Bdrnstein, Phijsikalisch’Chcin, Tabellent 
Berlin, 1883, p. 218; Kanonnikoff, B. 10, 3047). 
Gladstone (C. J. 1891, 589) finds the molecular 
refraction of cane-sugar solutions to be 118*7 
for the A line, and the molecular dispersion be¬ 
tween A and H lines 4*73. 

Action of heat. Dry cane sugar melts at 
160°, and solidifies ou cooling, if care be taken 
and the temperature does not exceed 160°, to a 
colourless, glassy mass; but if the temperature 
be maintained the fused mass becomes slightly 
coloured, and on cooling yields the substance 
known as barley-sugar, this after a time becomes 
crystalline; but even with the greatest care il 
seems impossible to fuse the sugar without pro¬ 
ducing some decomposition. With the appearance 
of the colour dextrose and laevulosan are probably 
the chief products; but although much work has 
been done on the subject, the exact nature of 
the alteration is not settled. A little furfural is 
formed at times (G^lis, A, Ch, [ 8 ] 57,234; 0. B. 
Mi 331; Schiff, B. 20, 540). When the tempe* 
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ratura is raised to 200° distlnoi deoompodtlon 
sets in, caramel is formed, gases are evolved, and 
final!; a residue of charcoal remains. Among 
the gases are carbon dioxide, carbon monoxide, 
marsh gas, ethylene, acetylene; among the vola¬ 
tile products are water, acetone, formic, acetic, 
and propionic acids, aldehyde, furfural, acrolein, 
benzoic aldehyde, and a bitter substance assa- 
mur (VOlckel, A. 85,59; 86,63; 87,303; Fremy, 
A, 16, 278; Schift, B. 20, 640; A. 238, 380; 
Eelchenbach, .4. 49, 3). Caramel has the same 
composition as cane sugar, loss one or more 
molecules of water. It is soluble in water and 
partly soluble in alcohol, and probably consists 
of a mixture of several bodies. Baryta and basic 
lead acetate give precipitates with it. It com¬ 
bines with aniline, reduces some metallic salts, 
and yields an acid with chlorine. It is largely 
used as a colouring matter in cookery, browing, 
Ac. (GiUs, A. Ch. [3] 62, 386; 66, 190 a. 496; 
Graham, A. Ch. 65, 190; Pcligot, A. Oh. [2] 67, 
172; Volckel, A. 75, 59; 85. 74; Pohl, J. pr. 
82, 148; Sohiff, B. 4, 908; Waohtel, Org. d. 
C»ntr.-rer. 17, 930). 

It seem? proved that when dry sacoharon is 
heated at 100°, even for a long time, no change 
takes place, and, as has been said, the sugar can 
be heated to the melting-point, 160°, without pro¬ 
ducing any marked decomposition, but it w'ould 
appear that rapid heating to this temperature 
can produce a mixture of dextrose and lavulosan, 
without any change in weight. If, however, a 
mixture of 100 pts. of the sugar and about 5 
pts. water is heated at 160° for some time, a 
mixture is produced which contains little or no 
unaltered saccharon, but which consists, in part 
at least, of a sugar said to be optically inactive, 
and to be a compound of bi-rotating dextrose and 
Isevulose. Other bodies must also be present, 
probably dextrose and Isevulose. The compound 
sugar is, no doubt, present, but inasmuch as it 
has never been isolated it cannot be said with 
certainty that it is inactive (Morin, 0. li. 
86, 1033; Berzelius a. Mitscherlich, J. Ph. 3, 4, 
216). The so-called inactive sugar is easily con¬ 
verted by boiling with water into dextrose and 
Isevulose. Neutral aqueous solutions of saccha- 
ron are slowly inverted on boiling. They are, 
however, stable in the cold, if sterilised, and can 
be concentrated under diminished pressure 
at 60°-60° without undergoing much change 
(Kreuster, Z. V. 25,521; B6champ, A. Ch. [3] 54, 
28; Morin, C. B. 86,1,083 ; Horsin-Dton, Bl. [2] 
82,121; Gunning, Z. V. 27, 895).' By heating to 
160°-200° in a sealed tube, humus substances, 
formic acid, pyrocatcchin, and other bodies are 
formed (Law, Z. 1867, 610; Hoppe-Seyler, B. 
4,16). 

Actkm of acids. All dilate acids, even car¬ 
bonic acid, hydrolyse (invert) cane sugar, 
causing the assimilation of one molecule of 
water and the production of equal quantities of 
dextrose and Isevulose, 

SaoebaroQ Dextrose I^roloBe 

HjO = C.H, A + C,,H, A 
This mixture is called invert sugar. The ex¬ 
periments made on this phenomenon may be 
classified under two headings: (a) the action of 
different cusids acting under the same conditions 
on the sugar solutions; (5) the action of the 
$ame acids under varying conditions. 'With 


regard to those dotning tmder the first heafiln^, 
Ostwald’s experiments are the most complete 
a. pr. [2] 29 386 ; 30, 98 a. 226; 81, 807; Koral, 
J. pr. [2] 84, 109). He examined the action of 
thirty-two acids, and finds that there is a close 
relation between the constants of inversion and 
the affinities of the acids. See also Fleur; 
{D. P. J. 219, 438; J. Ph. [4] 22. 423). With 
regard to reactions coming under the second 
heading, it is found that inversion proceeds more 
rapidly in hot solutions than in cold ones 
(several formulte have boon given to express this 
relation, v. Arrhenius, Zeit. phys. Ch. 4, 226 ; 
Urech, B. 20,1836); that increase in the percen¬ 
tage of acid increases the rapidity of inversion; 
that, the percentage of acid to water being con¬ 
stant, increase of volume decreases the time; and 
that the percentage of acid to sugar being con¬ 
stant, increase of volume (dilution) increases the 
time (LSwonthal a. Lenssen, J.pr. 85,321 a. 401; 
Urech, B. 13,1696; IS, 2130; B. C. 1881,670; 
1883. 501). The presence of neutral salts some¬ 
times increases and sometimes diminishes the 
rapidity of inversion; for a detailed account see 
Spohr (J. pr. [2] 32, 32 and 33, 265). If the 
heating belong continued, or if too strong acids 
be used, most of the laivulose and part of the 
dextrose is destroyed, and humus substances, 
acetopropionic and formic acids are produced 
(Mulder, J. pr. 21, 219; Malaguti, A. 17, 52; 
Stein, A. 30. 82; Conrad, B. 11, 2178; Tollens, 
B. 14, 1951; Sestini, L. V. 26, 285; 27, 163; 
Conrad a. Guthzeit, B. 18, 439; 19, 2569 a. 
2814 ; Tollens a. Grote, A. 175, 181, 206, 237 
a. 233. The inversion of cane sugar cannot be 
carried out by heating with acids without de¬ 
stroying some Isevulose (j.».), unless the tempe¬ 
rature and quantity of acid be kept within well- 
defined limits (Jungfleisch a. Grimbert, 0. B. 
108, 144; Wohl, B. 23, 2084). Nicol {Fr. 14, 
180) and Clerget {A. Ch. [3] 20, 176) give in¬ 
structions for the preparation of pure invert sugar. 
According to the latter, 5 o.c. of strong hydro¬ 
chloric acid is added to 50 c.c. sugar solution, 
containing 8‘175 g. sacoharon, and heated 
for ten minutes at 68°. Under these conditions 
the sugar is completely inverted, and the pro¬ 
ducts are unacted upon. They are identical in 
optical activity and cupric reducing power with 
the sugar obtained by the action of invertase 
(see Action of ferments) under the most favour¬ 
able conditions. There is no doubt that invert 
sugar is a mixture of Isavulose and dextrose in 
equal quantities (Jungfleisch a. Grimbert, C. B. 
108, 144; 107, 390), as its properties agree in 
every particular with that of a mixture of these 
two sugars in moleeular proportions. Concen¬ 
trated sulphuric acid dissolves cane sugar at the 
freezing temperature, without the production of 
colour, but slight heating causes it to swell up 
to a black, frothy mass; a blue fluorescent body 
is formed (Simmler, 0. C. 1862, 378), Other 
acids act in a similar way (Gmelin-Kraut, Band 
buck d. Ch .; van Kerokhofl, <1. pr. 69, 48). 

Action of alkalis. Dilate alkalis do not aoi 
on cane sugar in the cold, and but slowly on 
heating (MiohaeUs, /. pr. 66, 430). By heating 
with potassium hydroxide and but little water, 
decomposition takes place, carbon dioxide, acet¬ 
one, and formic, acetic, propionic, and oxalio 
acids are formed (Gottlieb, A, 63,133). Fotaoh 
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tt Wjrto nneler oerisin eondiiiona Tield a large 
quantity ol laotio acid (Sohiitzenberger, Bl. [3] 
36, 289). Milk ol lime and etrontia Sso deoom- 
poaa oane sugar by prolonged heating (Fremy, 
A. 16, 278; Benedict, A. 162, 303; Niedsehlag, 
Deutscht Zuckerind. 1887. 169; ^ner, B. 16 
1728). 

Oxidation. Cane sugar is easily oxidised 
by almost all the common oxidising agents. Free 
oxy^n does not act on it, but in the presence of 
platinum black it does; ozone also oxidises 
it (Gorup-Besanez, A. 110, 103). Chlorine or 
bromine yields gluconic acid, glucose, and other 
substances (Keiohardt, B. 0. 1880, 669 ; Gries- 
hammer. A. Ph. [3] 16,193); the same reaction 
takes place in the presence of lead or silver 
oxide (Hlaaiwetz a. Habormann, A. 165, 123; 
Herzfpld, A. 220, 363). Iodine and potassium 
carbonate yield a little iodoform (Millon, 0. B. 
21,828). Themore powerful oxidising reagents — 
such as strong chromic acid, chlorate of potash, 
strong sulphuric acid, c&o.—act so violently as to 
cause explosions. Strong nitrio acid acts very 
energetically; dilute nitrio acid yields saccharic 
and oxalic acids; anhydrous nitric acid, or a 
mixture of strong nitrio andsulphurio acids,yields 
a nitrate (Sobero, 0. B. 24, 217; Sohbnbein, P. 
70,104; Carey-Lea, Bl. [2] 10, 416; Tollens, B. 
16, 1828; Salkowski, B. 16,1738; Heintz, .4.51, 
185; P, 61, 315 ; Keinsoh, Jahrb.f. Pharm. 18, 
337; Homemann, J.pr. 89,304; ToUens, Chem. 
Zeit. 11,1178). Fehling’s solution is not reduced 
by cane-sugar solution, neither are alkaline solu¬ 
tions ol other oxides, except ammoniacal silver 
solutions, which are reduced slowly in the cold 
and quicker on warming; but many neutral or 
acid metallic solutions are reduced (Tollens, 
Z. r. 82, 712; 3. 15, 1828 ; Salkowski, B. 
16, 1738). Dilute chromic acid oxidises oane 
sugar to oxalic, formic, and carbonic acids; 
potassium permanganate yields carbonic acid 
and water; by careful oxidation in the cold, 
oxalic and formic acids are also produced (Hoycr, 
Ar. Ph. [3] 20, 336 a. 430; Brunner, B. 12, 649). 
Maumend (Bl. [2] 22, 2; 30, 99) says that 
three acids, di-, tri-, and hexa-pinio acids C^H^O,, 
0,H,0„ and C,H, 20 „ are formed under certain 
conditions. 

Action of ferments. Cone sugar is not 
directly fermentable by organised feiinents, with 
the exception of Manila Candida; it requires 
first to be hydrolysed (inverted), and for this 
purpose every organism which has the power of 
assimilating cane sugar produces an organised 
ferment or enzyme called invertase, which first 
inverts it (Bernard,iefOfts dePhysiologieExpir., 
Paris, 1866; Hansen, Meddelelser. 1888, 2,143; 
Brown, 0. J. 1886. 173). The action of in- 
vertase was first studied by Kjeldahl (Medde- 
lelser, 1881, 8,186); O’Sullivan and Tompson 
(0. J. 1890,834) have exhaustively investigated 
the subject. They find the change follows the 
same time curve as a catalytic reaction; the 
time necessary to perform a given percentage of 
hydrolysis varies directly with the amount of 
invertue; the most favourable concentration of 
the sugar solution is 20-26 p.c., and the most 
favourable temperature 65°. Hydrolysis pro¬ 
ceeds slowly at the freezing-point; it ceases at 
abont t aliulis immediately stop the reac¬ 
tion, whereas very ininnte quantities of acid 


md it. Invertase is uninjured by the reaction, and 
is capable of inverting about twenty-two times its 
weight of oane sugar per minute for an unlimited 
period- The dextrose formed is in the bi-rota¬ 
tory state ; on standing, the invert'sugar has the 
same optical activity as that obtained by the 
Careful action of dilute acids. See also Barth 
(B. 11, 474), Mayer (B. C. 1881,784; 1882,860), 
Muller [Ann. Agronom. 12,*481),Tamman (Zeit% 
phys. Ch. 3, 25). Invertase acts at a tempera¬ 
ture higher than is sulficient to kill the yeast 
whence it is derived. For production of alcohol, 
acids, i&c., under the iniluence of organised fer¬ 
ments, see Feumentation, 

Compounds with acids. Kitrosaccharon 
Ci 2 H„(N 0 .,), 0 „ is prepared by treating the 
powdered sugar with a mixture of strong H,SO, 
and fuming HNO, in the cold (Sohfinbein, P, 
70,167; Sobero, G. B. 24, 247). It is a white 
doughy mass, insoluble in water, soluble in alco¬ 
hol and ether. Boiling water decomposes it; 
u.p. 20°. It is explosive. 

With arsenious acid a compound 
C„H.,,,0|,.Aa,Oj is said to bo produced. The 
composition is improbahle. • 

By the action of acetic anhydride and glacial 
acetic acid, or acetic anhydride and sodium 
acetate, a series of acetates have been obtained. 
In these the group CjH,0 takes the place of H. 
Wo have the monoacetate C|.;H.,|(0jH,0)0|, 
(Sehiitzenberger a. Naudin, Bl. 12, 206); the 
tetraoetate C, 2 H„(C,H, 0 ), 0 „; the hexacetate 
(Herzfeld, N. Z. 3, 165); the hoptacetate 
(Schutzenberger, Bl. 12, 204; G. B. 01, 486); 
and the octacetate (Herzfeld, B. 13,267; Ddmole, 
G. B. 89, 481), all more or less resinous sub¬ 
stances. diminishing in solubility in water in 
proportion to the number of acetyl groups they 
contain, and increasing in solubility in alcohol 
and ether with the same change in composition. 
The octacetate is said to crystallise in needles, 
m.p. 67°. They are all decomposed by the action 
of acids and alkalis into acetic acid and the 
products of the inversion of saccharon. It is 
probable that by careful treatment with alkalis 
in equivalent quantities (sulficient to neutralise 
the acetic acid formed) saccharon is again pro¬ 
duced. Benzoyl chloride yields with saccharon 
a hexnbenzoate C,jH,„(C,HjO),0,|, m.p. 109° 
(Baumann, B. 19, 3220; Skraup, M. 10, 889). 

Compounds with bases. By mixing sodium 
ethylate with a solution of cane sugar and pre¬ 
cipitating with alcohol, a compound 0,jH,|NaO„ 
is obtained (Pleitler a. Tollens, A. 211, 286). 
A similar potassium compound has been pre¬ 
pared (Soubeyran, A. 43, 223 ; Brcndeche, An, 
Ph. [2] 29, 73). Cane sugar combines with 
many bases, forming soccharates which are de¬ 
composed into the sugar and carbonate by car¬ 
bon dioxide, and are but slightly soluble in 
water. The most important of these are barium 
saccharate G,,H,,0„ JsaO, strontium saccharate 
C|jHaO|,.SrO, and 0„Hj,0„.2Sr0, the former 
produced by mixing solutions of its consti¬ 
tuents ; it crystallises with 6H.G, the latter 
obtained by bringing together its constituenia 
in bailing solution. Calcium saccharates:. 
0,jH,jO„.8CaO 3aq is but slightly soluble in 
water; 0 , 2 H 220 „. 2 Ca 0 2aq and 0,,HaO,,OaO 
are soluble in water and decompoB^ partly by 
boiling mto the tn-saocharate and tna logar. 



56d 




<^AaO|i.OaO-f3H20, OjjH^Oji.aCaO, and 
(0j,1^0„)g80a0 nave also been described. 
Le^ acetate alone does not precipitate cane 
BQgar; lead acetate and ammonia yield 
0,jH„Pb,0„ and CjjHjgPb.O,,; iron and copper 
yield saccharates; it is doubtfal if magnesia 
forms one (Soubeyrant A. 43, 223; Stromeyer, 
Ar. Ph. [3] 25, 229; Brendcche, Ar. Ph, [2J 29, 
73; P^ligot,/. pr. 13,379; 15. 76; A. [3] 64, 
877; Landolt a. Dcgener, Z. Y. 32,325; Scheibler, 

B, 15,2945; 16, 985; v. Lippmann, Organ d, 
Centr. Ver. 18, 37; B. 16, 2764; Benedict, B. 
6,418; Harperatb, Clwn. Zeit. 1886.323; Boivin 
a. Loiseau, 0. R. 58, 60; also old editions of 
Watts’ Diet.). Ammonia gas at 150'^ forms 
brown amorpnous bodies; solutions o! ammonia 
yield similar bodies (Th6nard, 0. B. 62, 444; 
Payen a. Schiilzenberger, Jahresher. f, Zucluir- 
fabr. 1861-62, p. 191,192; Laborde. /. 1874,883). 

Compounds with metallic salts. Several 
compounds of saccharon with sodium chloride, 
bromide, and iodide have been prepared 
(P6ligot, A. 30, 71; Maumcn6, Bl. 15, 1 ; 
Gill, 0. J. 1871, 209). Such compounds are 

C, jHoO„.NaC1.2H..O; 2C,..H^.0„.3NaC1.4H,.0; 
C,A30„.Na‘Br.lJH*0;aud26,oH^0„.3NaI.3H,0; 
the latter is avery stable and detinito compound, 
end is, like the others, easily prepared by boil¬ 
ing a mixture of the sodium salt and saccharon 
in equivalent quantities, and allowing the solution 
to stand in a quiet place over sulphuric acid. 
These bodies form distinct and dohnite crystals, 
bfo definite compounds of the halogen salts of 
potassium and ammonium with saccharon have 
been described, but there can bo little doubt, 
from the work of Gill, that such are obtainable. 
Lithium salts seem to give lithium compounds. 
Ck^mpounds of saccharon with sodium-acetate, 
nitrate, iodate, and phosphate aro not obtain¬ 
able (Gill, I.C.). A double salt of copper sul¬ 
phate and saccharon, C,.H 2 .. 0 ,,.CuS 0 ^. 2 aq 
crystallises from a saturated solution of the 
constituents (Barreswil^^ J. Ph. [3J 7, 29). 
The sodium raei*cury chloride compound 
2 C,,H 2 jO„.NaCl.IIgCl 2 crystallises in minute 
crystals on the slow evaporation of a solu¬ 
tion of its constituents in weak alcohol 
(Boullay, Bl. 12, 292). A borax compound 
8 C, 3 H 2 x 0 ,,.Ka 2 B 407 . 4 H.p has also been described 
(Stttrenberg, Ar.Ph. 18, 279). Many other com¬ 
pounds have been described, but they present 
no material interest. 

Saccharon, like many other organic sub¬ 
stances, prevents the precipita^jion of many 
metals from their solutions by ammonium, 
sodium, and potassium hydroxide; in somecascs 
the prevention is complete, in others only a 
portion of the metal is retained in solution (Lus- 
saigne, C. R. 14, 691; Groth, J. pr. [1] 92, 175; 

w:Bellet-r.i?Vi6r.‘ 18,22). 

T, .the assihfilahon nsi^accharon yields only 
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cows, 6 p.o. of asses* milk, and a sllglitly greatet 
proportion of mare’s milk ^leisohmann, has 
Molk&rsiwusnt Braunschweig, 1875; Efihne, 
Leh/rh. d. physiol. Oh. p. 573). 

Preparafion.—Skim milk, or, better, milk from 
which the fat has been separated by mechanical 
means, is coagulated with rennet and the whey 
digested for some time with calcium carbonate 
(chalk) and aluminium hydroxide. The insoluble 
matter is then filtered out and the filtrate con¬ 
centrated in a vacuum to a syrup; this, on 
standing, yields crystals of lactose. During con¬ 
centration some matter becomes insoluble; this 
should be filtered out before final concentration. 
The crystals are purified by repeated re-crystalli¬ 
sation from solutions concentrated at the tempe¬ 
rature of boiling water; on cooling 
crystallises. This is lactose a. If the saturated 
solution is evaporated rapidly on the wator*-bath 
with continual stirring, small crystals of CiaHa-O,, 
are obtained; lactose y. These are not hygro¬ 
scopic. If the a modification is dried at 130^ 
a hygroscopic mass is left, which is known as 
the & modification. There are said to be other 
modifications, but in solution after boiling they 
all have the same optical activity and are iden¬ 
tical (Enling a. lliif, B. 0. 1882, 340; OenibU 
/. Ag. CK 1885, 130; J. Kunz, Ph. [3] 15,443). 

Properties .—Ordinary lactose forms large, 
rhombic, hemihedral crystals, having a sp.gr. 
1‘53-1*54 (Schroder, B. 12, 562) and containing 
1 mol. H-P, which is lost by drying at 130®. It 
is soluble in six parts of cold water and in two 
and a-half or less of boiling water, from which 
on cooling it slowly crystallises. Its solutions 
rotate the plane of polarisation to the right, 
and its specific rotatory power for the D line is 
[a]D = 52-53® + (20 - i) X 0-055 (Schmogcr, B. 13, 
1927; Hesse, A. 176,98; Erdmann, J. 1865, 
661; Denig«is a, Bounans, J. Ph. [5] 17,363 a. 411). 
The variation with the concentration is very 
little, and, as is obvious from the above formula, 
the effect of temperature is slight. These 
numbers for the are calculated for the crys¬ 
tals Ci^H^aOii.H^O. For the dry sugar 
I have found [a]i>^55-5® with a Jollet-Cornu 
instrument (Schmidt a. Hans, 0/^.), sodium fiame, 
and absolutely the same number [a]j=»61-6® with 
a Soleil-Schoibler, taking 100 diva. = 38-4®, 

(24:21-67:: 61-6®:65-6°). 65-6®-5'25 p.o.« 62-69: 
my observations were made at 15-5®, Sohmdger’a 
at 20®. Freshly-prepared solutions of crystallised 
lactose exhibit the phenomenon of bi-rotation, the 
angle immediately after solution being in the pro¬ 
portion of 8:5 to the constant value (Urocb,B.16, 
2270; Dubrmifaut, 0. R. 42,228; Schmogcr, l.c.\ 
Parcus a. ToUens, A. 257, 160).. The rotatory 
power does not vary with the concentration. The 
dispersive power—that is, the ratio between the 
specific rotatory powers for the C and D lines—is 
1:1-259 (Wo =41-58)(Grimbcrt, J.Ph.[5] 16,295 
a. 345). The modification y when freshly dissolved 
in water exhibits the phenomenon of semi-rota¬ 
tion—that is, the specific rotatory power is only 
about I of the normal, to which it attains on 
standing a few hoars (£. 0. Erdmann, 
Fortschritte der Phyaikf 1855,18; B. 18, 3180; 
Schmdger, B. 13,1915). The modification 0 on 
solution has immediately the normal optical 
activity; the presence of alkali ijows Iht 
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totWiiy (SchmSgw, U. t tJreoh, B. 17, IMS). 
RohmSger give the speoifio gravity ot solutions, 
containing given percentages of the crystals 
from which by calculation we get D = 8-956 for a 
solution containing 2-6 g. dry sugar in 
100 0.0. at 20“, 3-921 for a 10 g. solution 
and S-913 for a 15 g. one. My observations are, 
temperature 15-5°:— 

1 gram in 100 o.o. sp.gr. 1-0040; D = 4-00 

6grams,, ,, •• 1-0199; D = 3-98 

10 „ „ .. 1-0397 :D = 3-97 

20 „ „ 1-0785; D = 3-93 


D = 3*90 for solution below 10 g. per 100 c.c. at 
l5-6°. The K = 7‘J*2 for dry sugar, i.e. 0’57‘23 
anhydrous lactose reduce 1 g. CuO from Fehling’s 
solution (Jones, Analyst, 1880, 81). According 
to Soxhlct 0*5 g. sugar = 74 c.c. Fehling’s solu¬ 
tion, hence K »■ 74; in this case 1 g. CuO = *0127 
lactose; by weighing the precipitated CuO as 
Cu by Allihn’s method, 1 g. sugar =1*736 CuO, 
or 1 g. CuO = 0*5760 g. sugar, K = 78*8, agreeing 
with the number given by Jones. According to 
lloderwald a. Tollens {B. 11, 2076) tlie working 
number 1 g. CuO * *5795 g. anhydrous sugar. I 
am inclined, when the conditions hereafter to be ! 
described are followed, to place the K at 78*9, 
t.e. 1 g. CuO = 0*6758 g. sugar. In this case 7*5 
mols, CuO are reduced by 1 mol. sugar. 

Actio 7 i of heat. Ilydrous crystallised lactose 
(a) remains constant at 100°; above this water is 
slowly given oil, and at 130° the dehydration is 
complete without decomposition if the water 
is eliminated slowly. Anhydrous lactose com¬ 
mences to colour at 170°-1BO'’, loses water, 
and forms tho so-called lactocaramol CJIioOs, 
which is easily soluble in water but insoluble in 
alcohol, and yields compounds with lead and 
copper oxide. Lactose melts at 203*5° to a brown 
liquid, and by further heating it is decomposed 
with separation of carbon (Lichen, J. pr. 68, 
409). Heated in a scaled tube with water to 
90°-100° it is coloured, and more so at 180°- 
200°, when a glucose is produced which may be 
precipitated by alcohol, and, by further heating, 
carbonic acid, a little pyrocatechin, and other 
bodies are formed (Vohl, ,4.105,334; Hoppe- 
Seyler, B. 4,16; Munk, IT. 1, 357). 

Action of acids. By heating with dilute 
acids lactose is hydrolysed (inverted), yielding 
galactose and dextrose 

+ H,0 « C,H, A+A 

Ijjictose Bc-Ktrose Galactose 

one molecule of water being taken up. The re¬ 
action takes some hours to complete; during 
the hydrolysis tho reducing power and optical 
activity increase (Pasteur, C. B. 42, 228; Fuda- 
kowski, B.S, 559; 9, 42; 278 and 1602; 11,1069; 
Bourquelot, N. Ztschr. f. Buhenz-ind. 16, 71; 
Kent a. Tollens, A. 227,221; Bindell, N. Ztschr, 
f. Bubem4nd. 4, 163). The chief products of 
the reaction are as stated, but the^ conditions 
have not yet been described by which the op¬ 
tical activity and K of the resulting substances 
will exactly correspond with those of a mixture 
of equal parts of galactose and dextrose. Other 
bodies are undoubtedly produced. By the con¬ 
tinued action of acids for several days, aceto-pro- 
.pionio and formic acids are produced (Tollens 
JL Boderwald, A. 206, 231; Conrad a. Guthzeit, 


B. 19, 2575). Concentrated sulphuric acid does 
not blacken lactose in the cold. 

Compounds with acids. A mixture of sul¬ 
phuric and nitric acids give lactose pentanitrate 

C, 2 H„(NOj) 50 ,„ insoluble in water but soluble in 
alcohol and ether, m.p. 139*2° and exploding 
,when struck by a hammer on an anvil; lactose 
tri-nitrate 0 ,^ 18 (^ 02 ) 30 ,,, very slightly soluble 
in water, but easily in alcohol and ether, m.p. 
37°; and lactose tetranitrato Gi 2 H, 9 (N 02 ) 30 ||« 
m.p. 80°-81° (G6, J. B. 1882, 253 ; B. 16,2238). 
With chloroaulphonic acid lactose yields dextrose- 
tetra-sulphonic acid chloride (Glaesson, J.pr. [2] 

20,1 and 18). Organic acids act very slowly on 
lactose, but by prolonged action they yield ethers 
of lactose or of dextrose and galactose (Berthelot, 
Chivi. org. 2, 279, 295). A series of acetateS; 
beginning with tho mono- body and ending with the 
octo-onc,liave been described. C,.H,,( 02 H 30 )s 0 „ 
is obtained by boiling lactose with an excess of 
acetic anhydride or by heating a mixture in the 
^proper proportions of the sugar, acetic anhydride, 
and fused sodium acetate at 100° (Herzfeld, B. 
13,265). This body is insoluble in water and in 
ether, soluble in benzene, acetic acid, and in al¬ 
cohol. It crystallises from a mixihre of alcohol 
and acetic ether. [«]»— +31° in alcoholic solu¬ 
tion. The mono- and di- acetate are obtained 
by incompletely decomposing tho octo-acetate by 
alkalis pdinole, C. R. 89, 481). Tetracetate is 
formed at the same time as the octo- acetate, 
when lactose is boiled with acetic anhydride 
(SchUtzenberger a. Naudin, Bl. 12, 208). It is 
easily soluble in water, [a]» =» + 50°. Heiacetate 
C, 2 H, 6 ( 0 .,n:. 0 )rtO,, crystallises from a mixture of 
alcohol an<i acetic ether in white needles, m.p. 
86° (Herzfeld, N. Z. R. 3, 156). It is doubtful 
whether or not lactose is reproduced when these 
bodies arc saponified by treatment with alkalis. 
There seems to be no reason why it should not • 
be so, if the alkali is carefully employed. 

Action of alkalis. Hot alkalis colour solu¬ 
tions of lactose yellow to brown, and form lactic 
acid, pyrocatechin, and other products (Hoppe- 
Seyler, B. 4, 347; Nencki a. Sieber, J. pr. [2] 
34, 503; Urcch, B. 17,1543). Fused with KHO 
it yields carbonic, oxalic, and a little succinic 
acids (Hlasiwetz a. Barth, A. 138, 76). 

Compounds with alkalis. Lactoseates are 
formed by the action of potash or soda on lactose 
in alcoholic solutions, or by adding alcohol to the 
mixed aqueous solutions. They are amorphous, 
easiiydeoomposed precipitates having a composi¬ 
tion expressed by the formulas C, 2 H 2 ,NaO|| and 
C,..H.>,KO„ (Frcmy, A. 15, 278; Houig a. Rosen- 
feld, B. 12, 45). Calcium, barium, and lead 
lactoseates are obtained by dissolving the base 
in lactose solution and precipitating with alcohoh 
Tho long-continued action of lime produces iso¬ 
saccharin and metasacoharin (Cuisinior, M. 5. 

13] 12, 520; Kiliani, B. 16, 2625). By heating 
with ammonia, brown, amorphous, nitrogenous 
products are obtained (Tii6nard, C. B. 52, 444). 
Aniline yields two crystalline compounds, 
C 2 A 0 NO 2 , and OaAiNaOjo, which r^uoe 
Fehling’s solution (Sachsse, B. 4, 835; Xr* F* 16, 
441). 

Oxidation.-~Oxjeen and ozone have no ac¬ 
tion on lactose in the cold; hot solutions are 
oxidised by oxygen in the presence 0 ! platinum 
black (Gorup-Besanez, A. 110, 86 a. 103; Beiset 
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a. Mfllon, i. Ch. [81 6, 23$). Alkaline permon* 
ganate aolutions oxidise lactose easil; (Idnben- 
neiiner, A. 164, 268). Chromic acid nelds alde¬ 
hyde (Oackelberger, A. 64, 98). Nitric acid 
first inverts lactose and then yields mncic and 
saccharic acids; from 86 to 40 p.c. of mucio 
acid is produced; by long-continued heating tar¬ 
taric and oxalic acids, &c., are obtained (Liebig, 
A. 113,1; Cubrunfaut, 0. B. 42, 228; Kent a. 
Tollens, A. 227, 227). Alkaline solutions of 
eopper oxide are reduced by lactose, and from 
amongst the products of the reaction Badecker 
a. Struckmann {A. 100, .264) isolated gallactinio 
acid 0„H„0,; peotolaotinio acid 0 ,aH„ 0 | 2 , 
lactic and glyoollio acids ore also produced 
(Habermann a. H 6 njg, B. 17, 351). Silver oxide 
oxidises lactose solutions with production of 
oxalic, glycollio, and lactonic (gaiactonio) acids 
(Kiliani, B. 18,2307). Chlorine or bromine in 
the presence of silver oxide yield lactonic 
(gaiactonio) acid CgHi^O, (Barth a. Hlasiwetz, 
A. 119, 281; 122, 96). By very careful oxida¬ 
tion with bromine water Fischer a. Meyer (B. 22, 
861) have obtained lactobionio acid 0 |.;H-jO„; 
it is a colourless, strongly acid syrup, easily 
soluble in water, but only sparingly in alcohol. 
It does not rpdnce Fehling’s solution; it decom¬ 
poses metallic carbonates, forming salts. The 
calcium ( 0 |jH.,| 0 ,J.iCa, barium ( 0 |jH.j, 0 |.i).^a, 
lead (C,^.j, 6 , 2 )Fb, and other salts may be pre¬ 
pared in this way; they are insoluble in alcohol, 
but soluble in water. When heated with dilute 
mineral acids, lactobionio acid is decomposed 
into galactose and gluconic acid. With iodine 
and sodium bicarbonate lactose yields a little 
iodoform (Millon, G. B. 21, 828). 

Fermentation. —There is no known enzyme 
capable of inverting lactose; it does not ferment 
with yeast (Berthelot, A. Ch. [3] 50, 332 a. 362 ; 
Fitz, B. 11, 42). It easily undergoes lactic acid 
fermentation, especially in milk (Fitz, 2.c.; 
Bichet, 0. B. 86 , 550; &chmidt-Miilheim, B. 15, 
2631). It undergoes alcoholic fermentation in 
kumys or kefir fermentation (Struve, B. 17, 314; 
Vieth, A. 12, 2), and also under the agency of 
certain bacteria (Botondi a. Zechini, see v. Lipp- 
mann, Deutsche Zuckerind. 1887,1091). 

Phenylhydrazine yields lactose phenylhydra- 
lide C,'a&^ 0 „N„ soluble in water and alcohol, 
insoluble in ether and lievorotatory, and lac¬ 
tose osazone crystallising in yellow 

needles; solnble to some extent in hot water, 
and m.p. 200“ (Fischer, B. 17, 683 ; 20, 830; 
20, 2566). By the action of hydrAbhlorio acid 
it yields lactose osone (Fischer, B. 21,2631). 

Kaltoae. Maltobiose, Amylon, O^JlaO,,; 
0 „H 2 , 0 „.H, 0 . De SausBure (Bibl. Britannigue, 
66 , 1814, 333; P. 1819, 29, 68 ) may have ob- 
ta^ed this sugar when studying the products of 
the spontaneous decomposition of starch-paste 
when exposed to the air at 20°-25°. Ga5rin- 
Varry {A. Ch. 60,32; 61,66) described accurately 
how the body could be prepared in the crystal¬ 
lised state And some of its properties, but failed 
to recognise it as a distinct substance; Jacqne- 
lain {A. Ch. 68 , 167) added nothing to Varry’s 
work; Dubrunfaut (A. Ok. [3] 21, 78) prepared 
the body according to Varry’s method, observed 
that it was less soluble in alcohol than dextrose, 
and had an optical activity three times as great, 
MWi » 68x3 = 174, a figure so high as to leaid 


one to believe that he ba$ not a pure body fd 
Ms hands. He recognised it as a distinct body, 
and called it maltose ; he, however, looked upon 
it as a glucose, triglucose ; O'Sullivan (0. J. 
1872,676; 1876, 478) showed that it was not an 
‘ ose ’ but an ‘ on ' sugar, and from this and a 
fuller description of its characters gave it a place 
among chemical entities. 

Occurrence. —It is present in some commer¬ 
cial glucoses and in beer (Valentin, J. S. A. 24, 
404); probably in bread; in ami, a rice-extract 
prepared in Japan (Yoshida, C. N. 43, 29), and 
in germinated cereals to the extent of 1 to 2 p.c. 
(O’Sullivan, G. J. 49, 58). After feeding with 
amylaceous substances it is found in the intes¬ 
tinal canal, but the blood of the mesenteries 
contains only dextrose. If injected into a vein 
it is found in the urine; if injected subcuta¬ 
neously, it is partially converted into dextrose 
(Phillips, B. C. 1882, 127). Some of the re¬ 
ducing sugars of blood may bo maltose. 

Fomuition.—Diastase converts starch and 
the dextrins into maltose (O'Sullivan, l.c.). The 
ferment of saliva, ptyalin, of the pancreas, and 
of the liver, act in the same way (Nasse, J. Th. 
1877, 62; Musculnsa. v. Mering, if. 2, 403). The 
same ferments act on glycogen, maltose being 
amongst the products; dextrose is present when 
saliva is employed (Kiitz, Pf. 24, 8). Ail mineral 
acids and many organic acids act on starch and 
glycogen ; maltose is amongst the products. 

Preparation. —100 g. purified starch are 
mixed as completely as possible with 300 c.o. 
water at 40“, and then poured with continuous 
stirring into 2 litres of boiling water. The paste 
is cooled to 60“ and the extract from 20 g. 
pale malt added to it; the mixture is kept at 
60“-63“ for four or five hours, and the solution 
may be allowed to cool and stand for a few days. 
At the end of that time it is evaporated, best 
in a vacuum, to 200 c.c., and then boiled with 
2 litres alcohol, sp.gr. '820. On cooling and 
standing, the clear liquid is decanted off the un¬ 
dissolved syrup and put aside in a corked flask; 
at the end of six days the sides of the flask will 
be found to be covered with a crystalline crust 
of maltose. Or the undissolved syrup may be 
treated with strong alcohol as long as any matter 
is taken up, the whole of the clear alcoholic 
solutions aro mixed, the alcohol distilled of! and 
the residue concentrated to a syrup; this on 
standing in a cool place becomes filled with 
crystals of maltose, especially if a few crystals 
from a previous preparation be stirred in. 'These 
may be washed with dry methyl alcohol; if this 
is used hot, a portion of the crystals dissolves 
and the solution soon yields much sugar. The 
crystallisation is hastened by adding half a 
volume of ethyl alcohol (*810 sp.gr.) or a little 
ether with some crystals of a previous prepara¬ 
tion (O’Sullivan, I.c.; Schulze, B. 7, 1047; 
Soxhlet, /. pr. [2] 21,277; Herzfeld, A. Ch. 220, 
209; Cuisinier, J. 1884,1803). The body may 
be purified by reciystallisatioD from methyl 
alcohol or water. 

Propo-fies.—Maltose cnstallises out of water 
in plates which contain O^HaOn.HjO; out of 
alcohol (sp. gr. -810) it crystallises in crusts and 
at times in cauIiflower-Uke or warty aggrega¬ 
tions which contain The i^drout 

body easily parts with its water at 10<)“ in • 
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OOfreai of dry air. The anhydronfl body is bai 
slightly soluble in strong ethyl alcohol; it is 
more soluble in methyl alcohol. The hydrous 
body dissolves more freely in both solvents. 
Both bodies are very soluble in water* but less 
so than dextrose. The solution is optically 
active, and the activity for a solution containing 
10 g. in 100 c.c. is 15®-20° less when freshly 
prepared than after standing. The activity be< 
comes constant in ten to twelve hours in the cold 
or immediately on boiling (Meissel. /. vr, [2] 
26,120). 

The speciHc rotatory power for dry maltose 
is [a],»164M65®, [a]» = 13l)®-140'" at 16*6® in 
solutions containing 10 g. per 100 o.o. and 
under (O’Sullivan, C. J- 36, 771; 46, 6); 
Meissel (/. pr. [2] 25, 114) gives the formula 
[o]d* 140*736-'01837 P-'095 T to represent 
the speciHo rotatory power of dry maltose at 0*^, 
in which F ai percentage of maltose in solution 
and T the temperature of observation. On cal* 
oulating the value of the sugar in a 10-g. solu* 
tion at 15'6®from this formula we get [a]©** 
138*9 (v. also Soxhlet, f.c., and Herzfeld, A. 220, 
206). The dispersive power, i^. the ratio of 
[«]d : Wo. is 1*262 (Orimbert, Ph. [6] 16,295). 
A solution of maltose containing 10 g. dry sub¬ 
stance in 100 c.o. at 16*6^ has a sp. gr. 

1*0395. Maltose reduces alkaline copper solu¬ 
tion. O’Sullivan (0. J. 35, 771) gives its re¬ 
ducing power K»62'5, i.e. 62*5 parts dextrose 
reduce os much copper oxide as 100 parts of 
maltose. Soxhlet {J. pr. 21, 227-317) says 
0*5 g. maltose in 1 p.o. solution ^ 64*2 c.c. un¬ 
diluted Fehling solution (1 o.o.-*005 g. dex¬ 
trose), i.e. -K » 64*2, and 67*5 o.o. if the solution 
is diluted with four times its volume of water, 
i.e. He further states that 100 parts 

of dry maltose -113 parts Cu, hence 141 parts 
CuO; from this, we have K-63*91. There ap¬ 
pears to be fair evidence that the K varies 
within certain limits according to the mode of 
manipulation, but when wo see that the K should 
be 03*17 if it be supposed that 1 molecule malt¬ 
ose reduces 6 molecules CuO, and that the ob¬ 
served numbers closely approach this, we may 
take it that this is the true number when errors 
of manipulation are avoided. If the Go^O be 
separated, the filtrate treated with acid gives a 
furtiier redaction with Fehling’s solution which, 
if added to the hrst, equals the reduction of 
dextrose (Herzfeld, A. B. 589, 220). Alkaline 
mercuric cyanide solutions are also reduced by 
maltose. Copper acetate is not reduced by it 
(Barfoed, Org. Anahjsis, 214) *, dextrose reduces 
this reagent. When maltose reduces copper 
oxide, glycollio and a mixture of acids of un¬ 
known composition are produced (Habermann 
a. Hdnig, M, 5, 208). 

Maltose is hydrolysed to dextrose according 
to the equation 0 ,^ 5 aO„ + H.^O*20*H,j,0, by 
the following reagents: the mineral acids and 
many organic ones; pancreatic secretion and 
portions of the small intestine (Brown a. 
Heron, C. N. 42, 68 j Bourquelot, 0. 97.1000 

and 1622); a ferment developed in Aspergillus 
nigef and in Mucor mucedo ; the former con- 
tains also a ferment capable of inverting sucrose* 
the lattsr yields only the ons (Bonrqnelot* 1.6.1. 
VaAu tbs aotion of ordinary beer yeasts znali- 
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ose ferments, is broken down into earbonie 
acid, alcohol* <kc., apparently without being pre¬ 
viously u^verted. Ol^er organisms yield laotio 
acid and other products; o. Febhsntation. 

Maltose withstands the hydrolytio aotion of 
sulphuric acid with five times the power of 
sucrose; 3 hours' digestion with a 3 p.a solution 
gives complete inversion (Meissel, i.6.). 0*6 p.o. 
solution of lactic acid does not hydrolyse it, even 
at 110*’; 1 p.c. oxalic acid acts at that tempera¬ 
ture ; carbonic acid at 1U0°, and under a pressure 
of six atmospheres, is without action (Bourque- 
iot, J. de VAnat. et de la Physiol. 22,161-204; 
Hrech, B. 18, 3074). 

Nitric acid converts maltose into sacchario 
acid and finally oxalic acid. Chlorine does not 
act on it as energetically as it does on dextrose 
or sucrose; the product is neither gluconic nor 
glycoliic acids (Meissel, l.c ). Herzfeld (B. C. 
1883) obtained an acid whicn he called maltonio 
acid, by the action of bromine on maltose; this 
is probably identical with Fischer and Meyer's 
(B. 22, 194) maltobionic acid C,jHjP* 2 , which 
they prepared by acting on maltose in aqueous 
solution with bromine in the cold f^r two or three 
days. This acid is broken down into dextrose 
and gluconic acid by digestion with sulphuric 
acid. Treated at llO” with acetic anhydride 
and acetic acid, maltose yields monacetyl maltose 
0 , 2 Hj,(C 2 H 30 ) 0 „ (Yoshida, Ix.^ a. Steiner, G- B. 
43, 52); with sodium acetate and acetic anhy¬ 
dride the octacetyl derivative C, 2 H,^( 02 Hj 0 h 0 n 
is produced, tho optical activity of which is 
[al© = 81*18'’ (Herzfeld, A. 200,206). With ben¬ 
zyl chloride it yields penta-benzyl maltose, m.p. 
110'’-115‘’ (Skraup, If. 15, 359). 

Sodium Cj^HaiNaO,,, calcium 
C, 2 TIa,CaO„.H.O, strontium C,.,H 2 oSrO|,H* 0 , and 
! barium CiIIjjBaO^.H^O maltose are prepared 
• as easily decomposable amorphous precipitates ■ 
I when alcoholic solutions o! maltose and the 
corresponding bases are mixed (Herzfeld, l.c.). 
Compounds with the alkaline chlorides or 
bromides have not been prepared. 

When 1 part maltose, 2 parts phenylhy- 
drazine hydrochloride, 3 parts sodium acetate, 
and 15 parts of water are heated together for 
1.^ hours, phenyhnaltosazone orystalliMS out 
on cooling in fine yellow needles, m.pr 190^- 
191'’. The equation C,. 2 H 3 jO„ + 2NjH3.C^H5«» 
C 24 n 3 oN 40 ,+ 2 H.p + n, represents the reaction* 
Only 30 p.o. of the maltose employed is ob¬ 
tained as osaeone (Fischer, B. 17, 583). With 
7 -diamido-bbuzoic acid, maltose yields malUhy^ 
diamido-benzoic acid according to the equation 
>COOH 

C.II,^NH2 + C,2H2Ai 

/COOH 

" +h,0+h, 

The bod; crystaUisee in white mioroeeopie 
needle, or narrow platca; ita bariam aalt ia • 
gniumj masa (Qrieaa a. Harrow, B. 20, 2212). 

laomaltoae. Maoher (B. 23,3687) prep ared 
a aacchaton by the polymeriaation ot dextrose. 
Prerioua attempte in this direction had been 
made by Musenlas (B2. 18, 66), Mnaennf a. 
Meyer (C. B. 92, 628), HSnig a. Bdinbn M. 1, 
465), and they obtained by ^ action of tttong 
lolphniio acid a dextrin-Uk* body 
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vhloh slighilj I'edaced Fehlmg’g solution, did not 
fennent with beer yeast, and was reconverted 
into dextrose by the action of dilateyuiphurio 
acid. Grimaux a. Lefdvre (0. i2. 103, 146) ob¬ 
tained a like result by evaporating in vacuo 
dextrose with dilute hydrochloric acid. Gautier 
{JBh 22, 145) obtained a body by the 

action of hydrochloric acid on an alcoholic 
solution of dextrose; this body reduces Fehling’s 
solution but slightly, does not ferment with 
beer yeast, and could not be reconverted into 
dextrose. Grimaux and Lcfdvre considered 
that in their product they could detect maltose 
by the osazone. Scheibler a. Mittelmoier {B, 
23, 8075; 24, 301) isolated an unfermcntable 
syrup from commercial glucose which reduces 
Fehling’s solution and yields an osazono 
m.p. ]62®-163®. They find it is only 
produced when the heating with acid has been 
prolonged, and that it may bo prepared by the 
action of acids on dextrose. This body has been 
previously named gallisin (Cobcnzl, Koseneck a. 
Schmitt, B. 17,1000 and 2456; Anibon, I). P. J, 
161, 213; Mehring, Deutsche Vierteljahrs- 
schriftfUr OesundheitspfiegCt 14, Heft 2). 

Fischer’s substance also yielded the same osa- 
zone, m.p. 150^-15'6 ^; be calls the body isomalt¬ 
ose, and prepares it as follows: One hundred g. 
glucose (commercial dextrose) are digested with 
400 g. hydrochloric acid solution sp. gr. 1*10 at 
10^-16^ for 15 hours. Alcohol throws out of the 
solution a small precipitate, which is not formed 
if the temperature of the reaction is kept be¬ 
low 10°. To the clear solution an excess of ether 
is added, when a colourless amorphous precipi¬ 
tate is obtained which is filtered out and washed 
with a mixture of alcohol and ether. This body 
U dissolved in water, neutralised, boiled to expel 
alcohol and ether, and fresh beer yeast added. 
After 18 hours all the dextrose is destroyed (?); 
the solution has still a high reducing power, 
and contains isoinaltose and other bodies. 

The isomaltose is separated as osazone; the 
solutionis heated with phenylhydrazineacetato in 
the water-bath for labours. A little glucosazone 
separates and is filtered out, and on cooling the 
filtrate deposits a yellow precipitate consisting 
of a mixture of glucosazone and isomaltosazono; 
the mother-liquor, by further heating and similar 
after-treatment, yields more osazone. The whole 
of the osazone obtainable is boiled with 100 
0 . 0 . water and the solution filtered, the filtrate 
contains isoznaJtosazone, wdiich is deposited on 
cooling in needles; 2^ g. of this arc obtained from 
100 g. glucose, the actual yield is, no doubt, con¬ 
siderably higher than this. By the action of 
hydrochloric acid the osazone is converted into 
the OBone, which, when boiled with 4 p.c. hydro¬ 
chloric aoid, yields glucosone and glucose. 

Listner claims to have found isomaltose 
amongst the transformation products of starch 
by diastase {Woch. Brauerei, 9, 245), and in 
wort uid beer {Zeit. ges. Brauio, 1891, 281), but 
it is very doubtful if this is the same body as 
that above described. Schififer fC. C. 1892, 2, 
825) has also isolated isomaltose from the dias¬ 
tase transformation products of starch. But 
tho whole evidence is unsatisfactory, as the fac¬ 
tors upon which the identity of the bodies can 
be recognised are not stated. Lintner and Diill 
{ZiU» get. Brauw. 1892,145) prepare it as fol- 
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lows: 250 g. potato starch are mixed with 666 
O.C. diastase solution at 55° containing 0*5 g. 
diastase («/'. pr. 34, 378) and 2 litres water at 
75°0. After complete solution another 0*5 g. 
diastase is added, and the reaction allowed to 
proceed for three hours at 66°~09°. [a]© * 170°. 
for matter in solution. The solution is 
evaporated to a syrup, saturated with 80 p.o. 
alcohol, and poured into hot alcohol. Sufiioient 
alcohol must be used so that every 100 parts 
of 80 p.o. alcohol do not contain more than 

10 pts. dry substance. After cooling, the clear 
solution is decanted and the alcohol distilled 
off. The residue is diluted to a 20 p.o. solution 
and yeast added in order to destroy the maltose; 
this is found to take place in about 20 hours. 
The fermented solution is filtered, decolourised 
with animal charcoal, evaporated to a syrup, 
and precipitated with 85 p.o. alcohol; there must 
be 100 c.c. of 85 p.c. alcohol for every 5 g. of 
dry substance. Tho solution is evaporated and 
the syrup treated in the same way, but with 
99 p.c. alcohol and so that 100 o.o. of alcohol are 
present for every 3 g. dry substance. The clear 
alcoholic solution contains isomaltose and but a 
trace of dextrin, which may be removed by frac¬ 
tionating with alcohol. In this way 20 p.c. of 
the starch is obtained as isomaltose. 

Lintner {Zeit. ges. Brauw. 1892, 6) finds the 
reducing power of iso maltose to be 84 p.c. of that 
of maltose, i.c. K»53'l, and its optical activity 
to be [a]o»139°. He has not been able to 
crystallise it, and finds it under certain condi¬ 
tions fermentable by yeast and converted by 
diastase into maltose {Zeit. ang. 1892, 
263). 

Trehalose. Mycose 

OccuiTciice .—It has been isolated from ergot 
of rye (Wiggers, A. 1,173; Mitscherlich, 56,15); 
trchala-manna, the hollow cocoons of the larv® 
of an insect {Larinus viaculatus) (Berthelot 
A. Ch. [3] 53,232; 65, 272 and 291); and from 
various fungi (Muntz, C. R. 76, 649). Berthe- 
lot at first considered it a now sugar and called 

11 trehalose^ but afterwards found it was ideU' 
tical with the mycose of Mitscherlich, and the 
Saccharum spermodics of Wiggers. 

Preparation.—Any ono of the materials 
mentioned is extracted with boiling alcohol of 
moderate strength; the alcohol is distilled oH 
the clear solution. Tho residue is taken up with 
water and precipitated with basic lead acetate. 
The precipitate is washed with water and pressed; 
it is then suspended in water and submitted to a 
current of H^S. The clear filtrate from the lead 
sulphide is evaporated to a syrup, when the sugar 
crystallises and can be purified by recrystal¬ 
lisation. I may say that 1 do not find this mode 
of treatment answer very well; the filtrate from 
the PbS is, no doubt, clear, but the precipitate 
with the lead salt is bulky and unwieldy. 1 much 
prefer in this case, as in others of the same 
kind, fractional precipitation with alcohol; a 
few experiments will show the strength of alco¬ 
hol best suited to holding or precipitating the 
sugar. (See also Apping.) 

Properties .—The sugar oiystallises in rhombs 
( 0 , 2 H 230 „.B^O) ; it gives up its water at 100°» 
m.p. 109° ; it is sweet, easily soluble in 
water and boiling alcohol, insoluble in ether# 
Bpeoifio rotatory power in aqaeoos solntionS 
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[«], -199'’ (Berthelot); [a], - Wa-S" (MftscherUoh); 
[a]o ai 197*28° (Apping). These factors are un¬ 
satisfactory, and cannot be relied on to identify 
the sugar. It does not reduce Fehling’s solution. 
Acids convert it very slowly into dextrose (Berthe¬ 
lot), there being no other product; but consider¬ 
ing that five hours are required for complete 
hydrolysis, it is not possible that only pure* 
dextrose could be formed. With strong nitrio 
acid it yields a nitro- compound; with weaker 
acid no znucic acid is formed, but saccharic acid 
and finally oxalic acid. With acetic and butyric 
anhydrides it yields compounds identical with 
those produced from dextrose. Maquenne 
(0. B. 112, 947) says acetic anhydride yields 
C, 2 H, 4 (C;^sO)sO|,. Alkalis do not act on it. 
On adding basic lead acetate, or an ammoniacal 
solution of the acetate, to its solutions a lead 
compound is precipitated. It appears to slowly 
undergo alcoholic fermentation in contact with 
beer yeast, but this has not been established 
with certainty. Phenylhydrazine does not form 
a compound with trehalose (Fischer, B, 17,583). 

Agavose (?) obtained from the 

juice of Agava americana ; it is crystalline, 
soluble in water, and optically inactive (?). It is 
hydrolysed to a sugar or mixture of sugars 
[o]j =■ —14*4°. It reduces Fchling*s solution; 
K»C2‘5, agreeing nearly with maltose in this 
respect. It does not yield mucio acid on treat¬ 
ment with nitric acid. It is probably ferment¬ 
able under the influence of some saccharomyces 
and yields alcohol, <&c. (Michaud a. Tristan, Am, 
14, 548). 

Cyciamose CijHjsO,). A sugar obtained from 
Cyclamen europccumj having a lo^vorotation 
[a]o= -15*15° or -11*4°; it is hydrolysed by 
dilute acids, when the laivorotation increases to 
[a]D=. -60*54° (Michaud, C.N, 53, 232). 

Parasaccharose C,JL20i,. This, together 
with another uncrystallisable sugar, is said to 
be obtained from cane sugar by the action of a 
yeast (Jodin, O. U, 53, 1252). It crystallises 
easily, and is easily soluble in water and dif¬ 
ficultly in alcohol. It is dextrorotatory, having 
[ojj«108°, and it reduces Fehling’s solution; 
K s 50 (about). Hot dilute sulphuric acid does not 
act on it, whilst hot dilute hydrochloric acid 
diminishes the optical activity and increases 
the K. On long digestion the solution becomes 
brown, and finally complete decomposition takes 
place. 

Helibiose 0, AsOn is obtained by the care¬ 
ful hydrolysis of raffinose by acids or invci tase 
(see Baffinose), Its specific rotatory power is 
[a]u«i +126*8°. It forms a hydrazide C,sIIj;aO,oN 
as yellow microscopic crystals, m.p. 145°, and 
an octacetyl derivative CijHj^OnACg (Scheibler 
a. Mittelmeier, B. 23,1438). Invertase converts 
it into galactose and dextrose. 

Tewflkoae occurs in the milk of 

the gamoose (Bos Bubalus), It is prepared by 
precipitating the milk by 4 p.o. acid mercuric 
nitrate (Wiley, Am. 6, No. 5 (?), neutralising 
the filtrate with NaHO, filtering out the pre¬ 
cipitate, separating the mercury from filtrate by 
H^S, and concentrating the slightly acid solution 
to the crystallising point. A slight precipitate 
formed during evaporation must be separated. 
It is purified by two or three recryataHisations. 
The eoluUoQf dextrorotfttor 7 , (a]p»48’6^ ; it 


reduces Fehltng*8 solution; K»7d'6, hence 
leas than lactose; if 7 molecules CuO were 
reduced by 1 molecule of sugar, the K would be 
73*4, a near approximation; and D»3'94 for 
the crystals, hence they are anhydrous. Acids 
hydrolyse it very easily, the only product being 
dextrose (Pappel a. Bichmond, C, J, 1890, 758), 
The‘substance is, no doubt, an *-on’ sugar 
like amylon, di-dextrose, and 
should not therefore yield mucio acid on treat* 
ment with nitrio acid. 

^) Trihexoses. 

^fiinose GikHajOioSH^O, first obtained from 
a Tasmanian Eucalyptiis manna by Johnston 
(0. J. 1,159). This was the melilose of Berthe¬ 
lot {A. Ch. [8] 46, 66), who now says (O. B, 
103, 533) that this term should be applied only 
to a loose combination of rafiinose with eucalin, 
which is decomposed by re-crystollisation. From 
the evidence it would appear that the body first 
described as melitose was impure ratfinose, and 
that the impurity even was not eucalin. It occurs 
also in cotton seed (Berthelot, l.c, ; Bitthausen, 
J, pr. [2] 29, 357; Bohn, J. pr. [2] 30, 87); 
in beetroot (Loiseau, 0. B. 82, 1058; Tollens, 
A. 232, 169; B. 18, 26; Bischbidth a. Tollens, 
A, 232, 172; B. 18, 2611); in beet juice (v. 
Lippmann, B. 18, 3087); in barley (O’Sullivan, 
C. J, 1886, 70); in young wheat-buds (Bichard- 
son a. Grampton (B. 19, 1180); and again in 
Ettcalyplus manna (Tollens, A. 232, 201); pro¬ 
bably also in Soja beans. Loiseau considered 
it a product of the refining process, but v. Lipp- 
mann that it was ready formed in beet juice. 

Preparation.—A molasses containing a fair 
quantity of ralTmose is selected, and the chief 
part of the cane sugar removed as monostron- 
tiuni saccharate; on heating the solution raffin¬ 
ose and cane sugar bistrontium saccharates are 
precipitated. . The compounds are decomposed < 
by COj and the sugar solution obtained again 
precipitated with strontia, when the cane sugar 
is piecipitatcd as monostrontium saccharate, 
and raffinose remains in solution and may bo 
purified by crystallisation (Scheibler, B. 18, 
1409). Baffinose may be extracted from cotton¬ 
seed cake and Eucalyptus manna by alcohol, and 
purified by crystallisation. See also Tollens (l.c.); 
Tenne {Zeit. d. Ver. 31, 795); Sobaaf {Z, V. 33, 
699); Wolff {Deutsche Zucherind., 1887,1413); 
Berthelot (Z.c.): Lindet (C. i2. 110, 795); Gun¬ 
ning (C. C. 1891, ii. 798). 

Properties. —Baffinose crystallises in cauli¬ 
flower • like* segregations consisting of thin 
microscopic rhombic prisms, which contain 
G,gH3.0,«.6H20. The H.^0 is in greater part 
eliminated in a vacuum over sulphuric acid, and 
the remainder easily at 100° (O’Sullivan). It 
heated too quickly it melts, and then cannot be 
dried without decomposition. Berthelot obtained 
crystals containing OH^O {C. B. 109, 648; 
Scheibler, B. 18, 1779; Binne in BisMieth 
Diss 0 rt, ilher Baffinose, 35ttingon, 1885). Itia 
easily soluble in water, very slightly is strong 
alcohol, and slightly in methyl alcohol, being 
much more soluble than cane sugar in this 
solvent. The dry sugar melts at 118°-119^ 
(Scheibler, B. 19, 2868). Its solutions are 
optically active, the specific rotatory power of 
orystalUsed raffinose for the D line being [•]» m 
1(H'5° in 10 p.G. solution; [a]j»ll4*7^ or [a]j 



SUGAR. 


SBS 


ISS'l” for the itj tagu, O'SnlliTSa obwmd 
r«]j»18S'8°. No bi-rotation has been observed. 
It doea not reduce Fehling’s solntion. D 8'713 
(ToUena, S. 18, 2616), bnt this Is due to some 
misunderstanding; D>8'956 (O’Sullivan, 0. J'. 
1886, 70). 

Action of aeid$. Hot dilute acids hydrolyse 
raffinose; galactose, lievulose, and probably dex¬ 
trose are formed (Hadicke a. Tollens, Z. V. 
87, 17; A. 238, 808; Beythien a. Tollens, A, 
265, 314; Maquenne, <7. S. 112, 799). By very 
careful hydrolysis, Scheibler a. Mittelmeier (B. 
22,1678) have obtained a saccharose and lavulose 
as the products of the reaction; the saccharose 
is a new body, which they have called melibiose 
(q. V.). The mixture of saccharose and Issvnlose 
has a specific rotatory power [a]o — 50°. Complete 
inversion of raffinose takes soma hours. In- 
vertase also hydrolyses raffinose (O’Sullivan). 
The products of hydrolysis are at first Isevulose 
and melibiose (Scheibler a. Mittelmeier, B. 22, 
8118), and melibiose is slowly acted on. When 
heated for some time with sulphuric acid, 
Issvulinic acid is a product (lUschbieth a. Tol¬ 
lens, A. 232, 195). 

ilefton of tilkalU. By boiling aqueous solu- 
tions of strontia and raffinose, di-strontia raffin- 
oso C„H„0„(Sr0)j.H.,0 is produced. Other 
compounds with baryta C,,H, 20 ,,.Ba 0 , lime 
0„H(,0„.3Ca0.2H20, lead oxide 0|,H,„0,„.3Pb0, 
and soda, 0„H„,NaO„ and G„E,„NaO,,.NaOH, 
have been prepared (Beythien a. Tollens, B. 22, 
1047; A. 255, 195; Bischbieth a. Tollens, A. 
232, 172). 

Oxidation. —Nitric acid oxidises raffinose, 
producing 30 p.o. mucic acid, also saccharic and 
oxalic acids. 

Fermentation. —Baffinose is slowly fermented 
by beer yeast (Bischbieth a. Tollens, A. 232, 
^242; Tollens, A. 232, 169; O’Sullivan, C. J. 
^1886. 73). Weak yeast only partially ferments it 
(Tollens, Iji.\ Berlhelot, C. It. 109, 548) ; the 
melibiose being with difficulty hydrolysed and 
fermented. 

With phenylhydrazine a compound is formed, 
m'.p. 187°-189° (Bischbieth a. Tollens, 2.C.). 

Heleiitote CuH;„ 0 „. 2 H 20 is obtained from 
Persian manna, a product of Alitagi mauroram 
(DO.), it crystallises in rhombic prisms, m.p. 
147 -148° (when anhydrous); the specific 
rotatory power of the anhydrous body is Wd -= 
87'7°. On inversion it yields turanose and dex¬ 
trose. Turanose Cj^ELj^O,, [o]d = 65°-68°, yields 
dextrose by the further action of ac’4 (Alekhin, 
J. B. 21, 407). 

(^ Hexahexoses. 

uentianose C„H,.,0,|. Obtained by A. Meyer 
(fi. 6, 185), from the root of Oentiana lutea, 
by extraction with alcohol, precipitation with 
ether and re-crystallisation from alcohol. It 
hat a sweet taste, dissolves easily in water, m.p. 
210°, does not reduce Fehling’s solntion, and 
ferments with preast. It is hydrolysed by dilute 
adds; before inversion the optical activity is 
[a]sw88'6°; after, it is 20'2°, and has a redu¬ 
cing power equal to that of dextrose. Strong 
tulphurie acid chars it, like cane sugar. 

Staohyose is obtained from the root of 
Stachye tuberifera. It has a sweet taste, is 
dntrorotatory,having [o3d = 148-1“ in9 p.c. solu. 
(ion. It forms trlclinic crystals. When fo. 


verted » yieias galactose, nextrese, ana lovniose. 
Its formula appears to be 0,^,0,,-t.6H,0 
(Planta a. Schulze, B. 23, 1692 ; 24, 2705), the 
products of the hydrolysis being the same as 
those of raffinose. 

QUALITAIIVa Ann QUANTlTATlVa DETEBMlNATIOil 
. or BUOAES. 

If the material to be examined is a solution, 
it must be made neutral, clear, and colourless 
if it is not already so. 

If the material is a dry substance, it must be 
ground fine. If not sufficiently dry to admit of 
grinding, it must, if possible, be dried in vacuum 
over sulphuric acid, or, where this is not possible, 
in the open, at a low, gradually increasing tem¬ 
perature. 

The finely-ground substance is extracted 
with alcohol sp. gr. •8C0--880. The solution is 
neutralised and the alcohol distilled off. The 
residue is taken up with water. The examina¬ 
tion then comes under the head of a solution, 
‘and the treatment is the some. 

Ttio solution is turbid and coloured after 
neutralisation. The turbidity may be removed 
by simple filtration; if not, a little aluminium 
hydroxide (prepared by precipitating a solu¬ 
tion of alum with excess of ammonia and wash¬ 
ing free from ammonia and sulphuric acid) may 
be employed. A little (well washed) Swedish 
filter paper-pulp Is at times found useful. The 
turbidity and colour may be removed together 
by animal ohareoal, lead sulphide, barium sul¬ 
phate, &a. Animal charcoal, either prepared 
from blood or bones, the former by preference, 
thoroughly extracted with hydrochloric acid and 
washed free therefrom, is best employed in all 
cases of investigation. 'The crude substances are 
employed to remove the colour, <ftc., from sugar 
syrups in the manufacture of refined cane sugar. 
These decolouring agents must always be used 
In the least possible quantity, and with the un¬ 
derstanding that the charcoal especially is 
capable of taking up some sugar as well as 
colouring matter. Dried, freshly-made bone 
charcoal does not take up more than -006 p.o. of 
its own weight from pure cane-sugar solution 
(Casamajor, C. N. 41,66). In quantitative work, 
when the decolourising agents have to be used it 
is well to have a knowledge of the infiuence of 
the agent on the sugar or sugars under exami¬ 
nation. Charcoal retains sugar, other sub¬ 
stances influence the optical activity. Part of 
the sugar is again given up on washing the 
agent with water, or the agent is placed on a filter 
and a portion of the solution to be examined 
passed through it and rejected before the por¬ 
tion intended for examination is collected. This 
is done on the supposition that the charcoal is 
sooner saturated with sugar than with colour¬ 
ing matter. 

Having thus the sugars in clear solution, the 
means at our disposal for identification are:— 

1. Taste of solution. 

2. Form of crystals and melting-point thereof. 

8. Depression of the freezing-point (Baoult’e 

method of determining molecular weights). 

4. Specific rotatory power. 

5. Beducing power. 

6. Action of unorganised ferments; ensjfmef,- 

7. Action of organised formenWt 
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3 , Aotiofi of adds. 

9. Aotioa of alkalis. 

kO. Aotion of phenylh^drazine, and meltings 
points of the resulting osazones and 
hydrazides. 

1. The solution tastes sweet if a sugar is 
present. It must not be forgotten, however, 
that some other bodies are also more or less 
sweet. 

2. On evaporating this solution (best in a 
vacuum) to a eyrup, if there is no preventive 
material present, crystallisation takes place. 
The microscopic appearance of the crystals will 
often be suilicient to identify the sugar; indeed, 
the habit of crystallisation will often suffice. A 
substance or substances may be present which 
altogether prevent the crystallisation of the 
syrup, although it may contain a crystallisable 
sugar. This substance may be an inorganic or 
organic salt, or another body, or, indeed, another 
sugar. Treatment with strong or absolute cthylic 
or methylic alcohols may at times eliminate 
some or the whole of the substances preventing 
the crystallisation, and dissolve the sugar in so 
clean a state as to admit of the formation of 
crystals on concentration. 

3. Degression of Vie freezing-point (Baoult’s 

method). For references to Baoult’s work see 
Victor Meyer, B. 21, 636; Auwers, id. 701; 
Tollens a. Meyor, id. 1666; and Brown a. Morris, 
C. J. 1888, 610. When crystals are obtainable 
from the solution as described above, a dotor- 
raination of the molecular weight by this 
method will decide to which group it belongs: 
a hexose or a pentose, a dihexose or dipontose, a 
trlhexose. In the recorded observations water of 
crystallisation appears not to have receivedproper 
attention. ToUens a. Meyer record observations 
for dextrose so do Brown a. Morris. 

Water of crystallisation is not taken into ac¬ 
count; the former treat of for 

lactose, the latter omit the H^O, while both em¬ 
ploy crystallised raffinose 0,gIl3a0,u.5H.p, mol. 
»594, with the result that T. a. M. find the 
observed molecular weight between 644 and 644,, 
and B. a. M. between 518 and 633. In these 
experiments with raffinose and lactose, it is not 
possible to say whether it is intended that the 
crystallisation water functions with the solid 
sugar or with the water; the calculations mako 
it function with the sugar, but the results, as 
might have been expected, are unsatisfactory—it 
does not function with the sugar. Ills perfectly 
clear that water of crystallisation of a sugar must 
be looked upon as water in observations with this 
method-^that the quantity of dry sugar should 
be the factor dealt with. If the cryst^s contain 
water pf crystallisation it should be deter¬ 
mined and allowed for. A determination of 
the B will give some information as to whether 
a dry sugar or one containing water of crys¬ 
tallisation is being dealt with. The D of the 
different sugars in the dry state is given under 
each sugar. Between 8 and 16 g. dry sub¬ 
stance is dissolved in water and the solution 
made up to 100 o.o. at 15*6°. A determina¬ 
tion of the specific gravity of this will give a 
means of calculating the B, and the number 
of g. of water to substance employed in the 
solution. About 60 o.o. of this solution are in- 
trointo 9 ibin glass (120 «.c.) beaker. Th« 


month of the beaker is loosely closed with an 
indiarubber ping, in which three holes are bored. 
One of these, in the middle, admits of the intro¬ 
duction of a thermometer; the second, at the 
side, carries a stirrer, of very thin glass rod or 
platinum, best in the form of a flat ooU, so that 
when the stirrer is moved up and down in the 
liquid the thermometer will be in the middle of 
the coil; and the third, also at the side, to admit 
of the introdnotion of a small solid particle of 
the frozen solution or of ice. The thermometer 
must be graduated for 2® or 3® above and below 
0® to the 20th of a degree. By means of a tele¬ 
scope, if the divisions are open, and they should 
be so, readings to *006® can be made with a fair 
amount of accuracy. The beaker thus charged 
and fitted is placed in a freezing mixture of ice 
and salt—which should not be at too low a tem¬ 
perature, — 4® to — 6®, not more than 2®~S® below 
the freezing-point of the solution—contained in 
a strong beaker of 500-600 c.c. capacity. In a 
short time the temperature in the inner beaker 
*wiU be observed to sink below 0®, and, on rapidly 
moving the stirring rod up and down, to go 
gradually lower and lower until a point is 
reached when the solution begins U freeze. This 
may be accelerated by adding a particle of the 
solution previously frozen; when freezing be¬ 
gins the mercury of the thermometer rapidly 
rises and soon becomes stationary. This is the 
freezing-point of the solution c, and is the ob¬ 
servation upon which the molecular weight oC 
the substance employed is calculated. 

■ A— 

A a; X100 




® =■ g. substanco •, y-g. water, and 19 is a number 
calculated by Kaoult lor water as a solvent from 
observations with well-defined oomponnds. As 
examples, Brown a, Morris (l.c.) with a solntion 
containing 8'258 g. sucrose and 94'93 g. water • 
observed a freezing-point c ~ 0'490'’, thence 
19 


49 X 94-93 = ■ 337-5. C„HaO„-843. 
8-258 X 100 

Hence, if an unknown sugar were under obser¬ 
vation there would be no doubt loft as to the 
molecular weight. O’Sullivan (C. J. 1890, 69) 
observed for arabinon: sp.gr. sol. 1-02654, 
y - 96-088 g., « = 6-466 g., c » 0-536° i thence 
96-088 X -535 


19-#.: 


6-466 X 100 


.239-2, 


the molecular weight of the new sugar. A 
dipentose requires 282. The indications agreed 
with further confirmatory observations. When 
the solution contains more than 12 g. per 100 0 . 0 . 
the results are low; with most sugars a solutioD 
containing from 6 to 8 g. substance per 100 0 . 0 . 
gives the best results, and with more dilate oolu. 
tions the results ace again low. Baoult’s latest 
observations (C. R. 114, 264) for sucrose, made 
with apparatus constructed to meet the exact re* 
quicements of the case, the concentration of the 
solution being 5-839 g. sucrose in 100 g. water, 
work out M = 323, against 842, the true moleoular 
weight. The re:-alts are, even under the best 
conditions, low; but the indioation is suffioientl; 
good to enable ns to decide to which group the 
sugar we are dealing with belonge. It, instead 
of the factor 19, 19-8 were substituted, the ra* 
suits would agree wiQl the accepted mol^alM 
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weight of fucrose, and It fs probable that this 
number or 20 will be finally decided upon as the 
constant. 

4. Spedfio rotatory ^ptcer. If the form of 
the crystals or their habitat does not indicate 
the sugar present^ a determination of the specific 
rotatory ^ower may give the desired informa¬ 
tion. This is the quantitative expression of a 
property possessed by the sugars in common with 
many other substances. When light from any 
source is examined through a Nicol prism— i.e» 
Tmlsrised'-Do change is evident; but if the 
light, after passing through one prism (the 
polariser) is examined by another, it is found 
that in certain positions of the examining prism 
—or analyser, as it is called—no light passes. If 
the analyser is made to carry an index, and is 
so mounted as to rotate with its axis at right 
angles to a disc graduated to degrees, it will be 
found that, if the position of the two prisms is so 
arranged that the index is at 0° on the graduated 
circle when no light passes, light will pass on 
the least rotation of the analyser to the right or 
left, and if the movement is continued another 
position is found on the disc in which the light 
is again cut 'bU. This is at 160^, so that the 
circle should be graduated to 180'^ right and 
180° left. Now, if a cell or tube with flat glass 
caps be filled with a solution of, say, sucrose and 
introduced between the two Nicols, and the 
source of light be a Bunsen burner flame 
coloni^ yellow with sodium chloride, when the 
index of the analyser is at 0° it will be observed 
that the light passes, and that on rotating the 
analyser a certain number of degrees to the right 
a point is found (which is not 180°) at which the 
light is cut ofl; and if note be taken of the exact 
number of degrees, and the analyser rotated 
further, it is found that the light is not again 
cut ofl at 180°, but the same number of degrees 
beyond 180° as the first extinction was beyond 
0°. This is the optical activity of the sugar 
solution. It is the power of rotating the plane 
of polarisation of the ray passing through the 
polariser so as to admit of its passing through 
the analyser when It wonld not pass had the 
sugar solution not been introduced. The amount 
of rotation of the analyser to again find the ^ 
direction of the plane of polarisation, as indi. 
cated by the index on the graduated disc, is the 
measure of the activity of the sugar solution, 
and the direction of the movement of the index 
is the direction in which the rotation has taken 
place; in the present case {i.e. whe^ the index 
is moved on the disc in too direction of the 
hands of a watch) right or +. If the sugar 
■Ration be now hydrolysed by dilute acids or 
invertase, and again introduced between the 
Nicols, it is found that the analyser must 
be rotated to the left in order to find the posi¬ 
tion of extinction—the direction of the 
plane of polarisation of the rotated ray. This 
as left rotation, and is indicated by the sign —. 
On farther rotation of the analyser light again 
passes, and finally there is a second extinction 
as far beyond 1^° as the first extinction was 
beyond 0°. From this it is clear that the second 
reading may indicate right-handed rotation as 
well as left. Bay the tot extinction was 10° 
left of 0° (-10°), the second would be +170°, 
iQ° less than ; then the activity might be 


-10° or +170°. On diluting the aolntlra lay 
one-half, if the activity is — the readings wiU 
be —6° and +175°, if + they will be +86° and 
>-95°. The exact measurement of this activity 
has been the subject of much investigation, and 
many plans have been devised to facilitate 
the operation. It is, however, beyond the scope 
of this article to deal more fully with the subject 
(for details see Das optische DrehungavermOgen 
organischer Substamen, Landolt, Braunschweig, 
1879, Engl, Trans .; Handbook of the PolarU 
scope, Macmillan & Clo., 1882; Watts' Die- 
tixmary, Suppl. 3, art. Liotit). In the experi¬ 
ments above described the light of a sodium 
flame was employed; it was observed early in 
the investigation of the phenomena that readings 
sufliciently accurate, especially if the amount of 
activity was small, could not bo obtained. 
Hence other devices were introduced. In the 
literature we find the activity expressed 
[«]r. r«j]. or [oJd and [a]u, [alot [«]u. *0- 

[ajit values are not now used. They were 
obtained by employing white light, and in¬ 
terposing between the polariser and the source 
of light a plate of red glass. They are of no 
value for our purpose, and may be neglected. 

[a]j values are frequently used, but unless 
they are referred to a definite standard they, too, 
are of no value. If any ordinary source of white 
light be substituted for the sodium fiome in tlio 
experiments above described, it will be observed 
that on rotating the analyser to find the effect 
produced by the sucrose solution no position of 
the analyser can be found in which all the light 
is cut off, but at one stage marked blue light 
passes, and, on further rotation of the analyser, 
red. This is due to the fact that the sugar solu¬ 
tion acts unequally on the different rays of which 
the beam of white light is composed, the rod 
rays being rotated least and the violet most, so 
that when the analyser is rotated the ray the 
plane of polarisation of which is rotated least is 
first out off. The first cut off rays are the red, 
the complement of those cut off passing, the 
dominant being blue; on further rotation the 
dominant becomes red. On rotating the analyser 
carefully it is found that the transition from the 
blue to the red is well marked; this is the 
4^ vaiue; it is the, so-called, transition tint, the 
ray complementary to the median yellow, yazma 
vioyen ; henoe Oj. For the same strength of 
sugar solution the position of the analyser is not 
the same for every source of white light. The 
stage at which the transition appears with 
candle-light is different from that at which it 
appears with gas-light; the stage in this cose 
differs again from that obtained with the electric 
light, and even the position for direct sunlight 
differs from that of the light refiected from a 
cloud. Hence, when a pair of Nicols are em¬ 
ployed as described above, even when the source 
of light is given, aj cannot be looked upon as a 
standard value. This value has, however, been 
given to it by the French instrument makers. 

Soleil invented an instrument with which 
lamp- or gas- light is employed (afterwards im¬ 
proved by Buboscq, and known as the SoleiU 
Buboseq (see Watts' Dictionary, Ist ed. 8, 
674, a. Sv^l, 8,1199), by which the activity of 
a solution is measured by dwisioni of a s^le 
Instead of degrees; IQQ qf Uiesq dlvisioai wers 
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made maal to tbo amonnt ot rotation p«s 
duoed by 1 nun. qnarta lar the ; this waa 
eonnitrei ia be 84°. 01 oourse, il thieJe 
taken as a standard it fa ollnll value; it nSy 
not be truly a, even lor the quartz, but it 
18 ^ referred to a definite meaBorei the 100 
divisions of the instrument being 24®. This was 
complicated by the fact, since pointed out by 
Soheibler, thaV quartz from different sources has 
not the same optical activity; hence wo have 
various observers giving different values for the 
amount of sucrose in 100 o.o. solution, which 
when observed with the Soleil-Dubosoq instru¬ 
ment, in a tube 200 mm. long, equals the 
activity of 1 mm. quartz. If, however, we look 
upon the 100 divisions of the instrument as 
■»24® ttj, we have a standard value for the ex¬ 
pression. I believe this is the value given to it 
by the French observers. The writer employed 
it in the same way. Another instrument of 
much the same construction is the Soleil- 
Ventzke-Soheiblor (t>. Watts, Z.c.). In this the 
100 divisions of the scale are made to repre¬ 
sent the activity of 26*048 g. sacoharon in 
100 O.C. solution; we have only to inquire as 
to the [a]j and [aj^ of cane sugar to arrive at 
a valm in degrees of the 100 divisions for these 
expressions. From these two factors we 
get 100 divisions, Solell-Duboscq »24® at and 
21*67 ®od, and 100 divs. S.V.S.«38-54® aj and 
84-65®aB. The angular valuator any other 
instrument in use in which the scale is given in 
divisions can bo calculated for aj or by ascer¬ 
taining the number of divisions required to com¬ 
pensate a solution of sucrose ^containing 10 g. 
in 100 o.e. at 15*5®, and taking the apparent 
specific rotatory power of the sugar for the con¬ 
centration to be [a]j» + 73-8® and [a]o=. 66*6®, the 
value of the divisions in degrees for both rays 
can be calculated. The direction of the rotation 
is indicated in these flbtruments by the direc¬ 
tion of the movement of the 0 point to find the 
compensation necessary; if from loft to right it is 
right or -f, if in a contrary direction left or — • 
With the other instruments in use sodium fiame 
is the source of light employed; the readings 
are therefore as. The scale is a oirole graduated to 
degrees on a disc, beginning with 0 at the top and 
gr^uated in half degrees and degrees to 180® 
to the right, and in the same way to. the left. 
The analyser rotates in the axis of this disc, and 
carries an index with vernier, which admits of 
readings being made to minutes. The arrange¬ 
ment is such that the polarised ray before en¬ 
tering the active solution has the appearance 
of a oiroular disc divided into halves by a per- * 
pendioular diameter. The position of the plane 
of polarisation is not the same in both semi- 
dlsosf BO that ^hen the light is completely out 
off at one side it passes at the other, and 
tHcs verad. To find these positions the analyser 
has to be rotated several degrees, but between 
the two positions of oomplete out off there is a 
position of the analyser in which the two semi¬ 
discs are equally illuminated; this is a well- 
marked position distinctly ascertainable. The 
0 point of the index and of the graduated scale 
are made to correspond exactly with it. It can 
alwa;]^ be found to within less than a minute. 
When the active substance is introduced the 
equality of the illumination of the semi-discs is 
toifa IT. 
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dea^yed; (he ettalyser^ rotated until tt is 
again restored. The amount of rotation as 
shown by the graduation^ gives the aotivity in 
degrees and xmnutes, or degrees and decimals, 
according to the make of the vernier. These 
are the half-ahadow instruments, of which 
«the J^let-Comu and Lmarent are ex&mples 
(see Watts, l.c,). Other devices have been em¬ 
ployed to facilitate an accurate determination 
of the position of the plane of polarisation of the 
ray before and after rototion; a description will 
be found in Landolt and in Watts Beoently 

an instrument has been introduced in which the 
half-shadow contrivance is adopted, white light 
(a strong gas-flame) being employed. The scale 
IS the same as that of the Soleil-Ventzke-' 
Scheiblor instrument; readings with it can be 
made with great accuracy. It is manufactured 
by Schmidt & EEaensch, Berlin. 

When it is necessary to determine the aotivity 
for rays of other refrangibility, say for the 
Jithium or the thallium flame, it is only neces¬ 
sary to colour the Bunsen flame with these 
metals in the same way as in the case of sodium 
above. Thff readings are then au and orh- 
The a^, og, od, <fec. for any active substance 
can be found by employing a pair of ordinary 
I Nicols as described above—white light, best a 
I ray of sunlight, being employed—and examining 
the light after passing the analyser, with a 
spectroscope. If the positions of the lines of 
the solar spectrum are marked, the amount of 
rotation for the active substance introduced 
between the polariser and the analyser is found, 
when on rotating the analyser the thickest part 
of the black band is on the marked position of 
the lino of the spectrum. This is read off on the 
scale connected with the analyser. 

With any of those instruments we can de¬ 
termine the optical activity of a sugar and thfis 
identify it. The sugar is crystallised; it is 
dried, and 10 g. or thereabouts carefully weighed 
out. This is dissolved in water, and the solu¬ 
tion made up to 100 c.o.' at 15*5®. A portion of 
this is introduced into a tube of definite lel^th, 
and an observation made with any of the instru¬ 
ments mentioned above. The formal^ [«]■■* 
glves the apparent specific rotatory power for the 
concentration, asathe angular ^sturbance ob¬ 
served, I s length in decimetres of tube employed, 
ads cs grams substances in 100 o.o. Let us 
take an example, TO g. suoroM, dissolved and 
made up to 100 o.o. Disturbance observed in a 
200 mm. tube,^ith a Soleil-Dubosoq instrument, 
<=>61*5 divs.; now for 100 div.s24®. Then, 
su^tituting the values in the above formula wa 
have 


61*5 X *24 X 100 
2 X io 


[a],-+73*8® 


100 divs. = 21*67® «©; tlisn 


61j5 X -2167 xlOO 

2 X 10“ 


r«]i>«+66*6®. 


The scale of the Soleil-Ventzke-Scheibler instni- 
ment is so graduated that 100 divisions — the 
activity of a solution of sucrose containing 

* This is practically the usual 100 o.c. of a tc^uimMo 
analysis. Pur more accurate manipulation see Landcda 
ThU h^ however, unnecessary tor the klentifloattoa ef thd 
sugar—CUT purpose. i * 
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S6 048 g. in 100 0 .S. Jin n 200 mnl. ta1)e. The 
apparent speoiOo rotatory power of eaorose in a 
eolation of this oonoentaation is [a]B » 66'33° and 
ra]j=^S'61°. Sabstituung these values in the 
formola we get ’ 

. ^ 66 . 33 . 

2x26048 

e ■■ the valne of 100 divisions in degrees 
■> 84‘65'’| and 

b'.IOO 

872ff048"7®-61i 


ei' •• the value of 100 divisions oj •• 88‘34“. 

It is of importance, that the values in degrees 
of the scales of these two instruments should 
be clearly understood. We find it stated that a 
quantity of sugar varying from 16'49 to 16'35 g. 
inl00o.o. require, in a200mm. tube, a compensa¬ 
tion with a Soleil-Dubosoq instrument = 100 
divisions; 16-35 g. is the best-recognised factor; 
bom my observations it is still too high. 


100 X -24 X100 
2 X10-35 " 

100 X-2167x100 
^ X16-35 


[o]J-73-39°, and 
-[a]D“6fr27“, 


figures slightly too low for the apparent specific 
rotatory power of sucrose for the e, hence 
16-% g. is too high. The number, no doubt, 
should be 16-28, and this gives factors agreeing 
well with the observed [a]o and [o]] for the c. 

A solution containing 10 g. sucrose in 100 
e.o. requires a compensation in s 200 mm. tube 
of 38-5 divisions f a Soleil-Ventzke-Scheibler 
instrument. 


38-5 X -3834 x 100 
2x10 


[o],-73-8° and 


88-5 X -3455 x 100 . 

2x10 “W” 


66 - 6 °, 


numbers agreeing accurately with the specific 
rotatory power for the c. The optical arrange¬ 
ments of these instruments admit of the em¬ 
ployment of white light. 

If either of the sodium-fiame instruments is 
employed the angular disturbance is introduced 
directly into the formula. With thelOg.in IOO 0 . 0 . 
eolation of sucrose, the reading in a200 mm. tube is 


-e 18-8“, then = 66-6°. She 

Qse ol this factor is obvious. We have a solu¬ 
tion of a known sugar ol unknown strength, 
and want to find the e (g. in 100 o.o.}. An 
observation is made in a tube of known length, 
«. 100 

^aoOraj; then - y - =» the detennined value of 

[a]p or [a]j, a the ray for which the observation 
is made, and [a] the specific rotatory power for 
that ray, according to the light employed and 

concentration, e « 

It has been shown that If a solution contains 
two or more active substances, the observed 
activity is the algebraic sum of the activities of 
the constituents. The specific rotatory power of 
each individual sugar is given in the Mscription 
of it. 

5. The reducing power. As has been stated, 
iB^t' of the sugars possess the power of redu¬ 


cing the oxides of the higher metals and some 
organic colouring matters. Various propositions 
h§ve been made to employ this property as a 
means of qualitatively aifd quantitatively deter¬ 
mining the sugars, apd various solutions have 
been proposed for that purpose; but speaking 
with many years' experience 1 may say that 
they may all be discarded in favour of alkaline 
copper solution, Fehling'a solution; and even 
with regard to the value of this a great diversity 
of opinion exists. But there is a general 
ment that if the conditions under which it is 
used are constant the results are constant. 
For literature see Beoquerel, A. Ch. [2] 47,15; 
Trommer, A. 38, 860; Muller a. Hagen, P/. 2fi, 
221; Neubauer, Ft. 1, 878; Maly, Fr. 10, 383; 
Scegen, C. O. 1875, 228; Fehling, A. 72,106; 
Claus, J. pr. [2] 4, 63; Neubauer, Ar. Ph. [2] 71, 
278; Patterson, O, N. 25, 149 ; Loisoau, 0. R. 

I 1873. 26; Soxhlct, J. pr. [2] 21, 227; Krause a. 
Stadoler, O. 0. 1854. 936; Grager, Fr. 7, 490; 
Buswitz, B. 11,1446; O’Sullivan, C. J. 1876, 2, 
126; Miircker, O.* 7, 099; Brunner, Fr. 11, 32; 
Bayley, C. N. 37, 211; Allihn, J.pr:\2} 22, 66; 
Salomon, B. 14, 2711; Bigenor, .^.7. 31,349; 
Schwarz, A. 84, 84; Mohr, Fr. 12, 296; Perrot, 
B.d, 19; Ulbricht, B. 10, 128; Jean, 0*B. 73, 
1397; Scheiblor, Z. 9, 820; Weil, i'r. 11, 2^4; 
Arnold, Pr. 20, 331; Volhord, A. 190, 1; Sol- 
daini, B, 9, 1126; Possoz, O. P. 1874, 721; 
PeUet, /. FabrS 19, 22; Pavy, C. N. 39,1004; 
L6we, Fr. 9, 20; Vogel, J. Ph. [2] 1, 246; and 
others of less value. As a result of a study of 
all this literature, I may say that I have come 
to the conclusion that if the Feliling’s solution 
is carefully made with pure materials, and em¬ 
ployed as described below, the reducing power 
of any sugar can be determined with constancy 
and accuracy, and when the conditions are ful¬ 
filled the reduction is i:^lecular>^.e. a definite 
number of copper oxidJhnolecules arc reduced 
by a definite number of molecules of the sugar. 

FeMing’s solution is made as follows: 
84*61 g. pure recrystallised copper sulphate 
are dissolved in 400 o.o. H^O or thereabouts, 173 
g. sodium potassium tartrate (Bochelle salt), 
and 74* grama freshly-prepared sodium hy¬ 
droxide (commercial stick soda) are dissolved 
to 450 ^0; when the solution is cold it is 
gradually added to the copper solution in smalJ 
portions at a time, so that the pp.at first formed 
is re-dissolved. \Vhen both solutions are mixed 
the volume is made up to 1 litre. It is verj 
generally stated that this solution does not kebj 
very weU. I found it constant in its properties 
for more than twelve months when kept ic 
carefully-stoppered bottles, sealed with paraffin 
in a cool, dark place. Some recommend thai 
both the solutions be made up U> 500 c.o.t kepi 
separately and mixed in equal volumes when re 
quired for use. This is probably the better plan 
but unless the solutions are kept in well-stop 
pared bottles sealed they will deteriorate ai 
badly as if mixed. This solution is used as (a 
a qualitative test for the reducing sugars. I 

• 0. • Organ cki CeniralMreins /Or RObensueker/abrica 
tUm in der euerrtiehfacfi^ungariieAen MonareMe. 

• Journal dot Fabrieantt do Suero, 

• Kedewald a. ToUens iB. 11, 3076) employ 60 g 
and the/ say the Increase of alkali to 70 g. diml&iibe 

tiie redoclng power of lactose about 1 p.e» 
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is also wed (&) qttantit&tiTely, to detentdne the 0*01753 g, dextrose,* while it takes 0'0494 to 
reduoiog power and the quantity ol a sugar. reduee the same bulk diluted with four measures 

(a) Qtialitatively. A portion of the solution of water. The same applies to the other re¬ 
supposed to contain sugar, prepared as described, ducing sugars, only in the case of Ifttose 
is heated to boiling In a small beaker or test-tube, dilution has no ftfppftf., xp hila j p that of maltose 
and is added to 5 c.o. of the alkaline copper solu- dilution diminishes the amount of sugar ra¬ 
tion previously diluted with its own bulk of water, ^uired. This is, no doubt, Qorreot under the con- 
and healed to boiling. Tl^ production of a red ditions stated, but it is not necessary in dealing 
pp. of CUjO indicates thp presence of a reducing with a reaction of this kind to deviate from re¬ 
sugar. There are substances besides the sugars cognised conditions such as those laid down 
capable of reducing Pehling’s solution. The ab- above. When these are adhered to it is found 
senco of these must bo established before it can that the reducing power of the sugar very 
be inferred that the reduction is due to sugar. closelyapproachesmolocularinteraction;infact, 

(b) Qiiantitatively.^ The reducing power of a so much so that the molecular relation most 
sugar, or of • a solution containing reducing closely approximated to by the experimental 
sugars, can be determined volwnctrically or data may be taken as the nortnal reducing 
gravimeiricallyy with J’ehling’s solution. It is power of a sugar. Those normals for the bettor- 
now very generally admitted that the gravimetric known sugars afe:— 

method gives the only reliable resufta. 10 c.o. Fchling’a solution = 0 0500 g. dextrose.* 

Volurwtrically. The sugar solution, pro- „ o-OoOO |. galactose, 

pared as described, should be diluted (0*5 to 10 ^ o n.'ioft a liPvnlnafl 

g. reducing sugar in 100 C.C.). This is in. . ' *1 nSlf.'Sse t' 

troduced into a burette, and the Fohling’s solu- „ 0*07190 g. maltoself 

tion into a second one. Of the latter a definite ,, ^ 0*04630 g! arabinose. 

quantity, say 10 c.c., is measured into a por- ,, ^ 0 08701 g. arabinort.' 

celam dish of about 00 to 100 o.o. capacity, and . the rcduoliis power of taivulo™ 1> 

diluted with four times its own bulk of water. dilTcroutfroai that of dextrose. This is uot supported; Uls 
The dish is then iiLiced over a small Bunsen, oror isduo tohls mode ofprepariciuitiTortsujfar. * • 
and the contents heated to boiling. The sugar ^ Sugarfreo from water of crystaUlsatiou. ^ 
solution is then run in a c.c. at a time until Oravimetrically, The Pehling’s solution is 
the blue colour of the copper solution has nearly prepared-as described; 25-30 c.o. of it are 
aJ] disappeared, then drop by drop until it has measured into a beaker of 130-140 c.c. capacity, 
quite gone. The first experiment may only give and about 50 c.c. well boiled water added, 
approximate results; in a second a quantity of The beaker is then placed in a boiling-water 
sugar slightly less than was found necessary bath, consisting of a larger beaker in which water 
in the first experiment is measured into a small is kept boiling. At the end of fivoorvix minutes, 
beaker, heated to boiling, and mixed rapidly when the dilute copper solution has acquired 
with the boiling dilute copper solution. If the the temperature of the bath, a known weight 
whole of the copper is reduced, a few drops more or mdHsure of the sugar solutionis heated 
of the Pehling’s solution are added from the to boiling, and added. If at the end of a few 
burette. A few experiments of this kind will minutes the blue colour is completely destroyed, 
give fairly approximately the amount of copper it can be restored by adding more Pehling’s 
solution a certain quantity of the sugar solution solution, but it is much better to so arrange 
is capable of reducing. That the Pehling’s sola- matters by a few experiments that the amount of 
tion is not in excess is seen by the absence of blue »sugar solution employed will reduce the Fehiing's 
on subsidence of the Gu.p, and may be con- as nearly as possible, leaving only sufficient 
firmed by filtering a little and testing for copper blue, on subsidence of the Gu.^0, to make it evi- 
with a dilute solution of potassium forrocyanide deni that the ^pper solution is in slight excess, 
in acetic acid. The absence of a brown coloura- After twelve W fourteen minutes’ boiling the 
tion indicates the absence of GuO. If the sugar clear supernatant liquid is decanted on to a filter, 
is in.excess, more GuO solution is decolosrisod, the Cu^O is washed by decantation, and fifially 
but after boiling the sugar in the alkaline solu- on the filter. If the Fehiing's solution is in 
tion the amount reduced is not a measure of the largo excess it is difficult to wash the filter free 
quantity of sugar. The final experiment must be from unreduc^ copper oxide {blue colouration)^ 
performed after two or more observations, when but if the excess is only alight there is no indioa- * 
the relative value of the two solaUons has been tionthatthefiltcrrctains coppercompoundsother 
approximately ascertained, as detcribed above, than Cu^O. Ignitiqp for four or five minutes in^ 
by adding the whole, or nearly the whole, of the an open porcelain crucible converts the rod pre- 
» sugar at a boiling temperature to the copper oipitate into black copper oxide GuO, in which 
solution at once. If only a few drops of the sugar form it is weighed. Prom this tBs sugar is col- 
solutiOD are required to remove the last traces oulated by multiplying by the constants (see next 
of CuO, the error is not great; 10 c.o. of the page). Itmaybeagainpointedontthattb^faotora 
Fehiing’s solution, made as directed, contain given by various authorities difier more or less 
*1100 g. GuO; 896 CuO 180 dextrose, i.e. 6 mole, from these (see the K of individual sugars), but 
OuO ^9'2-f 5»396) are reduced by 1 mol. dex- I btfiieve these^e the constants, the differences 
trose 180, then 396:110«180:050 grams amongst the a^ors being due to manipulatloni 
dextroses 10 o.o. Pehling’s solution. Soxhlet to the state of dilution and alkalinity of the 
(f.c.) states that the value of the CuO sola- solutions, and to the temperature of the mix^ 
tion in dextrose varies with the way in which sugar and CuO solution. An imperfect knowled^ 
the experiment is performed ; that 10 o.o. of the composition of the material is a source of 
undiluted Pehling’s solution are reduced by error. la dealing with some solutions, othes 
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1 morsugar to 5 Mols. Cub ; 1 g, OaO-O-iSiS g. dextrose 
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6 .. 
7*6 
6 „ 
4-5 „ 


. _ Birtoiog. aexirose 

1 g. H * 0'4545 g. galactose 
1 g* If *t)’4645 g. IsTulose 
1- g* ti «‘0‘5758 g. lactose 
1 g* If * 0*7196 g. maltose 


K-lOO 
K»100 
K.lOO 
K« 77-67 


sc^tstances may be precipitated with the COifO. 
These sboald be ascertained, determined, and 
allowed for. In dealing with solutions in which 
ammonia is found, or liberated by the alkali, 

. Cu,0 is retained in solution. Sundry propositions 
have begn made to avoid the disturbing influence 
of the alkali in Fehling's solution, but they seem 
to have met with no favour. Soldtni (i?. 9, 
1126) proposed copper carbonate in potassium 
bicarbonate; Possoz (O. li. 1B74, 721) and 
Pellet (/. /h. 19, 22) other solutions of copper 
in alkmine Uterbonatos. Ldwe (FV. 9, 20) re> 
commends the use of a solution of CuO in 
glycerol, but so far little can be slid of the valua 
o! the solution. In cases where the sugar solution 
contains other substances than reducing sugars 
capable of gijpngaprecipitate with Fehling’s solu¬ 
tion without mduction, the whole precipitate may 
be^issolved in hydrochloric acid, made strongly 
«alK^ne, and added to an excess of ammoniacal 
solution of. silver nitrate. The copper subozide 
reduces an equivalent quantity of silver oxide. 
The silver in the precipitate may be estimated 
as chloride (Jean, G. B, 73,1397). As has been 
stated above, many other solutions and modM- 
oations of Fohling'a solution, have been proposed 
for employment in determining the sugars, but 
they appeai*to be of no value. 

. Pavy (7.C.) recommends the addition of suffi- 
dent ammonia to the Fehh'ng's solution to hold 
toe Ou^O in solution; the disappearance of the 
blue is then the indicator of the reaction. The 
reducing powers for sugars other than dextrose 
lor this solution have not been ascertained; even 
for dextrose it is doubtful (v. Hehner, An, 
6,218). 

Tiiree solutions of mercury salts have been 
proposed as agents by which sugars can be 
oetermined by their reducing power—the one 
known as Knapp^a solution, ^le other as 
Sachsaa'a solution, and the tbm as Hager*a 
solution. Neither of them are of high value, 
except in certain circumstances, but Hager's 
least of all. 

Knapp*a aolutian is made by dissolving 
10 g. HgCy^ in about 600 c.c. w%ter, then add- 
*ing gradually 100 o.o. sodium hydroxide solu¬ 
tion, specifle gravity 1*146, and diluting the clear 
solution to 1 litre; 10 o.o. of this solution equal 
0*025 g. dextrose ; but according to Soxhlet 
(I.cO tUs is xLot true, and the quantity varies 
wito toe condlllons under which the reducing 
solution and reducible one are brought in 
eontaot, and even with toe indicator used in ; 
determining the absence of mercury. The solu -1 
tton is used as follows :—40 o.o. of it are 
heated to boiling in a flask, ^d the Bi%ar 
solution, which should not ooi^in more than ; 
0*5 p.o. reducing sugar calculated as dextrose, 
run 4n as quickly as possible until the whole of | 
the mercury is ppd. as such, the mixed liquids be¬ 
ing kept continwUy boiling* The complete pre- ; 
•ipitation of the Hg is ascertained by testing for j 


it with ammonium s^li^e, or alkaline tin solu¬ 
tion. Less mercury is reduced by adding the 
sugar gradually than when the addition is made 
all at one time (Brunner, J.pr. [2] 21; Soxhlet 
lx.). According to the latter, when the reducing 
solution is added all at one time, and alkaline 
tin solution employed as a test for the absence 
of Bg from the solution, 0’200-'202 g. dextrose 
reduce 100 o.o. of Knapp’s solution. 

Sachsae*8 solution is made to contain in 1 
litre 18 g. &erourio iodide, 25 g. potassium 
iodide, and 80 g. potassium, hydroxide. The 
mercury salt is dissolved in a solution of the 
potassium iodide, the solution of the potassium 
hydroxide added, and the mixture made up to 
the litre. A measured quantity, 40 c.o., of the 
solution is boiled in a porcelain dish, and the 
sugar solution, containing not more than 0*5 g. 
per 100 O.O.. run in until a drop of the super¬ 
natant liquid ceases to give a brown colour with 
an alkaline solution of tin chloride. It is said 
that in using this reagent more mercury is 
reduced by adding the sugar slowly than by 
adding it all at one time, the reverse being the 
case mth Knapp’s solution. Soxhlet {lx.) com¬ 
pares* the value of these solutions for the re¬ 
ducing sugars as follows;— 

Taking the reducing power of dextrose ■« 100, 
toe reducing powers (K) o4the other sugars are: 



Fehling 

Knapp 

Sachsso 

Dextrose . • 

. 100 

100 

100 

Invert sugar « 

. 9G-2 

90 

124-6 

Lwvulose • 

. 92-4 

102'2 

148-6 

QalactoB^ • 

. 932 

. 83 0 

74-8 

Lactose (hydrated 

1?) 70-3 

64-9 

70-9 

Maltose (dry?). 

. 61-0 

63’8 

. 66-0 


These relations for the R of the sugars for 
Ftolmg’s solution do not agree at ail with the 
generally recorded numbers (u. K of individual 
sugars); tiiere are no data to enable one to form 
an opinion on toe value of toe K for the other 
solutions. 

Potaaavum ferricyanida has been proposed as 
an agent for determining the reducing power of 
the sugars by Gentele {Fr. 9,453), but although 
Stahlsohmidt (H. 1,141), Stammer (£>. P. J. 158, 
40), and Sostmann {V. Z. 22, 170) have worked 
with it, we know nothing very dennite about its 
value. It should yield deflnite results, as the 
complete reduction is definitely recognisable. 

6. The action of unorganised ferments, 
Enaymes, Sucrose is converted by invertase 
into Isvulose and dextrose; the only other 
sugar acted upon by this enzyme is raifinose 
(Kjeldahl, Fr. 22, 688; O’Sullivan, 0, J, 1886. 
70; and O’Sullivan a. Tompson, C, J, 1890. 834), 
and, as it has been shown, the invertiye action 
is most active at a temperature at which yeast, 
from which toe invertase is prepared, has no fer¬ 
mentative action on the products of toe inver8i<m; 
yeast can be employed instead of prepared in* 
▼ertase. The products of the action of InvortaM 
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on rafflad* M IkTolose and m^biose, th? 
latter yielding finally dextrose and galactose, 
llaffinose U but very sparely distributed. It may 
be considered that sucrose is present if the optlcfd 
activity of a solution is materially aUered by treat* 
mentwith invertase and the copper oxide reducing . 
powtf at the same time increased. The absence 
of r^nose can be determined by the non-pro- 
duotion of muoic acid on treatment with nitric 
acid. Before applying the invertase test the solu* 
tion to be tested must be boiled. If this is not 
done, and active diastase and any of the high* 
starch transformation products are present, the 
latter would be acted upon by the ^astsse, the 
optioity lowered, and the cupric reducing power 
iporcased. "Diastase does not appear to act on 
any of the sugars, except isomaltoae (?) 

Other organisms, such as the moulds which 
grow on steamed rice, contain an enzyme 
capable of acting on maltose, but ibis substance 
has not been employed in the detection or esti* 
xnation of maltose. There is no doubt, however, 
it is available for the purpose. 

7. Organised Ferments (see Fsrmbntation). 
The hyphomyceteSf saccharomycetes, and schizo- 
mpccfei^act on the sugars and yield various pro* 
ducts, and, nodoubt, can bemade available for the 
detection and estimation of them; but we have 
only to concern ourselves here with the action 
of ordinary beer yeast {saccharomyces cerevisia ); 
the changes effected by the other organisms come 
under art. Fbbmkntation. On adding pressed 
yeast to a very slightly acid solution, and keeping 
the mixture at a temperature of 20° or there¬ 
abouts, if a fermentable sugar be present, a frothy 
head will form on the surface of the liquid, carbon 
dioxide will be evolved, and alcohol formed. The 
specific gravity and optical activity of the solu¬ 
tion diminishes. Certain substances known arf 
antiseptics prevent this reaction—they must be 
proved to be absent. The fermentable sugars, 
in this sense, are described as such under the re¬ 
spective heads. 

The quantitative value of this phenomenon 
has been studied by many workers, but it is still 
unoatTsfactory. It has been made available with^ 
approximate accuracy ifi determining the total 
fermentable sugars in presence of other sub¬ 
stances from which they cannot otherwise be 
conveniently separated. The solution should be 
of about 8p.gr. 1*050-1*060, slightly acid, and 
should not contain much foreign matter. A 
measured quantity of this is taken, best 100 o.o. 
if available, introduced into a 150 o.o. fiask, and 
0*6 to*l g. freshly-pressed yeast added. If neces¬ 
sary, a little yeast ash dissolved in the least pos¬ 
sible quantity of hydrochloric acid, tc^cther with 
a little ammonium tartrate, should be added. A 
temperature of frqpi 20° to 22° is best suited for 
the process. The gas evolved is washed by being 
made to pass through a few c.o. water in two 
successive Wash-bottles. In some cases the fer¬ 
mentation is very slow and takes many days to 
complete itself, in others it is rapid and is 
fioished In a few days; but in all cases it should 
be continued as long as gas bubbles through the 
wash-bqttles on shaking the flask in which the 
fermentation is going on. As soon as this point 
is arrived at, the contents of the flask are wMhed 
with the water of the wash-bottles into a distilling 
subletted to distillation. DUUto 


hoi disiiU dver and is ooIleoM in a 100 e.o. 
flask. If Only 20-25 ox. wasMlater were used, 
the distillate, when it amounts to 80-85 cx.» 
will contain ail the alcohol produced* This is 
then made up to 100 c.o. and its specific gravity 
taken. On referring to the alcohol tables, the 
weight of alcohol in the 100 o.c. is ascertained. 
From this a knowledge of the amount of ferment¬ 
able sugars is arrive at. Sucrose yields 51 p.o» 
alcohol, dextrose 48-49 p.o. (Pasteur, A. Oh* 

58, 330), maltose 50*4-51*8 p.o. (O’SuUivan, C. f. 
1876, 479). Hofmann, Graham, and Redwood 
(C. J. 6, 229) gave expression to the value of the 
specific gravity of distillate, in points or degrees 
of speciflo^avitylost by the saccharine solution 
fermented mr various sugars. These factors ftre 
still employed in determining the original specific 
gravity of beer, from the alcohol it contains and 
the specific gravity of the residue after distilla¬ 
tion. The* residue left in the distilling flask 
mentioned above is with the washings made up * 
to 100 C.C., the specific gravity of this solution 
subtracted from that of the solutiioD before the 
yeast was added +1—or 1000 if water be taken 
at 1000 instead of 1—will give approximately 
the specific gravity of a solution containing the 
amount of sugars or sugar fermented in 100 c.o. 
The average D of the sugars being known, the 
quantity fermented within 2 or 3 p.c. can'be 
calculated from this. Inasmuch, however, as the 
value in specific gravity of the non-volatile pro¬ 
ducts of the fermentation of the sugars baa not 
been accurately determined, this mode of estima¬ 
tion can only be approximate. • 

#It has been proposed to estimate the amOnnt 
of sugar or sugars by determining the amount of 
carbon dioxide evolved daring fermentation. 
Pasteur (Zx.)*giveB 0*4665 g. CO* as the product 
of 1 g. dojsirose. Jodlbauer {Z. V, 26, 308) states 
that dry maltose yields 49*54 p.c. CO^ and dex¬ 
trose 46*64 p.c. These figures are, no doubt, 
true also for oil the fermentable *-on ’ and ‘-ose * 
sugars. 

Some of the sugars when in the pure state 
are not fermented by yeast, but the presence of 
a small quantity of an easily fermentable su^r 
sets up the action. Pure galactose is not fer¬ 
mented by yeast; the presence of a little dex¬ 
trose, lo9vulose, or maltose sets up the process 
(Bonrquelot, C. B. 106, 283 ; ToUensa. Stone, B. 
21, 1572; Stone a. ToUens, A. 249, 267), the 
fermentation of galactose being as complete as 
that of dextrose if the suitable nourisHment is 
present. Under the same condition sorbose 
ferments more slowly and less completely, ala- 
binose and lafttose very slowly and incompletely. 
Pure arabinose behaves like pure galactose. * 
Sucrose is inverted by yeast, dextrose ferments 
easily, Itevnlose less so, maltose still less, and 
raifinose lees stilL The other sugus ferment 
only when these are present; hence it should be 
possible to detect the presence of individual 
sugars from, the specific rotatory power and Kby 
fractional fermentation. With some varieties o4 
yeast Isavnlose ferments be lore dextrose (Dubourg, 
O. B. 110, 868). Again, some organUma ^ 
found to fermOnt the * -ose * sfigars and to bo ku 
capable of fermenting the * -on * ones. A rtndy 
of the action of these organisms will yield results, 
valuable in the identification and estimation ol 
tbw Bugara.. 
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JA^'A^Hon of ^ds. AlUhe di- and tri- sngai^ 
Kto converted inWmono- sugars by thl action of 
dilate mineral acids { this is accompanied by an 
alteration in tbe^ K and [a] of the aolullon. If 
this took place only with tbe high angarS} the 
reaction would be applicable in distinguishing 
the *- 0 D * and ^-ose -on ’ sugars from the *-ose; ’ 
but the K and [a] of these suprs are also affected 
by digestion with mineral acids, but much more 
slowly, so that the reaction is only available 
when carefully performed. If the sugar solution 
increase in £, and there is a material alteration 
in [a] on ten or twelve minutes’ boiling with 2-3 
p.c. sulphuric acid or hydrochloric acid, it may 
safely'bo Inferred that a high sugar^i- or tri-) 
is j)resent. Some organic acids act differently 
on the high sugars. Dilate citric acid inverts 
sucrose; it is without action,at least material 
action, in a short time on lactose (Jones,7.C.). . 

The invertive action of acids—except under 
well-defined conditions, such as tbe employment 
of hydrochloiic acid by Clerget in hydrolysing 
sucrose—cannot, for the reason mentioned above^ 
be employed in estimating these sugars. • 

Dextrose and substances capable of yielding 
it can be detected by acting on the material with 
nitric acid (1 pt. mat. 1 pt. H.^0 and 6 pts. 
nitric acid, sp.gr. 1*15). Saccharic acid, recog¬ 
nisable by tbe microscopic appearance of its acid 
potassium salt, is produced (Sohst a. Tollens, A. 
245,1). Lievulose, galactose, sorbose, and arabin- 
ose do not yield this acid (Gans, Stone, a. Tollens, 
B, 21, 2148). Galactose, lactose, and raffinose, 
on treatment with nitric aoid in the same w^, 
yield mncio aoid. This reaction has some quaOK- 
tative value. Pasteur (G. B. 42, 349) obtained 
75 to 78 p.o. mncio acid from galactose. The 
yield, however, varies very considerably with the 
quantity and strength of the acid Employed. 
Kent a. Tollens {A. 227, 221) find on employing 
1 pt. sugar, 12 pts. nitric acid, sp.gr. 1*15, al¬ 
lowing to crystallise in 1*5 to 2*0 pts. solution, 
and washing with 5 pts. water that galactose 
gives 77'4 p.o. mucic acid. Lactose treated in 
the same way gives 40 p.c., and raffinc^e (Bisoh- 
bieth a. Tollens, A. 232, 172) 22-23 p.o. By 
using 1 g. dry sugar, or a quantity equal thereto, 
in B' concentrated syrup, 4 g. nitric acid sp.gr. 
1*25.-1*24, heating gently until red fumes began 
to be evolved, then allowing the reaction to pro¬ 
ceed until the violence was over, heating on a 
water-bath until red fumes ceased to bo evolved, 
allowing to stand fcr 24 hours to crystallise, I 
obtained 73 p.c. mucic acid from galactose, 3G*9 
p.c. from dry lactose, and 28-30 p.o. from dry 
raffinose fO’Sullivan, G. J. 18^, 73). Tho 
mucic acid was collected on a tared filter, washed 
carefully with 50 c.c. water, dried in a vacuum 
over sulphuric acid, then at lOO*^, and weighed. 
By treating 0*5 g. mucic acid in the same way, 
the loss was 0 04-0*05 g. Corrected for this tho 
above numbers become 80-81 p.c. for galactose 
and 40*5-41*5 p.o. for lactose. The number for 
raffinose was corrected. 

The pentoses, and bodies from which they can 
be obtained, yield on digestion with strong hydro¬ 
chloric aoid, furfural, the detection of which is 
simple and definite. This reaction has been em¬ 
ployed in the estimation of these sugars. It must 
not, however, be forgotten that the hexoses also 
yield furfural, although, no doubt, in verv small 


quantities (Ofinther a. ^oUcAs, B, 9$, 1751; ds 
Chalmota. Tollens, B, 24, 694; Stones B. 24, 
8019). ^ The first difficulty to overcome was to 
determine the conditions under which the great¬ 
est yield of furfural was obtaifiable, the next to 
accurately determine the furfural. 2 to 5 g. of 
the material are digeateS with 100 o.o. lyrdro- 
ehlorio acid, sp.gr. 1*06, and then distilling, re* 
turning the distillate until the reaction is com¬ 
plete ; or the mixture of material and acid is sub¬ 
mitted to distillation in a fiask over a small 
flame, so that not more than 10 o.o. distillate pass 
over in five minutes, fresh acid being regularly 
added until a sample of the distillate ceases to 
give tbe reaction for furfural. The.distillate is 
then neutralised with soda, acidified with a few 
drops of acetic acid, and made up to a definite 
volume. In this the furfural is estimated by a 
standard solution of phenylhydrazine, made by 
dissolving 2 g. phenylhydrazine chloride with 
6 g. sodium acetate in 1 litre water.. This is 
standardised with a solution of furfural of known 
strength (1 g. pure furfuramide in a little acetic 
acid to 1 Itr. water). Standardisation must be 
made before each set of determinations, as the 
phenylhydrazine solution loses its valMS in a 
short time. The titration is performed as fol¬ 
lows : 25 c.o. of the distillate are mixed with a 
measured quantity of tbe pbcnylhydnvzine solu¬ 
tion, the mixture rapidly boiled and cooled; a 
little of the solution is filtered and boiled with 
twice its volume of Fehling’s solution; if the 
phonylhydrazme is in excess reduction takes 
place, but if furfural is in excess there is no re¬ 
duction. Trials are made until the equivalent 
amount of phenylhydrazine solution is found 
(Stone, lx.). The ffilute acidified solution is 
precipitated with phenylhydrazine acetate, the 
nydrazido collected on an asbestos filter and 
dried in a vacuum in a specially-constructed 
apparatus at 50°-C0'’ until the weight becomes 
constant. The precipitation is always effected 
in the some volume of solution, ;so that allow¬ 
ance can be made for thd solubility of the hydra- 
zide. Arabinose yields on an average 48*‘i(^p.o. 
.and zylose 56*25 p.o. furfural (do Chalmot*a. 
Tollens). 

9. The action of alkalis. This can only be 
applied as a rough qualitative test. All the 
hexoses yield a brown colouration when boiled 
for a few minutes with a 3 -4 p.c. solution sodium 
hydroxide. The * -on ’ sugars are not affected. 

10. The action 'of phenylhydrazine. The melt¬ 
ing-point of the osazones and hydrazides and 
composition thereof give good indication of the 
nature of the sugar whence they are prepared. 
For preparation and melting-point see individual 
sugars. Moquenne (G. R, 112,799) finds that dif¬ 
ferent sugars yield, with excess of phenylhydra«> 
zine, very different quantities of osazones. By 
heating 1 g. each sugar for one hour at 100” with 
100 C.C. water, and 5 o.c. of a solutiori of phenyl- 
hydrazine acetate, containing in 1 litre 400 g. 
phenylhydrazine and 400 g. glacial acetic acid, 
cooling, collecting the precipitate, washing with 
100 c.o. water and drying at 110”, ha found 
sorbose gave 0*82 g., Iwvulose 0*70, xyloje 0*40, 
dry dextrose 0*32, arabinose 0*27, galactose *0*23, 
rharfinose 0*15, lactose 0*11, maltose 0*11. There 
must, however, be some error ormisundexstand- 
inff here, as ther« ia nn^liiffSniiUw Sn ffAttiog 120 
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):o.o9ftzpn«lrom arabinose and more than 130 p.0. 
^omlaTnlgse* * 0. O’S. 

BTTIiPfl&CETlG AOIB v* Sulphoaobtxo aoxb. 

SULFHAMIG ACID and 8 ni.PHAltAT£S 
3 O 2 .KH 3 .OH and S 02 .NH 2 . 0 M<. {Amidosttlphonic 
aem and Amidosutphonates.) By passing dry 
over SO,, Bose (P. 33, 81; 47, 471; 49, 
183) obtained a compound SO,. 2 NH 3 . This com* 
pound, called by Bose * sulphatammon* is gene* 
rally described as ammonium sulphamate 
SO 3 .NH 2 .ONH 4 , but Divers a. Haga (0. J. 61, 
}48) have ahown^ fairly conclusively, that the 
compound is tri*ammonium imldosulphonate 
(N(NH 4 )(S 02 . 0 NH 4 ) 3 [= 2 S 0 ,. 4 NHJ; this salt 
Is aesoribed under Jmidosu^p/mnio acid and iU 
salts (v. SULPHON^ ACIDS AND DEKIVATIVliS, p.600). 

Barium sulphamate go^NH’O^®^ seems 
to have been obtained by Berglund {B. 9,1896) 
by boiling an aqueous solution of barium imido* 

aulphonate HN<^gQ‘‘'Q]>Ba (v. Imidosulphonic 

acid under Sdlphonio acids and dbbivativbs, 
p. 600) tiU the solution reacted strongly acid, 
adding excess BaOAq, boiling so long as KH, 
oamff off, filtering, removing excess of Ba by 
passing in CO 2 , filtering, evaporating the filtrate 
to a small bulk, and allowing to stand. The salt 
crystallises in long, lustrous needles; it is not 
changed by heating to 200 ®, nor by boiling in 
solution, even in presence of HClAq. 

Berglund {J.c.) says that a solution of jpofas* 
sium sulphamate is obtained by the reaction of 
nascent hydrogen with potassium oxyamidosul- 
p^onate (v. Oxyamidosulphonio acid under 
S^PHONIO ACIDS AND DBBIVATIVBS, p. 602), thuS: 
NHOH.SO 3 .OKAq + 2H * NH 2 .SO 2 .OKAq + HA 
B. was unable to isolate the salt. Basohig 
{A, 241, 176) obtained the ^tassium salt 
SO 3 .NH 2 .OK by boiling potassium imidosul- 
phonato NH(S 03 . 0 K )3 with a little water for 
some time, removing the H 3 SO 4 that was pro¬ 
duced by CaCO;„ filtering from CaS 04 , evapora¬ 
ting, pouring off from £3804 that separated, and 
allowing the syrupy mother-liquor to crystallise. 
The salt separated in .large colourless, rhombm 
crystals. In 1878 Berglund prepared several 
Bolphamates, viz. the salts of NH 4 , Cd, Ca, Co, 
Ou, Pb, Li, Mn, Ni, Ag, Na, Sr, Tl. and Zn 
{hunds Universitets Arsskriftt 13; abstract in 
Bl [2] 29, 422). 

SuDPUAMia ACID SO 3 .NH 2 .OH. This acid was 
obtained by Berglund (i.c.) by passing HjS into 
a solution of the silver salt, filtering from Ag^S, 
and evaporating over H 2 SO 4 . It forms large, 
translucent, rhombic crystals; the ratio a:b:e 
-•9945:1:1*056 (Baschig, A. 241, 178). Easily 
sol* water, leas sol. alcohol; aqueous solution 
only slowly decomposed to NH4.H.SO4 on boiling; 
more rapidly decomposed if HClAq is added; 
not decomposed by beating to 190® (B., I.c.). A 
solution of the acid gives no pp. with BaOAq; 
on boiling with HClAq and BaCl 3 Aq a pp. of 
BaS 04 gradually forms. Raschig {l.c. p. 209) 
obtained sulphamio aoid by saturaUng a solution 
^f hydrbxylamine hydrochloride with SO 3 , Row¬ 
ing to stand for a little, and then evaporating 
on a water-bath (NH 3 OH.H 0 lAq + H.SOyOHAq 
- NH 3 .SO,.OHAq + H01A<1 + H 3 O). 

SU^HAXIDS 8 QJNHa) 3 . {Sul^honamide. 
Bulphurylamide^) IW neutral amide of sol- 


phorio aoid is oht^ne^ bt passing dfy NH, into 
cooled SO 2 OI 3 . dilated with 15 to 20 vols. OECl« 
to complete saturation, dissolving the pp. so 
produced in water, making -strongly acid by 
HNOsAq, ppg. Cl as AgCl by addition of 
AgNO^Aq, filtering, neutralising by KOHAq, and 
again ppg. by AgNO^Aq, filtering from SOjNAg 
'(v. SuLPHiuiDB, p. 587), adding more AgNOaAq 
and then KOHAq, wanning and then cooling 
quickly, and collecting the pp. that forms. This 
pp. consists chiefly of S 02 (NHAg) 2 , but there is 
a small quantity of another Ag salt whioh must 
be removed. This is done by washing well» 
adding exactly enough HClAq to convert all Ag 
into AgCl, neutralising by NH^Aq, adding 
AgNO^Aq, filtering from the pp. of the foreign 
Ag salt, adding more AgNO^Aq and then excess 
of NH^Ag, when pure S 02 (NHAg )2 is ppd. The 
^It is decomposed by exactly the proper quan¬ 
tity of HClAq, AgCl is^filtered off, the filtrate is 
evaporated in vacuo at a temperature not above 
40®, and the liquid iS allowed to remain ifhvacuo 
, over H 2 SO 4 , when S 03 (NH 2 )a separates in large, 
colourless crystals (W. Traube, B. 26, 607). 
Sulphamide is very sol. water, less sol. dilute 
alcohol, insol. alcohol, ether, and other ordinary 
organic solvents; it softens at 7%® and melts 
at 81°, uegins to give off N^ below 100 °, no 
further decomposition occurring to 250°; above 
250® gives off acid vapours, and is completely 
decomposed. An aqueous solution of sulphamide 
is neutral; boiled with acids it gives H^S 04 Aq 
and NH,. Solutions of alkalis split off NH, and 
form alkali salts of SO 2 .OH.NH 2 . Small quan¬ 
tities of H 2 S 04 Aq are formed after prolonged 
boiling. By adding AgNO^Aq to solutions of 
sulphamide, and then NHjAq, a pp. of 
SOjiKHAg), is formed; other metallic deriva- 
tivoj of SO^iNBLj)^ but have yet been 
isolated satisfactorily. 

iMIDO-SUXiFHAHIDB NH(S03.NH2)3 V. SULPH- ^ 
XUIDO-AMIDB (p. 567). M. M. P. M. 

SULPHAMINE-BEKZOIC v. Amide of 

O-aULPHO-BENZOIO AQED. 

SULPHAUUOKIC ACIDS AND BALTS v.. 

SULPHUB OXTACIDS, NITBOOKN DBBIVATIYBB Oi** 

p. 619. 

SULFHANILIC ACID v. vol. i. p. 154. 

SDLPHANTIMONATES, &o. For such salts 
as sulphantimonatcSt sulpharsenatest sulpho- 
phosphates v. Thio^aniimonates under 
Antimonates &q. 

SULPHATAUI^ON and PASASULPHATAK- 
MON V. Tri-ammonium imidosulphonaU and 
Bi-ammoniym imidosulphonaie under Imido* 
sulphonie acid and saltSf a sec^on of 
SULPUONIO ACIDS AND DBE^TATIVBa, p. 600. 

SULPHATES and allied salts. Salts of 
sulphuric 001 ^ 1 ^ 2804 . The compoaitions of 
normal sulphates are expressed by the gdheral 
formulas M 2 *S 04 , M**S 04 , M*“ 2 (S 04 ) 2 , andi 
M<^(S 04 ), ; the greater number of the amd sul¬ 
phates come under such fi>rmu]SB as 
M«H2{S04)2, M*“H(S0,>2,M"H3(S04>.. All wil. 
phates, whether normal, acid, or basic, may be; 
represented by the formula nMO.mSOaUBHfOi 
where MO stands for a basic oxide. Tha 1 ^ 
phates are prepared ( 1 ) by the interaotioii of 
H 2 S 04 Aq with metals, metallic oxides, 
droxiaes; some metals react with dilute H 2 SO^^ 
giving sulphates and H, othem ceaoi 01 ^ wiw 






uot BODo. ^Ting sulpbates and^SO^ arl KHI A 
80, and B,8, end Bometimes E also; 0 1 83^0 is glrsA 

intenwaonofH^SOjAq with salts 0 /Tototilisabla I lemains; NH, _ 

or decomposable sciS, ap. with ohlotides, ni* / (IiDptoa, 0. J. [3] 18, 20ih 
trates, 01 carbonates; {S)b^ the direct oombina-1 Potash alam Al,(lS0,),.K,804.84aa, pro. 
,Jion 0 / SO, with metallic oxides ; (4) by oxidising pared by mixing soiutions ot the two suiphates 
*aIphides,byboilingwithHNO,Aq,orbyroaoting I and eraporating, crystallises in regular oota- 
With Cl inpresenoe of water, or sometimes by « — ... — . - — 

heaSng in air, e.a. FeSO„ CuSO,, and ZnSO, ; 

(6) by doable decompbaition from other sal- 
phatea, e.ff. BaSO„ PbSO«. Most of the metal¬ 
lic normal sulphates are soluble in water; 

BaSO, is insol. water, PbSO, and SrSO, nearly 
insol., and CaSO, very slightly soluble. The 
basic sulphates ate generally insoluble in water. 

Sulphates of metals whose oxides are strong 
bases—the alkali dnd alkaline earth metals —are 
not decomposed by heat alone; the sulphates 


of metals whose oxides ue weak bases are daW toI. i. p. 653) 


composed by heating, giving oB SO,, or SO, and 
0, and leaving oxides, or metals if the oxides 
are reducible by heat. Sulpfiates are reduced by 
heating with charcoal, either to sulphides or 
oxides, with evolution of CO and C0„ and also 
SO, from the sulphates of weak bases. Many 
sulphates are decomposed completely by heating 
with HOI ga3, giving chlorides (v. Hensgen, B. 
9, 1671; 10, 259). Fusion with excess ot alkali 
carbonate produces alkali sulphate and carbonate 
ft the metal ot the original sulphate. Many 
sulphates are reduced by strongly beating in a 
stream of KH„ yielding sulphides, oxides, metal, 
or mixtures of these (v. Hodgkinson a. Trench, 
. C. N. 66, 223). Several sulphates occur as 
minerals; e.g. BaSO, [heaey spar), CaSO, (gyp- 
Sum),8tS0,(celestine), MgSO, (Epsom salts), &c. 

Aluminium sulphates. The normal salt 
A1,(S0J,. 18aq occurs native as feather alum ; it 
is prepare^y heating clay with cone. H,SO,Aq 
and boiling down the solution; also, ^cording 
to Persoz (A. Ch. [3] 66,102), by adding solu¬ 
tion ot alum or AlCl, to a large excess of cone, 
boiling H,SO,,j»hen anhydrous A1,(S0,), sepa¬ 
rates as a white powder, dlawalovski (C. C. 
■ 1865.721) says that perfect octahedral crystals 
ot Al,(SO,)r 17aq are obtained by saturating 
H,SO,Aq with freshly ppd. AlOjH, and allowing 
to .stand tor some months. Crystallises with 
^ffioulty from water; crystallisation hastened 
by adding alcohol in which the salt is insol. 
A,'I.*.). Concerning ppn. of Al,{S0,),jcH,0 
from aqueous solutions by H,80, v. Eremin, 
•T. B. 20, 468 (abstract in C. A 56, 347). When 
heated gives oft all water; heated to redness 
gives oil SO, and leaves A1,0,. Tqrious basic 
salts ape known; they are obtained by heating 
nlution of Al,(SOJ, '•Ith A10,H,, or by partially 
ppg. solution ot the normal snlt,by FIH,Aq, or by 
partial reduction ot the normal salt by Zn (v. 
Mans,?. 11,80; Debray, Bl. [2] 7,1; Athanasesoo, 
C. S. 103,271; Crum, A. 89, 156; Marguerite, 
a a. 90,1854; LSwe, f.pr. 70, 428; Blej.J.pr. 
89,1). 

The double salts Al,(SO,),.M,SO,. 24aq, where 
HwNH,, Na, K, Eb, Cs, Ag, or Tl, are alums. 
For expansions of alums v. Spring, B. 15,1254, 
1739 • 17 408* • 

Ammonia alum Al,(SO,),.(NH,),SO,.24aq, 
prepared by adding (NH,)^0, or NH,C1. to 
Al,(SO,),Aq, so that the salts are in.equivalent 
foantifaes, c^taiUses in octahedra; S.Q. 1*56; 


hedra; 8.G. 1*7; S. 8*29 at 0°, 9^52 at 10“, 
22 at 30°, Slat 60“, 90 at 70°, 357 at 100°. The 
crystals effioresce in air. At 190°, 33H,0 is 
given oS (I,., {.c.). Also obtained in cubical 
crystals (v. Folia,'B. 13, 360).. Solution in water 
has an acid reaction, and dissolves Zn and Fe, 
giving off E. 

Cessium and rubidium alums o. Bun¬ 
sen, P. 119,1; GodeSroy, B. Ul, 176; Bedtea- 
baoher, J. pr. 95,148. Setteroerg (A. 211,100) 
gives S. in wdter from 0° to 80° (of. Oasiosi, 


Silver alum V. Church a. Northoote, 0. N. 
9, 155. • 

Sodium alum v. Pouisin, Polytech. Cen- 
tralbl. 1852.774; Zellner, 36, 183; and espe¬ 
cially Augd, C. a, 110,1139 (abstract in O, J. 
58, 1059). 

Thallium alum v. Lamy, Bh [2] 11,^10. 
The double salts of AljtSO,), with FeSO„ MgSO„ 
MnSO„ and ZnSO, also crystallise with 24H,0. 
For doable salts with Fe,(SO,)„ MnjtSO,),, and 
Cr,(SOJ, V. Etard (Bl. [2] 31,200). For a double 
salt with PbSO, v. Bailey (C. 8.1. 6, 415). 

Ammonium sulphates. The normal salt 
(NH,),SO, is found in certain volcanic districts; 
it is prepared by neutralising H,SO,Aq by NH^Aq 
or (NHJjCOjAq and evaporating. Crystallisps 
in clear rhombic forms, is isomorphous with 
K,SO, (MitscherUoh, P. 18, 168). S.G. 1*761 
(Playfair a. Joule, 0. S. Mem. 2, 401); for S.G. 
from 10° to 100° ». Spring (B. 15,1940). Melts 
at 0 .140° (Marchand, P. 42); decomposes abovp 
280°: according to Johnson a. Chittenden (Am.S. 
[3] 16,131), gives NH,HSO, and (NH,),S,0„ and 
at incipient redness gives SO,, H,0, and NH,. 
Absorbs dry HCI, forming BomoNH,Cl (n. Thomas, 
C. J. 33, 372). S. 71 at 0°, 73'63 at 10°, 76*3 at 
90°, 78*96 at 30°, 81*6 at 40°, 84*25 at 60°, 80*9 
at 60°, 89*55 at 70°, 92*2 at 80°, 94*85 at 90°, 97*6 
at 100° (AUuard, 0. B. 59, 600). Insol. absolute 
alcohol. For S.G. of (NHXSO.Aq from 1 to 
60 p.o. (NHJjSO, V. Schiff (A. 108, 338; 110, 
74). H.F. [N»,H»,8,0‘] = 284,800 Whomsen, 
J.pr. 21, 477). The acid salt NH,HSO, crys¬ 
tallises from solution of (NHJ,80, In not 
cone. H,SO, in long rhombic prisms, S.G. 
1*787 (Schiff. A. 107, 83). S. 100 in cold water. 
Two other acid salts have been *isolatedl 
(1) (NH,),H(SO,), [=3(NHJ,SO..SO,.H,0 or 
StNHJjO.dSOj.HjO] by adding the proper quan¬ 
tity of H,SO, to (NHj),SO,Aq (Marignac.Ann. M, 
(6) 12,88); (2) (NH,),S0..7SO, (- (NH,),0.8SOJ 
by heating dry (NHJ,SO, with SO, to 100° in a 
closed tube and distilling off excess of SO, at 
0 . 60° (Weber, B. 17. 2501). 

Antimony Bulphates. The normal salt 
8b,(80d, is obtained by dissolving S);,0, in 
boiung cone. H.,BO,Aq (o. 98 p.o. H,SOp, reorys-* 
taliising from cone. H,SO,, and drying on a 
porous tile over H,SO,. (Adie, O.. J. 57, 640; 
where an account of the action ot H,SO,Aq of, 
diOerent concentrations, jBd ot SO,, on Sb,On 
will be found, with refereflles to older papers). 
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BmIsAi MlpUtM. Tbt ndmai lal< BaSO, 
scour* Dative as htavy mtr. Prepared by add¬ 
ing dilute H»SO^q or dllnte solution ol a sul¬ 
phate to solution of a salt of Ba, washing, and 
drying. A white BOUd; 8 .G. 4-525 (G. Hose, 
p. 75, 409 i V. also SohrOder, P. 106, 226; a. 
Wiedemann; P. K. [5] 16, 371). Obtained as a 
crystalline powder by fusing 1 part E^^SO, with 
4| pai^ dry BaCl, in a closed cruoible, and 
washing with water (Manross, A. 82, 348); also 
^ heating dilute BaCl^Aq with slight exqess of 
PLSO,Aq to 245° (Scheerer a. Dreobsel, J. pr. 
[ 2 ] 7, 68 ). H.F. [Ba,0*,S] = o. 338,000 {Th. 3, 
616). Insol. water; 1 part dissolves in o. 23,000 
parts cold, and in 0 . 4,900 parts hot, HClAq 
S.G. 1-03, and in o. 9,200 parts HNOjAq S.O. 
1-02. Struve (Pr. 9, 34) gives S. of BaSO, in 
cono. H.,SO, as 6-69, and 15-89 in Nordhausen 
aoid. BaS 04 is partly decomposed by boiling 
with oono. solution of an alhali carbonate, or 
by fusion with alkali carbonate; Spring (Cl. [2] 
44,166) found that some BaCO, was formed by 
compressing BaSOj and Na^CO. at a pressure of 
0 . 6,000 atmospheres. 

An acid salt BaSO,.HjSO, is formed by dis¬ 
solving BaSO, in hot oono. HjSO, S.G. 1-843, 
and heating to 100° («. Garside, G. N, 31,245). 

' Beryllium sulphates. The normal salt 
BeSO^taq is formed by dissolving BeCOj in 
dilat^S,SO,Aq and concentrating the slightly 
acid liquid. For crystalline form v. TopsOe 
“tW. A. B. 66 [2nd part], 5). According to Klatzo 
(/. pr. 106, 233) the salt crystallises with 7B[.jO. 
Various basic salts are obtained by the action of 
BeCO, or Zn on solution of the normal salt. 

Bismuth sulphates. The normal salt ^ 
BySO,), is best prepared by dissolving BijS, in 
oono. H,SO, heated to commencing vaponisation; 
on cooling the salt separates in lustrous, very 
deliquescent, needles (Hensgen, B. T.C. 4,401; 
cf. Sohultz-Sellack, B. 4,13). For the action of 
heat on B4(80,), v. Bailey (C. J. 51, 680). An 
acid salt BiH(SOJj. 3aq was obtained by Leist 
(A. 160, 29) by dissolving Bi,Oj in dil. HjSO.Aq 
under dednite conditions. .Basic salts are also 
formed by the reaction of dilute HjSOjAq witif 
BijO, (®. Heintz, P. 63, 66 , 667), and by the 
action of H-0 on the normal salt {cf. Hensgen, 
Z.O.). 

Aooording to R. H. Adie {priv. comm.), aoid 
salts BiH(SOj 2 . a:aq (* = probably IJ pd 3) 
crystallise from solutions of Bi,0, or Bij(S 04 ), 
in H,SO,Aq of concentrations varying from 
H 4 S 0 ,.H 40 to 0 . H 4 SO.. 6 H 4 O-, from acid of the 
concentration H,SO,. 6 HjO, a basic salt crystal¬ 
lises, probably Bi-OH.SO,.H,0. 

Cadmium sulpbatet. The normal salt 
OdSO,. aq is obtained by dissolving Cd in dilute 
H^ClAq, and concentrating, by boiling, the acid 
solution (von BAuer, J. pr. 72, 372). Various 
other hydrates have been isolated. H.F. 
[Od,a,0‘]-221,650 {Th. 8 , 616). OdSO, oom- 
bii^B with NH, to form various compounds (e. 
H. Rose, P. 20,162 j Malagutia. Sarzeau, A.OA 
[8] 9, 481 j Isambert, 0. B. 70, 466; Muller, A. 
149, 70). Forms dovhle salts with (NH,).430„ 
MgSO,, and Na,SO,; these salts orystallise with 
6 aq (von H., iJi.) The doable salt with 
AMSO 4 ), is an alum. 

OSMaam sulphates^ JJormal talt Ca^Sp,; 
by neutralising H^O,Aq by Cs,CO| and evapo¬ 


rating, fShort needles, not hygroscopic: insoL 
alcohol Mfi. 158-7 at — The acid sait CsHSO,, 
formed by reacting tm Os^SO, with excess of 
H^SO,, crystallises in small rhombic prisms 
(Bunsen a. Eirohofl, P. 113, 842), 

Calcium sulphates. The normal tall OaSO, 
occurs native as anhydrite, and tbs dihydrate 
0a80,.2aq as gypsum, alabaster, and selenite, 
CaSO, is obtained in crystals by fusing K^SO, 
with excess of CaCl, and washing (Mantoss, At 
82,348; cf. Mitscherlieh, P. 21,321). OaSO,, 2^ 
is formed by ppg. fairly cono. CaCl,Aq by dil. 
HjSO,Aq or solution of a sulphate, evaporating, 
and washing the solid that separates. CoSO,. 2aq ' 
is said to be formed by the interaction of OaCO, 
and S moistened with water (Polacoi, O. 1874. 
177, 215). CaSO. has S.G. 2-964, and OaSO,. 2aq 
has S.G. 2-31 (v. also McCaleb, Am. 11,35). S. for 
CaSO,,-19 at0°, •208®|0°, -214 at 40°, -208 at 
60°, -195 at 80°, -174 atI0a° (Marignao, A. Ch. [6] 
1, 274); S. for CaSO,.2aq -2119 at 16-6°, -2352 
at 22° (Cossa, G. 1873.135); S. for CaSO,.2aq 
' in glycerin, -957 at ordinary temperature, S. in- 
creases as temperature rises (Assclin, 0. B. 76, 
884). According to Raupenstauoh (0. 0. 1888. 
821) the salability in water of gypsum increases 
to 82°, is constant from 32° to 38°, and decreases 
above 38°. Gypsum loses 2H,0 when heated to 
80° In a stream of dry air; when the CaSO, 
thus produced is moistened it takes up 2H,0, be¬ 
comes crystalline, and expands. The dehydrated 
CaSO, obtained by heating gypsum to 160° takes 
up water very slowly; if the gypsum is heated 
to 0 . 300° the CaSO, formed combizies with 
water with extreme slowness {v. Schott, D.P.J. 
202, 62, 355, 613; cf. Plaster of Paris, under 
Cements, in Dioiionabx or Appnmn Cbekibtut, 
vol. i. p. 468). 

According to Potilitzin (/. B. 1893 fl] 201, 
207) CaSO,. 2aq sipwly gives off water at 62°-66° 
till the hydr&te 2CaSO,. aq is formed; OaSO, 
prepared by beating CaSO,.2aq to 180°-170° 
absorbs H,0 from ordinary air until 2CaSO,. aq 
is formed when absorption of water ceases. The • 
hydrate 2CaSO,.aq absorbs Water from air 
saturated with moisture, forming CaSO,. 2aq. 
The water A crystallisation of gypsum is not 
equally firn^ retained; P. writes the formula 
2CaSO,. 4aq; three-quarters of the H,0 is much 
more readily given off than the other foutih. 
The hydrate 2CaSO,. aq is more soluble in water 
than the tiihydrate CaSO,. 2aq. 

An acid salt CaH,,(SO,), is said by BerzeUus 
to be formed by digesting CaSO, with H,SO,Aq 
at 80°-100° ,* it is decomposed by moist air to 
the normal salt and H 2 SO,. For double Salts 
with alkali and alkaline earth sulphates ». Fass- 
bender (B. 9,1368; 11, 1968); Struve (BJ. [2) 
12, 848); Ditto (0. B. 84, 86): Popp (A. SappU 
8,1); Hannay (0. J. 82, 399). 

• Cerium sulphates. The normal cerous *«l- 
phate, Cej(SO,),J!HjO (® being probably 8,8,9, 
and 12) is obtoined.in colourless or^sfatis by. 
evaporating a solution of 06,(00.), in dihita 
H2S0,Aq, or a solution of CeO, m HMOtkn 
saturated with SO,. The normal -esne *4B- 
Oe(SO,)r 4aq forms, in yellow' crystals, from A 
solution of CeO, in dilate B,SO,Aq. OsSwias, 
eerie sulphates, xCe,(SO,)a.pOe(30,^ 2aq, UMr 
obtained by dissolving CeO, in oono. JBLSOa an# 
svuporating. Basic salts ace feemea b/ tit* 
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iBteractlbn of water with the normal salts. 
DoubU salts of Ce^iSOJ, with {NH 4 ),S^ K^S 04 , 

. and KagSO^ are known (v. Marignac, Zl Ch. [4] 
80, 57: Czadnowioz, J, pr. 30, 19; Hermann, 
J. pr, 92, 126; Zschiesche, J, pr, 107, 65; 
Ttammelsberg, B. 6 , 85; Jolin, Bl. [2] 21, 523; 
Wyrouboff, Bl, [ 8 J 2, 746; Wing, Am. S. [2] 40, 
856). 

Chroxninm sulphates. The normal chromoua 
salt GrSO^. 7ag was obtained by Moissan {Bl. 
[2] 87, 296) by dissolving the acetate in warm 
dilute H.SO^Aq, crystallising, and dr^ng be- 
^ tween p^cr, all operations being conducted in 
an atmosphere of CO^ (for directions for making 
Cr(CH,Oj 2 V, Nitkooen, JPreparation, yoI, iii. 
p. 557). Blue crystals; isomorphous with 
FeSO,. 7aq. S. 12*35 at 0®; si. sol. alcohol. Ab¬ 
sorbs 0 rapidly from ok^and acts as a strong 
reducer. A monohydr^jpUrSO^. aq was obtained 
as a white crystaliiijp powder by adding the 
acetate to excess of cone, (M., lx.). Forms 

a dottbZesuZf, CrS 04 .KaS 04 .‘ 6 aq (P41igot, 4. Ch, 
[ 8 ] 12, 639). 

The normal chromic salt Crj,(S 04 ) 3 .a:Hj 0 
exists in two forms.' (1) Violet, aj=15 (Schrot- 
ter, P. 63, 6'’6),»18 (Siewert, A. 126,97); by 
digesting 1 pt. CrOaHj dried at 100 ® with 1 to 

pts. cone. H.^S 04 , in a closed vessel, MU a mass 
of greenish-blue crystals is formed, dissolving 
these crystals in water, ppg. by absolute alcohol, 
dissolving again in water, adding alcohol till ppn. 
just begins, covering the vessel with moist 
parchmont-^per, and allowing to crystallise 
slowly. Begular octahedra; red-violet in* re¬ 
flected *light, garnet-red in transmitted light; 
S. 120 in cold water (Schrotter, P. 63, 616; 
L5we), A, Ch, [33*40, 42). (2) Green, » = 6 . 
By heating the violet salt to 100®; the salt 
melts, gives off water, and then solidifies to a 
green amorphous mass. Als(^ormcd by dissolv¬ 
ing CrO^, in cone. H..S 04 at 50®260®, and eva¬ 
porating quickly. Easily sol. alcohol; whereas 
the violet salt is insol. alcohol. 

' Addition of a cold solution of a Ba salt ppts. 
•U SO 4 from a Solution of the violet form, but 
boiling is needed to complete the ppn. from the 
green variety. According to Ktffd (C. B. 84, 
*1069), the difference between the t^o forms is 
one of hydration only (but v. Chromium salts, vol. 
ii^. 167; and v, also Becoura, C. 12. 113, 857). 

Basic salts aro obtained by adding a little 
NH^q to solution of the normal salt, also by 
digesting the normal salt with CrOjH,, or excess 
of CrO,H,with H 2 S 04 Aq (v. Schr5tter, P. 63,616; ; 
Siewert, A. 126,97; Schiff, A. 1£4, 167. 172; I 
Becoura, C. B. 112 , 1439). According to Tranbe 
(A. 66 , 87), an acid salt, Cr 3 (S 04 ) 3 .H,S 04 , is 
formed by heating either varfety of the normal 
salt with excess of H 2 SO 4 till vaporisation of the 
acid begins, and allowing to cool (Scfar5tter 
[2.C.] regarded this as an insoluble variety of thb 
normal salt); insol. water, not acted on by cold 
KOHAq, heated strongly gives Cr,0„ SO,, and O. 

CrJSOJ, forms many double salts ; those 
with ibe alkali sulphates have the composition 
Gr,(S 04 ),.M 2 S 04 . 24 aq, and are alums. 

Ammonia obrome-alum is ppd. by 
adding fNH 4 ),S 04 to a saturated solution of violet 
Cr^SO,),; also formed by mixing (NH 4 ),S 04 Aq 
^d Cr,(S 04 ),Aq, and evaporating; also by mix- 
tog Ct.{SOJ ^9 (violet) with (NHJ,CrO,Aq, 


adding alittle ____ 

Crystallisea in luby-red octahedra; S.G. l-TSS. 
Etfioresces elowiy in air. Solution in water ii 
violet; at 76° it becomes green, but slowly returns 
to violet on standing for some weeks (regarding 
this change v. Chbomidu sauts, vol. ii. p. 167). 

Polash ohrome-alum is produced simi¬ 
larly to the ammonia salt; also by heating 
KjCTjO, with cone. H^SO,, more quickly in pre¬ 
sence of a reducer, e.g. SO^. Crystallises in large 
dark-purple octahedra; S. 14-5 in cold water. 
Solution in water is grey-blue with tinge of red; 
heated to 70°-:80° it becomes green and non- 
crystallisable, but returns to violet after stand¬ 
ing for some weeks. For Soda ohrome-alum 
V. Sohrdtter (P. 63, 613). For double salts of 
Or,(SOJ, with Alj(SO.)„ Fo-(SO.)„ and 
Mn.j(SOJ, V. Etard {Bl. [2] 31, 200); for double 
salts of the form Cr 3 (S 04 )a. 3 M.S 0 „ where UvLi,. 
K, or Na, v. 'Wamicke (P. 169, 672). 

For description of 'other double salts of 
Crj(SO,), with alkali sulphates, v. Klobb, C. B, 

• 117,311 (Abstract in 0. J. 64 [ii.], 673). 

Cohalt sulphates.— Thotwrmal cobaltom salt 
CoSOj.7aq occurs native as biberite', prepared 
by dissolving Co, CoO, or CoCO, in dilute 
HjSO,Aq, and evaporating. Forms carmine-red 
crystals, isomorphous with FeSO,. 7aq ; S.O. 
1-918 at 15° (Thorpe a. Watts, 0. J. A?, 102). 
Unchanged in air; loses all water bywreating, 
and gives CoSO.as ared powder, not decomposed 
easily by heat; S.O. 3-472 at 15° (T. a. W., l.c.Y. 
Klobb (C. B. 114, 830) obtained the anhydrous 
salt in crystals by npxing CoSO,.7aq with excess 
of (NHJjSO, and heating in a partly-closed 
crucible, out of contact with the gases of the 
flame, till (NH,)jSO, was all volatilised. The 
hexahydrate CoSO,. Caq separates from solutions 
of Co or CoCO, in HjSO,Aq at 40°-60°; it is 
isomo^hons with the corresponding salts of 
Mg, Ni, and Zn (Marignao). For other hydrates, 
with 4aq and aq, v. FrOhde {J. 1866. 244); 
Vortmann (B. 15, 1888). goSO,. 7aq is insol. 
alcohol; S. water .30-5 at 10°, 36-4 at 20°, 40 at 
29°, 46-3 at 35°, 65-2 at 60°, 60-4 at 60°, 65-7 
‘at 70° (stated as parts CoSO, dissolved by 100 
parts water; Tobler, A. 95,193). Thomsen (Th. 
3, 516) gives H.P. [Co,S,0',7H.,0] = 234,000. 
By electrolysing CoSOjAq in presence of KjSO, 
and HjSO,, under special conditions, Marshall 
obtained Co,(SO,), along with K,S,0, (0. J. 69, 
760). 

Basic salts are formed by addition of a 
little NH,Aq to hot CoSO.Aq, also by digesting 
CoSO,Aq with CoCO, (v. Habermann, M. 6,442; 
Athanasosoo, 0. B. 103, 271). 

For double salts with FeSO„ MgSO,, MnSQ,, 
and ZnSO, v, Vohl (A. 94, 67). 

Normal eobaltic sulphate Co,(SO,), was ob¬ 
tained by Marshall (O. J. 69, 767) by electro¬ 
lysing CoSOjAq in presence of H,SO„ under 
special conditions. A blue crystalline powder, 
unchanged in a stoppered bottle in ordinary 
air, but decomposes rapidly in dry air; sol. 
water, with evolution of 0; sol. cono. HjSO, -, in 
EOlAq forms CoOl, and gives ofl Cl. 

Copper sulphates. Only salts corresponding 
with the oxide OuO have been isolated. The 
normal sail CuSO, is obtained by dissolving On 
in hot oono. iI,SO„ decanting -the hot solntion, 
and allowing to oooli 'also by adding oona. 
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,-powdered I 

ozjstals of OUSO 4 .5aq to 0 . 230^ as lozig as they I 
lose weight. Klobb (C. B. 114, 836) obtained 
OuSO^ in crystals by heating a mixture of the 
hydrated salt and excess of (NH 4 ),S 04 in a 
partly closed crucible till all (wHiJ^SOi had 
volatilised. A white crystalline powder; S.G, 
8-606 at 16® (Thorpe a. Watts, O. J. 37,102). 
Partly decomposed at red heat, wholly at white 
heat, to SO 2 ,0, and GuO. Beduced by heating to 
redness with charcoal, giving Cu, SO,, and GO^. 
At a higher temperature some CuS is said to bo 
formed; also reduced to Gu by heating in H; 
heated in PH, gives oft H^O, and leaves a mix* 
ture of sulphide and phosphide of Gu. HCl gas 
forms GuClj and H^SO^. CUSO 4 acts as a 
powerful dehydrating agent; it rapidly absorbs 
water, forming GuSO,. 6 aq. HJ‘.[Cu,S,0^] =» 
18^0 {Th. 3, 516). 

pentahydrate GUSO 4 .5aq {blue vitriol) is 
prepared by dissolving Gu in hot |^no. H^S 04 , 
evaporating, and reorystallising from water the 
solid that separates. At. c. 20® there is a very 
slight reaction, with formation of Gu^S and 
G0SO4; at 0 . 270® the reaction is Ga + 2 H.S 04 
- CUSO 4 + SO, + 2H,0 (Pickering, O. /. 33,112). 
According to Anthion (i?. P. 81,314), GuS 04 . 5 aq 
free from nitrate, is obtained by dissolving Cu 
in a warm mixture of dilute H 2 S 04 Aq and 
HN OsAqr Q'^d cryatallising. (For preparation of 
commercial blue vitriol v. Dictionary of Appliisd 
Gb£mistky, vol. i. p. 608.) Large blue, triclinio 
crystals; S.G. 2*284 at 15® (Thorpe a. Watts, 
0. J. 37, 102). Solubility in water is given by 
Poggiale {A, Ck. [3] 8,463) as follows;— 


S. I ^ 


Temp. OuSO.. 5fta 

Cas6, 

Temp. 

CnSO^. Soq 

OuSO. 

0“ 

3101 

18-20 

OO" 

77-39 

38-83 

10 

36-96 

20-92 

70 

94-40 

45-06 

20 

42-31 

23-66 

80 

118-03 

63-16 

30 

48-81 

26-63 

90 

166-44 

64-23 

40 

66-90. 

30-29 

100 

203-32 

76-25 

60 

65-83 

34-14 





Gerloch (D. P. /. 181,129) gives the following 
table 


'Forcontage 

8.0. 

Peroeotage 

S.O. 

UqSO«. 6aq 

of SOlotlOD 

C 5 USO 4 . 6 aq 

of solution 

2 . 

1-0126 

14 . 

1-0933 

4 . 

1-0264 

16 . 

1-1063 

6 . 

1-0384 

18 . 

1-1208 

8 . 

1-0516 

20 . 

1-1364 

10 . 

1-0649 

22 . 

1-1601 

12 . 

1-0786 

24 . 

1-1669 


Insol. absolute alcohol; S. in 40 p.c. alcohol 
at 16®«-25 (SchifE). Fairly sol. glycerin. 
Effloresces in dry air, giving off 2 H 3 O; heated 
for some time to 100® loses 4H,0, the last BLp 
is removed at 0 . 230®. For dissociation-pressures 
of water given off at various temperatures v. 
liescoBur (O. P. 102,1466). Solution in HGlAq 
gives OuCi 2 . 2 H ,0 on evaporation. The dry salA 
in powder, absorbs HCl, the water of orystalli 8 a> 
iion being set free (Kane, A. 19, 1); several 
compounds of CaS 04 , HGl, and H 2 O are formed 
according to LatsohinoS (<7. P. 1888 [1] 586, 
657, 707 ; abstract in B. 22 Ref. 19i2). Combines 
with KH,, forming CuS 04 . 5 NH,,.aU water of 
orystailisation being removed (L., 2.c.)« 

Oihsr hydraUd copper eulphaUs are ( 1 ) 


m 

0 uS 04 . 6 aq and ( 2 ) OuSOi.Taq, obtained by 
Leooq de^J^isbaudran (C. P. 65, 1240), the 
former by placing a crystal of NiS 04 . 4 aq in a 
warm supersaturated solution of OuSOi.Saq, to 
which a few drops of H 2 S 04 Aq ha^ been added, 
and the latter by placing a crystal of FeSO,. 7aq 
in the nfother-liquor from the first-named 
hydrate; (3) CuS 04 .daq, by keeping GaS 04 . 5 aq 
in dry air at 25®-*30® (Magnier de la Source, 0. P. 
83, 899); also by pouring cold oonc. OuS 04 Aq 
into H,S 04 Aq, S.G. 1*7, and washing the pp. 
with small quantities of absolute alcohol (Thorpe 
a. Watts, C.J. 37,104); (4) GuS 04 . 2 aq by keeping 
the pentahydrate in vacuo at 20 ® for some days, 
or by pouring cone. GuS 04 Aq into cold cone. 
H,S 04 , and washing the pp. with absolute 
alcohol (T. a. W., l.c.) ; (5) CUSO 4 . aq by heating 
powdered pentahydrate at 110 ® till it ceases to 
lose weight (T. a. W., l.^). T. a. W. (Z.c.) give 
the S.G. of these hydrates, at 15®, as: mono¬ 
hydrate, 3*289; dihydrate, 2*953; trihydrato, 
2*663. Lescceur (C. P. 102,1460) obtained only 
the penta-, tri-, and* monohydrates. 

Double salts with the alkali sulphates, of the 
form GuSOf.M^SO^.Gaq, are obtained by crystal¬ 
lising mixtures of the constituents ^ the proper 
I proportions {v. Graham, P. ilf. 1835. 327, 417 ; 
Brunner, P. 15, 476; 32, 221; Pickering, C. J. 

\ 40,1). Vohl {A. 94, 57) has described several 
j triple salts of thefonu CuS 04 .MS 04 . 2 X.^S 04 . 12 aq, 

I where M » Fe, Zn, <&c., and X an alkali metal ;and 
also quadruple salts GaSO 4 . 2 MSO 4 . 3 X 2 SO 4 .l 8 aq. 

: Double salts of the form CuS 04 .MS 04 .(raq, a; 
being 5 and 7, and M being Go, X^'e, Mg, 

Zn, are described (v. Bammclsberg, P. 91, 321; 
also Lefort, A, Ch. [3] 23, 95; von Hauer, P. 
125, 638). Several basic salts of the foroi 
CuS 04 .a:Cu 0 . aq are known i—x =• 1, v. Boucher 
[3] 37, 249); 35 = 2, v. Bcindel {J. pr, 
100,1; 102, 204), Porsoz (A. Ch, [3] 26, 267), 
Shenstono (0. J. 47,375); a: = 3, v. Smith (J. 25, 
280), Pickering (O. J. 43, 336; 49,1), Grimbert 
a. Barr6 {J. Ph, [6] 21, 414), Kiilm {Ph. 0.1847. 
695), Kane {A. 19, 1); a5 = 4, v. Smith (i.c.); 
a5»7, V. Pickering (2.c.). For other basic sal- 
• phates V. Steinmann (P. 15, 1411), Brunner 
(P. 16, 476; 32, 221), Boequerel (0. B. 67,1081),, 
Casselmann (Fr. 4, 24). 

* Bidymium sulphates (v. Marignac, A. ChF 
[3] 68. 148; Clove, Bl. [2] 21, 246; 39. 151; 
Hermann, J. pr, 82, 385; Frerichs a. Smith*, A, 
191, 348). The normal salt Di 2 (S 04 )s. 8aq crys¬ 
tallises in red, lustrous, monoolinio crystals 
from a solution of DijO, or DL 2 (COs)j in excess 
of H,S 04 Aq; B.G. 2*878; S.H. *1948 mUson a. 
Pettersson, B. 13, 1459). Heated to TOO® loses 
all water of orystailisation, leaving Di 4 (S 04)2 as 
a red powder; S.G, 3-735 ; S.H. *1187 (N. • • 

f.c.); S. 43*1 at 12®, 11 at 50°, 2 at 100° (Marig- 
nac). For efiect of heat at various temperatures 
V. Bailey (0. J, 61, 682). Hydrates with 6aq 
and aq crystallise from cold saturated solutions 
of Di 3 (S 04 )a» Marignac (Z.c.) also obtained a 
hydrate with 9aq. Dozwle salts of the foim 
D^(S 04 ) 3 .M 2 S 04 . 8aq, where M is an alkali metol. 
are kno^. Basic salts are formed by heating 
the normal salt, also by adding a litUe -HBtM 
to solutions of the normal salt. 

Clold sulphates. The normal auro-aurio 
sulphate AUSO 4 was obtained by Sdhottl&hd 6 $ 
(A. 217, 312) by evaporating lolutiiW of 





SI* 


smmiitm 


AaO.H.our4 ^v. m/Tifi Dean; lo (uynsu at 360°, 
and dqdng in a desicoator 0T«f lim^ Iiostront, 
aoulet prisms, that rapidly absorb moistnra 
firom the air, with partial decomposition. A 
basic salt AuO.H.SO, (auryl sulphate) was ob¬ 
tained (S., 2.C.), as a yellow crystalline powder, 
by heating AnO.NO, with cone. at o. 200“ 
^aO.NO, was, lormed by dissolving AnOjEi, in 
HNO,Aq S.G. 1*4, filtering throngh asbestos, 
and evaporating under reduced pressure over 
lime and soda). A double salt AnE(SO,), was 
formed by dissolving KHSO, in solution of 
AdO.H.SO,, and evaporating at 200“ (». also 
Allen, C. N. 26, 86). 

■* Indium sulphates (o. Winkler, /.jpr. 94,1; 96, 
414 i 98, 344-J 102, 273; ^ Meyer, A. 160, 429). 
The normal salt In,(SOJ, is obtained by dissolv¬ 
ing In or InO,H, in excess of H,SO,Aq, evapora¬ 
ting to dryness, and heating till excess of acid is 
removed; a white, very hygroscopic powder; 
S.H. •129 (Nilson a. Pettersson, U. 13, 1459). 
S.G. 8-438 a. P., 0. R. 91, 232). By dissolv- 
ing in water and evaporating, a hydrate with 9ae 
is obtained as a gummy solid. The solution 
of In or InO.H, in excess of H^B04Aq yields a 
syrupy liqqid on evaporation which probably 
contains on acid salt (? In.,(S04),.H,SOJ. By 
adding'(NH,)2SO,Aq to eolation of In,(SOj„ and 
evaporating, the double salt with the composition 
In,(SO,),.(NH,),SO,.24aq is obtained; this salt 
is an alum; it is sol. in § part water at 16°, and 
in 4 part water at 30“. On evaporating the 
momer-liquor, the salt In2(S0,),.(NH,),S04.8aq 
IdipitainM (Bossier, J. pr. [2] 7, 13). Double 
salts with K.4SO4 and N%S04, crystallising with 
8aq, have also been obtained. 

Iridium enlphates. By treating IrS, with 
cone. HNO,Aq, Bimbanm (A. 136,179) obtained 
an ' amorphous, brownish-yeliow solid, easily 
sol. water, probably a sulphate of Ir. The double 
salt Ir,(SOJi.3K,S04 was obtained by Lecoq de 
Boisbaudran (O. B. 96, 1406, 1651) by fusing 
KHSO4 with Ir compounds, treating with water 
containing EHSO4, dissolving the residue in hot 
water, and crystallising; green, translucent 
crystals, probably r^ular octahedra; almost 
insol. saturated KHSC^Aq. 

Iron sulphates. I. Ferrous salts. The 
%ormal salt, FeS04, is obtained by heating pow- 
dered FeSO,. 7aq very carefullji to 300“ till it 
ceases to lose weight (the heating is best done 
in a stream of H); at a slightly higher tempera- 
taro SOj and O begin to be given off, and finally 
Fefi, remains. FeS04 is a white powder; 
S.G. 8-346 (Thorpe a. Watts, Q. J. 37, 102). 
Several Hydrates of FeS04 are known, ordinary 
green vitriol being the most common and 
mikn examined of these; Ahis heptahydrate, 
FeS04.7aqf is best pr^ared by adding iron 
filings-io warm dilute H.4S04Aq until the acid 
is saturated and a little iron remains undis- 
solved, boiling for a little, filtering into a vessel 
that has been rinsed with a very little cone. 

S 80„ allowing to crystallise, washing the crys- 
s two or three times with very small quantities 
of cold water, and then with dcohol till all acid 
is removed, drying at 0. 80“, powdering the dry 
crystals, and strongly pressing between paper or 
linen. As thus prepared the salt does not 
readily oxidise in the air. If alcohol is added 
to the hot solution, filtered from onfseolved 


iron, FeSu4.-/a(i is pM in minate drystsis t II 
this pp. is washed with aloohol till* acid is tg* 
moved and then spread on filter paper, in dry 
air, till the alcohol has evaporated, the salt is 
obtained os a ,^laish white powder, which does 
not oxidise except in very moist air* Blue-green, 
monoclinie crystals; S.G. 1-8889 at 4° (Playfair 
a. Joule, 0. J. 1,138), 1-9854 at 16“ (Pape, P. 
120,872). HJ. [Fe,S,0‘,7H>0]-240,100(2’*. 
8, 516). Heated to 100“ ^ves off 6H2O, and at 
0. 300“ leaves FeSO, (c, supra). S. 60-9 at 10“, 
70 at 16“, 114-96 at 26“ 227-27-at 46“, 263-16 at 
60“. 270-27 at 84“, 370-37 at 90“, 833-33 at 100“» 
Gerlaoh (19. P. J. 181,129) gives the following 
data (t>. also Sohiff, D. P. J. 1858, 38):— 


AG. PeSO.Ac . 

Potge. PcSO- 7aq 

Fotge. Peso, 

1-0267 

6 

2-811 

1-0537 

10 

6-784 

1-0823 - 

15 

8-juy 

1-1124 

20 

12->f 

1-1430 - 

25 

16-834 

1-1738 • 

80 

19-622 

1-2063 

35 

23-672 

1-2391 

40 

27-996 


Insol. glacial,acetic acid and absoluto alcohol. 
FeSO,. 7aq is fairly easily oxidised; exposure 
to air produces basic ferric sulphates. FeSO, Aq 
absorbs NO, forming FeS04.a!NO (® probably 
= 1 or J; V. Gay, A. Ch. [6] 6, 145, and cf. 
Nitbio oxiDjt, vol. iii. p. 663). Other hydrates 
of ferrous sulphate are (1) FeSO,. 4aq, formed by 
crystallising FeS04Aq at 80° (Begnault, A. Ch.. 
[3] 1, 201), also by exposing finely-powdered 
FeS04.7aq over HjSO,, in an atmosphere of 
OO2, until it ceases to lose weight (Thorpe a. 
Watts, C. J. 37, 102);. 8.0. 2-227 (T. a. W.H 
(2) FeSO,. 3aq, by evaporating FeSO,Aq made 
strongly acid by HjSO,. (Eiihn, S. 61, 235), also 
by dissolving FeSO,. 7aq in hot HClAq and crys¬ 
tallising (Eane, A. 19, 7); (3) FeSO,. 2aq by boil¬ 
ing the heptahydrate with successive quantities 
of alcohol; S.G. 2-773 (T. a. W., Z.C.); (4) 
FeSO,. aq, by heating powdered FeSO,. 7aq to 
120“ in H; S.G. 2-994 (T. a. W.-, v. also Mit- 
scherlich, P. 18,152). ^veral double salts of 
ferrous sulphate are known; they are generally 
prepared by crystallising a mixture of the con¬ 
stituent sulphates in the proper proportions. 
The salts FeSO,.M2SO,.6aq, where M ■= HH„ K, 
Na, or Tl, form blue-green monoclinie crystals 
(0. Marignae, Ann. M. [6] 9.19; Sohiff, A. 108, 
326; Tobler, A. 96, 193; Wilm, A. Ch. [4] 6, 
66). For the salts FeSO,.MSO,.14aq, where 
M = Mg or Zn, v. Schiff (lx.), and Murmanh 
{W. A. B. 27, 172). For various triple and 
quadruple salts containing FeSO,, alkali sul¬ 
phates, and sulphates of Mn, Mg, Zn,.Ac., c. 
Bette (A. 14, 278) and Vohl (A. 94, 67). 

II. Ferric salts. The normal salt 
Fe2(SOJ, is obtained by adding 1 part cone. 
H-SO, to 6 parts FeSO,. 7aq dissolved in water, 
warming, and adding HNO,Aq little by little till 
ggidation is complete, evaporating to a syrup, 
and then heating very cautiously so long as acid 
fumes are given off; on cooling Fe2(SO,), re¬ 
mains as a white amorphous solid; S.G. 3-097 
at 18° (Pettersson, Upsala, Nova acta, 1874). 
Fairly large quantities of FeBO,.7aq should be 
used, as evaporation of a dilute solution contain¬ 
ing FS,(SO,), produces ppn. of basic sulphates. 
The hydrate Fe,(SOJr9aq occurs native as 
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obtaiaed rhomblo leaflets of a hTdraie with lOaq 
(iT. 1874. 268). Fe,{SO,), is slowly sol. fin water j 
the presence of a very small quantity of FeSO, 
causes Fe,(SO,), to dissolve rapidly in water 
(Barreswil, PSl O. 1645. 604). Fe,(S0,), is 
insol. in oono. HjBO,; it is reduced to FeSO, by 
moat metals, more quickly if a little H,SO, is pre¬ 
sent. Fe,(SO,), forms several double salts. The 
oompoundBFe,(SOJ,.M,,SO,.24aq, where M - NH, 
or E, are alums. Potash iron alum 
Fe,{BOJ,.E,SO,. 24aq is prepared by dissolving 
418 parts FeSO,. 7aq in water, adding 5 parts 
oono. H,SO„ oxidising by HNO,Aq, adding 8-76 
parts ^SO„ and crystallising; or by mixing 
10 parts powdered FeSO,. 7aq with '4 -parts 
KNO„ slowly adding 5 parts oono. HjSO„ warm¬ 
ing so long as fiO, is given ofl, ^solving the 
reimoe in 4 times its weight of Ater at 80°, 
ana allowing to stand at 0° for some time 
(Heintz, A. 44, 271). The salt slowly decom¬ 
poses in the air; heated to 80° it gives Fe,(SO,)n 
basic ferric sslphate, and H,SO,; a similar de¬ 
composition occurs when an aqueous solution .of 
the salt is heated (Bose, P. 94, 459). Addition of 
KOHAqsto a oono. solution of the^alt till a slight 
permanent pp. is formed^ followed by evapora¬ 
tion, produces a double salt of E,SO, with a 
basic ferric sulphate (». Biohter a. Soheerer, P. 
87, 73). Ammonia iron alum ia formed 
similarly to the K salt; loses 23H2O at 160° (o. 
Lupton, C. J. 28, 201). For double salts with 
Al,(SO,)„ Or.,(SO,)„ Mn.,(SO,), and MnSQ,, o. 
Elard {Bl. [2] 31, 200). Some doable compounds 
of Fe,(SO,), with (NH,).,SO„ and with FeSO, 
and (KH,),SO,, are described by Iiaohaud a. Le- 
pierre (O. Ji. 114, 916). 

A great many basic salts have been described; 
.generally prraared by the action of air on solu¬ 
tions of FeSo,.7aq, or by heating Fe,(SO,),Aq in 
sealed tubes (t>. Athanasesco, 0. B. 103, 271). 
Pickering (C. /. 37, 807) gives very f^l refe- 
.rences to all the memoirs on those basic salts, 
and comes to the conclusion that only one exists, 
viz. 2Fe20,.S0,; in a later paper (0. J- 43,182) 
he^gives reasons for writing the formula rather aw 
6Fe,0,.3S0,.xH,0. or Fej(S0,),.6Fo,0,.aH,0. 

lanthanum sulphates. The normal salt 
Iia,(SO,), is obtained by dissolving La,0, in 
excess of H,SO,Aq, evaporating, drying the 
crystals of La,(SO,)3. 9aq that separate,* and 
heating to dull redness; a white powder, S.G1. 
8-6 (Bilson a. Pettersson, 0. B. 91, 232); S.H. 
•1182 (N. a. P., B. 13, 1469). Much mate sol. 
cold tWn hot water; Mosander (P. 11, 406) 
gives S. 16‘6 at 2°-3°, 2-35 at 26°, -87 at 100°. 
The hydrate with 9aq, formed by the slow eva¬ 
poration of La,Oa in excess of HjSO,Aq, crystal¬ 
lises in large, lustrous, hexagonal prisma 
(Topsog); S.G. 2-863 (N. a. P., C. B. 91, 232). 
A hydrate with 6aq was obtained by Frerioha a. 
Smith (A, 191, 831). Several double salts with 
the alkali sulphates have been obtained; the 
principal are M.(NH,),SO,. 8aq, M.SK,SO„ and 
M.4K,SO„ where M-La,(SO,), (o. Cleve, Bl. [2] 
89,161; 43, 66). A basic salt was obtained by 
F. a. S. (1.0. p. 360). 

Lead sulphates^ The normal salt PbSO, 
occurs in various lead ores.' *- It is obtained as a 
white, heavy powder, by heating Pb with oono. 
)^SO« by the interaction Of warm H,SO,Aq 


and FbO, etfi PbO, and SO» and by ppg. solu¬ 
tions of lead saltB by dilute H.,SO,Aq or solution 
of a sulphate. PbSO, is prepared In small 
rhombic crystals by melting PbCL, with E,SO,, 
and washing with water. S.G. 6-2 (Sohr&der, P. 
ErgSm. Bd. 6, 622); 6-96 at 17° {Pettersson, 
Vpsala, Nova Acta, 1874). H.F.[Pb,S,0*] = 
•216,200 (Tft. 8, 616). Nearly inso!., water; 
Bodwell (C. N. 11, SO) says that 81,062 parts 
water at 16° dissolves 1 part PbSO,. Struve 
jPV. 9, 34) gives S. in oono. H-SO, as -18, and S. 
m Nordhausen acid as 4-19 (vrhlso Kolb, O. P. ,7. 
2Q9, 268). For solubility in dilute HClAq and 
HKO,Aq V. Bodwell (C.,/. 15, 59); for S^n 
various salt solutions t>. L5we IJ. 1869. 68lf; 
Staedel (J. .1863. 246); Storer (C. N. 21, 17); 
Dibbits {Fr. 1874. 187). Heated to redness, 
PbSO, melts without decomposition, but at a 
white heat it gives PbO, SO.„ and 0 (Boussin- 
ganlt, O. B. 64, 1169). Heated in a stream of 
H, it is reduced to Pb with evolution of SO,, 
H.,S, and steam; heated with charcoal, PbO, 
•PbS, or Pb is formed according to the propor¬ 
tions of the reacting substances. Beduced by 
Fe or Zn in contact with water. Eubbed with 
KjCrO, produces PbCrO,; with ^KIAq yields 
Pbl„ and with NaCl is partly decomposed to 
PbCl, (o. Matthey, Ar. Ph. [3] 13, 23^. For 
reaction when heated in NH, v. Bodwell 
(C. N. 16,137). A double salt PbSO,.(NH,),SO, ■ 
is formed by adding excess of H,SO,Aq to 
Pb(C,H,OJ,Aq, neutralising excess of acid by 
NHjAq, boiling, and allowing to cool. An acid 
salt FbSO,.H,SO,. aq was obtained by Soboltz 
(P. 133, 137) by dissolving PbSO, in oono. 
H,SO, and setting aside. A basic salt 
PbSO,.PbO is formed by digesting PbSO, with 
NH,Aq (Kahn, Ar. Ph. [2] 60, 281). 

Lithium sulphates. The normal salt Li,SO, 
is obtained by dissolving Li,CO, in H,SO,Aq, 
evaporating, drying the crystals of Li.,SO,. aq , 
that separate, and heating them to 0. 135°. 
S.G. 2-21 at 15° (Brauner, P. U. [6] 11, 67). 
Melts at 818° (Carnelley, 0. J. 38.280). B. 86-34 
at 0°, 34-36 at 20°, 82-8 at 45°, 30-3 at 65°, 29-24 
at 100° (Kremers, A. 99,47). Easily sol. alcohol; 
insol. SO, (Weber). H.P.[LP,S,0‘] = 833,200 
{Th. 3, 616). Heated in HCl gas below redness 
gives (Hensgen, B. 8, 126). The mono. 
hydralKilJSO,. aq crystallises in monoolinio 
forms (Bammelsberg, P. 128, 311). S.Q. 2-062 
at 21° (Pettersson, Upsala, Nova Acta, 1874). 
Effloresces a little in air, gives up water at a 
little above 130°. An add salt LiHSO, is ob¬ 
tained by dissolving Li.,SO, in H,SO,Aq S.G. 1-6 
to 1-7 (Schultz, P. 130,149); prismatic crystals, 
melting at c. 120° (Lescoeur, Bl. [2] 24, 616). 
Double salts with^SO, are obtained by sva^ 
rating mixed solutions of the constituent smts 
(p. Bammelsberg, A. 128,311; Schabns, /. 1864. 
823). For doable salts with Bb,SO, and IjfcSO, 
V. Wyrouboft {Bull. soc. mineral, de France, 
1882. part 2). Wernicke (P. 169, 676) describes 
a salt 3Li^O,.Or,(SO,), formed, in green needles, 
by adding Cr,0, to molten LiHSO,. Li,80, 
does not form alums, nor does it combine with 
the magnesian sulphates (Bammelsberg, Ja ; 
Soheibler, J. pr. 67, 486). 

Magnesium sulphates. The normal sMt 
MgSO, is obtained by dissolving MgO or MgOO, 
in H,SO,Aq (or by heating dolomite tUl 0p,|a 
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remoTodt treating with^HCIAq, whiph dissolrea 
CaO, and dissolving tbe residaal MgO in 
evaporating, orystalliiAng out 
MgSC^. 7aq, drying this salt, and heating it 
gradu^ly to 'o. 300*^ till it ceases to lose 
weight. A white solid; S.Q-. 2*709 at 16® 
(Thorpe a. Watts, C. J. 87,102); 2*77 to 2*796^ 
at 14® (Pettersson, U-psala, Nova Acta,' 
1876). H.F. [Mg,S,OT = 802,300 (Th. 3, 616). 
[MgSOSAq]-20,765 (Pickering, C. J. 47, 100). 
Decomposed to ^0, SOj, and 0 at o. 360° {v. 
Bailey, C. /. 61,6^). Not acted on by HCl gas 
below incipient rod heat (Hensgen, B. 9,1671; 
1M59}. The heptahydrate MgSO^. 7aq {Epsom 
s^imi) occurs in many mineral springs, in sea 
water, and in some rocks. It crystallises at the 
ordinary temperature from solutions of MgO or 
MgCO, in H^SO^Aq. Translucent, rhombic 

prisms; from supersaturated solutions crystal* 
lises in hexagonal forms, and from solutions 
containing some FeSO^ in monoclinic forms (v. 
Marignac, Ann. M. [5] 12, 50). S.G. 1*678 at 
16° (Thorpe a. Watts, C. J. 87, 102); 1*683' 
at 4° (Playfair a. Joule, 0. J. 1, 138). 
H.P. [Mg,S,0\7H«0]« 326,400 {Th. 3,516). Melts 
at 70° (Tild€t«, C. J. 45, 267); gives up by 
prolonged heating at 150°~160°, and all water 
of crystallisation at c. 280° (v. Pickering, C. J. 
47, 100). The following data for solubility in 
water are calculated by Mulder from observa¬ 
tions by Gay-Lussac, Tobler, and others:— 


Temp. 

s. 

Temp. 

s. 

0 ° 

25-76 

60“ 

65-0 

5 

29-3 

65 

67-3 

10 

31-6 

70 

69-6 

16 

33-8 

75 

61-9 

20 

362 

80 

64-2 

26 

38-6 

85 

66-5 

30 

40-9 

90 

68-9 

35 

43-3 

95 

• 71-4 

40 

45-6 

100 

73-8 

46 

48-0 

105 

76-2 

60 

60-3 

108-4 

77-9 

66 

62-7 



Gerlach {Fr. 8 , 287) gives the following 

P.o.MgSO. 

8.O. MgSO^q 

P.O. MgS04 

S.a.MgSO.Aq 

1 

101031 

14 

1-15083 

2 

1-02062 

15 

l-yi2-32 

8 

1-03092 

16 

i-rWoo 

4 

1-04123 

17 

1-18618 

6 

1-06164 

18 

1-19816 

6 

1-06229 

19 

1-21014 

7 

1-07304 

20 

1-22212 

8 

1-08379 

21 

„ 1-23465 

9 

1-09464 

22 

1-24718 

10 

1-10529 

23 

1-25972 

11 

1-11668 

H 

1-27225 

12 

1-12806 

i 26 

1-28478 

13 

l-;3945 



B. b4i 16° in 10 p.c. alcohol 39'3, 20 p.c. alcohol 


21*3,40 p.c. alcohol 1*62 (Schiil, A. 118, 365). 
Heated with NaCl gives off HCi, leaving Na^S 04 , 
MgCl, and some MgS 04 (Bamon de Luna, J. pr. 
66,266). Decomposed, almost qj^tirely, by heat¬ 
ing in steam, giving off H 3 SO 4 and leaving MgO 
(Clemm, J. 1864. 764). Strongly heated with 
oharooal gives off SO, and CO, (or CO), and 
UMbves MgO. Mixed with NaCl and heated in 
•team gives NajS 04 , MgO, and HCL 

Other hydrates of magnesium aulphaie, (1) 


MgS 04 .aq ooours native AS hieserite, S.G. 2*281' 
at 16° (Pape, P. 120, 869); dissolves slowly in 
cold watbr, easily in boiling water, forming 
MgS 04 . 7 aq; prepared by heating the hepta* 
hydrate for a long time at 160°-160° (Pickering,' 
C. J. 47, 100); S.G. 2*446 (T^rpe a. Watts, 

O. J. 87,102). (2) MgS 04 . 6 aq^y crystallising 
a solution of the heptahytete above 40°; S.G. 
1*734 (T. a. W.,l.c.). (3) MgS 04 . 6 aq, by drying 
the heptahydrate over cone. H-SO 4 ; S.G. 1*869 
(T. a. W., lx.). (4) MgS 04 . 2 aq, by boiling pow¬ 
dered MgS 04 . 7 aq with absolute alcohol; S.G. 
2*373 (T. a. W., Lc.). ( 6 ) According to JacquelauMi 
(A. Ch. [3] 32, 201), the hydrates 4M.7aq, 
4M.9aq, and 2M.5aq exist (M-MgSO,). 

Aeid salts. Schiff {A. 106, 115) obtained 
deliquescent, hexagonal plates, MgS 04 .H.^S 04 , 
■from a soluUon of MgS 04 in hot cono. H 2 SO 4 ; 
according ta Schultz (P. 130,149), the crysfhls 
are MgS 04 . 3 H 2 S 04 . 

Double salts. With K 2 SO 4 , or (NH,). 4 S 04 , to 
form compounds MgSO 4 .MjSO 4 . 6 aq; oy crys¬ 
tallising mixtures of the compwent salts in 
proper proportion. For solubility and S.G. of 
solution of the K 2 SO 4 compound, v. Tobler {A. 
95, 193L Sch» {A. 113, 183), Gerlaclk {Fr. 8 , 
287). The compound of MgS 04 and Na.jS 04 con¬ 
tains 4aq (c/. van’t Hoff a. Deventer, B. 19, 
2144). The compound MgSO 4 .ECi. 3 aq occurs 
native as kainite {v. Beichardt, Ar. Ph. 169, 
204; Erlenmeyer, B. 2, 289). A double salt 
MgS 04 .AL(S 04 )j.a:H 20 occurs as feather alum, 
and pickeringite. Some triple salts of MgS 04 
with CaS 04 and KjS 04 occur as minerals (o. 
Beichardt, Ar, Ph. 159, 204; Precht, B. 14, 
2138). 

Manganese sulphatea. I. Manganous 
salts. The normal salt MnSO, is obtained by 
dissolving MnCOj or Mn in warm dilute Il 2 S 04 Aq, 
crystallising out MnS 04 . 5 aq, dryfhg this salt, 
and heating to 0 . 280° until it ceases to lo.se 
weight. A white salt, with very faint rose tint; 
S.G. 3*282 (Thorpe a. Watts, C. J. 37, 113). 
H.F. [Mn,S,0‘] = 249,900 (m 3, 616). S. 66*5 
at 6*3°, 60 at 18-7°, 68*7 at 37*5°, 67 at 76° 
'(Brandcs, P. 20, 575). Decomposed by boating 
to full redness, giving off SO^ and 0 , and 
leaving Mnj 04 ; heated in steam is said to give 
an ozysulphide Mn^OS (Arfvedson, P. 1, 60). 

Hydrates of fnanganous sulphate. (1) 
MnS 04 . 7 aq separates from solutions of Mn or 
MuCOj in n 2 S 04 Aq below 6 ° (Mitscherlich, 

P. 25, 287; Claassen, Ar. Ph. [3] 26, 310). Very 
pale 4toBe-coloured, monoclinic crystals; iso- 
morphous with P'eS 04 . 7 aq. Very sol. water; 

S. at 18*5° 0 . 200 (Jahn, A. 28, 110). According 
to Btord {C. B. 86 , 1399), solubility increases 
from 0°-66°, and decreases from 55°-146°; the 
changes are probably due to the formation of 
different hydrates. (2) MnSO,.5aq, obtained by 
crystallising between 7° and, 20°, or by treating 
a cono. solution of MnS 04 with 95 p.c. alcohol 
and allowing to crystallise slowly (Claassen, 
Ar. Ph. [3] 25, 810). S.G. 2*103 (Thorpe a. 
Watts, 0. J. 37, 113). H.F. [Mn,S.OS6H'0] 

» 263,600 {Th. 3, 516). (3) MnS 04 .4aq, obtained 
by crystallising between 20° and 30° (G., l,o,\ 
MitscherUch, P. 26, 287). • S.G. 2*261 (Topso^, 
0. G. 4, 76). This U the main constituent of 
ordinary manganese sulphate* Mulder gives 
solubilities as follows 



6 

10 

20 

25 

SO 

85 

40 

.46 


B.UnS0,.4aii 

65'i 

68-2 

63-8 

66-3 

68-5 

70- 4 

71- 9 
731 
74-0 


tm 

SO'* 

64 

63-6 

64 

85 

90 

95 

100 
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& KiiS0«.4aa 
74-8 
75'3 
61-3 
61-5 
61'3 
60-3 
67*9 
62*9 


Insoi. absolute alcohol (cf. Schi£f, A. 118, 365). 
(4) MnS 04 .2a<x» obtained by boiling the powdered 
pentahydrate with absolute alcohol; also by 
pouring a saturated solution of the pentahydrate 
into cono. H^SO^; S.G. 2-626 (T. a. W., lo.), 
( 6 ) MnS 04 . aq, obtained by heating the penta< 
hydrate at lOO*^ till it oeasos to lose weight; 
S.a. 2-846 (T. a. W., Lc.). 

Linobarger {Am. 16, 225) has obtained hy¬ 
drates of MnSOf with 1, 2, 3, 4, 6, 6, and 7 H 20 . 
Below —10^ mixtures of the heptahydrate and 
ice separate from MnSO^^; above 117^ only 
MnS 04 separates. The sol^lities of the various 
hydrates are discussed; the more water in the 
hydrate, the more solublo it is. 

Acid salts MnSOi.H.BO^ and MnSO 4 . 3 H.iSO 4 
were obtained by Schultz {P. 130, 149) by 
dissolving the normal salt in hot cone. H^S 04 . 

Basic salisaxQ formed byaddinga little warm 
EOIIA.q to a large excess of boiling MuS 04 Aq 
(v. Gorgeu, C. R. 94,1426). 

DoubUsalts’y (1) with sulphates of Cu,Fe,Mg, 
and Zn to form salts MnS 04 .MS 04 .a;Ri 0 
(v. Ilammelsberg, P. 91, 321; Vohl, A. 94, 73). 

(2) With A 1 ,(S 04 ) 3 , Fe:(S 04 )s, and Cr..(S 04)3 v. 
iStard (0. R. 86,1399; 87,602). (3) With alkali 
sulphates to form MnS 04 .M.iS 04 .4aq or Gaq 
(v*Marignao, .4n». ilf. [ 6 ] 9, 1; Pierre, C/t. 

[3] 16, 239; von Hauer, J. pr. 74, 431). For 
various triple salts of MnS 04 with alkali‘sul¬ 
phates and CUSO 4 , MgS 04 , (&o.; v. Vohl (.A. 94, 
67). 

II. Manganic salts .—The normal salt 
Mn,(S 04 )a is obtained by the action of hot cone. 
n 3 S 04 on MnOg. Carius {A. 98,63) recommends 
to prepare pure MnO, by passing Cl into 
, NaOHAq containing MnGO, in sr.ffpension, to 
wash and dry the MnO.^, to rub up to a paste 
With cono. H. 4 SO 4 , and heat gradually to 110® 
till 0 is given off and the mass becomes grey- 
violet, then to heat to 0 . 135®-140® till the 
whole is liquid, to pour the solid that forms as 
the liquid partially cools on to.warm unglazed 
porcelain, after H 3 SO 4 has become absorbed to 
mix with a little cono. HNO^Aq and allow to 
drain on the porcelain, to repeat this treatment 
with HNOj six or eight times, and finally to 
heat at 150® till all HpOa is removed. Franke 
(J. pr. [3] 36, 451) Gained Mn 3 (S 04 ), by heat¬ 
ing 8 g. KMn 04 with 100 0 . 0 . cono. H. 4 SO 4 at 
100® for some tiite. A dark-green powder; 
Franke describes it as green crystals. Decom¬ 
posed above 160®, giving Mn£ 04 . Insol. cono. 
H,S 04 'or cono. HNO^Aq. Sol. qpno. HClAq to 
a brown liquid, which gives off Cl when warmed. 
Mn,(S 04 ), is very hygroscopio; quickly decom* 
pOB^ by water, with separation of Ma 03 .a;H 40 
(Carius, l.c.). 

Forms double salts with Ala(S 04 )„ FejCSO^a, 
and Cr,(B 04 ), (v. Etard, O. R, 86 , 1399). The 
doablsoompounds of Mn;i(S 04 )t with alkali sul< 


phateB—Mn|(S 04 )|.M,S(X. 24 aq—are alums. Ao* 
cording to Fremy (0«%. 82, 1231), the salt 
Mn(S 04 ) 2 , manganese disulphalCt corresponding 
with MnO,, is formed by decomposing ^MnO« 
by a considerable excess of cold oono. (c/« 
Franke, J. pr. [2] 36, 463), 

Mercury sulphates. I. Mtrpurous salts. 
The ncyrmaX salt Hg 3 S 04 is obtained by gently 
warming equal weights of Hg and oono. H 3 SO 4 , 
removing the white solid so produced before the 
whole of the Hg is changed, washing with cold 
water, and drying at a low temperatm-e. Divers 
a. Shimidzu (C. J. 47, 639) recommend to mix 
Hg with fuming sulphuric acid rich in SO« in 
a covered dish, in a cool place, adding a Utile 
more Hg from time to time till there is sufficient 
to saturate the SO, in the acid, but avoiding ex¬ 
cess, and when the Hg is all converted into 
Hg 2 S 04 to sot the dish in a warm place to expel 
SO,. Hg,S 04 is also obtained by adding 6 pts. 
water to 18 pts. HgSO} and rubbing with 11 pts. 
Hg (Planche, A, 66,168). Also by ppg. HgNO,Aq 
•by dilute H,S 04 Aq or solution of a sulphate ;• or 
by rubbing together HgNO, and Na ,804 and 
washing with cold water (H. Bose; Stoedeler, A. 
87,129). A white powder, consistmg of mono¬ 
clinic prisms (S., l.c .); S. G. 7*56 (Playfair a. 
Joule, G. S. Mem. 2, 401). SI. sol. water; S. in 
cold water -2, in boiling water *33; more sol. 
dilute HNOjAq; sol. ^nc. hot H 2 SO 4 , crystal- 
Using out on cooling. Hg,S 04 becomes grey on 
exposure to Ught (v. BueWer, Chem. Zeitung, 

10, 769): hence the salt should be kept in the 
dark. Hg 2 S 04 melts to a reddish Uquid, and 
decomposes at a higher temperature, giving off 
SOj and 0, and also partially subliming. Slowly 
changed by boiling water to an acid salt, and a 
yellow powder #liich is probably a basic salt (t>. 
Kane, P. 42, 367). An acid salt Hg,S 04 .H,S 04 
is said to be formed by the prolonged reaction of 
cone. H,S 04 containing a drop of HNO,Aq on • 
Hg (Braham, O. N. 42, 163). A double salt 
HgoS 04 . 2 HgS 04 was obtained by Brooks (P. 66 , 
63) by gently warming mcrcuro-mercuric nitrate 
(formed by warming 2 pts,. Hg with 3 pts. 
HNO,Aq S.G. 1-2) with Na^SO^Aq. 

II. Mercuric salts. The normal salt 
HgS 04 is obtained by the reaction* of 6 pts. 
boiling cone. H,S 04 with 6 pts. Hg, till 80„^ 
ceases to be evolved, and a httle of the white 
solid produced gives no pp. of HgOl when 
dropped into dilute HClAq; the white mass is 
gently warmed till acid fumes cease to bo given 
off. A white powder; S.G, 6'466 (Playfair a. 
Joule, O. S.^Mem. 2, 401). Becomes yeilqw, 
then red when heated; decomposes at red heat to 
Hg, O, and SO.^ a little HgS 04 subliming (Mohr, 

A. 31,180). Decomposed by water to a yellow 
basic salt and H 2 S 04 Aq. Hot HgS 04 absorbs 
HCl and HBr gases; according A|pitte {A. Oh. 
[ 6 ] 17, 120) the compounds H 8 SO 4 . 2 HCI antf 
HgS 04 . 2 HBr ore formed; these bodies are said '' 
to be sol. water without formation of basic salts, 
and HgS 04 . 2 HCl is said to sublime unchanged 
when heated. Solution of HgS 04 in H 2 S 04 Aq 
is said to reaclfllth PH, to form the compound 
2 ( 3 Hg 0 .S 03 ).Hg,P (H. Bose, P. 40, 76). Mono- 
hydrated mercuric sulphate HgS 04 #M was ob- 
hiined by Eisfeldt {Ar. Ph. [2] 76,16) oy cover¬ 
ing a thin layer of HgS 04 calculate 

quantity of water. The basic salt Hg80v2Hg0 



(-SHgb.SOi) 1 b obtained by the ao&on ot hot 
water on HgSO,, alsoMI); adding Na|SO,Ag to 
bot BglNOJ^q; a citron-yellow powder, 
3.0^44; nearly ineol. water (v. Cameron, An, 
.88^44). Decomposed by Cl at the ordinary 
araperatore. Absorbs HCi and HBr, forming 
tgS 04 . 2 Hg 0 . 6 Hai(or 6HBr) (Ditte, l.e.). This 
^0 salt was formerly known as minerals > 
iTpethum or tarbith mineral (from ita resem- 
tance to a coloured gum obtained from an 
Uriental creeping plant [Ipomcea turpethum']). 
Hopkins (Am. S.. 18, 364) described another 
basic salt 8HgS0,.Hg0 = 4Hg0.3S0,. Double 
salts. — (1) ■ HgSO..(NH,),SO,.*H.O and 
HgS0,.K,S0..*H,0 (V. Hirzel, /. I860. 822). 

(2) HgSO,.HgI., (v. SouTiUe, J. Ph. 26, 474). 

(3) 3HgS0,.HgS (v. Jacobsen, P. 68, 411). 

Xolybdennm sulphates. By evaporating a 

eolation of MoO, in cone. H,SO„ Schaltz-Sel- 
lack (B. 4,14) obtained white Instrons crystals 
of MoOj.BO,; thecompound MoOa.3SO,.2aq,de- 
loribed by Anderson (B. J. 22,161), could not be 
obtained by S-B. 

Kickel sulphates. The normal salt NiSO,' 
Is formed, as a clear yellow powder, by heating 
powdered KiSO,. x&q (v. infra) to c. 800°. The 
salt is obtained in crystals, regular ootahedra, 
by beating NiSO„ NiO, or NiOO, with five 
or six times its weight of fused (NH,),SO„ 
separating the yellow crystals of the doable salt 
8NiS04.2(NH,),80, thatTorm, and heating these 
in presence of some (NHJ.^SO, in a partly closed 
eruoible out of contact with the gases of the 
flame till all the ammonium salt is removed; 
B.O^of crystals ^67 at 20° (Lepierre a. Lachaud, 

'' Tobler 


(A. 96; 193) gives solubilities of NiSO, as 
lows:— • 

Temp. 

a 

Temp. 

s. 

2° 

80-4 

41° 

49'1 

16 

87-4 

60 

62-0 

20 

89-4 

63 

64-4 

23 

41-0 

60 

67-2 

81 

46-8 

70 

61-9 


The iiexdhydrate NiSO,. 6aq is obtained by dis¬ 
solving Ni, NiO, or NiCO, in excess of H^SO^Aq, 
evaporating, and crystallising. At the ordi- 
^naty temperature; bluish tetragonal pyramids 
* separate (Brooke a. Phillips, P. 0,193); greenish 
monoclinio crystals separate from warm solu¬ 
tions (Pierre, A. Ch. [8] 16, 262). The salt is, 
therefore, dimorphous (Marignac, A. 97, 294; 
e/. Uitscherlich, P. 12, 144; also Lecoq de 
Boisbandran, A, Ch. [4J 9,178). By dissolving 
Has hydrate in water, and crystallising at 15°- 
20°, emerald-green rhombic prisms of the hepta- 
hydrate NiBO,. 7aq are obtained, isomorphous 
with Mg8P4.7aq; melts at 98°-100° (Tilden, 
O. J. 4B, 267i^When this hydrate is heated to 
•103° it loses OTijO and Jeaves the numohydrate 
NiBO,.aq.. By passing NH, into NiSO,Aq, com¬ 
pounds of the form NiS 04 .!cNH,.pH ,0 are ob¬ 
tained (Zw4, 6, and 6; t>. P. Bose, Ammon. 
Kobaltverbind. [Heidelberg, 18711 27 i also P. 
20,166). ^ 

DoabU salts. (1) With (!m.),SO„ K,SO,, 
and TljSO. to form NiSO^.MjBO,. 6aq (v. F. Bose, 
In.; Link, Crell’s Ann. 1796 [1] 32; Werther, 
J. jir. 92,132). (2) With BeSO, to form various 
eompounds (Klatzo, Vber die Constant, dcr 


xraim iBcn. (3) WBit Cnsn 

(J)Sa, Fesp,, Mgsp., 

of these and also alkali snlpbatSa (v. Piarm 
A. Oh. [8] 18, 253; Leooq de Boisbandi^, 0, n! 
86,497). . 

Basie salts are formed by the giadaal rs- 
Mtion of NiSOjAq with Ni00„ and by adding a 
little NHAq to boiling NiSOiAq (Habermann, 
M. 5,440). ■ - 

Palladium sulphates. Thenor 7 ?iaZ^ZZadpi<s 
salt PdS 04 . 2 aq is obtained in brown crystals 
by evaporating a solution of Pd in H^SOiAq 
containing HNQ,. • Addition of a little EOHAq 
to a cone, solution in water of the normal salt 
ppts. a basic salt PdS 04 . 7 Pd 0 . 6 aq (v. Kane, B. /. 
24, 236). 

Flatinum sulphates. By dissolving PtOjH, 
in dilute H 4 S 04 Aq, Berzelius (Lehrbueh [ 6 th ed.) 
8 , 987) obtained a dark syrup which probably 
contained platinous sulphate PtSO,. Platinie 
sulphate Pt(SO,)j was obtained by Berzelius 
(Z.C., p. 989) by evaporating PtCl, with cone. 
fi.SO, (1 part acidm 1 part Pt), as an almost 
black solid. E. Davy (T. 1820) obtained the salt 
by oxidising PtS, by fuming HNOj. Frost (Bl. 
[2] 46,166) obtained a basic salt by allowing an 
acid solution of Pt(S 04 )j to stand lor some days; 
Frost also describes several double salts ot 
Ft(S 04 ), with alkali sulphates. 

Potassium, sulphates. The normal salt 
E 2 SO 4 is found in the lava from Vesuvius, in 
small quantities in sea water, and in some 
mineral springs, in combination with MgSO, and 
MgOl, as kainite (KiBO 4 .MgaO,.Mg 01 r 6 aq), in 
combination with MgSO, and CaSO, as poZp- 
halite (KjS 04 .MgS 04 . 20 aS 04 . 2 aq), and as aium. 
KjSO, IS prepared by decomposing KCI by H 4 SO,, 
by neutralising HjBOjAq by KOH or KjOO,, imd 
evaporating (lor the preparation of KjSO, on flie 
large scale v. Diotionabv or Appued CHEsnsTKY, 
vol. iii. p. 279). £,80, forma in white, hard, 
four-sided, trimetrio prisms, unchanged in air. 
S.Q. 2'656 at 4° (Playfair a. Joule, 0. J. 1,132); 
for 8 . 0 . at various temperatures from 0 ° to 100 ° 

V. Spring, B. 16,1940. Melts above 861° (Car- 
nelley. Melting- and Boiling-Point Tables, 1,33); 
melts at 1#73° according to V. Meyer a. Biddle 
(B. 26, 2443). H.F. [K'.S,0'] = 344,600 (27s. 3, ' 
616); [K‘SO',Aq]=-6167 (Pickering, O. J.il, 
98). Mulder (Seheikund. Verhandg. 1864. 49) 
gives solubilities in water as follows:— 


Temp. 

a 

Temp. 

a 

5® 

01 

55® 

16-8 

10 

9-7 

60 

17-8 

16 

10-3 

65 

18-8 

20 

10-9 

70 

19-8 

26 

11-6 

75 

20-8 

30 

123 

A 80 

^ 85 

21-8 

86 

131 

22-8 

40 

140 

90 

23-9 

46 

149 

♦ 95 

250 

60 

16-8 

100 

26-2 

Gerlach (JfV. 8, 8 S 7 ) gives S.O. of E^SQ^Aq as 
follows :— • * 

JPolgoX.SO, 

S.Q. K.SO.Aq 

Potgo.K:,so. 

S.O. K.SO.Aq 

1 

1-00829 

6 

1-04947 

2 

101636 

7 . 

1-05790 

8 

102460 

8 

1-06644 ■ 

4 

103277 

0 

1-07499 

6 

1-04106 

9-92 (said.) 108806 
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losol. absjlate aloohol s aol. aqaeoaa alcohol in 
proportion to amonnt of water present (o. Sohiff, 
k. 118, 362). Insol. KOHAq 1'32 S.G. j si. sol. 
KOHAq 20p.o. S. in saturated NHjAq=-0366 
(Giraud, Bl. [2] 43, 652). 8. in glycerin' (S.G. 

1- 226) at ordinary temperature - 1'32 (Vogel, 
N. B. P- 16, 667). More sol. in solution ol 
CuSO„ MgSO,, or Na^SO, than in water. Eeaots 
with strong acids to give KHSO, (for thermal 
measurements v. Berthelot, Essai de 
chimique, 1, 389). Dissolves in hot cone. 
HNOjAq, KHSO, separates on cooling, then 
KNO„ and then a compound of KjSO, with 
HNO, i H,PO,Aq reacts similarly (o. Jaoquolain, 
Biedermann’s Techn. Chem. J. 4,62). Absorbs 
HCl gas when heated, forming KCl and KHSO 4 
(Thomas, 0. J. 33, 372; Hensgen, B. 9, 1671; 
10, 269). Decomposed by heating with NH,01, 
giving KCi (i^ Bose, P. 64, 668 ). Heated to 
redness with iron filings gives KOH mixed with 
Fe^OjandPeS (d’Heureuse, P. 76,266). Reduced 
to sulphide (or KSH) by heating in CO; to KSH 
and KOH by heating in H ( 0 . Berthelot, C. B. 
110, 1106). Sulphur reacts at lull red heat, 
giving SO 2 and polysulphidos of K (Berthelot, 
C. B. 96, 303). SO 2 is without action at a red 
beat. 

Double salts. (1) With Al^SO,),, Cr^SO,),, 
and Fo 2 (SO,)j to form K2S04.M2(S0j,. 24aq ; v. 
potash alum, potash chrome-alum and poUish 
iron-alum, under Axouiniuu sulphates (p. 568), 
CaaoMioM SULPHATES (p. 670), and InoN sul¬ 
phates (p. 672). (2) With sulphates of Ce and 
Di respectively, to form 3K2S04.M2(S0,)j (v. 
Qleve, Bl. [2] 43, 359; Czudnowitz, J. pr. 82, 
129; Hermann, J. pr. 82, 385); also the salt 
2KjS0,.Ce(S04)2.2aq (Marignao, Ann. M. [5] 15, 
275). (3) With sulphates of Cd, Co, Cu, Fe, Mg, 
Mn, Ni, Zn to form KjSOj.MSO,. 6aq («. Graham, 
P. M. 1835. 327, 417; Brunner, P. 16, 476 ; 32, 
221: Pickering, C. J. 49,1; Tobler, A. 95,193; 
Sohiff, A. 108, 326; 113, 183 ; Gerlach, Fr. 8, 
287; Marignac, Ann. M. [6] 9,19 ; Wilm, A. Ch. 
[4] 5, 56 i Pierre, A. Ch. [3] 10, 239; von 
Hauer, J. pr. 74, 431; Werther, J. pr. 92, 132). 

(4) K 2 SO 4 .BeSO 4 . 2 aq (Awdojeff, P. 66 , 101). 

( 5 ) KjSO.-Na^SO, (Penny, P. JIf. [4] 10, 401; 
Mitsoherlioh, P. 68, 468; von Hauer, /. pr. 83, 
856). 

The acid salt KHSO 4 occurs in some volcanic 
districts as miseniie ; it is formed by heating 
13 parts KjS 04 with 8 parts cone. H 2 SO 4 , or by 
heating KNO, and cone. H^SO, in the ratio 
KNOjiHjSO,. Crystallises in white rhombic 
forms, sIG. 2-273; also in monoclinic forms, S.G. 

2- 245 («. Wyroubofl; abstract in C.J. 60, 665). 
Molts at 0 . 200°. Easily sol. water; Kremers 
gives S. 33-9 at 0°, 48 at 20°, 62-9 at 40°, 114 at 
100°. An aqueous solution is said to deposit, first 
K 2 SO 4 , then KHSO 4 .K 2 SO,, and then KHSO,; 
by evaporating KHS 04 Aq at a low temperature 
until a solid mass formed on removing the flame, 
arborescent and very deliquescent crystals 
formed on the surface of the solid, which were 
2 KHS 04 . 11 H 2.0 according to Senderens {Bl. [3] 
2, 728). 

Other acid salts. (1) KHSO 4 .K. 4 SO 4 , obtained 
by evaporating KHS 04 Aq. ( 2 ) 2 KHS 04 .K.,S 04 , 
crystallising from K^SO, in H 2 SO,Aq (Phillips, 
iT. pr. [2] 1, 429 j Marignao, Ann. If. [ 6 ] 9, 7). 
( 8 ) EHS 04 .H,S 04 , formed by beating K,SO,wi4i) 

Va*. tv 


less than 5 parts eono. 5*804 (Sohnltz, P. 183, 

khodinm sniphates. The normal rkodic 
sulphate Rh. 4 (SO,)j is obtained by dissolving 
BhjOj.xaq in H,S 04 Aq, evaporating, and heating 
to 400° till excess of acid is removed; a red 
powder, decomposed by hot water to the yellotv 
basic salt Bh 2 (S 0 .) 3 .Rh 204 (Leidid, 0. B. 107, 
234). Claus {Bcitrdge zur Chemie der Platin. 
metalle [Dorpat, 1854]) obtained the hydrate 
^b-kSO,),. 12 aq, as a pale-yellow crystalline salt, 
by crystallising a solution of Rh.Oj. araq in 
H^SO.Aq, and washing with alcohol. Thbdoab/e 
salt Eh 2 (S 04 )j.SKjSO, was obtained by Clans. 
{l.c.) by evaporating a solution of the constituent 
salts in the ratio Rh ,(SO,) 3 ; 5 K. 4 SO,. The double 
salt Rh 2 (S 04 )j.Na 2 S 64 was obtained by Bunsen 
{A. 146, 265; ». also Seubert a. Kobb 6 , B. 23, 
2556) by the action of hot cone. H.jSO, on 
RhSOj.ONajSOj.Oaq (formed by heating RhCl,Aq 
lor some time with NallSO,). 

Bubidinm sulphates. The normal salt 
Rb 2 S 04 is obtained by neutralising HjSO.Aq by 
RbjCO, and evaporating; it crystallises in trans¬ 
parent, hexagonal forms, unchanged in air. 8 . 
42-4 at 70°. S.G. 3-6438 at 0°; 3-a266 at 60°; 

3-6036 at 100° (Spring, B. 16, 1940). If excess 
of HjSOjAq is used, the acid salt BbHS 04 sepa¬ 
rates in rhombic prisms (Kirchoff a. Bunsen, P. 
115, 684). 

Double salts. (1) With LijSO, to form 
EbLiS 04 (Wyrouboff, Bl. [2] 48, 134, 630). 

(2) With CaSO, and PbS 04 to form the compounds 
Rb 2 SO 4 . 2 MSO 4 .xaq (Ditto. G. B. 89, 641). 

(3) With A 1 .,(S 04 ), to form rubidium alum 
Al.,(S 0 ,) 4 .Eb. 4 S 04 . 24aq (Bunsen, P. 119, 1; 
Godeffroy, A. 181, 176; Redtenbacher, J. pr. 
95. 148). 

Ruthenium sulphate. Normal ruthenic sul¬ 
phate HuiSOiij is obtained by oxidising RuS, 
(formed by prolonged action of H 43 on RuCIjAq) 
by cone. HNOjAq, and evaporating off excess ol 
acid. An amorphous, brownish-yellow, very 
hygroscopic solid. Strongly heated gives BuO, 
<ClauB, J. pr. 42, 364). 

Silver sulphates. The normal salt AgjSO, is 
obtained by heating ^nely divided Ag with ex¬ 
cess.of cone. HjSO,, by neutralising H,S 04 Aq by 
AgjO or Ag.fiO, and evaporating, by evaporating 
AgNO, with HjSO.Aq, or by ppg. AgNO,Aq by 
Na^SO.Aq. Small, white, lustrous, rhombic 
crystals, isomorphous with Na.,S 04 (Mitsoherlich, 
P. 12, 138; 25, 301). S. 1-15 cold water, 1-45 
at 100° (Wenzei, P. 82,136). .S.G. 6-322 (Way- 
fair a. Joule, G. S. Mem. 2, 401), 6*426 when 
fused (Schroder, P. 106, 226). Decrepitates 
when hosted to 3009; melts at 645° (Carnelloyt 
C. J. 33, 279). Decomposed at very high tem¬ 
perature, giving Ag, SOj, and 0. 'Seduced to 
Ag by heating in H, with 0, or in CO (Stam¬ 
mer, J. pr, 11, 70). Absorbs 2 NH 2 (H. Bose, P. 
20.163). 

Acid salts sue obtained by dissolving Ag^SO, 
in different quantities of H^SO.Aq and orya- 
tallising; Schultz (P. 133, 137) desoribea 
(1) AgHSO,, (2) 2 Ag 2 S 04 . 3 H,S 04 .2aq, ( 8 ) 

Ag. 4 S 04 . 3 H 4 S 04 .2aq. Carey Lea (Am. 3. [8] 44, 
822) describes a hemisulphate Ag 2 SO,.Ag 4804 . aq, 
but this salt was not obtained free from AgiFO,. 

Forms a double salt Ag. 4 S 0 ,.Al,(S 04 ),. 34aq; 
this salt is an alwn (v. Ohuroh m Morthcot& 
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O. N, 9t Also eombinea with Ag,B 

and with K^SO« (Borz«Uua; H. Bose, P. 53, 
403). 

8 dium lalphatet. The normal 6aXt Ka^SOf 
occurs native as theyuirdite, in combination with 
CaS 04 as glauberite, and with MgSO, as USweite ; 
the salt alsd occurs in sea water and in many 
mineral springs. It is prepared by adding H 3 BO 4 
to NaCl in the ratio NaChU-^SO,, and strongly 
heating the NaHSO, thus produced; also 
by the reaction between NaGl, SO^, steam 
and 0 at 400'='-450°; 2NaCi + SO, + 0 + H,0 
»Na,S 04 + 2IlCl (Cor the application of these 
processes on the largo scale v. Dictionary of 
Applied Ciiemistut, vol. iii. p. 439). Na,S 04 is 
also obtained in the decomposition of NH,G 1 , 
or NaNO,, by 11^804 *» is formed by neutrali¬ 
sing H,S 04 Aq by NaOHAq or Na.,CO„ evapora¬ 
ting, and heating to redness tlio crystals of 
Na^SO,. araq that separate. Na 4 S 04 is a white 
amorphous powder; S.G. 2*597 (Playfair a. 
Joule, C. S. Mem. 2,401); 2*031 (Karsten, S. 65, 
894). Obtained in rhombic crystals, isoinorphou^ 
with AgjSO, (Mitschcrlich, P. 12, 138; 25,301), 
by heating to 40° a solution saturated at 38'=*; 
'S.G. 2‘6618ror 2*CC37 crystallised at 110° (Nicol, 

P. M. [ 6 ] 16, 94). Dissolves in water with pro¬ 
duction of heat; according to Borthelot ( 0 . P. 
78,1722) [NaW‘,AqJ = 780 at 21*2°, but -100 
at 8 °; riokering (O. J. 45, 680) tliinks that two 
modiOoations of NOoSO, exist; the salt dried at 
100° or 160° gave [Na-80‘,Aq3 = 67 at 20*4°, but 
after heating to tomporatures varying from 250° 
to the melting-point the beat of solution was 
[Na‘''SO\Aq] = 760. Thomson {Th. 8 , 510) gives 
H.F. [NaSS,0*] = 328,600. Tilden (Pr. 35, 345) 
gives solubilities as follows: 5 at 0°, 78*8 at 84°, 
42*7 at 100 % 41*95 at 120°, 42 at 140°, 42*9 at 
160°, 44*26 at 180°, 46*4 at 230°. litard (C. P. 
113, 854) says that S. increases from 33° to 80°, 
remains constant to 230°, and then decreases to 
820° (v. also Lowel, A. Ch. [3] 33, 334 ; 49, 32 ; 
Gernez, O. P. 60, 833; do Goppet, Bl. [2] 17, 
146). For S.H. and expansion of Na^S 04 Aq v, 
Thomsen (P. 142, 837) and Marignao {A. Ch^ 
[4] 22, 415). Na^S 04 melts at 861° (Carnelloy, 
C. J. 33, 280); at 843° (V. Meyer a. Biddle, P. 
26,2443). S.G. at melting-point = 2*104 (Bcaun, 

B. 7, 958). 

Heated with charcoal out of air Na^S 04 is 
reduced to Na^S; Gay-Lussao (A. Ch. [2] 11, 
812) says polysulphidos are also formed; CO.j 
is evolved, but no CO (Unger, A. 63, 240; 
Scheurer-Kestner, A^ Ch. [4] 1,412; Stromeyer, 
A, 107, 861); heated to bright redness with 0 in 
a vessel containing air, NojS is formed and CO 
evolved (Berthelot, O. P. lAO, 1106). Beduced 
to sulphide by heating to bright redness in 
carbon monoxide (B., l.c.) ; reduction by hydrogen 
begins at 0 . 500°, the products are NajS, NaSH, 
KaOH, H.p, and H^S (B., Z.c.). Heated with 
hydrogen chloride, NaGl is formed (Bpusingault, 

C. P. 78, 593) ; boiling HClAq produces NaCl 
and NaHSO, (Thomas, C. J. 33, 373). A little 
KaCl is formed by beating with ammonium 
chloride (Nicholson, C. N. 26, 47). Boiled with 
barium carbonate some Ka^CO, and BaSO^ are 
formed; after a time a condition of equilibrium 
is attained. A very little NaOHAq is produced 
by boiling for some time with milk of lime\ 
BAdsr increased pressure liaOEAq is funfted 


(v. Soheurei'-Eostner, A. Oh. £4] 1,412). Not 
decomposed by heating stron^y with calciwn 
carbonate ( 8 .-K., {.c.). When a mixtureof Ka^SC^ 
and alumina is heated in aUa/m, SO« is given off 
and sbdium. aluminate remains; presence of 
charcoal hastens the reaction (Wagner). Ao- 
cording to Stromeyer {A. 107, 361) fusion with 
iron produces Fcj^O,, Na^^O, and Na 2 S. 2 FeS. The 
£nal products of heating with silica and carbon 
in a closed crucible are Na;{ 0 . 2 S 102 i S, CO, and 
CO (S.-K.. 0. P. 114,117). 

Hydrates of Na^SO^. (1) The hepta- 
hydrate Na^S 04 . 7 aq is obtained by melting 
Olauber*8 salt Na^SO^.lOaq in its water of 
crystallisation, heating to boiling, at once olosii^ 
the vessel, and shaking repeatedly as the liquid 
cools till 18° is reached; Na^SOf separates at 
first but dissolves again, and below 18° Na^SO^. 7aq 
separates (Ldwel, A, Ch. [3] 33, 834; 49, 32). 
The following method gives better results 
(L.. l.c.) : 22 parts Na 2 S 04 . 10 aq are dissolved 
in 10 parts water, the solution is heated to 
boiling, and the fiask is then closed with a cork 
carrying two narrow tubes bent at right angles; 
when the liquid is cold the outer end of one of 
the tubes is dipped into 30 p.o. alcohol at 40°« 
and tho alcohol is caused to run into and fill the 
fiask by sucking at tho outer end of the other 
tube. As tho alcohol withdraws water, large, 
translucent, rhombic or tetragonal crystals of 
Na 2 S 04 . 7 aq gradually separate. The crystals 
must be quickly pressed between filter paper. 
They rapidly absorb water from the air, changing 
to Na^SO^.lOaq; exposed to air, even under 
dilute alcohol, they soon change to the dec^- 
hydrate. According to Lowel (/.c.) the hepta- 
liydrate is much more soluble in water between 
0° and 26° than the decahydrate. The tempera¬ 
ture of maximum solubility is 27°; the solution 
then contains 56 p.c. Na^SO^, which is the same 
quantity as is present in solution of Na^SO,. lOaq 
saturated at 34°-36°. If a crystal of Na 2 S 04 . 7 aq 
is added to tho saturated solution of this salt at 
27° it does not dissolve, but crystals of Na 2 S 04 
separate until a concentration is reached corre¬ 
sponding with a saturated solution of Na 2 S 04 at 
the temperature. The heptahydrate is able to 
form supersaturated solutions, but less readily 
than the decahydrate; addition of a crystal of 
Na^BOi. 7aq causes separation of the hepta- 
hydrate. These results were confirmed by 
de Goppet {Bl [2] 17.146). 

(2) The decahydrate Na , 804 . lOaq crystallises 
from a hot saturated solution of Na ^804 cooled 
to at least 32°; a supersaturated solution maybe 
cooled in a closed vessel to 0°. If a crystal of 
Na 2 S 04 . lOaq is dropped in, a mass of crystals of 
the decahydrate is formed, and the temperature 
rises to 0 .18°. Large, white, striated, monooUnio 
prisms; isomorphous with Na 2 Cr 04 . lOaq and 
Na^SeO,. lOaq. S.G. 1*469 (Playfair a. Joule, 
0. S. Mem. 2. 401); 1*485 at 19°, 1*492 at 
20° (Pettersson, XJpsala, Nova Acta, 1874). 
[Na ,S,OMOH*OJ = 347.800 {Th.3, 616). Melts 
at 34° (Tilden, 0. J. 45,267), Effloresces in air. 
When melted in the water of crystallisation, 
boiled, and allowed to cool in a closed vessel, 
NosSO, separates, but on shaking, this salt dis¬ 
solves iilbl8° is reached, after wmoh crystals of 
Na^SO,. 7aq separate (o. supp)- Ka 2 S 04 . lOaq is 
iosoL nbs^ltt^ aloohql; ol S«G« *276 dit* 
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toWet i4*8ft ol 8.0. *971 dissolTes 5*8 p.4., 
%ad of *8.0. ‘939 d^soWes 1*8 p.o. Solubility 
in water Increases witb temperature to 83'’>34^, 
whereat the solution contains 56 parts Na^SO, 
in 100 of water; a crystal of Na;]804. lOaq 
dropped into the solution dissolves, and Na^SOi 
separates till 49*53 parts Na^S 04 are in solution 
in 100 parts water, which is the same quantity 
of Na 4 S 04 as is present in a solution made by 
saturating water with Na;^S 04 at 34*^ (Ldwol, 
Ch. [3] 33, 334; 49, 82). As temperature is 
inci^ased above 34*^ Na-^SO^ seems to be formed, 
and the solubility of this salt decreases as tern, 
perature rises to the b.p. of saturated Na.SO^Aq. 
There appear to be three temperatures of 
maximum solubility for Na^SO^ and its hydrates: 
{1} at 84^ which is the maximum for Na^SO^. lOaq, 
(2) at 26®-27° for Na^SO^. 7aq. (3) at 17®-18° for 
KSgSO.. The quantity of salt in solution, cal¬ 
culated as Na^Of, is about the same at these 
temperatures. LOwel (f.o.) gives the following 
table 


ao. 

Fa ffa,SO. 

»AKi,30vioet 

1-1018 

11-026 

35 

1-1057 

11-468 

20 

1-1100 

11-907 

97 

1*1142 

12-348 

28 

1-1184 

12-789 

29 

1-1226 

13-230 

• 80 


Acid salts. (1) NaHSO^: by adding 7 parti 
n^SO^Aq S.0. 1*85, to 10 parts Na^SOi, and 
heating gently till the mass melts and water- 
vapour ceases to be given off. By dissolving in 
water, or by evaporating Na.SO, in HjSOiAq 
at 50'^, crystals of NaliSO^. aq are obtained 
(Mitscherlicli, P. 12, 138 ; H. Itose, P. 82, 646), 

(2) Na,S04.NaHS04( = Na,H(S0,),); by crystal- 
Using NiijSO^ from liaU as much 11^,804 in water 
as is required to form NaHSO^ (M., lx .; K., I.C.). 

(3) NaIiS0,.H,S04 (Nan,(S04)4) ; by crystal¬ 
lising Na.jS04 from sokition in alinost 7 parts 
H,S04 (SchuUz-Sollack, J. pr. [2] 2, 469 ; 
Lescceur, C, R. 78, 1044). 

, Double salts. (1) Na;{S 04 .KjjS 04 (Pcnny,P. Af. 


100 parts water 0O7itaint when solution is saturated^ 


Na.80* Na,SO..10iMi Nb,SO^ Na,SO,.10aq Na,S 04 Na,804.7M N^0*.l0aq 
Bol. made with No^SO* Sol. made with Nb,SO*. lOaq Bol. mode wittf Na^O.. raq 


0“ 

'’HI 


6-02 

10 



9-00 

16 

— 


13-20 

18 

63-26 

871-97 

16-80 

20 

62-76 

361-61 

19-40 

25 

61-53 

837-16 

28 

26 

61-81 

333-06 

30 

80 

60-37 

816-19 

40 

S3 

49-71 

306-08 

60-76 

84 

49-63 

802-07 

66 

40-16 

48-78 

290-00 


46-04 

47-81 

276-84 


50-4 

46-82 

361-86 


69-79 

45-42 

242-39 


70-61 

44-35 

229-87 


84-42 

42-96 

213-98 


103-17 

42-66 

210-67 



12-16 

19-62 

44-84 

69-28 

23-04 

30-49 . 

78-90 

112-78 

35-96 

37-43 

105-79 

161-67 

48-41 

41-63 

124-59 

260 

68-35 

44-78 

140-01 

234-4 

»8‘48 

62-94 

188-46 

866*28 

109-81 

64-97 

202-61 

411-46 

184 09 




323-13 




412-23 





The foUowing table giyeB S.O. of Na^SO-Aq* [4] 10, 401; Mitsoherlloh, P. 88, 468; Ton 
at 19°:— Hauer, J. pr. 83. 356). (2) Na,SO,.(NHJ,^,; 

ao. P.a Na,SO. Vjo, Ma,SO.. lOaq by the interaction of (NHJ^SO, and NaCl with a 

r0040 1-441 I little water (Schiff). (3) Varioua double aalta 

1-0079 1-881 2 with Li,SO, (Uammelsberg, 1>. 128, 811 i Wyrou- 

1-0118 1-323 8 boil, Bi. [2] 9, 35. (4) With aulphatee of Cd, 

1-0158 1-764 4 Ca, Cu, Hi, In, I-’c, La, Mn, and Mg: relerencea 

1-0193 2-205 ' 6 under Cadmium suLi-iiATas, Cadcidm solpbatbs, 

1-0238 2-646 6 etc. (5) Tlic compounds Na,SO,.M2(BO,),.24a({, 

1-0278 8-087 7 where M = AI°or Cr, are alums (relerenoea nader 

1-0318 8-528 8 Aluminium suli-hates and Chbouioh suLPiunts). 

1-0368 8-969 9 Strontium aulphates. The normal salt 

1-0398 4-410 10 SrSO, occurs native as celasHns. It is obtained 

1-0439 4-861 11 by adding H,SO,Aq or solution of an qlksli 

1-0479 6-293 12 sulphate to solution of a strontium salt; large 

1-0620 6-378 18 crystals are formed by dissolving ppd. SrSO, in 

1-0660 6-174 14 cone. H,SO„ adding dilute HClAq, heating to 

1-0601 6-616 16 150’, allowing to cool, again heating to 160“ 

1-0642 7-056 16 witb BCIAq, and repeating this treatment three 

1-0683 7-497 17 or four times (Bourgeois, C. B. 106,1073). SiSO, 

1-0736 7-938 18 is also obtained crystalline by fusing X^O, 

1-0766 8-379 19 with excess of SrCl, (Manross, A. 83, 850). A 

1-0807 . 8-830 30 white solid -, S.O. 3-927 to 8-966 orystalline (U^ 

1-0349. 9-261 31 I.C.; Neumann, P. 23, 1) -, 8’7 ppd. (SohxMer, 

1-0690 9-703 * S3 P. 106, 226; v. also Clarke’s Tablt <4' Spec. 

1-0961 10-143 98 Oram. [New Ed.] 82). H.F. [Sr,S,0*] - SBOito 

ViHfn . lO-eM W iXh. 9, 616). Almost insoL water; S. -Oltf 
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ordiiuu7 lempentura, •0104 at 100° (Fresenius): 
msol. dilute H,SO,Aq; S. cono. H,SOi at 10» - 14 
(Gareidei C. JV, 81, 246); lor S. in solutions of 
Had, KOI, MgCij, and CaCl, v. Virok (C. 0. 
1862, 402). Molts when strongly heated ; is de¬ 
composed to SrO, .SO„ and 0 at full white heat 
(Bousingault, J. 1807. 161). Reduced by heat¬ 
ing strongly with 0, Fe, or Zn (d’Houreuse, P. 
76, 277), or in a steam of H or moist CO (Jao- 
queinin, C. P. 46,1164). Loses SO, when heated 
with As.,0. (Moretti, S. 9, 169), or when heated 
continuously to i-edness in HCl (Bousingault, 
0. Ji. 78, 693). Becomposod by heating with 
solutions of alkali carbonates. Forms double 
saltSf SrS 04 .M.,S 0 ,, with alkali sulphates (H. 
Bose, P. 93, 604; 110, 296). An acid salt 
8 rH 3 (SO ,)2 (» SrSOi-H-^SO,) is formed by digest¬ 
ing SrSO, in cone. H. 4 SO, with excess of SrSO, 
(Schultz, P. 113,147). - 

Thallium sulphates. The normal thallous 
mU TljSO, is obtained by dissolving T1 in hot 
H^SO,, or by neutralising HjSO,Aq by TlOH or 
TljCOj, and evaporating (Crookes. C. N. 24, 38). 
Forms white rhombic prisms, isoinorphous with 

IT QA T_ IS sr r.-, ^ _ .._ 
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K-jSO, (von Lang, P. M. [4] 25, 348); S.G. 6-77 
(Lamy, Bf. [2J 11, 210; v. also Clarke’s Table 
of Spec. Grave, [now ed.] 79). H.F. fTl- S 0*1 = 
221,000 {Th. 3, 616). S. 4 74 at 15°, 18-6 at 
100° (Lamy, l.c.). Not decomposed by heating 
to full redness in absence of air; heated more 
strongly in air gives Tl,0„ SO,, and 0 (Carstan- 
jen, J. 1867. 279). Reduced to T1,S by heating 
with KCN. The acid thallous salt TIHSO,. 3aq 
separates from a solution of the normal salt in 
H,SO|Aq after some months. When strongly 
heated yields Tl,SO, and H.SO, (Carstanieu, 
{•C.)s Double suits, TLSO^.MSO^. 6a(], are formed 
when M - Cu, Fe, Mg, Ni, or Zn OVillm, A. Ch. 
[4] 9, 6; Werther, Bl. [2] 2, 272). The salt 
Tl,SO,.Al,(SO,),. 24aq is an ahim {v. Lamy, 
thallic sulpluite 
TL(S 04 ),. Isq is obtained as thin, white leaflets 
by dissolving T1,0,.H,0 in fairly eono. n,SO,Aq 
and evaporating. Loses 6aq when heated to 
200°, at higher temperatures SO, and 0 are given 
olf and TljSO, remains (Streoker, A. 135, 207 • 
Crookes, C. N. 8, 243). The double salts 
Tl,(SO,) M,S0,[ = T 1 M(S 04 )J. where M = K or 
Ha, are described by Streckor (f.c.). 

Thorium sulphates. The hydrated normal 
‘^iphate Th(SO,), a:aq is obtained by dissolving 
ThO, in slight excess of H,SO,Aq, and crystal¬ 
lising at 10°-16°, The anhydrous salt is ob¬ 
tained by heating the hydrated sSlt to 0 . 400° 
(ti. Chydenius, P. 119, 43 ; Delafontaine, A. 131, : 
100; Cleve, Bl. [2] 21, 116; Bemarqay, C. B. ! 
96,1860). For a lull disoussicn of the conditions 
of formation, relations, and solubilities of the 
TS'TS. l»ydrates of Th(SO,), o. Roozeboom 
(£■ S.G.4-053 at 22-8° 

(Clarke, ^»». 2, 176); 4-2252 at 17° (Krflss a. 
Nilron, B. 20,1676). The S.G. of 111(80,),. 9aq is 
2-767 according to Tops6e (Bl. [2] 21,120). The 
hydnte Th(S 04 )„ 9 aq is isomorphous (mono- 
^SO,),. 9aq (Rammelsberg, B. B. 
1886. 603). Double salts Th(S 04 ),.M,BO,. a;aq 
are known, where M=an alkali metal (Cleve, I c.: 
Chydenius, In.). > 1 ■ . 

•alpha tes. The normal stannous salt 
I jV* “ obtained, in very small white crystals, 
by dissolvmg Sn in warm fairly oono. H,BO,a!^ 


< taking care that Sn is in excess, dissolving ths 
white solid so formed in water, and allowing to 
orystallise out of contact with air (Marignao.* 
Ann. U. [ 6 ] 15, 221). SnSO, is very sol. water: 
the solution soon deposits basic salts. The nor- 
mol stannic salt 80 ( 80 ,),. 2 aq was obtained by 
Bute (O. B. 104, 178) by dissolving SnO,. icaq 
(ppd.^from SnCl.Aq by alkali) in dilute H,SO,Aq 
and evaporating (ti. also Eraskowitz, P. 36, 618). 
It forms white rhombic leaflets; very sol. water; 
deoompo.sod by much water with separation of 
SnO,. A basic salt SnO(SO,). aq is said to bo 
• '’y dissolving the normal salt 

in ll,SO,Aq, warming, adding excess of Sn, and 
then ether. 

Titanium sulphates. Normal titanous sul. 
phate Ti,(SO,);,. 8 aq is obtained, as violet crys- 
ta s, by evupor,iling a solution of Ti in H,SO,Aq; 
sol. water, solution gives a black pp. when 
warmed (Glatzel, B. 9, 1833; Ebelmcn, J. pr. 
42, 70). Normal titanic sulphate Ti(SO,),. 3 aq 
was obtained by Glatzel (i.c.) by oxidising the 
Ltanous salt by HNO,, adding a drop or two 
HjSO.Aq, and evaporating; a white, translucent 
mass. A double salt Ti(SO,),.K,SO,.3aq was 
obtained by Warren (P. 102, 419), by fusing 
liO, with KHSO„ treating with cone. HjSO,, 
evaporating, and washing the residue with cold 
water (v. also Glatzel, l.c.). By dissolving TiO, 
in hotHjSO.Aq, evaporating, drying the residua 
on a porous tile at 180°, and then heating to 0 . 

P’’- 8 ®' obtained the acid 
salt TiO.SO, as a hard white solid. 

Uranium sulphates. Normal uranic sul. 
plmU U(SO,),. 9aq is obtained, as green mono- 
olinie crystals isomorphous with Th(SO,)-. 9 aq 
(Rammelsberg, B. B. 1880. 603), by evaporating 
a solution of UO, in excess-of H,SO,Aq (R.. f.c.; 
Ebelmcn, J.pr. 27, 385). Unchanged in air; 
slowly loses water of crystallisation when heated; 
at higher tomperatures gives yellow (UO,)SO„ 
and when strongly heated leaves U,0,. Heated’ 
m H gives UO,. Easily sol. dilate H,SO,Aq or 
I HUAq. Becomposod by water, giving basic 
|-saiM («. E., l.c.; Athanasesco, O. B. 103, 271 ). 
Forms double sails with alkali sulphates (R., l.c.). 
The uranyl salt (UOJSO,. a:aq is obtained, in 
citron-y®tlow crystals, by dissolving U.O, in 
Tt?i HNO, ; or by decomposing 

A CODO. evaporating nearly 

to dryness, dissolving in water, evaporating to 
a syrup, and allowing to orystallise slowly (Ebel- 
men, A. 66 , 230). By evaporating a solution of 
the hydrated salt in oono. H,SO„ Sohultz-Sel- 
laok obtained the anhydrous salt (OO.JSO, (B. 

double salts with alkali sulphates 
(UO,)SO,.M,SO,. 2 aq (Rammelsberg, B. 6,1005). 

'ulphates. Vanadyl sulphate 
(yo)SO,.icaq IS obtaiped by heating a solution 
of V,0, in oono. H,SO,. Gerlaoh (B. 11 , 98) 
prepared several compounds of VjO, and SO. by 
dissolving VjOj in H 2 SO 4 . For more details and 
descriptions of various salts v , Vikadiom tstroz- 
u>K and pENTOxioE {infra). 

Zinc salpliates. The normal salt ZnSOx 
18 obtained by dissolving Zn, ZnO, or ZnCO, in 
dilute HjSOiAq, evaporating, drying the crys¬ 
tals of ZnS 04 .7aq, ead gradually,beating too* 
280® till water ceases to be given o£F; it is diili- 
cult to drive ofl every trace of water without 
decomposing sonte of the ^04 asd. foroiag 
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We raipbates. Elobb (0. B. 114, 836) ob- 
toined ZDSO4 in crystals by heating Z0SO4.7aq 
iCnixed with excess of (KHJgSO^ in a partly- 
closed crucible, protected from the gases of the 
flame, till all (^64)^804 was volatilised. A white 
solid; S.G. ,3-435 at 16«’ (Pape, P. 120, 307); 
3-6235 at (Thorpe Watts, C.J. 37, 108). 
HJP. [Zn,8,0']« 230,100 (T/t. 3, 516). Decom¬ 
posed to ZnO, SO.j, and 0 at c. 400® (Bailey, 
C. J. 61, 681). Heated witli charcoal, SOj and 
GO2 are evolved and ZnO remains ; if the tem¬ 
perature is rapidly raised to a white heat, 80^ and 
CO are given oil and ZnS is formed. Heating 
in H produces an oxysulphido of Zn. For solu¬ 
bility in water v. infra. [ZnS04,Aq] = 9,950 {TIu 
3, 616). For compounds of ZnSO« with NH, v. 
Schindler (Mag. I^hami. 31,167; 36, 43), Kane 
(A, Ch. [2] 72,290), Miillcr (Z. [2] 6, 250; 6, 90). 
Hydrated zinc sulidiate. Several hydrates are 
known. The heptahydrate ZnS04.7aq crystal¬ 
lises, at ordinary temperatures, in while, right 
rhombic, prisms, isomorphous with MgS04. 7aq. 
S.G. 1-9C4 (Thorpe a. Watts, C. J. 37,. 110). 
H.P. [Zn,S,0‘,7JI'0] = 252,700 (Th. 3, 616). 
Molts at 50® (Tilden, C. J. 46, 267). At 100° 
loses 6H^O. Poggialo (A. Ch. [3] 8, 467) gives 
solubility in water as follows:— 


s. 


Temp. 

ZnSO^. 7iit 

Z 11 SO 4 

0 ° 

115-22 

43-02 

10 

138-21 

48-36 

20 

161-40 

53-13 

30 

190-90 

58-40 

40 

221 05 

03-52 

60 

263-84 

68-75 

GO 

313-48 

74-20 

70 

369-30 

79-25 

80 

442-62 

81-60 

90 

63-2-02 

89-78 

100 

653-59 

95-03 

Gerlach (Fr. 

8, 260) and Schiff (A. 110, 72) 

give the following data for ZiiB04Aq 

ao. 


Qerlach, at 16** 

Solilff, ftt 20-6® Petge. ZnSO*. T.mi 

1-0288 

1-0289 

5 

10593 

1-0588 

10 

1-0905 

1-0809 

15 

1-1236 

1-1222 

20 

1-1574 

1*1560 

25 

1-1933 

1-1914 

30 

1-2316 

1-2285 

35 

1-2709 

1-2674 

40 

1-3100 

1-3083 

45 

1-3532 

1-3511 

60 

1-3986 

1-3964 

56 

1*4451 

1-4430 

60 


Almost insol. absolute alcohol; 100 parts of a 
saturated solution in alcohol of 40 p.c. contain 
8-48 parts ZnS04.7aq (Sohiff, J. 1861.87). 

Hexahydrate, ZnSO^ 6aq ; obtained by 
oryslallising ZnSOfAq at 40°; S.G. 2*07 (T. a. 
W., l.c. \ v. also Marignao, J, 1856.889). Penta^ 
hydrate^ ZQS04.6aq; obtained by boiling the 
finely-powdered heptahydrate with alcohol of 
S.G. *825 ; S.G. 2*206 (T. a. W., l.c .; v. also 
Kflhn, /. 1880. 800; Schindler, Mag. Phann, 
81, 167; 36, 43; Pierre, A. Ch. [3j 16,242). 
DikydraUt ZnS04.2Bq; formed by poiuring cold 
iitarated ZnSO^Aq into cone. H^SO^, and wash¬ 


ing the pp. with absolaio alcohol; S.O. 2-068 
(T. a. w., 4x.). Monohydratet ZQSO4. aq; ob¬ 
tained by heating ZnS04.7aq to 100°-110° till it 
ceases to lose weight; S.G. 8*28 (T. a. W., 2.o.; 
i>. also Graham, P. M. [8] 6, 827,417). 

An acid salt ZnS04.H2S04.8aq is described 
.by von Kobell (J. pr. 28, 492). Several basic 
sails are formed by boiling solutions of 
ZnS04.7aq with ZnO or ZnO^H^ (v. Schindler, 
l.c.\ Kiihn, l.c.\ Kano, A, Ch. [2J 72, 290; 
Beindcl, Z. [2] 5, 508 ; Habcrmann, M, 5, 432; 
Athanasesco, G. It. 103, 271). 

Double salts arc numerous: (1) With alkali 
sulphates, ZnSO,.kLS04. aaq (v. Pierre, PA. 0. 
1846. 410; Toblcr, A. 95, 193 ; Graham, P. Af. 
[3] 6, 827, 417 ; Karston, li. B. 1841). (2) With 
CoSO„ FeSO,, MgS04, NiS04, <^0., to form 
ZnSO4.M8O4.araq (v. Bammelsbcrg, P, 91, 321; 
Pierre, l.c. ; Ktard, C. 2i. 86, 1399 ; 87, 602). 

Zirconium sulphates. The normal salt 
Zr(S04)2 Is obtained by dissolving ZrO, in 
^slightly diluted H.JSO4, evaporating, and driving 
*oi! excess of acid at a teiiiporature below red 
heat. Zr(S04)3 is decomposed by heating to 
redness, giving ZrO,. By concentrating a solu¬ 
tion of Zr(S04)2 containing some free H2SO4, 
Puykull (P. C, 1467) obtained crystals of the 
tetrahydrate Zr(S04)j.4aq (confirmed by Weibull, 
B. 20, 1394). 

Basic salts are obtained by digesting a 
solution pf a salt of Zr with saturated K.4S04Aq 
(v. Berzelius, P. 4, 117 ; Warren, J.pr. 76, 861). 

Double salts with K28O4 arc formed by 
fusing KHSO4 and ZrO.. (B., l.c. ; W., l.c.). 

DITIIIOPEUSULPHATES. Under the name 
of sodium dithiojtersulphatc, Villiers (C. P. 106, 
B51, 1354) described a salt Na2S40„. 5aq. This 
salt was said to be obtained by adding to sodium 
thiosulphate insuiTicient water to dissolve all the 
salt, saturating with SO^, adding a little more * 
water, again saturating with BO.^, keeping the 
yellow solution at tho ordinary temperature for 
two or three days, passing in BO.^ as long as it 
was absorbed, and, after standing a day or two, 
evaporating in vacuo over H^SO.. A mixture of 
Na.4S,0„ and Na-^B^^Oe was thus obtained; on ex¬ 
posure to air the crystals of Na^S^O, eflloreseed, 
and the Na B404 was then picked out. The salt 
Na.S404was described as white, lustrous, rhombic 
prisms; unchanged in air; melting at 0.125°, 
and giving off BO., nt c. 140°, leaving Na^SOi 
mixed with S. In a later paper (C.B. 108,402) 
V. announced that tho salt supposed by him to 
be Na.4S404 fz&s only hydrated sodium tetra- 
thionate Na,S40„.H.,0. * 

NlTBOSOSUIiPHATES. In 1800 Davy (Pe- 
searches, chiefly cmiccrning Nitrous Oxyde) no¬ 
ticed that NO was absorbed by a mixture of 
No-^SOsAq and NaOUAq, a compound being 
formed which, on addition of an acid, gave off 
N,0 while Na^BO. remained in eolation; he 
supposed that the NO was reduced to N,0, the 
Na,BO, being oxidised ^0 Na^S04, and that the 
N,0 combined with the NaOH. Pelouze (A. Oh. 
[2] 60,151) found that a salt containing K, S, 
and 0 was formed in the reaction examined by 
Davy; to this salt he gave the eompoeition 
Na^BOafNO),. 

A mature of 1 vol. SOj and 9 vole. NO 10 
gradually absorbed bycono. KOHAqovNaOHA^ 
forming K2(NO),SO, or Na,(NO)j30^ 
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AnmumAum ni^rososulphaU (NH 4 )y(K 0 )sS 0 g 
IB best prepared hj passing NO for some hours 
into cold oono. (NHJySOgAq mixed with 6 to 6 
times its volume of NHjAq. White crystals of 
the salt gradually form; they are washed with 
ioe>oold NHyAq, dried in vacuo, and kept in a 
weliostoppered bottle (Pelouze, Potassium 
nitrososulphaU and sodium nUrososulphate, 
My^NOjySOy, aTO prepared similarly to the am* 
monium salt. Barium and lead nitrososul- 
phates are obtained by ppg. aqueous solutions of 
the E salt by cono. BaOAq and solution of basic 
acetate of lead, respectively (Divers a. Haga, 
0. J. 47« 864). The nitrososulphates readily de¬ 
compose; they are stable in solution only in 
presence of excess of alkali. Heated moist they 
give off NyO, leaving pure sulphate; heated dry 
they give NO and sulphite (v. D. a. H., C. J. 47, 
208). With acids, and also with most metallic 
salts in solution, also in contact with spongy Ft, 
charcoal, Ag-^O, MnO^, &o., they give NyO and 
sulphates. Solution of an alkali nitrososulphate 
has no reaction with KMnO^Aq (D. a. H., l.c. p. 
205). An alkaline solution of the E or Na salt 
is slowly reduced by Na amalgam, giving 
KySO|Aq and KyNyO.^q, or the corresponding 
Na salts (D. a. H., l.c. p. 203). 

PEBSULPHATES. Persulphuric anhy¬ 
dride S. 40 f is formed at the anode during the 
electrolysis of fairly cone. H-^SO^Aq (v. Sulphu¬ 
ric peroxide, under Sulpudr oxides, p. 616). 
The acid corresponding with this oxide would 
be HyS-^OgOr HSO^; this acid has not been iso¬ 
lated, but some of its salts have been prepared 
by Marshall (C. J. 69, 771 [1891]). 

Potassium persulphate K^^S^jOgis obtained by 
passing a current of 3 to 31 ampdres, for some 
days, through saturated KHSOgAq contained in 
a Ft dish, wherein is suspended a porous cell 
containing dilute H^SO^Aq; the Pt dish stands 
in a vessel of copper, through which runs a 
stream of cold water, and which is connected 
with the battery so that the Pt dish becomes the 
anode; the cathode consists of a stout wire of Pt 
dipping into the dilute H^BO^Aq in the porous 
cell (for description, and diagram, of the appa¬ 
ratus V, Marshall, C- /. 69, 766-6). The granu¬ 
lar salt that slowly separates during electrolysis 
is collected by filtering through Pt foil, dried on 
a porous plate, treated with hot water so as to 
obtain a nearly saturated solution, which is at 
once rapidly cooled (the mother-liquor yields 
more EgB^Og when again electrolysed). E^S.^Og 
forms small, white, prismatic crysfals; by spon¬ 
taneous evaporation of a solution, large, fiat 
tables are obtained, probably asymmetric. 
Slightly sol. cold water; S. lA 0^»1*77; insol. 
absolute alcohol, hot or cold. Measurements of 
the electrical conductivities of solutions of the 
salt indicated the formula KSO„ and not E.^SgOg; 
but Bredig (Z, P, C, 12, 230) showed that 
Marshall's results were based on data, given by 
Ostwald, which were not quite accurate (the data 
were afterwards corrected in Ostwald’s Lehr- 
btich [2nd ed.] 2, 730). Bredig'a measurements 
estabUshed the formula K.^S,Og; and this was 
confirmed by Ldwenberg’s determinations of the 
freezing-points i&d conductivities of solutions of 
the salt (Chem. Zeitung, 1892. 838). E,S,OgAq 
very slcwly decomposes at the ordinary tempera- 
Iwt, giving KHSO^Aq and 0 ; in obut&ot with 


aiho, 'deoonapbsition it siill very tW ; wttli i' 
Ctt-Zn couple the rate of change is hastened; 
heating also hastens the reaction. After keeping * 
for some tkne In a closed bottle a peculiar smell 
is noticed on opening the bottle, perhaps due to 
or SgO,; ozone is sometimes also given 
off. Heat decomposes E^S^Og; E^SOg remains 
and SO, and 0 are given off-; decomposition is 
marked at a little above 100 ^, but is not complete 
at 260®. When gently warmed with cone. HNOgAq 
or HgSOg, much ozone is given off; Cl is evolved 
when cono. HClAq is used. KgS^OgAq does not 
yield pps. of persulphates with solutions of me¬ 
tallic salts; when pps. are formed they are due 
to reactions with K^B 04 Aq formed by the decom¬ 
position of the E^SjOgAq. Solution of a salt of 
Ba slowly throws down BaS 04 ; the reaction is 
very slow, even when the solution is boiled. 
Solution of a salt of Pb also slowly forms PbSO, 
when heated with K^S^OgAq; if alkali is added, 
*PbO, is ppd. AgNOyAq produces no pp. at once, 
but after a time black AgO, the solution be¬ 
coming acid; several other metallic salts in 
presence of alkali yield pps. of peroxides with 
K^SgOgAq, e.g. salts of Co, Cu, Mn, and Ni. ElAq 
is slowly decomposed by KgS.^O^Aq, with separa¬ 
tion of I; litmus and turmeric solutions are 
gradually bleached;* paper and cloth become 
rotten when dipped in K^S^O^Aq. E 4 FeCygAq is 
oxidised to K,FeCygAq, and alcohol yielda alde¬ 
hyde, by warming with K 3 S. 40 gAq. 

Amvwnium persulphate (Nil 4 ),S,Og. Pre¬ 
pared, similarly to K^S,Og, by electrolysing dilute 
U^S 04 Aq (o. 1 to 6 by volume) with (NH 4 )^ 04 ; 
the salt is purified by cooling by ice a solution 
saturated at a little above the ordinary tem¬ 
perature. Crystallises in transparent lozenge¬ 
shaped, apparently mono-symmetric tables. Very 
sol. water; S. at 0^n68*2. Bcaots similarly to 
MaO, (c/. Eibs, J, pr. [ 2 ] 48,186). 

Barium persulphate Ba 2 (S 04 ) 4 . 8 aq. Prepared 
by rubbing in a mortar saturated (NHJ,S,OgAq 
with excess of pure BaO^—Ba 4 (S 04)4 goes into 
solution, and BaSOf also forms—possing a rapid 
stream of air till most of the NH, set free in the 
reaction is removed, placing in vacuo over 
H. 4 SO 4 till no free NH, remains, passing in CO, 
to remove excess of Ba 0 . 4 H 2 , keeping in vacuo 
tor a short time (to decompose Ba bicarbonate 
to BaCO,), filtering from BaSO^ and BaSO,, 
evaporating in vactio till crystallisation begins 
(with addition from time to time of a little 
BaOAq to neutralise H,S,Og that Is set free during 
evaporation), dissolving ^e crystals that first 
separate in as Uttie water as possible, filtering, 
cooling by ice, and drying the small prismaiie 
crystals that form on a porous plate. The 
crystals of Ba 4 (S 04 ) 4 . 6 aq gradually become milky 
from formation of BaSOf, the change soon 
spreads, and the crystals crumble to a moist, 
powdery mass of BaS 04 . Ba 4 (S 04 ) 4 . 8 aq is very 
sol. cold water; S. at 0®«*62'2. 1^1. absolute' 
alcohol; on standing white crystals are deposited, 
probably Ba.AS 04 ) 4 . 2 aq. 

Lead persulphate Fb,( 804 ) 4 . xaq; eai4or6, 
probably 6 . Obtained by adding a slight excess 
of HfSOfAq to cono. Ba,(S 04 ) 4 Aq, neutralising 
with PbCO„ filtering after some time,evaporatlQg 
in vacuo over H,S 04 (removing PbS 04 from time 
to time by filtration j till a solid mast is obtained, 
which is at once dried between filter paper and 
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pUoe^ l» li&BUO. Was not obtained 1 

quite tree from PbSO^; it decomposes very 
readily, givizxg oS pungent fames, that separate { 
I from KIAq on paper. 

Zinc persulphate was obtaiaed, bat not pure, 
by adding ZnSO^Aq to Baj(SO,) 4 Aq in the proper | 
proportions, filtering, and evaporating in vacuo 
over H 3 SO 4 . The copper salt was also obtained, 
but not free from CuSO,. For thermal data eon* 
oerning the formation and solution of the per- 
sulphates of NH^, Ba, E, and Ka v. Berthelot 
(Ct if. 114, 875; abstract in C. J, 62, 931). 

PYROSULPHATES. {Disulpliaics. Anhy- 
drosulphates.) Salts of the acid li^S^O, ( 0 . Pyro> 
eulphuric acid^ under SunpHunio Acm, p. C20). 
These salts bear to the sulphates a relation 
similar to that of the dichromates to the chro¬ 
mates. The sulphates may be written 803 ( 094 ) 2 , 
and the pyrosulphatos OM.SO 2 .O.SO 2 .OM. The 
sulphates and pyrosulphates may a 1 so be regarded 
as compounds of the acidic radicle SO, with 
basic radicles MO ; thus sulphates MO.SO,, 
pyrosulphates M0.2S0,. Inasmuch as HjSjOy 
may be regarded as a partial anhydride of 
Ho804(2H2S04-H:20=>H2S202), the acid HjSjO, 
is sometimes called anhydrosulphuric {cf. Aczns, 
Tol. i. p. 50). 

Potassium pyrosulphate ief formed 

by heating E.SO^ with half its weight of HjSO. 
till acid ceases to confe oil at an incipient rea 
heat. Prismatic needles; S.0.2*277 (Jacquolain, 

A. Ch. [2] 70, 311). Melts at 300^ according to 

Schultz-Sellack (B.4,109). Cannot be crystallised 
from’water. Solution in fuming HjSO^ gives 
crystals of the acid salt EHS 2 O,, melting at 
168'^ (S.-S., I.C.). Heated with alcoholic solution 
of ESH gives K 2 SO 4 . ExSxO,, and HjS; boiled 
with G 2 H.,ONa in alcohol gives ENaSO^ and 
KEtSO, (Drechsel, J. pr, [2] 5,367). The pyro¬ 
sulphates of NH 4 , Ba, Ag, and Na are prepared 
similarly to E 2 S 2 O, ( 0 . Schulze, B, 17, 2707; J., 
I.C.; 8 .-S.,f.c.). M. M.P. M. 

8ULPHAZIDE8 X.NH.NH.SOa.Y. 

JPortnafion.—1. By the action of alcoholic 
SO, upon diazo- compounds.—2. By the action^ 
of hydrazines upon sulphonio chlorides Y.SO.Cl. 
S» By the action of hydrazine hydrochlorides 
upon Bulpbinio acids T.SO^H.—4. By reduction 
of the compounds X.N 2 .SO 2 .Y. 

Reaction.—By heating with aqueous alkalis 
(c.g. baryta-water) they are decomposed into a 
lolphlnio acid, a hydrocarbon, and nitrogen: 
X.N A.80,.Y - XH+Y.SOjH + N,. 

liejerences : Koenigs, B. 10,1531; Wiesinger, 

B, 10,1716; Fischer. A. 190, 132; Esoales, B. 
18, 893; Limpricht, B, 20,1238. 

8ULFKAZOTISEB AClBS v. Sulpbitb ozt- 
AOmS, NITBOOEN I)EBIVAXIV£S OP (p. 619). 

8 XrLFHIB£S, Binary compounds of sulphur. 
The name is generally applied only to binary 
compounds of S with elements less negative than 
itself—that is, to compounds with elements other 
ti)sn Br, Cl, F, I, or 0; thus SO, and SO, are called 
oxidra of sulphur rather than sulphides of oxy¬ 
gen. Compounds of S with organic radicles, 
which compounds react similarly to sulphides of 
metals, must be regarded as binary compounds 
if the definition of the term sulphide is to be 
m^e as wide as possible. Xn the present article, 
however, ooly binary oompounda of S with less 
Begative elements are iaol n ded. Sulphides of 


all the metals, and also of the non-metals H, B, 
C, N, Si, P„Se, and Te, are known. 

Many sulphides of metals occur native. Sul¬ 
phides ore frequently prepared by the direct 
union of the elements; sometimes by heating 
metallic oxides with excess of S, e.g. A8,S,—in 
many cases a mixture of sulphide and oxide is 
'formed in this way; addition of alkali carbonate 
to the mixture of metallic oxide and S some¬ 
times brings about formation of si^hides, 0 . 0 . 
formation of sulphides of Or and u ; polystu** 
phides mixed with sulphates are produced by 
heating the hydroxides or carbonates of alkau 
metals with S. Most heavy metals give sulphides 
when their oxides are heated in H,S gas, also 
when H,B is passed into solutions of their salts. 
Heating metiUs in H,S gas often produces sul¬ 
phides. Sulphides are also formed by heating 
one metal with the sulphide of another, more 
negative, metal. Reduction of sulphates, generally 
by heating in H or with 0, frequently yields sul¬ 
phides. Some metallic oxides yield sulphides 
•when strongly lieated in vapour of CS,. Sul¬ 
phides of many heavy metals are formed by im¬ 
mersing the metals in (NHJjSAq containing 
excess of S (v. Priwoznik, A, 16A 46). Many 
metallic oxides yield sulphides by heating with 
dry NajS.^O, (v. Landauer, Fr, 1872. 427). 

The sulphides of the alkali and alkalihe earth 
metals are soluble in water; other sulphides are 
insoluble, or only very slightly soluble, in water. 

Very dilute aqueous solutions of several 
metallic sulphides, in the colloidal form, were 
obtained by Winsstngor {Bl. [2] 49, 452) by the 
following methods: (1) ppg. the sulphide by 
ILS from an extremely dilute solution, and dia¬ 
lysing ; (2) washing the ppd. sulphide for a long 
time with cold water, or with dilute H^SAq ; (8) 
forming the sulphide in a solution free from all 
substances capable of causing coagulation. In 
these ways VV. obtained colloidal soluble sul¬ 
phides of Bi, Co, Au, Fe, In, Pb, Hg, Mo, Ni, 
Pd, Pt, Ag, Tl, W, and Zn. For preparation of 
colloidal soluble CdS v. Prost (C. 0.1888. B2)t 
and of colloidal soluble CuS v. Spring a. ae 
Bocck (Bl. [2] 48,165). 

Metallic sulphides are decomposed by strong 
acids, giving salts and H,S; secondary reac¬ 
tions frequently occur, S almost invariably 
separating. Several sulphides, e.g. As^S, and 
HgS, arc sublimublo out of contact with air; all 
sulphides are oxidised by heating to redness in 
air. The sulphides of the very positive metals 
yield sulphates, and the sulphides of the heavy 
metals generally form oxides (the sulphides ol 
Au, Ug, Pt, and Ag form metal) and give off 
SO.. All sulphblcs of metals yield metalllo 
chlorides and S,Ci, when heated in a stream of 
Cl. Many metallic sulpliides are decomposed by 
water, at different temperatures, giving oxides 
or hydroxides and H^S {cf. do Clermont a. From- 
mel, (7. R. 87, 330). Sulphides of non-metals 
are decomposed by water, generally to oxyaoids 
and H,8; NS gives NH 4 salts of HjSjO, and 
H 2 S 2 O,. Many sulphides of heavy metals are 
decomposed by heating with water and I, giving 
iodides, S, and a little sulphate («. Filhol a. 
Mellies, A. Ch. [4] 22, 68). . 

The dottle sulphides^ formed by the union 
of sulphides of more positive elements with sul¬ 
phides of less positive elements, axe compare^ 





with the double oxides or oxysalts; most ot 
these double sulphides are probably best re¬ 
garded as salts of thio-acids correspondiug with 
salts of oxyacids, but it is customary to apply 
tiiis conception generally only to those com¬ 
pounds which contain sulphides of non-metals 
or of Sb, As, or Sn. The double sulphides, or^ 
tblo- salts, are generally decomposed by water, 
forming oxides and HjS. Many double sul¬ 
phides, containing K.S or Na^S as one consti- 
.tuent, are formed by fusing metals or metallic 
sulphates with K^CO,, or Na.,COj, and S (v. 
Schneider, J. pr. [2] 7, 2U; 9, 209; 10, 65). 
The sulphides may be classified, like the oxides, 
as monosulphides, disulphides, Ac. It is better, 
however, to divide them into basicy acidic, in- 
differenttB-ndpersulphides', but this classification 
has been less developed and applied than in the i 
case of the oxides. Basic sulphides react with i 
acids to form salts and H^S, just as basic oxides 
react with acids to form salts and H.p. Acidic 
sulphides react with the basic sulphides to form 
thio- salts, as acidic oxides react with basic* 
oxides to form oxy- salts; but few compounds 
have been isolated of acidic sulphides with H^S, 
oorresponding with the compounds of acidic 
oxides with water which are oxyacids. The move 
strongly acidic sulphides—that is,tbesulphidesof 
non-metals—are decomposed by water, generally 
giving H;{S and oxyacids. The persulphides have 
not been much studied; any sulphide of an 
element containing more S than the b^ic or ! 
acidic sulphide of the same element may be 
placed provisionally among the persulphides. A 
sulphide which does not react as basic or acidic, 
and which from its composition cannot well be 
called a persulphide, may bo classed as an in¬ 
different sulphido. The sulphides of 0 and P 
combine with several metallic sulphides to form 
thio- salts; double sulphides (or thio- salts) have 
not been isolated containing sulphides of B, N, 
Si, Se, or To; the sulphides of Sb, As, and Sn 
combine with the sulphides of the alkali metals, 
and with so*me other sulphides of positive metals, 
to form thio- salts. The greater number of the 
double sulphides are formed by the union of 
two sulphides, both of which are metallic. Tbo 
sulphide of that metal which, on the whole, is 
the more positive is regarded as the basic 
radicle; and the sulphide of the metal which, on 
the whole, is the less positive is regarded as the 
acidic radicle of the double sulphide. Some 
metallic sulphides must be classed both as basic 
and acidic; Cu-^S, for example, combines with 
ASgS), and is therefore basio towards the dis¬ 
tinctly acidic sulphide of As, but it also combines 
with K^S, and is tlierefore acidic towards the 
distinctly basic sulphide of E. It is impossible 
to divide the metallic sulphides into two dis¬ 
tinctly-marked classes; the relativity of the 
terms' basic ’ and 'acidic ’ becomes even more ap¬ 
parent in dealing with sulphides than in dealing 
with oxides. The sulphides BaS„ BaS^, GaS^, and 
GaS. may be taken as examples of those which 
are loosely put together under the name persul- i 
phides. As examples of indifferent sulphides NS 
and CX 1 S 4 may be mentioned. Many metallic sul¬ 
phides which have been little studied—and which 
must, therefore, tor a time be called indifilerent— 
ire very probably basic in their reactions; such 
irt A1«S« and OdS. M. M. P. M. 
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S(CHj,. 003 .]^,. Thiodiglyoollic add. [139^]. S. 
42 at 18^ Formed from chloro-acetio acid and 
alcoholic ammonium sulphide, aqueous Ca(SH)|, 
or Na^S (Schulze, Z. 18G6. 73; 1866, 184; 
Sohreiber, J. pr. [2] 13, 472; Lov4n, B. 17, 
2818). Formed also by heating bromo acetio 
aoid with benzyl sulphide, allyl sulphide, or 
ethylene sulphide (Lotts, Tr. B. 28, 612). Tri- 
metric tables, V. sol. alcohol. Oxidised by 
KMuO^ to S 0 a(CH 4 .S 08 H)^ TheNa salt is con¬ 
verted by treatment with sodium chloro-^etate 

into COjH.CH.;SMe<®jj^CO [160“] (Delisle, 
B. 25, 2450). The analogous compound 
(COjH.CH 2 ),S<;°g^>CO [158°] is formed from 

chloro-acetio acid, Na^GO,, and Nn^S (Delisle), 
and yields Na,A" 3aq. 

Salts. —K.^"aq: deliquescent prisms.— 
KHA".—GaA". S. 2 at 21«.-BaA".—BaA"5aq. 
— ZnA" 4aq. — PbA". — Pb,A"0. - GuA'' aq.— 
Ag.^". 

Methyl sfAerMe^A''. (135*^ at 11 mm.). 

Ethyl ether Et^". (268° cor.). Formed 
from ohloroacotio ether and alcoholic KSH 
(Wislicenus, A. 146,153). 

Amide S(CH 2 .CO.NH...)o. Formed from 
chloro-acetio acid and alcoholic (NH 4 )..S. 

Amic acid S(CH,.G02H).CHj.C0.NHjj. 
[125°]. Prisms, m. sol. cold water.—BaA'^aq.— 
CaA'jaq.—AgA': needles (from hot water). 

Imide [128°]. Formed 

by heating the ammonium salt at 200°. Crystals. 

' ^nfij/dride S<cll";co> 0 - P® 2 °]. (168° 

at 10 mm.). Formed by boiling the acid with AcGl 
(Anschutz, A. 273, 68 ). Needles (from CHCl,). 

Chloride S(CH,.COCl)^ 

Mono-anilide S(CH,.CO,n).CH,.CONHPh. 
[103°]. 

Di-anilide S(CH..CO.NHPh) 2 . [168°]. 

p-Toluide S(CH,.CO^).CHj.OO.NHC,H,. 
£95°]. Needles. 

Bi-sulphido-dl-acetio acid {di-thio-di-glycollio 
acid) S 2 ( 0 H 2 .C 0 ,iH )2 [100° uncor.]. Formed from 
tblo-glycollic acid CH.(SH).COjH by FoaCl, or 
by atmospheric oxidation of the alkaline solution 
(Glaesson, B. 14, 410; Ginsburg a. Bondzyuski, 
B. 19, 114). White plates or prisms. V. sol. 
water, alcohol, and ether, si. sol. benzene. Gives 
with AgNO, a white pp. AgHA''. By tin and 
HCl it is reduced to thio-glycollio acid.— 
K^A^' l^aq: easily soluble crystals.—KHA" aq.— 
5aA''4aq: amorphous pp. 

Ethyl ether Et^". (o. 280°). 

Amide [166°]. Crystalline. 

8 VLFHIB 0 .BX-ACET 0 ACETIC ETHEB 
0,5H,.80, le. S(OHAo.CO^t),. [90°] (S.)} 
[84°] (D.); [76°] (B.). Formed by the action of 
3^04(2 mols.j or of SCL on sodium aoetoaoetio 
ether (1 mol.) suspended in benzene (Buchka, 
B. 18, 2092; 22, 2645, 2555; DeHsle, B. 22, 
806). Formed also from cupric acetoacetio ether 
and S in benzene (Schfinbrodt, A. 253, 197). 
Needles, v. e. sol. benzene. Converted by EOH 
into aulphido-diaoetio aoid. Fields a crystalline 
phenyl-hydrazide G 2 gBLNaS 04 , converted by 
warming with an aloobolic solution of phsnyB 
hydrazine into oxy-pheoyl-metbyl-pyrazole-azp* 
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benaene §^:^g>C:N.NHPh (Michaelis a. 

Phillips, B. 23,500). Phenyl-hydrazine (2 mols.) 
added to snlphido-oi-acetoacetio ether mssolved 
in cooled HO Ac forms C^HiaN^SOa, which 
yields B'HOAc [161°] and B'HOEt ^liohaelis, 
B. 23, 2476 ; Sprague, C. J. 59, 332), 

SULPHXbO-ANILINE v, Di-auido-di-phenyl 

BULPUIDE. 

DISULPHIBO-DI-BENZOIC ACID 
Sj(OjH,.COaH) 2 , [244°]. Formed by oxidation of 
0,H^(SH).C0.H by moist air or by bromine 
water (Frerichs, B. 7, 794; Hiibner a. Upmann, 
1870,294). Formed also from 7»-diazo-benzoio 
acid and H,S (Gricss, J. pr. [2J 1, 102) and. in 
small quantity, by fusing sodium sulphobenzoate 
with sodium formate (Ador, B. 4, 622 ; Meyer, 
B. 6, 1150). Needles, nearly insol. hot water, 
si. sol. alcohol. —(NH,)A" 2aq.—CaA"3aq.— 
BaA'^Saq. — PbA"aq. — Cu.;(OH)j{A''5aq. — 
Ag^A'' IJ^^q • yellowish-white pp. 

VSULPHIDO-DIBTTTYBIC ACID 
S(C^.CHa.CHj.COaH)j, [99°]. Formed by warm¬ 
ing its nitrile with fuming HGlAq (Gabriel, B. 
23, 2492). Flat crystals. 

Mirile S{CHo.CH,.CH...CN),. (above 300°). 
Formed by boiling -y-chloro-butyronitrile with 
alcoholic K^S. Thick liquid. 

a-8ulphido-dibutyrio acid S(CHEt.CO.H)... 
[105°]. Formed by heating o-bromo-butyrio 
ether (2 mols.) with an alcoholic solution of 
KSH (1 mol.) and KOH (1 mol.), and saponifying 
the product (Lov6n, J. pr, [2] 33,102). Tufts 
of needles (from water).—BaA". 

a-Sttlphido-di-isobutyrio acid S(CMoj.COi,H)i. 
Formed from a-bromo-isobutyric ether and alco¬ 
holic K^S, the product being saponilied. Tablets 
(from water), insol. dilute H^SO^.—BaA" 2aq. 

Di-y-sttlphido-dibntyric acid 
S2(CH,.CH,.CH2.C0,H),. [109°]. Formed by boil- 
ing the amide with cone. HClAq (Gabriel). Flat 
plates, y. sol. alkalis. ; 

Amide S,(C,H«.CO.NH 2 ) 2 . [167°]. Formed 
by dissolving Cy.CjHs.S.Cy in cold cone. HjSO^. 

SULPHIDO-DICINNAMIC ACID 0„n,iS04 
U, (PhCH:C(COaH)),S. Formed by boiling 
sulphido-diacetio acid with Ac^O and NaOAc 
(Lov^n, B. 18, 3242). Small needles (from alco¬ 
hol), insol. water. Yields OjgHuBrjSO^.— 
Na;^" 2 . 3 aq : silvery plates. , 

Di>a.8ulphido-di>ciiLnainio acid C 22 H.>. 4 Sj 04 
i.e. (Ph.CH:O.CO,H),S, [179°]. Formed by 
the oxidation of sulphydro • cinnamic acid i 
Pb. 0 H:C(SH).CO. 2 H by iodine in alcoholic solu¬ 
tion. Long yellowish needles, v. sol. alcohol, less 
in benzene (Ginsburg a. Bondzynski, B. 19,123). 

DI-SULPHIDO-DI-METHEKYI-DI-AICIDO. 
Dl-KAPHTHYL MBBCAPTAN 

S2(0<^g]>0,oHj)a. Formed by oxidation of 

0,#H,<^g^C.SH with alkaline KjFeCy, (Jacob¬ 
son a. Frankenbacher, B. 24,1408). The (a)-com- 
pound melts at 194°, the {$)• isomeride at 180°. 

DXStfLPHIDO-Dl.UBTHEKYL-DI-AUlDO- 
1>I.PHXNT1. HBBOAPIAir Sj(0<g>O.HJr 

[186°]. Fomed by oxidising sulphydro-methenyl- 
amido • phenyl mercaptan with K,Cr,0, and 
BOAo (Jacobson n. Fiank^bacher, B, U, 
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1404 ; ef. Hofmann, B. 20.1780). Mates (from 
benzene). • 

BI - STTIPHISO • SI . HEtHBNYI.. SI. 
BBNZBNTL ■ DI ■ AHISOSSLPHIK 

Ss(0<S^>CPh)r [120°]. Formed by oxida. 

•tion of g^O.SH (Crayen, B. 24,889). 

Stellate groups of needles, insol. water, al. sol. 
alcohol. Koduced by sodium-amalgam to the 
parent substance. 

DI - 81JLPHIDO - DI - METHENYL - DI.«. 
TOLENYL-DI-AMIDOSULPHIM 

[169°]. Formed by 

oxidation of C,H,.C<jj^g^C.SH with HNO, 

free from nitrous acid (Crayen, B. 24, 392). 
Needles, insol. alcohol and ether, sol. hot O.H,. 

DI-SULPHIDO-DI-METHYI,.ANILINE v. 
TETBA-METHYL-DI-AMIDO-ni-PHENYL-DI-SUneniDE. 

• DI - SULPHIBO-DI-NAPHTHALENE-DI-lg). 
SDLPHONIC ACID Sj(0,.H„.SO,H)r Formed 
from the product of the action of potassium 
xanthate on diazotised (3)-naphtlfylamiDO (8). 
aulphonio acid by treatment with aleoholio 
potash {Louokart, J. pr. [2] 41,223). Colourless 
plates, V. sol. water and alcohol. Bcduced by 
zinc-dust and dilute H^SO, to C,„ri„(Sn).SO,H.— 
—PbA'': amorphous pp., si. sol. water. 

snLPHIU0-DI-(8)-NAPHTHYL.CAEBAMI0 

ACID. Phenyl ether • 

S<°'"g«>N.CO.OI>h. [215’]. S.(96p.o.aloo- 

liol) *20 at 16^; S. (benzene) 1*20 at 16°. 
Formed from the chloride and alcoholic NaOPh 
(Pascbkowezky, B. 24, 2916). Needles. 

Chloride S:(C,„H„)a:N.COCl. [265°]. 
Formed by healing 3-imido-di-naph thyl su^hide 
with COClj in toluene at 170°. Needles (from 
benzene-alcohol), v. si. sol. ether. (Converted by 
aniline into 8:(C,„IIu),.:N.CO.NHPh, which is 
cryatallino, S. (96 p.c. alcohol) *04; S. (benzene) 
•18 at 17*6°, converted by boiling aniline into 
S(C,„H 4 NHJ, and CO(NHPh),. The chloride is 
converted by alcoholic NH, at 146° into 

S<;^q‘® 2 ®^N.C 0 .NH 2 , crystallising in needles, 

S (96 p.c. alcohol) ‘06 ; 9. (benzene) ’10 at 17'6°. 
The chloride S<^q“'|J“^N.COC 1 is converted 
by 3'imido-di-naphthyl sulphide in xylene at 
280° into (s<^q'||^^n)jCO, crystallising in 

yellowish plates and tables [over 350°]. 

SULPHIDO-DI«BEinri,-AHIN£ v. luioo- 

DI-PHENYL SULPHIDE. 

SnLFHIDO.DI.PH£irYL>CABBAMI0 ACID. 
Ethyl ether S<^*®‘>N.CO^t. [110°]. 

Formed from imido-di-phenyl-sulphide and 
CiCO.,Et (Franckel, B. !S, 1846). Silky plates. 

Phenyl ether S:( 04 H 4 ),:N.C 0 ^h. [164°]. 

S. (96 p.c. alcohol) *24 at 16°; S. (benzene) 
1*9 at 16°. Formed by heating the ohloridd 
with NaOPh in alcohol on the, water-bath 
(Paschkowezky, B. 24, 2908). Needles. 

Chloride S:^,H 4 ) 3 :N.COCl. [175^.Formed 
from S:( 04 H 4 ) 2 :NH and COC4 at 100°. Ck^or* 
less prisms, soL ohloroform, and hot HOAo. 
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js«viPBiA 0 -Di-PHE]nr£-i>i.Rn>BAznr 8 

[115°]. Focmed from 
b; diazotisatioo, treatment with 
NaHSO,, and redaction with zino-dust (Bnhl, B. 
88 , 8488; A. 270, 149). Tellowish leaflets, 
deoompoBing at 130°, si. sol. cold water and 
ether, v. sol. alcohol. Beduces Fehling'g, 
solution in the cold. Benzoic aldehyde yields 
S(0,H..N^:CHPh)r — B"2H01. [209°]. — 

B''H,SO,. [219°].—B"aAO,. 

SOIPHISO - PHEHfl,- WAPHTHYLAMINE 
*^NH. Imido-phenyl-naphthylamine. 
Formed Vy heating phenyl-naphthyl-amine with 
B at 240° (Kym, B. 23, 24B4). The la), com- 
pound melts at 138°, the ( 8 )- isomeride at 178°, 
Both form yellow crystals, m. sol. hot alcohol, 
and give a deep blue solution in cone. H„SO,. 

SOLPHIDO - DI. PHENYL - DI. (8) -NAPH- 
THYl-BEKA N(0,A),.C0.N<®«|*>S. [225°]. 

S. (96 p.o. alcohol) -12; S. (benzene) -56 at 16°. 
Formed from S:(C.H.),:N.COCl and (C,„H,)„NH 
at 260° (Pasohkowezky, B. 24, 2914). White 
uoduleSg gol. hot alcohol, sol. hot benzene. 

■ P>>«oyl - ( 8 ) - naphthyl - urea 
ia>h(C,J3t,).CO.N:(C„H,),:S. [170°]. 8.(96 p.o. 
alcohol) -52 i S. (benzene) 3-38 at 15°. Formed 
heating 8 uIphido*di>phcnjl>carbamic chloride 
With phenyl-( 8 )-naphthylamino at 250° (P.). 

SHLPHIBO - DI. PHENYL - DI -TOLYL-DI- 
6 DANIDINE (NHPh.C(NH).NH.O!HJ,S. [153°]. 
Formed from the corresponding tliio-urea, HgO, 
and alcoholic NH, (Truhlar, B. 20,675). Needles 
(from ether li 6 roIn).-CaHj,SN.H.J>tCl.. 

SaIpbido*tetra°plienyl.di- tolyl-di-fruanidiiie 
glHPh.C(NPh).NH.C,H.),S. [106°]. 

Formed by warming an alcoholic solution of 
^ll^lt.CS.NHC,H 8 ) 3 S with aniline and HgO. 
Grey amorphous powder, v. e. sol. alcohol. 

Disulphido-di - phenyl. tetra. tolyl-di.guani- 
dine NPh-Ck'^^'^’^.’B-^iH.-NHx.p vrpi, 

[11®°]* Formed by heating the corresponding 
tolo-nrea with excess oi aniline and HgO. 
Besinoas mass, v. e. sol. alcohol. 

BULPHIDO - DI - PHENYL - DI. TOLYL- DI- 
mO-DI-DBEA (NHPli.OS.Nn.C,H,),S. [134°]. 
Formed from S(C;H„.NH.,), and phcnyl-thio- 
oarbimidc (Truhlar, B. 20, 670). Needles. 
SDLPHIDO-DI.PKENYL-DEEA C„H,.N,SO 
[202°]. S.^(90p.c. alcohol 
at 17-6^) *8; S. (benzene) 2-7 at 17-6^ Formed 
from S:(0„H,)._j:N.COCl and alcoholic iNH. 
(Paschbowezky, B. 24, 2908), Plates. 
SalphidO'tri'pbenyl-urea 

®<OA>*^-®0-NHPh. [169°]. 8. (96 p.c. aloo- 
hol) *26 at 17'5®j S. (benzene) 3’74 at 17*6°. 
Formed from S(C,HJ,NCOCi andaniUne. JBioish 
needles, sol. alcohol. 

Snlphido.tetra-pbe&yl-urea 
^(PfHJgN.CO.NPhy Formed in like manner, 
using NPh^. Hexagonal plates. 
I)i*salpaid 0 't 6 tra*pliexiyl*nrea 

^(*'<0^;>B)- [226’] (F.)i [231°] (P.). 

B. (96 p.o. alcohol) 043 at 17°; 4-16 at 78°. 
Formai by heating NH:(O^J,;S with 


S:(OA) 3 :N-OOCa (PrSnokel, B. 18,1848), «l<a, 
(from HOAo), y. si. sol. ether and-hot alcohol 

DI-SELPHIDO-DI-PBOPYl-DI-PHIHAL. 

AMIC ACID 0«H, AS,0. t.e. 
S,(C,H,.NH.OOjC,,H,.COjH)r [186°]. Formed 
by boilm»(y).phthalimido-propyl sulphooyanide 
with a 10 p.o. solution of KOH (Gabriel a 
Lauer, B. 23, 89). Plates (from HOAo), v. sol. 
alkalis.—KjA": crystalline pp. 

(a)-SDLPHIDO-DIPBOPIONIC ACID 
8 (CHMe.OOjHh. Thiodilactylie acid. [125°]. 
Formed, together with CH 3 .CH(SH).CO^. by 
boiling potassium a-ohloro-propimate with KSH 
(Sohacht, A. 129, 4; BSttingor, A. 196, 100). 
Formed also by passing H^S into a solution of 
potassium pyruvate (Bottinger, B. 12,1425) and 
by the action of OH 3 .CH(SK).CO,K on 
CH 3 .CHOI.CO 3 K (Lov4n, J. pr. [2] 29, 37.3). 
Monoclinie prisms, v. 0 . sol. water, alcohol, and 
ether. Not affected by nascent hydrogen. 
Ozidised by dilute HNO 3 to S 03 ( 0 HMe.C 0 ..H),. 
— K 3 A": deliquescent.—BaA": amorphous, v. 
sol. water (3.), Its solution on boiling deposits a 
crystalline salt. 3. *1 (L.).—; amorphous 

pp. 

Di-(o).anlphido-dipropionlo acid 
33 (CHMe.CO.jn)j. [142°]. Formed by ozidation 
of CH 3 .CH(SH).C 03 H by I or FeClj (S.; Bottinger, 
A. 196, 103; B. 16, 1047; Lov 6 n, J. pr. [2] 29, 
372). Needles, si. sol. cold water, v. sol. alcohol 
and ether. Beduced by zino and HClAc to 
CH,. 0 H( 3 H).C 03 H. — (NH,). 3 A". — K 3 A" 2aq. — 
AgjA": amorphous pp. 

Di. 8 -sulphido.dipropionio acid 
S 3 (CHj.CH 3 .C 03 H) 3 . Formed by oxidation of 
CIl 3 (SH).CH 3 .C 03 H (L.). Thin silvery plates. 

Tri-snlphido-di-propionic acid 
S 3 (CHMe.C 0 . 3 H) 3 . [95°]. Formed from 

CH3.CO.CO3H and H.B (Lov4n, J. pr. [2] 47, 
173). Plates, v. sol. hot water. Yields a-snlpho- 
propionio acid on oxidation. 

8DLPHID0.T0LDIDINE v. Dl-Ajmno-ni- 

TOLYI. SUliPHInU. 

SCLPHIDO - DI - TOLYL . DI - CABBAMIO 
ETHEB S(C 3 H 3 Me.NH.C 03 Et) 3 . [113°]. Formed 
from imido-di-tolyl sulphide and ClCO,Et 
(Truhlar, B. 20, 668 ). Needles, v, sol. alcohol. 

DI - SDLPHIDO -TETEA- TOLYL-DI-OCANI- 
bine C(NH)<>«;W.0A 

[196°]. Formed by boning the corresponding 
thio-urea with alcoholic NH, and HgO (Truhlar, 

B. 20, 673). White amorphous powder, v. sol. 
benzene and hot aloohol.-B',H 3 PtCl,: brown 
amorphous powder. 

SD LP HIDO-DI-TOLTL-THIO-UBKA 


Formed from 


s<o:h::nh>cs- [ 235 °]. 

S(C;H 4 .NH.J, and alcoholic CS*. 

8tilpbido>di-tolyl>di-thio>di*tirea 
S(CyHj.NH.C5-NH2)^ [ 121 ®]. Formed by eva¬ 
porating the hydrochloride of di-amido-di-tolyl- 
Bulphide with ammonium sulphooyanide 
(Truhlar, B. 20,669). Amorphous powder, el. soL 
ether. 

Di-snlphido-tetra.tolyl.di-thio-di>BrM 

fia^NH.C,H3.S.0.H3.NHN. roaioi -i*_ . 

®“\NH.C,HraO,H,.NH>®®- 

by boiling an aloohoHo solntion of di.j)-amido< 

di-tolyl sulphide with OS, (Irnhlar, B. 20,678), 
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wiuw Nuor^ous gowQwit nearij uuot^ordinary 
lol'ronta. 

8trL7HII>0-])I-T0LTL.SI-UaEA 
B(C\ftMeJfH.OO.NH,)r Formed from di. 
amido-di-tolyl snlpbide, hydroohloride and 
potassium oyanate (Ttuhlar, B. 20, 669). Crys¬ 
tallises from benzene in needles [161°] contain¬ 
ing 0,Hr 

Oi-snlphido-tetia-tolyl-di-area 

co<nh:cI::s:c,h::nh>co- 

S(0,H,.NH,), and COCl* (Trnhlar, B. 20, 671). 
White amorphous powder, sol. hot alcohol. 

8irLPHIl>04)l-IS0VAL£RIC ACID 
S(G4H,.C0.^).^ Formed from bromo-isovalerio 
acid and E^S (Lov^n, J. pr. [2] 33,102). Crystals. 
—BaA'': in soluble powder. 

SULPHIMIDE SO,.NHAq. Obtained only in 
aqueous solution, which is prepared by decom¬ 
posing the Ag derivative, SOj.NAg, with the 
proper quantity of dilute HClAq, and filtering. 
The compound SO;{.NAg is prepared by saturati ng 
well-cooled SO^Cl, in 16-20 vols. CHCla, with 
dry NHj, dissolving the pp.* in water, acidifying 
with HNQ„ ppg. all Cl by AgNO^Aq, filtering, 
neutralising with KOHAq, and adding more 
AgNOaAq; the pp. thus obtained is piAiticd 
by recrystallisation from water. The com¬ 
pound SO^^.NAg is also obtained by heating 
SO,(NH^, jv. SonpUAMiOB, p. 667) to 200°-210°, 
Resolving in yrater, ppg. by AgNO^Aq, and ro- 
orystallising the pp. from water. The solution 
in water of SO.j.NH is strongly acid; when dilute 
it may be boiled for a short time without de¬ 
composition Nn^.HSO^ is formed on evapora¬ 
tion, even below 40°; the solution is decomposed 
by warming with acids, giving H-^SOfAq and ; 
NH,Aq; excess of alkali reacts slowly even on 
boiling (W. Traubo, B. 26, 2472; 26, 607). 
Metallic derivatives of SO^NH wherein H is re¬ 
placed by NHj, Ba, Ca, Pb, K, Ag, and Na are 
described by T. {cf, Imido-sulphonic acid and 
colts , under Sulphomio acids and dbkjvativbs, 
p. 600). M. M. P. M. 

SULPHIMIDO-AMIBE SO.,NH2.NH.NH.,SO.,. 
{Imidosulphamide, Imido^sulphanami^» 

Imido-sulphurylamide). Propared by adding 
ammonium carbamate very slowly to S^OaCl, 
well cooled in a small closed flask, allowing to 
stand for some time with a CaCL^ tube fitted 
through the cork, then heating ^ 60° for some 
hours, wishing out NH^Cl by repeated treatment 
with dry alcohol saturated with NH,, dissolving 
the residue in a little NHjAq, and placing the 
solution in ice. Forms white lustrous crystals; 
boiling NHj^q transforms it wholly to ammonium 
imidoBuIphonate; with boElng oonc. HClAq is 
completely changed to (NHJjSO*; when boiled 
with NaOJBLAq ^ves off two-thirds of its N as NH, 
and forms s<^am imidosnlphonate (Mente, A . 
248, 268). M. M. P. M. 

BUXtPEIHDIOOTIO AOID v, Indiqo ni-suzi- 
rHOKIO ACID. 

SVLPHIKSS. Alkyl iodides combine with 
dl’^yl sulphides forming compounds 
from which moist Ag,0 produces strong bases 
B 2 SB^OH. In these bases the group (SB^O 
may be looked upon as a monovuent basvlous 
radicle derived from the hypothetical enlphine 
(8^. Thne U6,SEtI may be called di-methyl- 
^yl sulphina u^de, but in this dictionary it 


is described ns thb eih^lo-iofida of DI-icstbIu 
suLPEXDx. the same manner Me,SCl may ba 
called tri-methyl-snlphine chloride, but in this 
dictionary it is described as the methylo-ohiorida 
of Bz-hbtril-sulphzdb. 

8T7LPHIN10 ACIDS. Organic acids contain¬ 
ing the group SO(OH) where S is united to 
darbon. They may be obtained by reducing tha 
chlorides of the sulphonio acids, in alcohollo or 
ethereal solution, with zinc-dust (Otto, B, 9f 
1684). Fatty sulphinic acids are formed by the 
action of SO, or of SO, ofi zinc alkyls (Hofmann, 
A. 102, 72; 106, 287). They are readily oxidised 
to sulphonio acids. The aromatic sulphinic 
ethers are readily oxidised by EMnO, andHOAo 
to sulphonio ethers (Otto a. Bossing, B. 19,1224). 
By zinc and dilute H,SO, sulphinic acids are re¬ 
duced to mercaptans. The aromatic sulphinic 
acids yield K,SO, and hydrocarbons when fused 
with potash. The alkyl others of sulphinic 
acids X.SO.OB are formed by passing HOI into 
I a solution of the acid in the corresponding 
I &lcohoI, and also by the action of chloro- 
, carbonic ethers Cl.CO^B upon the sodium sal- 
: phinate X.SO.ONa in cold alcohol, CO, being 
evolved. The ethers are not formed by the action 
of alkyl halogenides upon sulphimites, for by 
this reaction the isomeric 8 u]))honos X.SO,.B 
are produced instead (Otto a. Bossing, B. 18, 
i 2493). H,S passing througli benze^no sulphinic 
i ether at 50° forms mercaptan, ben/eno sulphinic 
' acid, benzene sulpboniu acid, and other products. 

(Otto a. Bossing, B. 20, 2276). COOL converts 
I sodium benzene snlphinate into the anhydride 
(Ph. 80 ) 20 , which is V. sol. ether and benzene, and 
decomposed by water and alcohol into benzene 
sulphinic acid and ether respectively (Otto, B. 
20, 33.37). 

bXriPHlTES AKB HTP0SDLPHITE9. 

Sulphites are salts of sulphurous acid fanned 
hyreplacing H in 'R.J&O^bymetals. AH sulphites 
may be represented by the formula xMO.^/SO,, 
where MO stands for an equivalent of a metal¬ 
lic oxide; the normal sulphites belong to the 
forms M‘,SO,. M"SO„ M‘”,(SO,),. and M'y(SO,),; 
the greater number of the acidic sulphites are 
of the forms M'HSO, and M"{HSO,),, a few 
which contain more than ono equivalent of 
acidic radicle to ono of basic radicle may be re¬ 
presented as M< 2 SO,ut;SO,. Double sulphitci 
arc fairly numerous. 

Many sulphites are prepared by passing SO, 
into water wherein metaliio hydroxides or car¬ 
bonates are dissolved or suspended; some are 
formed by double decomposition from the alkali 
sulphites. Several metaliio sulphites that are 
insoluble in water/an be prepared by the reac¬ 
tion between solutions of the sulphates and solu¬ 
tion of NOjSO,; two main reactions occur, ap¬ 
proximately in accordance with the equations 

(1) M«S 04 Aq + Na,S0,Aq«M“S0, + NfiiS 04 Aq, 

(2) M”SO,Aq + 2H,0 » MO,H. + H,SO,Aq, so that 
normal sulphites are formed in some oases and 
basic sulphites in other cases. This method of 
forming sulphites has been examined bj Sen- 
bert a. Elten {Zeit. /. anorg. Ohem, 4,44) : they 
find that normal sulphites are always formed 
when M~Ba, Cd, Oa, Fe<S Pb, Ag, Sr, ot TI 
(with Hg” a double sulphite HgSO,.Ma,SO,.H/) 
vras formed); that normal sulphites ire fomsM 
it low temperatures, using the salts in the rstiy 
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of eqnal moTaoulef, w&fn U^Mg, Mn» Sn’>, 
t7(UOJ, or Zn, but that at higher temperatarea, 
or with more dilute solutions, basic sulphites of 
these metals are produced; and that basic 
sulphites are always obtained when M^Al, Be, 
Bi, Cr, Co, On, Fe«*, or Ni. 

The sulphites of the alkali metals, and the 
acid sulphites of the alkaline earths, are soluble 
in water; most other sulphites are insoluble. 
Sulphites in aqueous solution, and many in 
moist air, readily oxidise to sulphates; salts of 
other S oxyaoids are sometimes formed, and S is 
frequently separated (cf. Pierre, C. R. 02, 460; 
73, 749). Oxidisers, such as ClAq, HNO^q, &c., 
quickly convert sulphites into sulphates; sulphite 
solutions are, therefore, energetic reducers. So* 
lutions of sulphites are readily reduced, giving 
H,S or metallic sulphides, by SnCl^Aq, Zn and 
HClAq, &c. Heated with G, they are reduced to 
sulphides, sometimes to oxides. Sulphites de¬ 
compose at a rod heat to sulphides and sulphates, 
or to oxides and SO^. Sulphites are decom¬ 
posed by almost all acids, not by GO;.Aq of 
Wio acid, giving off SO^. Solutions of sul¬ 
phites generally form thiosulphates by reacting 
with S, H.jSt'or alkali hydrosulphides. Sulphites 
give sulphates and thiosulphates when heated 
in SO^ (Divers, 0. J. 47,205). Sulphites scarcely 
react with POCis, according to Divers (he.); a 
little metallio chloride and phosphate are 
formed, but no SOCl.^. Divers {l.c .; also C. J. 
49, 577) contends that tlio normal sulphites 
have the constitution SO^OM.M—that is, that 
they cont'ainthe sulphonio group SOjOM-and 
that they are not tliionyl compounds, S 0 ( 0 M) 2 . 

Aluminium sulphites. The only salt that 
has been definitely isolated is the basic sulphite 
A 1 o 0 ,.S 02 . 4aq; obtained by dissolving freshly 
ppd. AiOsHa in SOjAq, and heating to 74°, when 
the salt separates as a white powder. Heated 
in air gives oil H ,0 and SO^, and leaves sulphate 
(Oougginsberg, A. 45,132 ; confirmed by Bohrig, 
J.pr. [2] 37, 217). 

Ammomum sulphites. The noi'mal salt 
(NHj 2 SO,.aq was found in the fumes from 
the residues from gas-works used in the prepara¬ 
tion of (Scheitz, Ar. Ph. [3] 5, 332); 

it is prepared by adding absolute alcohol to 
80^q made alkaline by NH^Aq, or by passing 
moist SO, and moist NH, into absolute alcohol 
(Muspratt, P. M. [SJ 30, 414). White mono- 
olinio leafiets; sol. in 1 part water at 12 ° with 
disappearance of heat. Does not deliquesce 
in air, but oxidises gradually to «ulphate (Ma- 
rignac, Ann. AT. [5] 12, 25). The acid salt 
NH 4 .H 8 O, is obtained, as very deliquescent 
rhombic crystals, by Saturating a solution of the 
normal salt with SO, and allowing to crystal¬ 
lise in vaeWi loses SO, at the ordinary tem¬ 
perature; separates on exposure to light; 
a saturated solution heated to 150° in a 
sealed tube decomposes to S, HjSOiAq, and 
(NH 4 ),S 04 Aq (Barbaglia a. Gucoi, J3. 13, 2825). 
The basic salt 3 (KH 4 ), 0 . 2 S 0 ,. 2aq described by 
Muspratt oould not be obtained by Marignac. 
Double salts are described under the various 
sulphites. 

Bariam solphltei. The normal salt BaSO, 
is prepared by double decomposition from 
BaCl,Aq and NoaSOjAq; a white powder, insol. 
voter; may be crystallised in hexagonal forms 


from wans saturated S 6 ,iq; bested 2h a closed 
tube decomposes to BaSO, and BaS (Baznmels- 
berg, P. 67, 891). Easily sol. HClAq (Johnson. 
0. N . 68,166; cf . Hodges, ibid. 128). 

Beryllium sulphites. No salt has been 
isolated; a solution of a sulphite (?BeSOa) is 
obtained by dissolving BeO,H, in SO,Aq, but crys¬ 
tals do not form on evaporation alone or over 
H 4 SO 4 ; addition of alcohol causes formation 
of a thick syrup (Atterberg, Bl. [2] 24, 368; ef. 
Berthier, A. Ch. [3J 7, 77). 

Bismuth sulphites. A basic salt 
2 Bi, 03 .dS 0 ,. 5aq is formed by the action of 
cone. SO,Aq on BiOaH, (Rfihrig, /. pr, [2] 37, 
217; cf. Muspratt, P. M. [3] 30, 414). 

Cadmium sulphites. The nonnal salt CdSO, 
is obtained by dissolving GdCO, in S0,Aq, and 
crystallising; white, indistinctly crystalline 
salt; scarcely sol. water; heated gives SO,, CdO, 
CdS, and GdSO, (Knmmolsberg, P. 67, 256). 
By treating Cd with SO.Aq, filtering from CdS, 
and concentrating carefully, Fordos a. G41is 
obtained the dihydrate CdSO,. 2aq; the same 
suit was obtained by Muspratt (l.c.); confirmed 
by Bohrig (l.c.). Denigds {Bl. [3] 7, 669) failed 
to obtain this hydrate, but states that a tri- 
hydrUte is produced by mixing equal vols. of 
10 p.o. solutions of CdSO, acidified with acetic 
acid and Na,SO,. A double ammonium-cadmium 
sulphite 0 dS 03 .(NH,),S 0 , was obtained by 
Bammelsberg (l.c.). 

Calcium sulphltbs. The normal salt 
CaSOa.2aq is prepared by ppg. CaCljAq by 
Na^SOgAq, dissolving in SO.Aq, and crystalli¬ 
sing ; it forms small lustrous crystals (Muspratt, 
l.c.). Also obtained by passing SO, into water 
with CaCO, in suspension (Bohrig, l.c.). Heated 
to 80° gives 2 CaS 03 . aq, and loses ail water at 
100° (R., l.c.). B. failed to isolate any acid salt. 

Chromium sulphites. A basic chromic salt 
2 Cr, 0 j. 3 S 02 . lOaq was obtained by Muspratt 
(P. M. [3] 30, 414), as a pale-green pp., by add¬ 
ing alcohol to solution of Ci'0,H, in S0,Aq; 
composition confirmed by Bohrig {J. pr. [2] 37, 
217). Alkali sulphite solutions do* not ppt. solu¬ 
tions of chromio salts even after long boiling 
(Berthier, A. Ch. [3] 7,77). By adding K,SO,Aq 
to CrCL,Aq, Moberg (/. 1847-8. 413) obtained a 
reddish pp. which was perhaps a chromous sul- 
phite. 

Cobalt sulphites. The normal cohaltous salt 
OoSO,. 6 aq was obtained by Muspratt (l.c.), as a 
red granular pp., by passing SO, into water with 
CoCO, in suspension, boiling out air from the 
solution, and letting cool in a closed vessel. 
By evaporating in H, Bammelsberg {P. 67, 
391) obtained the trihydrate; the existence 
of both hydrates has been confirmed by 
Bbhrig (l.c.). Double salts CoSOa.E,SO, and 
2CoSOg.Na,SO,.OoO were obtained by Sohultze 
{J. 1866. 270) by heating CoSO, or OoOl, with 
alkali sulphite solutions. Double salts of 
cobaltic sulphite Go.,(SO,),.M,SO,, where 
M « K or Na, were obtained by Geuther {A. 128, 
157) by continued heating of CoO,Hj with fresh 
quantities of cono. MjSOjAq. 

Copper sulphites. Neither onprous nor ouprio 
■nlphite has been isolated, but several doable 
salts of ouprous sulphite are known. The gr^a 
liquid obUkined by dissolving CuCO, (Berthier, 
A. Ch. [ 8 ] 7, 86 ) or OaO,H, (BSttger, A. 89, 278) 
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!n pfobably oontaioB Oii,SO|; but this 

solution rapidly decomposes with separation of 
a red pp. and formation of CuSO^Aq. The red 
solution formed by passing SOj into water with 
freshly prepared Cu.^SO,(NHJ.,SO, (v. infra) in 
solution was supposed to contain 00 .^ 80 ^ by 
BogojBki((r.^.5d,403); but P^an de Saint-Gilles 
obtained only Cu.jS 0 ,.CuS 03 . 2 a(i from this solu¬ 
tion {A, Ch. [3] 42, 23), and this was confirmed 
by Svensson (B. 4, 713). 

According to Newbury {Am. 14, 232), a basic 
cupric sulphite 6Cu0.4S0.^. 3aq is formed by 
passing SO 3 into cold water with CuO^H^ in 
suspension, and sending a stream of air into tho 
green solution so formed until a bright-yellow 
pp. is produced. When this basic salt is boiled 
with water for a few minutes CuSO^Aq is formed, 
and a brown pp. is thrown down. The brown 
pp. is thought by N. to be CU 0 SO 3 ; on continued 
boiling with water it gives off SO 2 , and Cu^O 
remains. 

Double cuprO’Cupric sulphites. Tho 
dihydrated salt Cu^SOa-CuSO,. 2 aq was obtained 
by Chovreul (.4. Ch. 83, 183) by heating CuO or 
CuCOs with SO»Aq ; it is also prepared by boil¬ 
ing CuSO^Aq with solution of an alkali sulphite 
or thiosulphate, by boiling the green double salt 
CUoSOj.jNH^jgSOj {infra) with water (P. de St.- 
G., f.c.), by passing SO.j into cone. Cu(C.jHaO...)..Aq 
at 65® till the yellow pp. that forms is dissolved, 
and then letting stand in air (Ktard, C. li. U3, 
725), and by passing a slow stream of SO^ into 
10 p.c. CuSO^Aq containing a roll of thin sheet 
Cu till the liquid is almost colourless (the salt 
deposits on the Cu) (Newbury, Am. 14, 232). 
Translucent, garnet-red octahedra; S.G. 3-57; 
gives up 2HaO, and also SO 2 , above 150®, and at 
a higher temperature leaves CUaO with some 
CUSO 4 (Rammolsbcrg, P. 67, 301). Soluble 
SO-^Aq, HCIAq, and NHaAq; KOHAq ppts. hy¬ 
drates of CuO and Cu^O ; heated with water to 
200® gives CuSO^Aq and Cu in crystalline leaflets 
(Geitner, A. 120, 350). Tho pentahydrate 
CujSOg.CuSOa. 5aq separates, as a greenish-yel¬ 
low pp., from cone. Cu(C 2 H 302 ) 2 Aq, into which a 
slow stream of SO^ has been passed till tho 
liquid has become emerald-green (P. de St.-G., 
2.C.). Easily sol. SO^Aq or acetic acid, also in 
solutions of cupric salts and in NIl^Aq; when 
boiled with water the red dihydrate is formed. 

Double salts of cuprous sulphite 
with alkali sulphites are readily prc^uced 
by the reaction of cone, solutions of alkali sul¬ 
phites with solutions of ouprio salts. These 
double salts are colourless and crystalline; their 
composition is ajCu^SOs.yM.SOj.aaq {x generally 
=«1), where M-NH 4 , K, or Na (for details of 
preparation, composition, and properties v. 
Itogojbki, J. pr. 53, 403 ; P^an do Saint-Gilles, 
A. Oh. [3] 42, 23; Vohl, J. pr. 95, 218; and 
Svensson, B. 4, 713). Some acid salts of tho 
form CO 2 SO 8 .XM 2 SO 3 . 2 /SOJ. saq have also been 
prepared (S., l.c.), and some salts of alkali sul¬ 
phites with both OugSOa andCuSO, (P.de St.-G., 
J.C.; B., I.C.). 

Didymium inlphites. The nonnal salt 
Pi^fSOa). was obtained, as a reddish-white 
powder, oy passing BO* into water with Di, 0 , in 
suspension, and boiling off excess of SO, (Ma- 
rignao, A. Ch. [81 68 , 148; Cleve, Bf. [2] 89. 
W). 


Gold BulpUtai. Kp gold ralpbito' bai 
been isolated. Doubts salts of Au^SOi 
with Am.^SO, and KajSOa of the form 
AuBOs.SMjSO,. 3aq are known; also a Ba salt 
Au.SOj.BBaSO,. aq. The Na salt is obtained by 
adding Na^SOjAq to a boiling alkaline solution 
^f NaAuOji or by saturating NaAuO^q at 50® 
with SO 2 , then carefully adding BaCl^Aq to the 
solution till free H 3 SO, and H^SO^ are ppd., 
filtering, adding more BaCl^Aq, quickly filtering 
off tho purple-red Au^SOs.BUaSO,. aq that sepa¬ 
rates, washing the pp. rapidly out of contact 
with air, decomposing it by the proper quantity 
of Na^CO^Aq, adding some alcohol to the 
solution, filtering off any Ba salt that ppts., 
and adding more alcohol, when the Na salt 
separates as an orange-rod, very easily de¬ 
composed, pp. (v. Ilimly, A. 56, 2.52 ; 59, 95). 
When AuCIaAq is added, drop by drop, to a 
warm solution of (NUJ^SO, in cone. NHjAq, 
white, lustrous, six-sided plates separate of 
tho salt (NH 4 ) 3 S 03 . 3 (NH 3 Au) 2 S 03 .3a(i; the 
fnother-liquor from this salt yields the salt 
Au 2 S 03 . 3 (NH,) 3 S 03 . 3aq, very similar to the cor¬ 
responding Na salt (Huase, If. 1860.535). 

Indium sulphites. The only sltU that has 
been isolated is a basic salt 210303 . 8803 . Soq. 
Obtained by boiling a solution of a salt of In 
with excess of NaHSO;,Aq; insol. water, sol. in 
dilute acids; loses 3 U 3 O at 100 °, and all water 
at 260° ; decomposed at 280®, giving of! S 03 and 
leaving In^Oj (Bayer, A. 158, 372). 

Iridium sulphites. Tho norinal y idic salt 
Ir 3 (SO;,) 3 . Oaq is obtained, in yellow crystals, by 
passing SO 3 into water with IrOjllj in suspen¬ 
sion, filtering and evaporating. The salt loses 
all water at ino®>180®; at a higher temperature 
Ir.O, remains; si. sol. water, easily sol. acids; 
decomposed by boiling with KOHAq with separa¬ 
tion of Ir-^O, (Birnbaum, A. 136, 179). The in¬ 
soluble matter that remains on treating IrO,!!, 
in water with SO 3 is a basic salt lr 303 .S 03 .4aq 
(Birnbaum,f.c.). Double salts of iriaous 
sulphite were obtained by Seubert (B. 11,1761) 
in separating Ir from Bh by means of Na 3 S 03 
(by Bunsen’s method, A. 140, 274). Seubert 
gave the formula) IrS 03 . 3 Na 3 S 03 . lOaq and 
IrH 3 (S 0 s) 3 . 3 Na 3 S 03 . xaq, x being => 4 and 10, 
to the salts he prepared. 

Iron sulphites. Tho normal ferrous salt 
FeSOj. 3aq is formed, along with FeSjOj, by dis¬ 
solving iron wire in S 03 Aq out of contact with air; 
on evaporating (out of air) the sulphite crystal¬ 
lises out, leading the thiosulphate in solution 
(Fordos a. G61is, J. Ph. [3] 4, 333; cf. Koene, P, 
63, 245, 631; also Musprutt, P. M. [ 8 ] 80, 414). 
SI. sol. water, easily sol. BO;,Aq : loses H 3 O, and 
then (at 250®) SOj, on heating. iJasie ferric salts 
are formed by reacting on ferric salt solutions 
with alkali sulphites; on adding alcohol to the red 
liquids thus formed, Koene (P. 63, 246,481) ob¬ 
tained the salts Fe 30 ,.S 0 ^ 6 aq and 2 Fe 30 ,. 380 « 
{cf. Muspratt, I.C.). Bypassing SO 3 into water with 
FeOjH, in suspension, and ^ding KOHAq, 
Muspratt (Ic.) obtained the doubts salt 
Fe 3 O 3 .SO 3 . 2 K.SO 3 . 6 aq. 

Lead sulphites. Only the normal salt 
PbSO« has Ireen obtained; a 'white powder, 
insol. water, formed by adding NOjSO^Aq to 
solution of a salt of Pb (confirmed by 
[2] 37. 217). 
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Ul3iiiiai ttdpUtM. She normal aait 
LlgSOj. ftq is prepared by passing SC^ into water 
with LifCOji in suspension, till CO, ceases to be 
given off, and evaporating on a water-bath or 
over HfSO^ (RShrig, /. 87,217). Danson 

(p. J* 2,205) represented the salt as a hexahy’ 
araU. By adding other to the solution obtained 
from LiyCOg, as described, B. got the dihydraU* 
Z4SO,. 2aq. Easily sol. water, somewhat sol. 
alcohol, very si. sol. ether; oxidised in moist air. 
Bdbrig failed to obtain an acid salt. By adding 
the proper quantity of R,CO, to the acid solution 
of Xd,CO, in SO^^q, evaporating to a 8}TUp, and 
placing in a freezing mixture of snow and salt, 
& obtained the double suit 2LiKSOi,. aq ; by 
a similar process he got raonoclinio crystals of 
6L4SO,.Na.,SOa. 8aq (/. [2] 37, 217). 

Xagnesium sulphites. The normal salt 
MgSO,. xaq is formed by suspending magnesia 
alba in water, passing in SO,, and concentrating 
the solution (Hammelsberg, P. 52, 89); if 
evaporation is carried on over H;,S 04 (ROhrig, 
I.C.), or in vacuo below 100® (Ilartog, C. li. 104,' 
1793), the hexahydrate separates; if evaporation 
proceeds above 100® the trihydrate is obtained 
(Muspratt, 1.8 .; B., l.c, ; H., l.c.). Slowly oxidises 
in air to 6ul])hate; loses all water at 200®; when 
more strongly heated the salt loses SO, and 
leaves MgO. 

Double salts with (NH 4 ),SO, are formed 
by mixing the constituents and evaporating; 
also by dissolving MgO.H, in cold (NU 4 ),SO,Aq 
(BammeUJserg, P. 94, 507 ; Hurlog, l.c.). 

Manganese sulphites. Several hydrates of 
the nor}nal manganous salt MnSO, have been 
described. By adding alkali sulphite solution 
to dilute MnGl^Aq so long as the pp. that forms 
dissolves again, and then letting stand, mono- 
clinic crystals of the trihydratc MnSO,. 3aq are 
obtained; this hydrate is also formed by mix¬ 
ing 10 p.o. of MnSO^Aq, aciditii^d with acetic 
acid, and Na^SO, (Denigbs, BL [3] 7, 569); if 
Na,SO^q is added to hot dilute MnCL^Aq the 
nuytiohydrate is said to be produced. (Uam- 
melsberg (P. C7, 245, 391) gives the formula 
2MnSO,.6aq to the salt obtained by reacting on 
Mn acetate solution with Na^SO;,Aq, and this is 
confirmed byBohrig {J. pr.\^2,] 37,217; c/.also 
Muspratt, P. M. [3] 30, 414). Double salts 
MDSO,.K,SOa and 2 MnS 03 .K;^S 0 a were prepared 
by Oorgeu {C. li. 96, 376) by saturating 20 p.c. 
KBO,Aq with SO,, adding 4 p.c. MnSO,. 3aq, 
and evaporating over an absorbent of SO,; 
double Mn-Na salts are also described by O. (f.c.). 

‘ Mercury sulphites. According to P4an de 
Saint-Oilles (C. H. 34, 905) the normal mercuric 
adit EgSOa is formed by adding dilute Na,SO,Aq 
to a very cono. solution of Hg(N 03 ), free from 
excess of acid; it is, however, dillicult to ob¬ 
tain the salt free from basic sulphites. The 
basic mercuric sulphite 2HgO.SO, was obtained 
pure by P. de^ St.-G. by using solution of basic 
menuric nitrate. The normal salt is easily de¬ 
composed ; boiling water produces Hg^SO, and 
Hg. Boiling water is said (P. de St.-6., f.c«) to 
convert the basic salt into the isomeric com¬ 
pound Eg,SO. (2Hg0.S0,«Hg20.S0a). Divers 
%* Shimidzu (C. J. 49, 538) say that xformal 
mercurlosulphite cannot be isolated; the reac¬ 
tion of Na^SOtAq with Hg(NOa) 2 Aq produces at 
Ant the baao salt 2i;2Hg03Q^ a^ ood then a 


salt wbidi ii most simply represented ae 
HgSO|.Hg,SO,. 4aq, and which is caliad mer- 
eurosic (or mereimy-mercuriG) sulphite by D. a* 
8., and represented by them as 

Hg<^gQ®*Q^Hg 2 .4aq. D. a. S. represent the 

basic salt as Hg<^gQ^Qg®Q]>Hg.a 9 ,ana call it 
mercuric oxysulphite. 

For the best conditions of preparation of 
2HgO.SO, V. D. a. 8., Z.c., p. 550, and for the 
reactions of this salt v. ibid. pp. 546-50; for 
preparation of mercurosic sulphite v. ibid. p. 564, 

for the reactions of this salt, pp. 569-63. 

By adding dilute Na,SO,Aq to moist Hg,S 04 
or to HgNOjAq, D. a. S. {l.c., p. 672) obtained a 
greyish-black amorphous solid to which they 
gave the formula Hg,(SO,) 2 . aq, the constitution 

aq, and the name mercuric 

hypomercurous sulphite or hypomereurosic sul¬ 
phite. For the best method of preparing this 
salt (action of SO,Aq on Hg^SOi or HgNOj) v. 

D. a. 8 ., I.C., p. 571; for the reactions of the salt 
V. pp. 567 70. It is evident that the formula 
given to this salt is the same as that of normal 
mercurous sulphite {Hg,(S 0 s),=- 2 Hg,S 03 ); the 
salt is produced from mercurous compounds, and 
in many of its reactions yields mercurous com¬ 
pounds ; D. a. S. insist that the salt belongs to 
a new class of Hg compounds that contain what 
they call the ‘ hypomercurous radicle.* 

By treating solid HgCL, with NaHSO,Aq, 
Wioko {A. 95,176) obtained a solution that de¬ 
posited a white crystalline powder to which he 
gave the composition flg(HSOJ 2 — i.e. acid mer¬ 
curic sulphite. According to D. a. 8. (f.c., p. 
554) the pp. is HgSO,.Na,SOa.aq. Byreacting 
on HgO with SO,Aq a white solid is formed, 
together with a solution containing a compound 
of Hg. Hammelsberg thought that the white 
solid was a basic mercurous sulphite of varying 
composition, and that the solution oontained 
HgjSO. (P. 67, 405; the reaction was also ex¬ 
amined by F. de St.-G. and by Vogel). D. a. S. 
say that the white residue is HgS 03 .Hg,S 0 ,. 4 aq 
(mercurosic sulphite, according to 1>. a. S.); by 
using freshly ppd. HgO suspended in water, and 
adding a little of this to SO,Aq (nearly free from 
HjSO,), D. a. 8. obtained a clear solution which 
reacted as a solution of HgSO, in HjSOj, and 
which they regarded as a solution of add mer¬ 
curic sulphite, Hg(HSO,), {v. l.c., pp. 554-8). 
Several double salts of mercuric sulphite 
with alkali sulphites have been isolated. 
The chief are HgSOa.M,SOs. c;aq, where M » 

E, or Na, and 2HgSO,.Na.,SO,. aq (o. P. de St.-G., 
O. B. 84, 905 ; Hirzel, A. 84, 258; D. a. 8., U., 
pp. 638^46). D. a. 8. regard these double salts 
as alkali derivatives of the hypothetical acid 

af\ fjTT 

existence of 

the salt 2^30s.NaaS0s described by P. de 
St.-G.); this view is confirmed by Barth's mea¬ 
surements of the electrolytic condactivities, and 
the freezing-points, of solutions of these salts 
(Z. P. O. 9,176); Barth’s results ^Int to the 
mssooiation in dilute aqueous solution of these 
salts into thrr*^ ions, HgStO,, B, and B'. 

Hiokal snlphitei. The normal salt 
KiSO|. 6aq separates, ia green teinthedrio^i^ 
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tots. on flpwly evaporating a lolntion formed by 
pasting S 6 , into water with NiO. xaq in saspen- 
lion (l^mmeUberg, P. 67, 391). By boiling the 
eolation of NiO. xaq in SO.^q, Musprait (P. M. 
[ 8 ] 30, 414) obtained a teirahijdrate NiSO,. 4aq; 
this hydrate was also obtained by Bdhrig (J. pr. 
[2] 37i 217) by quickly evaporating the solution 
at 0 . 150°. The compound with ammonia, 
KiSOs. 8 NH,. 3aq, separates, as a blue crystalline 
pp., on adding alcohol to an ammoniacol solution 
of NiSOj (Bammelsberg, Z.b.). 

Osmium sulphites. The normal salt OsSO, 
was obtained by Claus [J. pr. 90, 65) by treating 
OsO^Aq with excess of SO^, and evaporating or 
adding NajCO, or Na^SO,; after drying the salt 
is a blackish-blue powder, insol. water, sol. 
HClAq without giving off SO^, reppd, from this 
solution by EOH or ^OOj, decomposed to K^SO, 
and OsO.xaq by long boiling with cone. KOHAq. 
When moist the salt oxidises in air to OSSO 4 . 
The double salt 0 sS 03 . 2 IC;S 0 ,. 2 KnS 0 ,.4aq 
was obtained by Claus {A. 63, 355) as a pale 
rose-red "cryalalline powder, by heating K^OsCl, 
with KjSOyAq. 

Faliadium sulphites. Only the double pah 
lado-sodium salt PdS 03 . 3 Na.^a 03 .‘ 2 aq has boon 
isolated; a white pp. obtained by dropping 
NaOHAqinto PdOL^Aq, after adding SO 3 (Wdhler, 
A. 174.199). 

Platinum sulphites. Noither platinosul* 
phite FtSO, nor platinisulphite Pt(S 09)2 has 
been isolated. Several salts which may bo ro> 
garded as double compounds of PtSO„ but aro 
better classed as platinosulphonates or platino- 
Bulphites, have been obtained ; they are shortly 
described under Platino-sulphonates (this vol., 
p. 285). By passing SO.j into water with 
Pt 04 H 4 in suspension, and adding alkali sul¬ 
phites to the dark-red liquid so formed, Birn- 
baum {A. 139, 172} obtained double salts of 
the form Pt 0 .S 03 .xM 3 S 03 . j/aq, where M = K or 
Na, X varied from 1 to 2, and y also from 1 to 2. 
These salts gave no pp. of BaS 04 with BaCl^Aq, 
with HClAq SO*was given oft andPtCl 4 formed; 
hence they are better classed as double salts of 
platinyl sulphite, PtO.SO,, than of platinous* 
sulphate PtS 04 . 

Potassium sulphites. The normal salt 
E 280 ,. 2 aq is obtained, in large, deliquescent, 
moDOclinic prisms, by passing SO, into KjCOjAq 
as long as CO, is given off, and evaporating over 
H ,804 at the ordinary temperature (Muspratt, 
P. M. [3] 30, 414). More soluble cold than hot 
water; decomposed by heat to K,S and K. 3 SO 4 
(Bammelsberg, A. 50, 259; results of M. and R. 
confirmed by ROhrig, J. pr. [2] 37,^17; v. also 
Hartog, O. B. 109, 179, 221, 436). The acid 
salt KHSO, separates in white needles on adding 
alcohol to a solution of the normal salt satu¬ 
rated with SO, (M., l.c .; confirmed by Rdhrig, 
f.e.). By passing SO, into hot saturated E,00, 
till CO, ceased ta come off and the solution was 

S uisn, and then allowing to cool, Muspratt 
obtained hard monoclinio crystals of the 
salt ^SO,.SO, f-s KjSPa), sometimes called 
pyrosulphite ; only si. sol. water; decomposed by 
heat to Ei,S 04 , SO,, and S (confirmed by Bohrig, 
ho.). Dilute EjSOjAq heated in a closed tube 
to 100 ° and then let stand is very slowly decom¬ 
posed to K,SO„ H..S 3 O,, and S (Saint-Pierre, 
M, 62,460 } 78,749). E,SO»Aq with KNO^^ 


gives E salts of varioos acids; o. 8m.rB0B orr« 

AOtOS, KITBOOSB DKRXVATTVXS OW (p. 019). 

Doubt/ sulphitss of potassium and 
sodium. Schwioker (B. 22,1728) obtained two 
distinct saltsKNaSO,. xaq; one by neutralising 
oono. EHSOaAq by the proper quantity of 
NaaCO, and evaporating over H,SO., the other 
by adding £,00, to NaHSOjAq. Bohrig j/. pr, 

[2] 37. 217) ppts. the salts by adding alcohol, or 
betlcr other. The first salt, heated with EtI to 
140°, gives 4(SO,Et.OK).NaI, the second gives 
4(SO,Kt.ONa).EI; hence the first salt seems to 
beNaSO,.OKandth 6 other KSO.,.ONa. Schwioker 
assigns different quantities of crystallino water to 
the salts,viz.NaSO,.OK.2aq and KSO 2 .ONa.aq; 
Bohrig (f.c.) gives 2aq to both salts. The two 
salts seem to be isomeric. Aqueous solutions 
of these salts have identical electrolytic con¬ 
ductivities, as would be expected (Barth, 

9,176). Schwioker (^c.) also describes the salts 
KNa 11 ( 803 ).... 4aq and K,NaH(S 03 ),. 3aq. Hartog 
(G. R. 109, 179, 221, 436) describes the salts 
4£.,SO.,.2Na,SO,.SO,. 9aq (« K,0,2Na,0.4S0,. 9aq) 
and 2 K,S 03 .(NH,) .SO,.SO,. 9aq 
(»2K,0.(NH,),0.4‘S0.,. 9aq). 

For other double salts of potasrium sulphite 
V. supra, cobalt sxUphites, copper sulphites, iron 
sulphites, lithium sulphites, manganese sul¬ 
phites, mercury sulphites, osmium sulphites, 
and platinum sulphites; and infra, ruthenium 
sulphites and silver sulphites. 

Rhodium sulphites. The normal rhodic salt 
Rh.^(S 03 ) 3 . 6 aq is prepared, as a yellowish orys- 
talUno mass, by dissolving RhO^Hj. a^'in SO.Aq 
and evaporatings fairly sol. water, insol. aloonol 
(Bunsen, A. 140, 265). The double rhodous 
saU 4 RhS 03 . 6 Na,S 0 ,. 9 aq is obtained by treat¬ 
ing Na^RhCl,,. 12aq with excess of NaHSO,Aq 
(Bunsen, l.c.) ; it has been examined by Beubert 
a. Kobb^ (B. 23, 2556), who prepared it by heat¬ 
ing a solution of RhCls. 4aq with excess of 
NaHS 03 Aq for some time, washing the pp. with 
cold water, and drying over P.^O*. Pale-yellow 
solid; very si. sol. hot water; dissolves in dilute 
HNOaAq, giving off SO,; warmed with cone. 
H,S 04 forms Rh,(S 04 ),.Na,S 04 (B., l.c. ; S. a. K., 
l.e.). 

Ruthenium sulphites. Only the double 
rutheno-potassium salt BuSO,.E 2 SO, has 
been isolated ; prepared by heating EaliuCljAq 
with EjSOaAq till a dark-red solution is formed, 
evaporating to dryness, dissolving, again evapo¬ 
rating to dryness, and repeating these processes 
till a pure *7hite residue is obtained (Claus, 
J. pr. 42, 351). 

Silver sulphitss. The normal salt Ag.^SO| 
forms small, whits lustrous crystals; obtamea 
by treating AgNO,Aq with alkali sulphite solu¬ 
tion or with SO,Aq; if excess of SO.,Aq is 
allowed to remain in oontaot with the s^t for 
some time Ag is formed (H. Bose, P. 38, 240). 
Darkens in air (Muspratt, P. M. [81 80, 414; 
Sodeau, O, N. 65, 102); producU depend on 
method of preparation of the salt (o. Bias, 8ta§ 
Now. B.). Heated alone, or with water, to 
100° gives Ag,S 04 , Ag, and SO, (Berthier, A, OfL 

[3] 7, 82; c/. Geitner, J, 1864.142, who sayt 
that decomposition be^ns at 200°). SoarcelT 
sol water or SO^; sol. NH,Aq (B^bier, lojt 
also in alkali sulphite solutioni. 
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Doubts salts* AgKaSO,.2aq; small 
tostrons needles, fonned by dissolving Ag^SO, 
In hot saturated Na.^SOj,Aq, letting cool, and 
pressing salt that separates (oannot be washed 
with water) (Svensson, D. 4,714). AgKSOj. ®aq, 
prepared like the Na salt. Svensson (l.c.) de¬ 
scribes three double salts with 
obtained by dissolving AgjSOa, or AgCl, in" 
(NH,),j80,Aq; he gives the formulte Ag(NHJSO|, 
Ag,SO,.6(NH,)^Os. 19aq, and 
Ag,80,.3(NHJ,S0,.4(NH,)HS0,.18aq. 

So&um sulphites. The normal salt Na.jSO, 
is prepared by completely saturating Na»CO,Aq 
wi^ SO,, warming, adding an equal quantity of 
the same Na,CO,Aq, evaporating,* and crystallis¬ 
ing above 33*’ (liammelsberg, P. 56, 298; 
Sohultz-Sellack, J, pr. [2] 2, 459). Also ob¬ 
tained by heating the hydrate Na-^SO,. 7aq to 
150^. Ka^SO, also crystallises from solution of 
KaHSO, that has been made strongly alkaline. 
Heated above 150*’melts to a yellowish-rcdmass 
containing sulphide and sulphate in the ratio 
Na, 8 : 3 Na,S 04 (R., P. G7, 246; 94, 507). The- 
heptahydrate Na^SO^. 7aq is obtained by 
crystallising at the ordinary temperature a solu¬ 
tion of NosCC's saturated with SO,, warmed, and 
mixed with an equal quantity of the same 
Na,G 03 Aq ; monoclinic prisms; S.G. 1*561 
(Buignet, J* 14, 15). EihorGsccs and partially 
oxidises in air, very sol. water; maximum 
solubility at 33®. Another hydrate, Na^SO;,. lOaq, 
was described by Muspratt (P. M. L*!] 30, 414) 
as formed by evaporating Na,SO,Aqover HaSO^; 
according 'to Rohrig {J.pr. [2J 37, 217) only tho 
heptahydrate exists. 

Tho acid salt NaHSO, is formed by satura¬ 
ting Na^COyAq with 80, and cooling; better 
crystals are obtained by treating Na^CO,. lOaq 
with SO, and evaporating the liquid so produced 
in SO,. Easily sol. water, but loss sol. than 
Ka,S 03 .7aq. (For heat of solution v* De 
Forcrand, O. P. 98, 738.) Gives off SO, on 
exposure to air; SO, is also removed from 
NaHSO^Aq by passage of an indifferent gas 
(Gernez, C. P. 61. 606). When heated gives 
off H,0, SO,, and S, leaving Na,SO^; heated in 
Sk closed tube forms Na,SO^, H,SO^, S, and H,0 
^arbaglia a. Gucci, B. 13, 232*5). Reacts with 
1 to give NaHSO, and Nal (Spring a. Bourgeois, 
An Ph. 229, 707, where references are given 
to other experiments). Another acid salt 
Na.,S0,.S0, ( = Na,SaO:,), sometimes called pyro* 
sulphite, is said to separate, in lustrous prisms, 
from cono. hot NaOIlAq saturat^id with SO, 
(v. Rohrig, l,c.). 

Double salts with ammonium 
sulphite. Marignao {Ann. M. [5] 12, 30) 
described a double salt obtained by passing 
NH, into cono. NaIISO,Aq; the salt is probably 
identical with that described by Sebwicker (P. 
32, 1728), to which he gives the formula 
Na,SO,.(NH,)HSO,. 4aq. By partially satura¬ 
ting cono. (NH 4 )HSOj, with Na,CO,Aq, Trauber 
{J. 0. T. 1888. 44) obtained the salt 
2 Na,S 0 ,.(KH,),S, 05 . lOoq; Hartog writes the 
formula of this salt 2Na,0.(NH,},0.4S0„ and 
says it crystallises with 9aq (0. P. 109,179,221, 
486). For other doable salts of Na,SO, o. supra, 
eowli sulphites, copper sulphites, gold sulphites, 
iridium sulphites, luhium sulphites, manganese 
sulphites^ mercuiy sulphites, palladium suX- 


phAUs, ^Hnum svXphiUs, potassium sulphites, 
rhodium sulphites, and silver sulphites. 

Strontinm sulphites. The normal salt 
SrSO, is formed by passing SO, over SrO at 
290® (Bimbaum a. Wittich, B. 13, 651); also 
' by decomposing Sr01.,Aq by alkali sulphite solu¬ 
tion. Small white crystals; slowly oxidises in 
air to sulphate (Muspratt, P. AT. [3] 30, 414); 
gives SrS and SrSO. on heating (Forster, P. 133, 
106). 

Thallium sulphites. The normal thallous 
salt ThSO, is prepared by adding Na.,SO,Aq to 
Tl,S 04 Aq, and crystallising the pp. from warm 
water. White crystals; S. 3*34 at 15®; insol. 
alcohol; S.G. 6*427 at 20® (Seubert a. Elten, 
Zeit. f. anorg. Chetn. 2, 434). The same salt 
was obtained by Rohrig {J. pr. [2] 37, 217) by 
passing SO, into solution of a thallous salt, 
evaporating at 100’ or over H^SO^, or adding 
alcohol. 

Tin sulphites. Basic stannous salts, 
a:Sn0.2S0,. 20aq, x being probably 5, 8, and 11, 
were obtained by Rohrig (/. pr. [2] 87, 217) 
by treating freshly ppd. SnO. a:aq with SOgAq. 

Titanium sulphites. Berthier {A. Ch. [3] 7, 
77) made somo observations, but described no 
definite salts. 

Uranium sulphites. A basic uranous salt 
U0,.S02.2aq = TJ(OII).^SOj,. aq is obtained, as a 
greyish-green pp., by adding NiWjSOaAq to UCl,Aq 
(Uammelsberg, P. .56, 125; confirmed by Rdhrig, 
Jpr> [2J 37,217). The uranyl salt U 0 ,,.S 03 . xaq 
was obtained, in yellow prisms, by Muspratt 
(P. Af. [3J 30, 414), by passing SO, into water 
with UO, in suspension, and allowing the solu¬ 
tion 80 formed to evaporate at tho ordinary 
temperature; Muspratt gave a; = 3, according to 
Rohrig {l.c.) »-4 {cf. Girard, C. R. 34, 22; and 
Reinele, P. 125, 238). 

Zinc sulphites. Tho normal salt 
2 ZnS 03 .5aq is prepared by evaporating, or by 
adding alcohol to, a solution of ZnCO, in SO,Aq 
(Rammelsberg, P. 62, 90); also by mixing cold 
25 p.o. ZnSOfAq acidified wltli acetic acid with 
cold 25 p.o. Na,S 03 Aq, and letting stand 
(Denigi)s, Bl, [3] 7, 569). Muspratt (f.c.), For- 
dos a. G^lis (J. Ph. [3J 4,333), and Koene (P. 63, 
245, 431) give tho formula ZnSO,. 2aq; but 
Rdhrig {J.pr. [2] 37, 217) confirms Rammela- 
berg’s formula. 

Zirconium sulphites. Compositions of salts 
obtained by ppg. Zr salt solutions by alkali sul¬ 
phites are doubtful {v. Berthier, A. Ch. [3] 7, 
77 ; Hermann, J. pr. 31, 77). 

HYPOSULPHITES. {Hydrosulphites.) Salts 
oftheacid’B.lSiO,. Hyposulphurous acid is known 
only in aqueous solution. Schiitzonberger 
{A. Ch. [4] 70, 351) obtained the Na salt, and an 
aqueous solution of the acid, in 1869; he gave 
the formula H.SO, to the acid; but Berntbson 
{A. 208. 142;' 209. 235; 211, 285) in 1881 
showed that the acid has the composition 
H^SjO^. This acid corresponds with the oxide 
S,Oa (S,0, + H,0 => HjSaO,). Schulzenberger pre¬ 
pared the Na salt by digesting cono. NaHSOaAq 
with zinc shavings in a closed flask for o. half 
an hour, pouring the liquid from the crystals of 
the doable Na-Zn sulphite which formed (this 
is a basic Zn-Na sulphite, according to Bernth- 
sen, A, 211,297) into a flask about three-fourtlur 
filled with ppnq. alcohol, allowing to stand tuff 
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some time In the oloaed flask, and then pouring 
o£f into flasks, each flask being quite filled with the 
liquid and then sealed; after a time crystals of 
the hyposulphite were formed, to which S. gave 
the composition NaHSOa. Bernthsen (Z.c.) after 
reducing NaHSO;Aq hy Zn, pouring off from the 
double sulphite formed, removed suIpMte 
and sulphate by adding BaCl Aq ; he then filtered 
and titrated the solution by aminoniacal 
CuSO^Aq, which is decolourised byNa^S.O.Aq to 
a cuprous salt (and eventually to Cu.JI^ and Cu ,S). 
For details of the method of analysis v. Bevuth- 
sen (B. 13, 2277; A. 211, 2'J2 )wtc). B. failed 
to obtain Na^S ^04 free from Na^SO^, Na^BOa, 
Na^S^O, and Zn salts. 

B. expresses the first part of the reduction of , 
NaHSOj by the equation 4NaHSOaAq-}-Zn= ; 
Na;,S^O,Aq + ZnSO^, + Na^SO^Aq + 211^0, and the 
complete change by the equation 
lONaKSOjAq + SZn^ 

SNaaSjO^Aq + Na.SO,Aq -»• ZiiaNa^SjOifl + 611,0. 
Moist sodium hyposulphite is rapidly oxidistid 
in air to Na.^SOa; when dry it is unchanged in 
O; it is easily sol. water, less sol. dilute alcohol, 
and insol. cone, alcohol; but according to B. 
even approximately pure Na-.S^O, has not been 
isolated. Na.>S.O,Aq is oxidised by iodine so¬ 
lution to Na-^BO^Aq. 

By heating Na^S. 404 .\q with an equivalent i 
quantity of li__SO,.\q or H;^C,.0,Aq, an aqtieous / 
solution of hyi>osulphurous acid ILS;.0,A(i is ^ 
obtained ; this solution is an energetic rc<iuccr, ' 
decolourising indigo, and reducing salts of Cu, 
Hg, Ag, &o.; the solution rapidly (leconijKtsos in 
air with senarationof S. M. M. B. M. 

SULPHO-.-- Use of this prefix applied to m* * 
organic cotnpoundsx for siilpho~ compounds and 
sulph0‘ salts V. the compound.s or salts to the j 
names of which sulpho- is prefixed; tJius sul- 
pho-molybdates are iloscrihed under molyboateh ; , 
but the })rcfix thio- is used in almost every case 
in preference to sulpho- to denote the replace¬ 
ment of 0 by S. Hulphocyanidcs and similar ■ 
compounds are described under Cyanioes ; sal- \ 
phocyanic anhydride is described as Cvanooen j 
HULBUIDK. 1 


Salts,—hard crystals.—KHA": 
aix-sided tables.—BaA" atp S. *267. at 20®.— 
BaA"EtjS 04 tBaube, A. 218, 258).—CaA'^aq.— 
PbA" : radiating needles.—Ag^A^aq; flat prisms. 

Mono^ethyl ether EtHA". Formed by 
passing HOI into the Ag salt suspended in 
alcohol. Syrup, V. sol. water.—AghUA": plates. 
• Ethyl ether YA.A". Oil. Formed, together 
1 with C,.H,,Ag.S,0,j hy the action of AgA" on 
; Eti (F.). May bo distilled (Mauzolius, h. 21, 
^ 1550). 

Sulpho.diaoetio acid v. Di-SkiKTiiYL rolpuonk 
; DICAUnoXYLIO ACID. 

Di-sulpho-acetie aldehyde Cdl.S.O, i.c. 
j CH(S 03 T 1 ).j.CH 0 . By juhiing chloral hydrate to 
. cone. KllBOjAq at 80'^ thoro are formi' l crystals 
: of CJI.Jv._,S A),KHSO„ and those wImmi boiled 
with IIClAq yields ail^K.S.^O, aq, from which 
C li.naS.O; 2aq may bo prepared (.Hathke, A. 
Ifil, 154). Boiling K.CO, yields Clf.,(SO,K)^ 
potassium formiato, and K,.SOa. 

SULPHO-AMIDO-BENZOIC ACID v. Amido- 

fgJLPHO-BJSNZOIO ACID. 

DI-STTLFHO-ANILINE v. Di-amido-di-phenyl 

DlSUnPllIDE. 

(B.) - SULPHO . ANTHRACENE .,(.^1) - CAEB- 
OXYLIC ACID 

[above 360'^]. Obtained by dis.jolving autlira- 
ccno-(/l.)-carboxyJic acid in cold cono. iLsO, and 
allowing to stand for 12 liours on ico (ifehla, li. 
20, 70G). Minute yellowish prisms (from ai- 
coliol). V. sol. water and alcohol, insol. benzene 
and ether. The aqueous solutions of > the acid 
and its salts have a strong blue lluoresconco.— 
BaA": very soluble yellowish minute prism.i. 

Di-sulpho-anthracene-(/l.)-carboxyiic acid 
C,|llr(SO.,H).,,.CO-_,H. [above 3J>0®]. Formed by 
dissolving authraccno-/.4.)-carboxylic acid in cold 
fuming iLsO, (Bohla). Yellow prisTus (from 
alcohol). V. sol. water and alcohol, insol. benz¬ 
ene. Its aqueous solution scarcely Iluoroscos, 
hut tho cone. H.^SO, solution h.as a strong 
yellowish-green lluorescenco. - A'"jBa : very 
sparingly soluble crystalline powder. 

• SULPHOBENZIDE v. Bi-riiENYi. huIiPHone. 


SULPHO-ACETIC ACID CJI.SO. U, 
S03H.CH.,.C0,H. [75®]. 

Formation. —1. By adding SOj to cooled 
HOAo (Melsens, A. Ch. [.3] 6, 392; 10, 370; A. 
52, 276).—2. By tho action of fuming II^SO, on 
acetamide or acctonitrilo (Buckton a. Hofmann, 
C. J. 9, 247).—S. By boiling chloro-acctic acid 
with aqueous It^SOa (Streckcr, Z. [2] 4, 214; 
Gollmann, A, 148, 100).—4. By heating Ag.^SO, 
with AcCl at 120° (Kamraercr a. Carius, A. 131, i 
165).—5. By boiling chloro-acctic acid with am- 
mumum sulphite solution (Hemilian, A. 168, 
145).—6. By heating Ae,jO with HjSO* at 130® 
(Franonimont, C. li. 92, 1054; cf. Baumstark, 

A. 140, 83).—7. By heating ClSOjH with UOAo 
at 140° (Baumstark).—8. By oxidation of 
isethionio acid by GrOj (Carl, B. 14, 63). 

Prqperftss.—Deliquescent crystals (contain¬ 
ing l^aq) giving off water of crystallisation at 
about 160° and decomposed at 230° into CO^, 
80^ acetic acid, and other products (Francbi- 
mont, JR. T. O. 7, 25). V. sol. water. Its salts 
are sol. water, insol. alcohol. PCI, acting on 
the Nasalt forms CHG 1 (S 03 C 1 ).C 0 C 1 (B. Siemens, 

B. 6 , 669 )« 

Yol. IV. 


I o-SULPHO-BENZOlC ACID C^li^SO. x.e. 
I C,H,(S 03 H).COJI. S. 50 in the cold. 

Formation.-—1. Together with its imide, by 
oxidation of toluene o-sulphoiiic amido with 
IvMnOj (Uemsen .a. Fahlberg, Am. 1, 433).—2. 
By heating tlio imide with IICIAq at 100 •' (Fahl. 
berg a. Kemson, Ji. 12, 472; Falilberg a. Bargee 
B. 22, 754; Brackett a. Hayes, Am. 9, 399). By 
this means thcfacid ammonium salt is first ob¬ 
tained (F.; liom en a. Dohmo, Am. 11, 332).—8. 
j By boiling o-diazo-benzoic aci<l with alcoholic 
SO, fWiesinger, B.«12, 1340). - 4. By oxidatios 
i of toluene o-sulphonic acid by KMnO,. 

; rroperlics. —Trimetric crystals (containing 

I 3aq or 4aq); aibrc'a *551:1: *812, v. e. sol, water, 
sol. alcohol, insol. ether. According to Fahl¬ 
berg {B. 22, 754), it crystallises with Soq, and is 
decomposed at 105°. Ac cording to Uemsen {Ank 
11, 332), it crystallises with 4aq, melts at 69° il} 
its water of crystallisation, melts at 130° whe& 
anliydrous, and gives a sublimate of long needleC 
(containing 2aq). Besorcin (1*2 pis.) at 195° 
forms ‘sulphofluorescein* 0,,H„SO,2aq, which 
fluoresces in aqueous and airline solutioni 
(Bemsen a. Hayes, Am. 9, 372). By condensa* 

QQ 
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don of reBoroin (4 mols.) witb o>suIpho>benzoio 
Mid there is likewise formed a similar body 
CjjHjaSOgdaq (Fahlbcrg a. Barge • B. 22, 766). 
Potash-fusion ^ves salicylio acid. 

Salts.—KHA": transparent plates, sol. 
water.—K,A"2aq.—Ba(HA")j2Aaq: needles, aol. 
water. — Ba(HA")... 2aq. — BaK^'',4|aq. — 
BaA^'2aq.— Ca(HA ")2 6 aq. — CaA" 6 aq. 
CuA"3‘aq. — Ag,A". — C,H,(SO,NH,).CO,H. 
Formed by heating the imido with UClAq at 
100 °. 

Anhydride C.H,<;g®J> 0 . [119°] (P.)- 

[128°] (llemsen a. Bohme,^^. 11, 332). Formed 
by heating the K salt with PClj at 180° or the 
acid with at 130°. Monoclinic tables, 
insol. cold water. NIL, passed into its solution 
in benzene forms C,H,(CONH,)SO,ONH, [266°], 
which crystallises from alcohol in needles. 

Chloride 0 „H 4 (SOX 1 ).COC 1 . [73°]. Prisms 
(from ether). Wlion reduced by zinc-dust and 
H,SO, it yields C„1I,(SH).C0..H (Dolislo, IS. 22, 
2205). 

Amic acid OJI,(CO.NH 2 )SOsH. Crystals 
(containing nq), v. sol. alcohol and water. Got 
by the action of il.S on C,jH,(CONIIJ.SO,Ag aq, 
which is obtained by adding silver nitrate to 
C„H,(C 0 NII.^).S 03 NH^ prepared as above (Fahl- 
berg a. Barge, IS. 22, 760). 

Aviic acid C,ll,(S 0 . 3 NH,).CO.^. Sulph- 
amiiie-bemoic acid. Formed by boiling toluono 
o- 8 ulphonic amiilo with K;,FeCy, and aqueous 
potash (Noyca, Am. 8 , 178; cf. Fiililberg, Am. 1, 
170). Slender needles or prisms, v. sol. water, 
alcohol, and ether. Melts at 155° when slowly 
heated, and at 167° when quickly heated. At 
180° it Is completely converted into imide. 
Gives rise to tho salts MgA'.^ 6 ;^aq, BaA'jdAaq, 
BaA'a 9aq, AgA', and AgCyH^NSO^. By passing 
HGl into an alcoholic solution of the imide, the 
other C,H 4 (S 0 . 3 NHa).C 0 aEt [83°J is formed. Tho 
methyl and propyl ethers have also been ob¬ 
tained and may be converted by aniline into 
0 «H 4 (S 03 NHa).C 0 NHPh [180°], by o-toluidino 
into 0A(S0,NH.J.C0NI1C;U; [1U3°J, and by 
means of p-toluidino into the isomeric n-toluide 
C«H 4 (SOaNHa).CONUC,H, [202°]. 

Imids Saccharin. [220°] 

(Bemsen a. Fahlberg, A vi, 1, 432). Formed by 
oxidising Olia.CeH^.SOaNHj witn KMnOi in 
neutral solution (liemsen a. Fahlberg, B. 12, 
469; Bemsen a. Palmer, Am. 8,223; Fahlberg a. 
liist, B* 20, 1697; 21, 242; Bemsen a. Linn, 
Am, 11, 73). Elongated triangular plates (by 
sublimation), si. sol. cold water, v. sol. alcohol 
and ether. Has a very sweet taste (500 times 
that of cane sugar). The ^solubility of com¬ 
mercial saccharin is given by Gravill (PA. 
[ 8 ] 18, 337) as S. (water) *2 at 16°; -Bat 100°; 
S. (alcohol) 6-4 at 15°; S. (ether) l-S at 16°. 
According to Stift (B. O. 18, 468) and Aducco 
and Mosso (0. 0. 1887,1148) it retards digestion, 
and is antiseptic. The imide is converted into 
0 |H 4 (S 02 NHy).G 0 sH on evaporation with 
EOHAq. Cone, hydrochloric acid at 160° forms 
0 ^ 4 (SO^H 4 ).CO^. The imide gives rise to 

«altg of the form C,H.<^^»>NAg, of which 

the following have been described.—EA' aq: 
prisms, v. sol. water.—KaA'2aq : tables.— 


BaA'fl^aq.—BaA',4aq (Noyes, Am. 8 , 180).^ 
AgA': needles (from hot water). To detect 
* saccharin,’ a suspected liquid may be acidified, 
extracted with ether, the ether evaporated, the 
residue fused with NaOH, and the product tested 
for salicylic acid and for sulphate (C. Schmitt, 
Fr. 27, 396; Allen, An. 18,105; BOmstein, Fn 
27,165). * Saccharin ’ evaporated to dryness on 
a water-bath leaves a residue which, when 
warmed with alcoholic potash, exhibits yellow, 
blue, and red colours (Lindo, C. N. 68 , 51, 166). 

Methylimide C„n,<®®''>NMe. [132°]. 

Formed by heating C,H,^|^y“]>NAg with Mel 

at 100° (Brackett, Am. 9, 406), Long flat 
needles, sol. ether, alcohol, and hot water. 

Ethylimide [97°]. 

Needles (from water). Converted by boiling al¬ 
coholic potash into C„H,(SOoNHKt).C 02 H [116°], 
which yields CBH,(S 02 NlCEt).C 03 K crystallising 
in nacreous scales, Na^CHlInNSO,, CuA'^ 2 aq, and 
AgA' (Fahlberg a. List, IS. 20,1596). 

Propylimidc C.IIj<^y»>NPr. [G0°-70°]. 

Tjt-Sulpho-benzoio acid 
[1:3]C.H4(S03H).C02H. 

Foruidtion. —1. By mixing benzoic acid (2 
pts.) with SO 3 (1 pt.) (Mitscherlich, P. 31, 287; 
32, 227 ; Barth, A. 148, 33).—2. By heating 
BzCl with AgjSO, at 150° (Kammerer a. Garius, 
A. 131, 153; B. 4. 219).—3. By lieating BzCl 
; with H. 3 SO 4 (Oppenheim, B. 3, 735).—4. By the 
action of an alcoholic solution of SO.^ ontn-diazo- 
benzoic acid (Wiosingor a. Vollbrcoht, B. 10, 
1715).—5. By oxidation of m-sulpho-benzoio 
aldehyde with air at 95° (Kafka, B. 24,796). 

Proiycrties .—Deliquescent crystalline mass. 
Yields f^t-oxy-benzoic acid when fused with 
potash. 

Salts.—NaHA"2aq: triclinio crystals.— 
, Na 3 A''Me. 3 S 04 (Stengel, A. 218, 200). Crystals.— 
NaA"Et 3 S 04 : v. sol. water.—KHA" 2 iaq.— 
KHA"5aq (Otto, A. 122, 155).—BaA" 3aq: v. 
sol. water (Fehling, A. 27, 322),—BaH3A",3aq. 
White monoclinic prisms. S. 6 at 20° (M.).— 
BaA"Me.,S 04 .—Ba^'Me^SO, S^aq. S. 84 at 21°. 
—BaA"Et. 3 S 04 3.\aq. S. 31 at 21°. Formed from 
the acid, NaHSdi 4 , and alcohol (Stengel). Long 
needles.—BaA'Tr 2 S 04 7aq. S. 11 at 19°.— 
rbA"2aq: stellate groups of white needles.— 
PbA"Et 3 S 04 2|aq.—CuA"MeaS 04 2.\aq. Crystals. 
—CuA"EtjS 04 2^aq.—AgHA": nodules (Lim- 
pricht a. Uslar, A. 106, 50).—Ag^A" aq : small 
yellowish prisms. 

MonO’Cthyl ether EtllA". Formed by 
the action of alcoholic NH, on EtgA" or on the 
chloride (Limpricht a. Uslar, A. 102,252). The 
free acid is unstable.—EtNH 4 A" : four-sided 
triclinio tables (Eeferstein, A. 106, 386).— 
NaEtA"a;aq. — Ba(EtA") 2 a;aq: efflorescent 
tables. 

Ethyl ether Et^". Formed from the 
chloride and alcohol. Syrup, miscible witii 
water. Saponified by heating with water. 

Semi-chloride 03386401 . Formed by 
heating the acid (1 moL) with (1 mol.) 

(L. a. S.). Formed also by leaving the chloride 
034 (^ 0 , 01 ) (COCl) in contact with water for 
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feveral weeks. Crystalline powder, sol. ether. 
Converted by hot water into the acid. 

Chloride 0,H,{S0,C1).C001. Formed by 
heating the aoid (1 mol.) with PCI, (2 mols.) at 
100®. Thick oil, slowly decomposed by water. 
Yields C«H«01.C0C1 on distillation and on heat¬ 
ing with PCI 5 at 150® (Kammcrer a. Carina, A. 
131, 159). 

Benzoyl derivative C,,n,oSOg. The first 
product of the action of BzCl (2 mo's.) on 
AgjSOi (I mol.) (K. a. C.). Amorphous, sol. 
ether. Resolved by water into benzoic and sul- 
phobenzoic acids. 

Amic acid 

liJiamine-benzoic acid, [235° uncor.) (R. a. P.); 
[247®J (N. a. W.). Formed by the action of 
cone. KOHAq at 100° on the amide (Limpriclit 
a. Uslar, A. 106, 27). Prepared by oxidation of 
[1:3] C.,Il,Me.SO^NII._j with alkaline KMnO^, 
with chromic acid mixture {Rem.son a. Palmer, 
Am. 4, 143), or with alkaline Kjl^cCy„ (Noyes a. 
Walker, Am. 8 , 188). Scales (from water), si. 
sol. cold water, v. sol. alcohol. Converted by 
pels at 150°-200'^ into the oily chloride 
C,H,(SO,NiyCOCl. —BaA', laq. — AgA' aq.— 
Ag.^C,H,,NS 04 : amorphous pp., sol, hot water.— 
RtA'. Monoclinic crystals, si. sol. hot water. 

Amide CJl 4 (SO,NII,.)(CONH 3 ). (170°J. 
Formed from the chloride and cone. NIJjAq. 
Small anhydrous crystals (from alcolml) or 
needles (containing aq). V. sol. hot water and al¬ 
cohol. PChat 100° forms CJl,(SO,Nll,)CCl:NII, 
which is decomposed by distillation into m- 
chloro-bcnzonitrilo, SO.., and Nil,; and by treat¬ 
ment with NH.Aq into C^U 4 (SO.,NHJ.CN [152°J 
(Wallach a. lluth, li. 9, 428). 

A nilide C,Il4(SO,NUPh).CONHPh. 

Formed from the cldorido and anilino. Small 
crystals (from alcohol). 

Isovieride of the amic acid 
C,Jl50(NII.):N.SO-,H. Beruamidinev-svljdionic 
acid. [247°J. Mol. w. 200 (obs.). Formed by 
passing SOa into cold benzonitrile (Kngclhardt, 
J. pr. 75, 363 ; Eitner, B. 25, 471). Prisms and 
rhombohedra. Converted by HClA<i into benz-* 
amidine sulphate.—CaAV—BjiA'.^ 4aq. 

Amorphous isomeridc of the amic 
acid, A product of the action of PCI 5 on the 
amic acid (L. a. T7.). Insol. water, alcohol, and 
ether. Forms amorphous salts. Water at 180° 
reconverts it into the ordinary amic acid.— 
BaA 3 4aq: brittle mass. 

p-Salpho-benzoic acid 

[1:4] OeH,(SOaU).CO.,H, [c. 200°]. Formed, in 
small quantity, together with the m- isomcrido, 
by the action of SO, on benzoic acid (Remson, A. 
178, 275 ; Z. [2] 7, 81, 199). Formed also by 
oxidationof toluenep-sulphonic acid with KMn 04 
(Hart, Am. 1, 342), and by the action of an 
alcoholic solution of SO, on diazotised p-amido- 
benzoic aoid (Wiesinger, B. 10,1715). Needles, 
not deliquescent, decomposed by heat. Potash- 
fusion converts it into p-ozy-benzoic acid. The 
E salt heated with potassium formate yields 
terephthalio aoid. 

Salts.—NaHA''2|aq. Stellate groups of 
prisms, m. sol. cold water.—BaA''2aq: groups 
of needles, m. sol. cold water.—BaH,A'', Saq: 
flat needles, v. si. sol. cold water. 

Amic acid 0,H4(SO^H,).CO,H. [0.280°]. 
Formed by oxidation of C«H4Me.SO,NH, and ot 


p-sulpho-oinnamio amide (Remsevi,^. 178, 299; 
Fahlberg, 1, 170; Palmer, Am. 4, 1G4; 
Noyes, Am. 7,145; 8, 182). Flat prisma (from 
water), si. sol. hot water, y. sol. alcohol. De¬ 
composed on fusion.—NH 4 A'I needles or long 
lamime, y. sol. water.—BaA^Saq.—AgA': v, si. 
sol. hot water.—C,H,(SO^NHAg).OOaAg: v. sol. 
*liot water.—EtA'. [111°]. 

Oi-salpho-benzoio aoid CjILS^O- i.e. 
C..H,(SO,H),COJl [4:2:1]. [above 286°}. 
Formed by oxidation of toluene disulphonio acid 
with chroinio acid mixture (Blomatrand a. 
Hakanssoii, B. 5,1088 ; Brunner, Sitz. W. [2] 78, 
063) and by digoating 0„H,{SO,NH,)<^®'>NH 

with HCIAq at 160° (Fahlberg, Am. 2, 190). 
Largo crystals (from liOIA^j), sol. cold water, 
insol. alcohol and ether. Yields (4,2,l).di-oxy- 
benzoio acid on fusion with potash. 

Salts.—K 3 A"' 2 :iq; prisms, v. e. sol. water. 
—K.lIA"'aq; large crystals, si. sol. water.— 
Ba^A'"..7aq.—Cu 3 A .'"2 7aq : niinutt* crystals. 

• Aiiiic acid C, 1 L,(S 04 U)(S().,NIL).C 0 ^H 
[2:4:1]. [165°]. Formed by boiling the imide 
of the amic acid with dilute LiCJAq for five 
hours. Ijiu'ge crystals, v. o. sul. Vater, si. sol. 
lICIAq, insol. ether.—IlKA": crystals (from 
dilute ilClAq), V. e. sol. wat<T. 

DUimic acid C;i£:,(S(.),NIL),,CO,H. [183°]. 
Formed by heating C,.H.,Me(h’OaNM;;)a with 
afjucoua potassium permanganate and by evapo- 

rating C.TI,(S0,N1I.X”J^->N1I with KOHAq 

(Fahlberg, .4m. 2,180; Zt.21,246). Minute satiny 
needles, v. e. sol. water and alcohol, si. sol. ether. 
Tastes acid. DccornjKjses comj>letoJy at 250°- 
260-'. Its salts are crystalline. Tlmso of alkalis 
and alkaline earths are v. sol. water. - BaA'.^Saq: 
monociinic prisms.—CuA'^ 2 !Ui: pale-blue silky 
needles.—Ag.\': white needles.—EtA'. [200°]. ^ 
Silky needles (from water). 

Imide of the amic acid 

C,n.(SO,NH,)<|^“>NH. [2850]. Formed 

by warming C„H 4 (S 02 NHa). 4 C 0 . 4 Et with KOITAq 
(Fahlberg a. List, B. 20,1003 ; 21, 242). Tables, 
si. sol. cold water, y. e.lsol. alcoliol and other.— 
K.G.H^N^S.Oq: deliquescent crystalline mass.— 
(d,H 3 (S 0 ,NH,):SC 03 :N),SJa.H^aq: crystals. — 
Cu( 0 ,HjN..S. 30 J .4 4aq: minute blue needles.— 
Aga,H,NjSA. 

«-Di-sulpho-ben 2 oic aeid 0 „H,(SO.,H),.CO 3 H. 
Formed by heating benzqio acid with H,S 04 , 
SO,, and I’A (Barth a. Sbnhofor, A. 169, 217). 
Hygroscopic prisms (containing a;aq). Turns 
brown at 140°. Yields jt-di-oxy-benzoic acid on 
fusion with potash. The K salt forms iso- 
phthalic acid when fused with potassiam 
formate.—K;,A'" l^aq : needles. — BaHA" 2aq : 
minute needles.—^Ba 3 A'", 7 aq: white prisms.— 
Cu,A'", 8 .^aq.—Ag,A'"2aq : crystalline pp. 

References. —^Bromo-, Nxibo-, Ozt-amxi>o, and 
OXT*, SnLPnOBBNZOIO AC :> 8 . 

m-BULPHO-BBirZOlC ALDEHYDE 
0 ,H 4 (SO,H).CHO. Sulphonic acid ot benzoic 
aldehyde. Formed from benzoic aldehyde usd 
fuming H 2 SO 4 below 50° (Wallach a. WUstra, 

B. 16, 150; cf. Engelhardt, J. 1864, 860). The 
Na salt reacte with M-naphtbylamiiie foRoiog 
04 H 4 (SO,Na).OH:NO, 4 '^ and forma with todinm 
naphthionate 0 «H 4 (S 6 «Na). 0 fi:N 0 . A* SO«N«. 
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Yields m-Ba1pho>beDZoio acid on oxidation.— 
MgA't (dried at 170'^).—BaA'a (dri^d at 170"). 
Eodoles, 

Oxim. The salt C,H^(SOaNa),CH:NOH 
orystaUises in pJates, v. e. boI. water, m. sol. 
slcohol (Kafka, B. 24, 791). . 

Phenyl’hydrazide. 

The salt C„li,(SOaNa).CH:N.NHPh crystallises* 
in needles, si. sol. cold water, v. sol. alcohol. 

Di-^phenyl-hy dr azide. 

The salt C,UdSOjNa).CH:N.NPhj crystallises 
from water in plates. 

SBLPHOBENZOIjIC acid V. Benzbnb soi.' 
rilONlG ACID. 

SULPHO . BENZYL - SULPHAMIC ACID 
C,H,.CH(SO,H).NIISO,n. Tlio salt Na.A''3aq 
is formed from C^H^.CH'.NOH and aqueous 
Na.^SO;, (Fechmann, B. 20,2541). It crystallises 
in needles and is decoinpused by NaOflAq into 
benzoic aldehyde, Na..SO„ and H(NH 4 )SO.,. 

(a).SULPHO-BUTYRIC ACID C^H.SOj i.e. 
CH,.CH,.CH{S0,H).C02n. Formed from butyric 
acid and ClSOyll; and also by the action of' 
(NHJ.^SOj on a-bromo-butyric acid (llemilian, 
B. 6, 190, 502 ; A, 170,1; Franchimont, R. T. C. 
7, 27). Formed also from crotonio acid and 
KUSOy at 130*^ (lleilstein a. Wiegand, B. 18, 
483). Syrup. Tlio Ba salt is converted by 
PCI, into CH3.ClL.ClICl.COCl. — CaA" 2aq : 
needles (from ether-alcohol), insol. alcoliol.— 
BaA''2aq. S. 7*1 at 10^—PbA"2a<i.-CuA" laq. 
—ZnA" 5'aq.—Ag.A" : prisnis, insol. alcohol. 

a-Snlpho-isobutyrio acid CJl^SO, i.e. 
CMe._j(SO-,H).CO.H. Formed by the action of 
Cl.SO^Oil on isobutyrio acid and also by oxida¬ 
tion of C^lLNySO, wliich is prepared by heating 
thio-urca with o-bronio-isobutyric acid (An- 
dreascb, M. 8, 412).—NaJl" \iui. —BaA'Maq. 

Ammoniom sulphite appears to convert 
c-bromo-isobutyric acid into an isomuriile which 
yields BaG 4 H,SO, 2 aq, crystallising in needles, v. 
Bol. water. 

/S'SalphO'butyric acid 

CH,.CH(SO,n).CII,.CO,II. Formed from 
B-cbloro-butyrio ether and {NII,).jS 03 (U.). Oot 
also by oxidising barium oxy-butane disuU 
phonate with chlorine-water (Haubner, M. 12, 
647). Amorphous.—BaA" aq (U.).—BaC^H.SO,. 
White amorphous mas.s, v. sol. water, almost 
insol. alcohol. Yields acetic acid by potash- 
fusion. 

Salphodibntyrio acid v. Di-ruoPYi, sulpiione 
nXOABDOXYLIO ACID. 

BULPHOBDTYEIC ALDEHY1?,E C^n,SO^ 
i.4. OH,.CH(SOaH).CH.j.CHO. Got by satu¬ 
rating a solution of crotonio aldehyde with SO.^ 
and distilling in vocno, afterwards distilling with 
steam. On neutralisation of'^the residue with 
baryta the salt BaA', is got (Haubner, Af. 12, 
64C). The barium salt is converted by hy* 
droxylamine into (CHfNOH).CHa.CHMe.SO,)jBa, 
which is reduced oy sodium • amalgam to 
< 0 Ha(NHJ. 0 Ha.CHMe.S 03 ),Ba, which on distilla¬ 
tion with lime yields butylamine and a little 
OH 4 .GH:CH.CH 3 NH.j. Sodium-amalgam reduces 
the sulpho-butyrio aldehyde to oxy-butane sul* 
phonic acid OH,.CH(SO,H).CH,.CII,OH. whence 
which when distilled with lime givu* a 
mixture of butyl and crotyl alcohols. 

SDLPHOCAMPHO&IO ACID v. Campboiuo 


8 ITLPH 0 CAXPHYLIC ACID Vt Camphoric 

ACID. 

SDLPHO-CHLOBO BENZOIC ACID p. 

ClILOnO-SUtPHO-BlENZOIC ACU). 

o-StriPHO-CINNAMlC ACID 0^80, i.e. 
CgH,(SO,lI).GH:CH.C 02 H. Formed, together 
with the p' isomcride, by the action of SO, or 
fuming H 2 SO 4 on cinnamic acid (Marohand, 
J.pr. 16, CO ; Herzog, J. 29, 51; Kudnoff, A. 
173, 8 ). Prisms (containing 3aq),v. 0 . sol. water 
and alcohol. Yields m-oxy-benzoio acid on 
fusion with potash.—K,A" : amorphous, v. sol. 
water.—KILV" : groups of needles.—CaA" lAaq. 
-BaHA"j. S. -45 at 20^.-BaA" l^aq. S.'4-.i 
at l(»h - Ag-A". 

m-Sulpho-cinnamic acid 
[1:3] C,iH,(S 03 H).Cll;CH.CO,H. Formed from 
m- 8 ulpho-benzoic aldeliyde, NaOAc, and Ac,0 
(Kafka, B. 24, 701).-BaA": nodules, v. sol. 
water, si. sol. alcohol. 

_p-Sulpho-cinnamio acid 

[1:4] C,H,(S 03 H).CH:CH.C 0 ,H. Formed as 
above. Monoclinio prisms (containing 5aq). 
Yields ^-oxy-benzoic acid by potash-fusion.— 
KaA" ^aq. Nodules (from alcohol). Reduces 
KMnO, in the cold (Liebermann, B. 22, 782).— 
CaA" Aaq.—BaA" 3aq. S. (of BaA") *12 at 20^. 
—BaA"aq. S. *4 at 18®.—CaA"Caq; greonish- 
prisms, v. sol. water. 

AiJiide C.H.(SO,NH,).CH:Cn.CONH,. 
[218°]. Needles, v. sol. hot water (Palmer, Am. 
4,163). 

Amic acid CJT,(SO,NII,).Cn:On.CO,H. 
S. '058 at 21°. Formed by heating the amide 
with NaOIIAq. Needles (from water), sol. alco¬ 
hol, si. sol. ether. Decomposes at 250°. Yields 
CaA', aq and BaA', 2aq, both crystallising in 
needles. 

SULPHO-CTJMINIC ACID C,.,H„SO. 'i.e. 
CJI,Pr(SOH).CO,II [4:3:1]. [100°]. Formed 

by Bulphonating curainic acid (Widman, B. 22, 
2276). Crystalline.—BaA" aq : si. sol. water.— 
Bali.^A", 4,jaq. Prisms, m. sol. water. 

Chloride C.,n,Pr(SO..Cl).COCl. [50°]. 

, Amide C„H,Fr(SO,NH,).CONH,. [225°]. 
Tables, sol. hot water. 

Amic acid C,H 3 Pr(SO,NH,).CO,H. [246° 
cor.J. Formed by heating the amide with 
KOlIAq at 100°, Formed also by oxidising 
(/3)-cymene sulphonio amide [148°] with chromic 
acid mixture, an isomeric change taking place 
(Uemsen a. Day, Am. 5, 158). Needles, sol. hot 
water. Yields BaA', 3aq, v. e. sol. water. 
Sulpho-n*cuminic acid 

0 gH 3 pr(S 03 H).C 08 ri [4:3:1], Formed by sulpho- 
nation of n-cuminio acid (W.). V. sol. alcohol, 
ether, and water.—BaA" aq: needles, si. sol. Aq. 
Chloride C„H,Pr(SO,Cl).COCl. [43°]. 
Amide C.H,Pr(SO,NH,).CONH,. [203°]. 
Tables (from water). 

Amic acid C,n,Pr(SO,NH,).CO,H. [216° 
oor.]. Formed from the amide (W.), and also 
by oxidation of j)-di-n-propyl-benzene sulphonio 
amide [103°] (Remsen, A?n. 6, 168). Long 
needles (from water).—CaA', 6 aq.—CuHA', 2aq. 
—AgA': fiocculent pp. 

Salpho-onminio acid. Amic acid 
OaHMe,(80,NH,).CO,H [6:8:2:x:l]. Formed by 
oxidation of isodurene sulphonio amide by alka¬ 
line KMn 04 (JaoobseDi B, 16,1656). The £ salt 
is amorphous. 
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Sttlpho-enmiiito aeid« Amie acid 
C«HM^(S0^H3).C0^H [6:4:2:a;:l]. Formed by 
oxidation of the corresponding isoduiene sul* 
phonio amide (J.). The K salt is crystalline. 

Reference. —Oxt*3ulpuo>cuuinio acid. 

SULPHO.CTANIC ACU) v. vol. ii. p. 303. 

aVLPHOCYAKO-ACETIC ACID CJI,N SO, i.e. 
Cy.S.CH4.C02H. Formed from potassium sul- 
phooyanide and sodium chlore-acctate (Claessun, 
B. 10, 1347). Thick oil, changing to a solid 
polymeride when heated.—NaA'aq: prisms. 
Converted by AgNO, into HS.CHa.CoJ^a. CuSO^ 
forms, after a time, a black pp. of cuprous thio* 
glycollato. — KA' aq. — BaA'j 4aq: tables. — 
BaA'aSq : prisms.—OaA'j 2aq. —MnA', 2aq. 

Ethyl ether EtA'. (225°). fc>.G. 1’174. 
Formed by boiling chloro-acetio other with potas¬ 
sium sulphocyaiiido (Heintz, A. 136, 223). 
Liquid. Yields thioglycollio acid and tliiogly- 
collic ether on distillation with phosphoric acid. 
Polymerised by repeated di.stillation, many other 
products being formed at the same lime. Boil¬ 
ing dilute HClAq forms NH,.CO.S.CIl 3 .CO,U 
[143°], which is v. sol. alcohol and ctlier, yields 
MoA' [75°-80°J and CaA'., 2aq, and is resolved 
by heat into cyanic and thioglycollio acids 
vNencki, J, pr. [2] 16, 11). Ktl at 120° forma 
ethyl 8uli)hocyanido and iodo-acetic acid. 

Isoamyl ether CsHuA'. (255°). 

Amide CH,(S.CN).CONH,. Needles. 

Polymeride (C:,HjSNO.,);,. [200°]. Formed 
from potassium sulpho<!yanuratc and potassium 
chloro-acetate (Clacsson, J. pr. [2] 33, 121; B. 
14, 732). Needles, sol. alcohol and ether. De¬ 
composed by IIClAq at 100° into tliioglycoHio 
acid and cyanurio acid.—Ba:,A'"a6aq: small 
prisms, nearly iiisol. water.—Bat£A"'2aq : large 
prisms.—Et.,A'". [81°]. Formed by distilling 
sulphocyauo-acclic etber. Needles, nearly insol. 
hot water. 

Fersulphocyano-diacetic acid 
C2N*S(S.CH,.C0,H),. [177°]. Formed from 

sodium chloro-acetate, iso-porsulphocyanic acid, 
and KOHAq (Klason, J.pr, [2] 38,3»i). Plates. 
—BaA" 3aq.—CaA" 3 ‘ aq.- ZnA" aq. — CdA". —• 
CuA" Oaq.—EtoA". Oil. 

Amide. [i25°]. Prisms. 

SULPHOCYANO-ACETIC ALDEHYDE 
CH,(SCy).COH. [below -20°J. S.G. V47. 
Formed by heating iodo-acetic aldehyde with 
AgSCy and ether (Chautard, A. Ch. [6] 16, 103; 
<J. R. 106, 1169). Oil, miscible witli alcoliul 
and ether. Decomposed by distillation, by i 
treatment with Cl, and by HClAq. HNO, forms | 
acetic acid, sulphocyano-acetic acid, and thio- 
carbimido-acetic acid [128°]. llcGinihed by 
alkalis. 

8 FLPHOCYANO-ACETONE O.H.NSO i.e. 
CH,.CO.OH,SCy. S.G. 2 1-2; 25 M8. 8. 7 at 
16°. Formed from cbloro-acetono and barium 
aulphocyanide (Tscbnorniac, C. R. 96, 587: B. 
16. 349; 26, 2607, 2623). Liquid, v. e. sol. 
ether, v. si. sol. ligro'in. Decomposed by heat. 
Dissolves in aqueous EHSO,. Boiling dilute 
HClAq converts it into oxy-mothyl thiazole. 
Ammonium sulphocyanide forms * propimine 
aulphocyanide ’ CH,.C(NH).CH 5 SCy [42°] (231°), 
which yields B',H.,iHCl„, B'HNO, [133°], 
B'lLSO. 2ati. B'HSCy [115°], B'Mel [160°], and 
CH,.C(NAc).CH,SCy [134°]. 


Oxim CH,.C(NOH).CH,.SCy. [135°]. YeL 
lowish prisms (Arapides, A, 249,18). Produce! 
great irrita^on on the skin. 

SDLPHOCYANO-ACETOPHEHONE v. PasN. 

ACYIj sdlphocyanidr. 

SULPHOCYANO-BARBITDBIO ACID 

I.C.H,N,SO. i.«. CO<tj’[[®°>CH.SCy. Formed 

from di-bromo-barbiturio acid and alooholio 
KSCy in the cold (Trzoinski. B. 16, 105S). The 
free acid splits up into tbiodiahirio acid and 
other products. Hot KOllAtj also forms thio« 
dialuricacid.—Nil, A'.—KA' j tables (from water). 
—AgA': cryslalUno pp. 

V-SULPHOCYANO-BBTYEIOACID. NitHle, 
CIL{SCy).CH^ClIo.CN. (c. 195° at 40 mm.). 
Fonned by boiling potassium suiphocyanide 
(1 pt.) with 7 -chloro-butyronitrilo (1 pt.) and 
alcohol ((iabriel, B. 23, 2190). Litiuid. Par- 
tially decomposed by distillation under atmo¬ 
spheric pressure. Converteil by cono. hIsO. 
into S..{C1I .Cll..Cn,,.CO.Nll,.),. 

a - SULPHOCYANO - ISOBtlTYRIO AIDE . 
HYDE CMc^(SCy).CHO. 8.G. 1*63. Formed 

from a-iodo-isobutyric aldeJiydo and AgSCy 
(Chautard, A. Ch. [6] 16, 198). • Liquid with 
nauseous odour, dccomiJosed by heat, by acids, 
and by alkalis. 

SULPHOCYANO - ETHANE - 8DLPH0NIC 
ACID CJl.NSA i.e. CH 2 {SCy).CII.^SO,H. 
Formed from CH.(SCy).CH^Cl and aqueous 
Na^jSOj in sunlight (James, J.pr, [21 26, 381). 

SDLPHOCYANO-FOBMIC ETHEB 
CyS.COjFt. Tlio compound (CyS.CO^Et)EtOn 
is got by mixing chloro-formicctlicr with ammo¬ 
nium sulphocyanide and alcohol (Delitsoh, J.pr.. 
j [2] 10, 118; cf. Henry, J. pr, [2] 9, 464). It 
I crystallises in prisms [41°], insol. water, v. o. sol. 

alcohol. Alcoholic potash forms C,U,uK8NO, 
i crystallising from alcohol in plates. KOHAq 
I ‘‘onus KSCy, alcohol, and K^CU,. * 

I SULPHOCYANO.HEPTOIC ALDEHYDE, 
i Formed from iodo-heptoic aldehyde and AgSCy 
in ether (Chautard, A. Ch. [6] 16,198). Yellow¬ 
ish liquid with fmtid odour. Deeumxjosed by 
heat, by acids, and by alkalis. 

0 - SULPHOCYANO - PROPIONIC ALDB- 
OTDE CH,(SCy).CII,.CHO. Formed by treat¬ 
ing 0-io(lo-ijropionic aldehyde dissolved in ether 
with AgSCy (Chautard, A. Ch. [6] 16, 197). 
Iiiqui<l willi fortid o<lonr. Decomposed by heat, 
and resinilied by alkalis and by mineral acids. 

w-SDLPHOCYANO-TOLUIC ACID. Nitrile, 
CII.^(SCy).C„ff,.CN. [B6°j. Fori nod from o-cyano- 
benzyl chloride and KSCy in alcohol (Gabriel a. 

; Day, B. 23, 2179). Needles. Converted by cono. 

: HClAq at 180° ii^o Ihiopbtlialide C„H,80 [57°1. 
j Cono. HjSO, at 80'’-70° forms oyano-benzjl- 
mcrcaplan CjII-NS [62°]. 

SULPHOCYANO-ISOVALEBIC ALDEHYDE. 
Formed from iudo-isovalcrio aldehyde and 
AgSCy in ether (Chautard, A. Ch. [0] 16, 198). 
Liquid, with fcctid odour, easily decomposed by 
heat, by HClAq, and by alkalis. 

SULPHO-DUBIDE v, Di-duuyl sulfbonb. 

8ULFH0-ETHYL.BENZ0IC ACID. Amic 
acid C*H„NSO< ».e. 0^,Bt(SOjNEy.CO^ 
[262° cor.]. Formed by oxidising the sulphonio 
amide of p-di-ethyl-bcnzene with CrO, (Bemsen 
a. Noyes, Am. 4, 202). Needles.—BaA',3aq. 
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StrtPHO-FtrMABIC ACID 0 ,H,S 0 , U. 
0OjH.CH:C(3O,H).CO^. Formed by the ao- 
lion of Br or of HNO 3 on the salts of f5)*bromo- 
(/ 3 )<gulpho-p 7 romucio acid (Hill a. Palmer, Am. 
10, 409).—Bo^'",a:aq: v. si. sol. water.— 
AggA'"a:aq. 

8UI.PH0-HIPPURIC ACID CANSO, i.e. 
C«H<(S 0 ^).C 0 .NH.CH.^.C 02 H. Formed from 
hippurio acid and SO^ ^Schwanort, A. 112, 59). 
Amorphous, deliquescent mass. Converted by 
nitrous acid into sulpho-beruoic acid.—BaA'^aq: 
ueedies—Pb.OA". 

SUIFHO-'ISATIG ACID v. Isatxc acid. 

SULPHO-TRIMELLITIC ACID C„IIeSO„ i.e. 
C«H,(SO,ll)(COjH),[6:4:2:l]. Formed, together 
with the amic acid C„II.(SO.^NH.^){CO..H)a, by 
oxidation of CJI.,Me(SO/NlI,)(CO,H).^ i2;5;4:l] 
by RM 11 O 4 (Jacobsen a. H. Meyer, B. 10 ,102). — 
KH,A*' 8 aq: prisms, m. sol. cold water. I'otasb- 
lusion yields oxy-trlmellitic acid. 

8VLPH0-TRIMESIC ACID. A inic acid 
OaHjNSO. i.e. CJI,(SO,NH,}{CO,H):,. [a?:5:3:l]. 
Formed by oxidation of the amic acid of o- or 
p- suipbo-mesitylenic acid (.Tacobson, A. 200 , 
203).—KHjjA'" 2aq ; crystalline mass, m. sol. 
cold water. Cone. HClAq at 210^^ forms NH;„ 
HjSO^, and trimesic acid. Potash-fusion gives 
oxyti^imesic acid. 

a-SCLPHO-MESITYLENIC ACID C„H,„SO, 
».«. C„fi..Mejj(SOall).CO;jIl. Formed, together 
with a (i 8 )-i 8 onierido which yields CaA." 4aq, by 
the action of SO;, on mosltylonic acid (Koinscn 
a. Brown, Avi. 3, 218). Yields o-oxy-mesitylenic 
acid on fusion with potash. By successive 
treatment with PCb, and NH 3 it is converted 
into an amide [288°].—CaA" 4aq. Loss sol. 
water than the salt of the (/3)'i8omcr]de. 

Suipho-mesitylenio acid. Amic acid 
0,3,^NSO^ i.c. C 3 ,Mo 3 (SO,NH,).CO,II [6;3:G:1]. 
p62° cor.]. Formed, together with the (5,3,4,1)- 
isomcridc, by oxidising mesitylone sulphouic 
amide with chromic acid mixture or alkaline 
KMnO* (Hall a. Ilemsen, Am. 2, 131; B. 10, 
1040; Jacobsen, B. 12, GOl; A, 200,107). Short 
prisms (from water), si. sol. hob water, sol. 
alcohol and ether. Decomposed by licating 
with cone. liClAij at 200° into and mesi- 

tylenic acid. Soda-fu.sion forms mositylenio 
acid and w-xyleno sulphonic amide [137°].— 
CaA'.^ Oaq : long Hat plates.—CaA'^ 5aq. — 
BaA'yBaq. S. 3*3 at 0° ; 14at 21\—CuA'o4aq: 
blue needles.—CuA'^ 3aq.—AgA': pp. 

8 ulpho-xne 8 itylenic acid. Amic acid 
C 33 Me,,(S 03 H,).C 0 ,ll [5:3:4:!]. [276° cor.]. 
Formed as above (J.). Long needles, v. sol. 
alcohol and ether, more sol. liot water than its 
isomeride. Cone. HClAq at 200° forms mesityl- 
enio acid. Soda-fusion gives oxy-mesitylonio 
acid.—BaA'jQaq. S. 2*05 at 0°.—CaA', 2aq: 
prisms.—CuA',, aq: blue raonoclinio prisms. 

8 DLPHO . DI • UETHYL > BENZOIC ACID. 
Amic acid 

C33e.,(S03H^.C03 [4:2:5:!]. [268°]. Formed 
by oxidation of the sulphonic amide of i)'-cumeue 
(Jacobsen a. Meyer, B. 16,190h Long needles 
(from water). Yields di-methyl-benzoic acid on 
neating with cono. HClAq at 210°.—KA'aq. 

8ulpho-di-methyl-bensoic aold. [180°-190°]. 
Amic acid C 3 ,Me,(S 03 NHJ.C 03 [1:2:S:3]. 
(a) - Sulpkamine • kemimellitic acid. [238°], 
Formed, together with tlie more soluble (B)-i 80 - 


meride, by oxidising the sulphonio amide of 
hemimellithene with alkaline EMnO^ (Jacobsen, 
B. 19, 2619). Needles, si. sol. cold water. 
HClAq at 160° forms sulpho-di-methyl-benzoio 
acid and, finally, hemimellitio acid [144°]. 
Potash-fusion yields an oxy-hemimeUitic acid. 
—BaA', 6 aq: small tables, m. sol. water. 

Sulpho-di-methyl-benzoic acid. Amic acid 
C 9 H 3 Me 3 (SO,NH,).C 03 Cl: 3 : 6 : 2 ]. [174°]. Formed 
as above. Stellate groups of minute needles. 
Converted by heating with HClAq into a very 
soluble sulphonio acid, and finally into m-xylene. 
Potash-fusion gives an easily soluble oxy* 
hemimellitio acid. —BaA '3 4aq : needles. 

Isomeride v. Sulpho-uesixylenic acid. 

SULPHO-BTETHYL-TEREPHTHALIC ACID. 
Amic acid C„H 3 Me(S 03 NH,)(C 0 ,H )3 [2:5:4:l]. 
[205°-300°]. Formed by oxidation of «|'-cumene 
Bulphoino amide by alkaline KMnO, (Jacobsen 
a. H. Meyer, B. 16,190). Small needles (from 
water).—BaA"2.laq: stellate groups of prisma. 

SDLPHONAMIDE v. Sui.pnAaiiDK, p. .567; and 
IMIDO-SULPHONAMIDE v. Sulpiumido-amidk, 
p. 587. 

SITLFHONAMIDES. Amides of sulphonio 
acids. They contain the group SO^.NH;j attached 
by S to carbon. 

SULPHONAHIDO-' compounds v, Amic adds 
derived from Sulpho- compounds. 

SULPHO-NAPHTHALENE-AZO- compounds 

V. AZO- COMPOUNDS. 

(•a’).SDLPH0-(a).NAPHTH01C ACID 
C„IIhSO, i.€. C,3,{SO,II).CO,H. [2.35°]. 

Formed, together with the (3)- and ( 7 )- isornerides, 
by warming {o)-naphtboic aci<l witlx fuming 
il^SO, at 70° (Battcrshall, A. 168, 119; Stumpf, 
A. 188, 1). Prisms, v. sol. water. Not deli¬ 
quescent. Yields (a)-oxy-naphlhoic acid by 
potash-fusion. — ICA"2a<i. - CaA" 3aq. —• 
IjaA"4aq. Monoclinio crystals, si. sol. water. 
—BaH,A "2 2aq; prisms, more sol. than BaA". 

(/3)-Sulpho-(a)-uaphthoic acid. [218°-222°]. 
Crystalline mass, v. e. sol. water.—BaA"3]aq: 
needles, m. sol. water.—BallaA".^ 4aq. 

( 7 )-SuIpho-(a)-naphtboic acid. [182°-185°], 
Needles, v. sol. water.—K,A".—BaA"l^aq: m. 
sol. water.—BaH 2 A" 3 aq: almost insol. cold Aq. 

Sulpho-(a)-naphthoio acid. Nitrile 
GioH^y-SOjIl* Formed by sulphonating 
(a)-naphthonitrile (Dutt, B. 16, 1251; Arm¬ 
strong a. Williamson, C. J. Proc. 3, 43).— 
]iaA '2 6 aq: glistening plates.—EA'3aq: prisms. 

Chloride of the nitrile O^^fiy.SO.JOL 
Prisms, sol. benzene. 

(* a ^•8ulpho-(/3)‘naphtholc acid. [230°]. 
Formed, together with the (‘ $ ’)• isomeride, by 
sulphonating (i3)-naphthoic acid (B.; S.). Crys¬ 
talline.—BaA"aq.—BaA" 6 .Jaq.—BaH^A^G.^aq. 

(* & ')- 8 ulpho-(i 8 )-&aphthoic add.—BaA" Saq. 
Less sol. water than the aoid salt. 

Bc/crcnce.—OxY-suiiPUO-NAPHTuoic acid. 

SULFHO- NAPHTHYL ETHYL DI-THIO. 
CARBONATE. The salt S 03 K.C, 3 ,.S.CS.OEt, 
formed from potassium xanthate and diazotised 
naphthionio acid, crystallises from water in 
colourless plates, converted by boiling dilute 
alcoholic potash into S 3 ( 0 ,eH,.SOsK)} (Leuckart, 
J. pr. [2] 41, 218). The corresponding salt from 
(B)-naphthylamlne (B}- 8 ulphonic aoldorystaliiaes 
in small plates. 
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8ULPRO • (0) . NAPHTHYL «FH0SPH0BI0 
ACID SO,H.O,eB!«.O.PO(OH),. Formed* together 
with the anhydride 0 (PO(OH).C,oHB.SOaK)a, by 
beating potaBsium ( 0 )*naphthol solphonato 
(1 mol.) with PCI. (2 moU.) at 100® (Claus a. 
Zimmermann, B. 14* 1482). Decomposed by 
boiling alkalis'into phosphate and (/3)*naphthol 
Buiphonate. The Ba salt is a white powder* si. 

, Bol. water. 

8ULPH0NE9. Compounds of the form 
R.SOa-R' where R and IV are attached by moans 
of G to S. They may be formed from tlie cor- 
responding sulphides and sulphoxidos by oxida¬ 
tion with KMnOi (Beckmann, J, irr. [2] 17, dTiS). 
Aromatic sulphones can bo prepared by the 
. action of AlCl.* on a mixture of a sulphonic 
chloride and an aromatic hydrocarbon (Beckurts 
a. Otto, B. 11, 472, 2066), and by heating a 
sulphonic acid with a hydrocarbon and at 
200® (Michael a.-Adair, B. 10, 583). Sulphones 
are often formed by the action of sulphuric acid 
on aromatic hydrocarbons. Tho suli>hones are 
volatile, and are not reduced by nascent liydro- 
gen. They are not attacked by PC1..V or KMnO^ 
Chlorine in daylightconvertsdi-phenyl-sulpbono 
into chloro-bcnzene (1 mol.) and CyHySO^Cl, 
while in sunlight it yields ohloro-benzene (2 mols.) 
and SOjCl,. Disulphonos CHIt(S 03 lV)^, are not 
attacked by alcoholic potash at 140®, while di- 
sulphones of the form R'.S 03 .CH 3 .CIl 3 .S 03 .R' 
are converted by alcoholic potash into a sul« 
phinio acid and an oxy-suipliono (Otto a. Boss¬ 
ing, B. 20,185). The disulphones CMe..(SO.,.Kt )3 
(sulphonal), CHMe(SO.,Mc; . CHKtCSO^Et).., 
CEt 3 (S 03 Me) 3 , CMeEKSaEt)^ (trioniil), and 
OEt 3 (S 03 Et )3 (tetronal) are powerful hypnotics ’ 
(Baumann a. Kast, H. 14, 52). 

SULPHONIC ACIDS (organic). Acids con- ! 
taining the group SOa-Ofl united to C by S. Fatty 
sulphonic acids may be formed by the action of 
silver sulphite on alkyl iodides, the resulting 
ether being saponitied. Fatty sulphonic acids 
may also be got by boiling alkyl iodides with 
K..SO, or (NIlJ^SGaAq for a long time. Both 
fatty and aromatic sulphonic acids may bo got,| 
by oxidation of the corresponding mercaplaus, 
sulphides, and sulphoeyanidoa. The sulphonic j 
acids of fatty acids and alcohols are formed by | 
the action of SO 3 or ClSOjH on fatty acids and | 
of SO 9 on alcohols ; SOjH taking tho a- position 
(Hemilian, A. 176, 1). Aromatic compounds 
readily yield sulphonic acids on treatment with 
SO,, with IIjSO,, or with ClSO;,H. As a rule 
not more than two SO,,H groups enter a benzene 
nucleus. Aromatic sulphonic acids may also be 
obtained by the action of SO, on diazo- com- | 
pounds. On adding NaCI to the product of aul- 
phonation of aromatic compounds, the Na salt 
of the sulphonic acid frc<iuently separates In 
crystalline form (Gattermann, B. 24, 2X21). 
Nitric acid does not attack fatty sulphonic acids, 
while usually it nitrates aromatic sulphonic 
acids, although it sometimes displaces SO.H by 
NO.,. ■ PCI, forms sulphouio chlorides which are 
reduced by zinc and dilute HjSO,^ mercaptans. 
Aromatic sulphonic acids are partially converted 
into the corresponding amido* compounds by 
fusion witii NaNH^ In this way benzene sul- 
phonic acid yields 16 p.o. of aniline (Jackson 
a. Wing, Am. 9, 76). Aromatic sulphonic acids 
are docomposed by superheated steam at 200 ®* 


I 210® into the hydrocarbon and HBO, (Kelbe, B. 

19, 92). IJydrolysiB may also be effected by 
I passing superheat^ steam into a solution of the 
sulphonic acid containing HBO^or H^PO, (Arm- 
I strong; Fricdel a. Crafts, 0. B. 109, 95). ArO' 
j matio sulphonic acids when fused with potash 
; yield KBO, and phenols. Fusion with KCN 
!*or K 4 FeCy 8 yiGld.s the corresponding nitriles. 

; Fusion with sodium fortnate displaces SO,H by 
; COJT. 

I SULPHONIC ACIDS AND DERIVATIVES. 

I Several inorganic ucid.s, and derivatives of theso 
t acids, will be described here, most of which are 
I regarded as derived from SO.^.OH.OII by repla¬ 
cing one on by a monovalent radicle -such as 
• Cl, F, or NIL—-or as derive<l from 81 ) 3 . 011.11 by 
: replacing H by a monovalent radicle. A few 
: sulphonic acids must bo formulated as derived 
1 froni 2 (.S 05 .OIi. 0 H),or' 2 (S 0 ,. 0 H.II),byreiili\chis 
I 20H, or 211, by a divalmt radicle; and ono 
as derived from 3(803.011.011), or 3 (S 03 . 0 H.H), 
by replacing 30H, or 3II, by a trivaleiifi radicle 
•(v. supra). The sulphonic acids, therefore, are 
all looked on us compomid.s of the monovalent 
radicle SOo.OlI. Tho term sulphonic is also 
frequently applied to organic noils containing 
this radicle; but in tliis dictionary such acids 
are described a.s siilpho- acids,c./;.8ulpho-bonzoio 
acid C<jH4(803.01I)C03ir. Tlio comi^sitions of 
the sulphonic acids are expressed by the formulte 
1VSO...OH. B»(S0..01l),, and K"'(a 03 . 0 H),, 
whore‘R*-Nn 3 ,C],F,N(),,,NH.OII,orN(NO.OU); 
Ru = Nil, or N.OH ; and IV" ---N. 

AMIUOSULrUONIC ACID ANb SALTS 
NH,(SO,.OH) and NU.(SO,.OM). These «om- 
pounds are described in the article SoLPV\Mia 
AClIl AND SDLPItAMATKS (q.V. p. 567). 

CIlLOUOSUfiPHONIC ACID AND BALTS 
01(80.3.011) and C^SO.^.OM). Tho acid has also 
been called chlorhydrosulphurous avid, mom- « 
chlorosulphuric acid, sulphuric chlorhydrate or 
hydrochloride^ sulphuric chlorhydvin^ and sul 
phuryl hydroxyl chloride. 

Chlorosuipbonio acid C 1 (S 03 . 0 H). 

Formation. —1. By the direct union of pO, 
and HCl (Williamson, Pr. 7,11; Baumstark, A» 
140, 75 ; Williams, 0. J. [2] 7, 804; Dewar^a. 
Cranston, C. N. 20, 174; Michaelis, J. 'A. 6, 
235,202).—2. By tho reaction of I'Ch,, l*OCi„ ot 
PCI, with cone. H^SO, (Miiller, B. 6, 227; 
Geutlicr, B. 5, 925 ; Thorpe, C. J. 37, 358). — 

3. By distilling fuming II^SO, with PgOj in a 
ciuTontof HCl (Miiller, /.c.).--4. By the reaction 
of HCl with crystallised fuming Ii.,SO, (Beckurts 
a. Otto, B. 11, 2058). —5. By the action of Cl. 
S.,C1.3, or SACln "'ill' cone. IlaSO,; or of Cl 
with moist SO., iif presence of Pt at a red heat, 
i 6. By warming 8,0.,CL, with w^jer (Billltz a. 

: Heumann, li. 16, 002). 

: Preparation.— 1. Three parts of the most 
! cone. HjSO, (preferably tho residue from pre- 
! paring SO,) aro warmed in a long-necked flask, 

' and two parts PCI, are added little by little | 

I when HCl ceases to be given oil the contents . 
of the flask aro fnvetionated, the part boiling 
between o. 152®-156® being Ikllected apart— 
2. Very cone, oil of vitriol, 200 parts, is mited 
with P0C1„ 226 parts, the mixture is gently 
heated and then distilled [2(SO^OH.OH) + POO 4 
«2(01.SO3.OH) + HPO,-hHCl] (Thdrpe, Lc.),— 
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8 . A mixtore of P 2 O 4 and fuming H,S 04 is dis* 
tilled in a current of F 1 G 1 » and the product is 
fractionated: this'method remores all traces 
of P chlorides (Muller, 4. Commercial 

crystalline fuming (approximately pure 

placed in a retort connected with a 
good condenser, dry HCl gas is passed in so long 
as absorption occurs, the liquid is distilled, and 
the product fractionated; the yield is very satis¬ 
factory (Beckurts a. Otto, D. 11, 2058). 

Properties. —A colourless liquid, fuming mueh 
in air, and having a powerful, penetrating odour. 
S.G.^ = 1-78474 (Thorpo, O. J. 37, 358); 

Michaelis {J. Z, 6 , 235, 292) gives 1*77G at 18®. 
Boils at 155‘3® at 700 mm. pressure (T,, l.c, ; v. 
also M., l.c. \ Clausnitzer, B, 11, 2008; Beck¬ 
urts a. Otto, Z.C. ; Bohrend, il. 8,1004). Ogior 
(C. 2?. 00, 016) gives [SO^ solid, HCl] 
“14,400. Baumstiiik {A. 110, 75) found V.D. 
59'3 (calc. “58*12) (temp, is not given); Williams 
(C. J, [2] 7. 301) found V.D. at 216® to be 32*8 ; 
Heumann a. KOchlin {B. 10, 002) found V.D.- 
34*7 at 184® and 30*4 at 410®. The gas is there¬ 
fore dissociated ata tcinperaturo not much above 
its b.-p. WJion ClS0^,.Oli is ropcaledly heated 
above 168® it is partly resolved into SOXI.; dis¬ 
tilled, it gives SO;;CIjj (Williamson, C.J. 10, 97). 
By boiling tlie compound for a long time with an 
inverted condenser, Clausnitzer (B. 11, 2008) 
obtained HoKO,, SO.j, and Cl; Bcekurts a. Otto 
(l.c.) heated' CISO.^.OH for a long timo in a sealed 
tube at c. 170®, and found that part remained 
unchanged, and that Cl and SO.^ were produced. 
Heumann a. Kochlin (l.c.) think that the decom¬ 
position at c. 440' is represented ns follows: 
2 (ClS 02 . 0 n)“S 03 + SOj-h Ch-i-H.^O; theyregard 
the high value obtained by Baumstavk for the 
V.D. as due to prosenoo of y.^OjCl^ (v. also 
Claesson, J’. pr. [2J 19, 235). 

Heactioiis. —1. Action of heat, v, supra, Pro¬ 
perties. —2. [Valer produces HClAq and tLSO^Aq. 
8. Hydrogen sulphide reacts at ordinary tem¬ 
peratures, forming HCl, S^Cl^, S, and H.SO 4 
(Prinz, A. 223, 371).—4. Carbon disulphide, at 
100®, produces HCl, SO^, S, and COS. - 6 . Phos¬ 
phorus pentoseide oxpentachloridc produce SgO^Cia 
(Billitz a. Heumann, B. 10, 482; KonswaloU, 
C.R. 96, 1140).—0. Heating with silver nitrate 
forms AgOl and N 02 .SO..Oil (Thorpe, O. J. 41, 
297).—7. Fusion with })otaS!>ium sulphate forms 
KaSjO, and IICl ; heating with sodium chloride 
forms HCl and Cl.SOo.ONa (Muller, B. 0, 227). 
8. The reactions of * ClSOo.OIl, with several 
ele^nents were examined by Heumann a. Eoohlin 
(J3.15, 410). 

Chlorosulphonates. Tlie salts of ChSOg-On, 
which reacts as a monobasic acid, are formed 
by the reaotjpn of the acid with metallic 
chlorides. It is very diilicult to obtain these 
salts pui^. When heated they form sulphates, 
giving off SO 2 and Cl; with water they decom¬ 
pose to chlorides and acid sulpliates; and with 
alcohol HCl and salts of Et.U.SO, are formed 
(Muller, B. 6 , 227). No accurate description of 
any salts has yet been given. 

S 02 .CI 

Chlorosolphonzc ai«uyx>bii>e >0 ; 

SO 5 .CI 

Pyrosxdphuryl chloride, under SuTipaua oxt- 
6 nx.oEu>BB, p. 018« 


AND DERIVATIVES. 

FLUOSULPHONIO ACID AND SALTS 
F.SOjj.OH and F.SO^-OM. Only the acid has 
been isolated. 

Fluosttlphonic acid F.SO. 2 .OH. Isolated and 
examined by Thorpe a. Kirman (C. J. 61, 921 
[1892]). Prepared by placing pure SO, in a Pt 
vessel, surrounded by ice and CaCl.^ (for descrip¬ 
tion of apparatus v. Thorpe a. Hambly, C. J, 
55,103), leading in excess of pure HF (made by 
heating KHb\J, and removing excess of IIF by 
passing in a stream of dry COj for many hours, 
the liquid being kept at 25®-35®. A thin, colour¬ 
less liquid, with a slightly pungent smell, and 
fuming in air; boils at 102 ()', a little being de¬ 
composed with formation of H 2 SO 4 , and pro¬ 
bably also SOjPj. Reacts rapidly with Pb, 
forming PbSO, and PbFj; slowly attacks glass. 
Reacts violently, and sometimes explosively, with 
water, forming H.^SOjAq and IIPA»i. 

IMIDOSULPIiONIO ACID AND SALTS 
NH(S 02 . 0 H).,, Nll(SO.,.OM)j, and NM(SO.,.OM) 2 . 
By passing dry NH^ into SO;,, H. Rose (P. 32, 
81; 47, 41; 49, 183 [1834-40]) obtained two 
compounds, wliich he ntimed. sulphatamnion and 
parasulphatamtnon, and to both of which he 
; assigned the composition 2 NIl 2 .SOa. These corn- 
j pounds were examined by Jacquelain (A. Ch. 

I [3] 8 , 293 [1843]), Woroniii (J. 11: 3, 273 [1859J) 

I and oOthers ; in 1875 Bcrglund (Lunds Universi- 
I lets Arsskrift, 12 and 13; Bl. [2] 25, 455; 29, 

; 422) showed that Rose’s was 

I diammonium imidosulphonato NH(S 02 . 0 NHJ 2 , 

■ and that sulphatammcm was probably the tri- 
ainmomum salt N.NIH(SO.,.ONH,) 2 . Berglund’s 
conclusions were conlirmod, partly by Raschig 
(A. 241, 161 [1887J), and Moute (A. 248, 232 
[1888], and partly by Divers a. Haga (C. J. 61, 
943 [1892]). A full discussion of the constitution 
of Rose’s compounds, with reference to the work 
of other chemists and an historical summary of 
resnarches on theimidosii 1 phoDates,will be found 
in the memoir by D. a. 11. 

Imidosulphonic acid NII(S 02 . 0 H) 2 Aq. This 
acid is known only in solution, which is obtained 
j by suspending lead irnidosulplionate in water, 

: decomposing by a stream of H^H, and rapidly 
: iiltering from PbS. The solution gives a pp. 

, with excess of BaOAq, soluble in HNOjAq; 
and a pp. of NH(S 02 . 0 K )2 with K.C^HjOjAq. 
j The acid solution is very unstable, soon becom¬ 
ing changed to NH 2 (SO 2 . 0 H)Aq and HaS 04 Aq 
(Jacquelain, l.c. ; Fremy, A. Oh, [ 3 ] 16, 408; 
D. a. H., U. p. 945). 

Imidosulphonates. The normal salts are 
of the types NH(S 02 . 0 M )2 and NM(S 02 . 0 M) 2 ; 
besides these many basic salts have been isolated. 
The di-alkali imidosulphonates are prepared by 
mixing solutions of alkali nitrites and sulphites, 
dissolving the pp. which forms in water, heating 
this solution for some time, allowing to crys¬ 
tallise, and then boiling the nitrilosulphonate, 
N(S 020 M)j, thus obtained (v, p. 601, Nitrxlo- 
suLPBONATBs) With acidified water (for instance 
N(S 02 . 0 K), + H,0 » NH(S 02 . 0 K )3 + KHSO 4 ) ? 
also by heating the alkali amidosulphonates (e. 0 . 

2(NHy SO 2 .OK) = NH(S02.0K)2+NH,) ; 
the diammonium salt NH(S' 03 . 0 NH 4)2 is also 
obtained the reaction of NH, with SO,, 
CmO,.OH, SO.^Cl,, or 8,0,01,. Most of the 
other di- salts are obtained by double decom- 
! poaition trom the alkali salts. The tri- salts 
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4 re generally prepared by dissolving the di- sails 
in excess oi an aqueous solution of the base 
and orystallising. A number of mixed salts, such 
as N(NH^)(S 02 . 0 )aBa, have beeu prepared, 
generally by double decomposition. Basic salts, 
chiefly of such slightly positive metals as Vb or 
Hg, have also been isolated. For.references t>. 
Divers a. Haga (0. J. 61, 943). Tho di-alkali 
^ salts give off Nils, N, and SO. when heated; 
water reacts to form arnidosulphonatos 
NH._,(SO^.OM)a and sulphates. 

The chief imidosulphonates arc those of NH^, 
Ba, Ca, Hg, Pb, K, Ag, and Na; basic salts of Pb 
and Hg are known ; mixed salts containing NIL 
and Na, NH^ and Ba, Ba and Ilg, Ba and Na, Ca 
and Na, Hg and K, and Ag and Na have been 
isolated; some of tho imidosulphonates also form 
double compounds with KNO;, and NaNO^. Full 
accounts of the preparation and reaction.^ of tho 
chief imidosulplipnates are given in the memoir 
«f D. a. II. 

NITIULOSULPHONIC ACID AND SALTS 
N(SO,.On), and N(S 0 ,. 0 M) 3 . The acid has not 
been isolated, and only a few salts are kuowji. 

Potassium nitrilosulphonate N(SO...OK).,. 
Solutions of ILSOa KNO^ are mixed in the 
ratio 4 K.S 03 :KN 0 . ; after crystallisation occurs 
the mixture is heated at 100 ® till the crystals 
dissolve, a little water is added, and heating at 
JOO® is continued for a little; on cooling the 
salt crystallises in well-formed crystals with 
2H.D. The water of crystalli.satiou is removed 
at 100 °-li 0 ®; at a higher temperature decom¬ 
position occurs to K.SO^, (NfJ,),.SO„ SOj, and 
»SO.^. The salt may bo crystallised from dilute 
KOHAq; it is decomposed by water at 40® to 
NH(S 0 .„ 0 K ).3 and KHSO^. 

Claus prepared thi.s salt in 1871 (7?. 4, 186), 
giving it the formula NiL(S 03 K), and the name 
jyotassiani U'ifitdplianitnonatei llascliig (B. 20 , 
581 [1887]) showed that the salt was probably 
N(S 03 . 0 K) 3 , and this composition was confirmed 
both by tho earlier work of Berglund (B. 9, 252, 
1896 [1876j) and by tho more recent work of 
Divers a. Haga (C. J, 61, 913). 

For description of a salt NO(SOaK )3 v. 
Baschig {A. 211, 225); this is the trisulpho- 
oxyazoiate of Claus and Baschig. B. regards it 

as (S 0 .,. 0 K),N<^>N(S 02 . 0 K),. 

Sodium nitrilosulpbonate N(S 0 . 3 . 0 Na)a. 
Formed bypassing SO. into a solution of NaNO.^ 
and Na^COa (in tho ratio 2 NaN 0 ^:. 3 Na.C 03 . lOaq) 
until tho solution is feebly acid to litmus (v. D. 
a, H., I.C.). 

NITUOS'ULPilONIC ACID NO,(SO...OH), 
AND DEIUVATiVES. Tlie acid and its potas¬ 
sium salt have been isolated. The anhydride 
S 0 . 3 (N 03 ). 0 .(NO.,)S 02 , tho chloride N 03 (S 0 ,.C 1 ), ! 
and an oxy-anhydride S 2040 (NOj 3 bavo also been 
obtained. 

Nitrosulphonic acid N 03 (S 03 . 0 H). (NiirosyU 
sulphuric acid S 02 . 0 H. 0 (N 0 ). Lead chamber 
crystals, Nitrosyl hydrogen sulphate NO.H.SO,.) 
This acid is produced by the reaction be¬ 
tween HjSOf and any oxide of nitrogen except 
N 3 O (Henry, P. 7, 135; A. Bose, P. 60, 161; 
Beibling, J. 1861. 152; Kuhlmann, 4- Ch. [ 8 ] 

1, 116; Sestini, Bl, [2] 10, 226). It is also 
formed in the leaden chambers in making 
H^SO^ (flrst observed by Clement a. Desormes, 
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\ A, Ch. [2] 69, 829). The acid is produced by 
I tho reaction of SOj with NO or NO, in presence 
I of water (Davy); also by burning 1 part 8 mixed 
with 2*6-3 parts KNO, in moist air (Girard a. 
Pabst, Bl f2] 80, 631; Reinsch, N. J, P. 12, S). 

Tlieocid is best prepared byleadingNO,into 
well-cooled fuming II.SO, till the whole soUdilies, 
•and then drying over H..SO< (Weber, J. pr, 85, 
423; 100, 37 ; Tilden, C.‘j. 28, 630); or by add¬ 
ing NO. ill excess to cone. washing the 

crystals with liquid NO.., and drying in a stream 
of dry air at 20®-30® or ia vacuo (Miiller, A, 122. 

1; Gaultier dc Clauhry, P. 20, 467). 

Colourless rhombic plates, molting at 73 ° 
(Tilden, l.c., gives m.p. 85®-S7®), and easily re¬ 
maining li(juid below'tlii.s temperature (Woltzien, 

A. 115, 213; Do la Provostaye. A. Ch. [2] 73, 
362). On nioUing in air tho anhydride 

j (^a^,'i(NGj)._,) is forju(;d, and tho water given off 
causes decomposition of part of tho acid to 
HjjSO, and ox^Ies of N (Michaelis a. Solmmann, 

B. 7, 1076; Fromy, C. it. 70, 61). With dry 
•NaCl reacts to give NallSO, arel NOCi; on 
heating for a little HCl is given off (Tilden, Lc.). 
Dissolves unchanged in II ,80^ (Dobereiner, S, 

H, 239 ; cf. Lung., Ji. 12, l(i58; 21»C7). SO, is • 
without action on dry NO.^(S(),.01I), but in pre¬ 
sence of water, or H.SO^Aq with S.G. leas than 
1'55, docompo.sition occurs with formation of 
H;jSO,, N.^O;„ and otlier oxides of N, according to 
Lunge (l.c.). 

Potassium nitrosulphonate NO^SOj.OK) 
seems to bo obtained by the reaction of SO, on 
j KNO., also by adding liquid SO.., to dry KNO,; 

the salt cannot be prepared by neutralising the 
j acid by KOHAq. Tlie salt is decomposed by 
I water (SchulU-Sellack, B. 4. 113). 
j Nitrosulphonic anhydride 

Formed by heating 

^ NO.^(SO..On) (Michaelis a. Schumann, B. 7, * 
1075); also by tho reaction of SO, with NO in 
absence of 0 and moisture (H. lioso, P. 47, 606; 
Briining, A. 98, 377); also by adding liquid NO, 
to li.iuid 80.^ without warming (Do la Provostaye, 

A. Ch. [2] 73, 362); by passing electric sparks 
through a dry mixturo of N, O, and SO., or of 
S vapour and N^O or NO (Morron, A. Ch. [4] 4, 

! 293 ; Chevrior. C. 11 69, 136). Hard, regular 
I plates; S.G. 2*14; melts at 217®; maybe dis- 
: tilled unchanged at c. 360®. Decomposed by 
1 water to NO, HSO^Aq, and HNO,Aq. 
N().,(SO^.OIl) crystallises flora a solution io 

iLao,. ^ 

OxYNlTKOHULl'nOSIO ANIIYDBIDE 

SaOiO(NO...)it [*^'\gOa^O ^NOj]* ^ fusible, 
crystalline solid; formed by leading vapour of 
NO, into SO, till saturated. Gives S,0,(N0jJ, 
when heated (Weber, P. 123, 333; cf. Thorpe, 

C. J. 41, 297). 

Nitrosulphonic chloride N 0 ,(S 02 .C 1 ). {Nitro- 
sulphuryl chloride.) A white, crystalline solid; 
formed by the action of SO, on NOCI in absence 
of moisture, also by the reaction of AgNO, with 
SOCI 3 (Thorpe, C. J. 41, 297); dissolves un¬ 
changed in fuming H^SO.; dissolves in cono. 
H,S 04 , giving off HCl, and forming 01(SO,.OH) 
on heating; decomposed by moist air or by 
water, giving HClAq, H^SO.Aq, HNO.Aq. and 
NO (Weber, I.C.). 
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NITBOSO-OXT-AMIDOSTJIiPHONIO ACID 

and salts N(NO.OH)(SO,,OH). (Nitroso- 

hydroxylamine sulplionie acid 
N(NOKSO„OH)OH. Dinitroso-sulphuno acid 
86(N0),(0H), or (SO,.OH).{NO).H.) acid 
has not been isolated, bat the NH„ Ba, Pb, K, 
and Na salts are known. These salts are de¬ 
scribed as NUrosoBulphates under Solphatbs,' 
D. fi8I. 

OXY-AMIDOSULPHONIO ACID AND 
SALTS NH(OH)(SOj.OH). {Ilydroxylamina 
sulphonie acid [Baschig]. Sulphydroxylamic 
acid [Claus]. Sulpliazidic acid [Fremy].) The 
K salt oi the acid is obtained by the action of 
water on N(OH)(SOj.OK)j (v. Oxv-iMposoL- 
PHONto ADID AND BALTS, infra). The acid itself is 
known only in agueous solutions. Two Ba salts, 
a K salt, and a Na salt have been isolated. The 
salts have been investigated by Fremy (A. Ch. 
[S] 16, 408), Claus a. Koch (.4. 162, 336; 158, 
62, 194), Easchig (A. 241, 101), and Divers a. 
Haga (C. J. 55, 760). 

Ozy-amidosulphonic acid ‘ 

NH(OH)(SO.;.OH)Aii. An aqueous solution of 
this acid (tiro acid has not been isolated) is 
prepared b/ heating an aqueous solution of 
N(0H)(S0.,.0K)2 (v. infra) to boiiing (whereby 
NH(OH)(SOj.OK)Aq, H,,SO,Aq, and KHSO.Aq 
are formed), neutraiising by NHnAq, adding 
BaCl^q, filtering oil BaSO„ adding BaOAq 
to ppt. Ba(N(0H)S0.„0).,Ba.Il,0, washing this 
pp., adding enough H.jSO,Aq to ppt. half the Ba 
in the salt as BaSO„ filtering, and so getting a 
solution oi the (soluble) salt (NII(0H)S0,..0)2Ba. 
On now beating this solution with an equivalent 
quantity of H-SO,Aq (the Ba in solution must 
be estimated) and filtering, a solution of the .acid 
is obtained (Fromy, modified by D. a. H.). The 
solution of NH(OH)(SO.,.OH) is fairly stable, 
but slowly decomposes; in presence of hot acid 
the decomposition is more rapid, giving 
2NH,OH.H.,SO,Aq and H,SO,Aq (Easchig, con¬ 
firmed by D. a. H.). 

Ozy-amidosulphonates. The normal salts 
are of the form NH(On)(SO.,.OM') and 
(NH(0H)80,.0).,M‘', where M‘-K or Na, and 
M“-Ba; there is also a dibarium salt 

obtained from the solution of tho soluble salt 
(NH( 0 H).S 0 a. 0 ).^a.H 20 (v. supra) by adding 
the e(]uivalent quantity of a sulphate. The 
dibariuzn ^ait is itself prepared as described 
under the acid (sjipra) ; tho monrbarium salt is 
obtained by decomposing the di- salt b^ enough 
H,S 04 Aq to ppt. half the Ba, filtering, and 
evaporating over H^SO^ (D.^ a. H.)* The oxy- 
amfdosulphonates are fairly stable; they are 
decomposed by heating with acid into hydroxyl- 
amine sulphate and HsSO^Aq; caustic alkalis 
produce only sulphite and hyponitritos (the 
latter rapidly undergo further change, giving off 
N,0) (B. a. H., l.c.; v. also C. J. 61,988 note). 
B&slo oxides, such as CuO and Ag.^0, in presence 
of alkali produce sulphite, sulphate, and NjO, 
and at the same time the basic oxide is reduced 
(D. a. H., Le., p. 770). 

Baschig's svlphasinate {A, 241, 197) 

fBO,.OK)N(OH).0.(OK)N.(SO^OK) may be de- 
rived from 2NH(OH)(SO^OH) by replacing 2H 

by 0; 


OXY-IMIDOSBIjPHONIO acid and 
SALTS N(OH){SO^OH)^ {Hydroxylamins dt- 
sulphonic acid N(SO.^.OH). 40 H (Baschig). Dii 
sulphydroxy-aeic acid (Claus).) Only the potas* 
Siam salt has been isolated. 

Potassium oxy-lmidosulphonate 
N(OH)(SO,,.OK)2.2aq (Claus, A. 158,83; Baschig, 
B. 20, 584; cf. Divers a. Haga, O. J. 51, 659). 
Prepared by passing a rapid stream of SO, 
through well cooled KNO.^Aq made strongly 
alkaline by KOHAq; allowing N(SO,.OK)i 
(v. Nitrilosulphonates, p. GOl) to crystallise 
out, pouring off, and allowing to stand. Large, 
lustrous crystals; almost insol. cold water, more 
sol. water at 40°-60°; heated with water gives 
KHSO^Aq and NH(OH)(SO,.OK)Aq {v. supra, 
OxT-AMiDosoiiPHONic Acio). Three Na salts and 
several other oxy-imidosulphonatcs have been 
prepared by D. a. H. (C. J. Proc. 189B-4. 61). 

The salts described by Fremy (/.c.) as sulph- 
azotates, and further examined by Baschig 
(.4. 241, 211), and formulated by him aa 
N(OII)(SO,.OK)...N(OM)(SO.,.OK)„, where M = K 
or Na, and N(OK)(aO.,.OK),.N(OK)(SO..OK),, 
may be regarded as derived h'om oxy-imidosul- 
phouio acid N(OH)(SO.,.OH).,. 

The oxysulphazotate of Claus {sulyliazilinate 
of Fremy) examined by Ba^hig (i.c., p. 223) 
and formulated by him as 
(SOa.OK).jN<^Q]]>N(SO,.OK)... may be looked on 
as derived from oxy-imidosulphonic acid by the 
removal of 2II from 2N(On)(SO.,.OH)... 

M. P. M. 

SULPHONO.DLACBTIC ACID v. Di-methyii. 

SULPHONB DICAlinoXVLlO ACID. 

SULPHONO-DI-BUTYBIC ACID 
SOa(CHEt.CO..H),. [152®]. Formed by oxida¬ 
tion of sulphido-dibutyric acid.(5 g.) in neutral 
solution by KMnO, (5 g.) in water (500 g.). Its 
ether is got from S02(CIL4.C0.^Et).j, Na, and EtI 
(Lovell, J. pr. [2] 33, 104). Octahedra. 

Sulphono-di-isobutyrlc acid 

50., (CMc.,.CO.,H)a. [182®-180®J. Formed by 
oxidising S(CM’o,.CO.,H).i (Loven). Plates.— 
BaA"2.4aq. Groups of needles (from hot water).. 

SDLPHONO-DIPBOPIONIC ACID v. Di- 

ETHYL-aULPHONB DICAUDOXYLIG ACID. 

SULPHONO-DI-ISOVALEEIC ACID 

50., (C 4 HH.CO.il),. Formed by oxidation of 
S(C 4 H 8 .CO.X), and by the action of PrI (2 mols.) 
on sulphono-di-acetic ether (1 mol.) and NaOEt 
(2 mols.) at 120®; the product being saponified 
by baryta (Lov4n, J. pr. [2] 33,114).—BaA" 7aq. 

SULPHO-OXY-BENZOIC ACID v. Oxx- 


SULPnO-BEKZOIO ACID. 

SULPHO-PHENYL.ACETIC ACID C^HaSO^ 
i.e. OHPh(SO:,H).CO,H. Formed by saponifying 
the product of the action of KaSOjAq on a-bromo- 
phenyl-acetio ether (Papilsky, J. 1880, 856). 
Very deliquescent mass.—S alts: —CaA • 

—BaA"; plates, m. sol. hot water.—ZnA'V 
—PbA".-—CuA"x blue plates.—Mo{NH 4 )A".— 
CHPh(SO,NH4).00,Et. Tables, v. sol. water.— 
OHPh(SO,K).CO,Et: thin plates, v. e. sol. Ag. 

SDLPHOPHEKTL-AHIDO-ACETIC ACID 
OANSO.aq i.e. S0,H.0.H4.NH.CH:,.C0,5H. 
[185®]. Formed by heating phenol (1 pt.) with 
hippurio acid (1 pt:) and H,S 04 (8 pta.) at 140* 
(Zehenter, If. 5, 332; 6, 528). Monoolinltt 
prisms (containing aq); *93:1:1*28. SoL 
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trttor and alcohol. Coloured Tiolet by FeCl^. 
Decomposed by HClAq at 140^ into phenol, 
glycoooil, and H.SO 4 . Aqua re<?ia gives 
04 H,( 0 H) 01 (N 0 ,), [l:2:3;5j.--BaHA'',iaq.— 

AgHA" Saq : ooncontrio groups of needles. 

P-80LPHO-PHENYL-CABBAMIC ACID. 

The acid ether CaH 4 (S 03 H).NH.CO>Mo [188®] is 
formed by dissolving methyl phenyl-carbamate 
in fuming H-^SO, (Hentschel, B. 18, U70) and 
also by adding NaOH to a cooled mixture of 
GlCO}Me and aqueous p-amido-benzeno sul- 
phonio acid (Noclting, Bl. [ 2 ] 50, 022). 

SULPHO-PHENYL-GLYCOCOLL v. Sdlpho- 

PHBNXL-A&flDO-ACETIC ACll). 

wt-SGLPHO-PHENYL-PROPIONIC ACID 
C;H,,SOj i.e. C«H,(SOaH).CH 2 .CfI,.CO,H. 
Foamed by treating bromo-sulpho-phenyl-pio- 
pionio acid with sodium-amalgam (Goring, C. C, 
1877, 703, 808). Yields m-oxy-benzoic acid by 
potash-fusion. 

exo-Sulpbo-phenyl-propionie acid 
C„H 4 .C.^H 3 (SOj,H).CO.jH. Formed by boiling 
cinnamic acid with aqueous K^SOj for 12 hours 
(Valet, il. 154,62). Cinnamioaldehydois converted 
by K.SOa into Pha,H 3 (S 03 Kl.Cn( 0 II).S 0 ,K, 
which crystallises in needles (containing 2 ii<i) 
and is converted by boiling dilute into 

exo-sulpho-phenyl-propionio acid (Heuslcr, B, 
24, 1805). Crystals, v. sol. water and alcohol. 
Converted by boiling cone. KOHAq into cinnamic 
acid. Not affected by boiling dilute — 

KHA". S. 4 at 15®.—araq. Etllorescent 
crystals. — CaA"a:aq. Plates. — BaA" aq. — 
KjZnA^j.—Ag.A" aq : while crystalline pp. 

SULPHO-PHENYL-THIO-CARBAMIC ACID. 

Anhydride CjH^NS^Oj i.e. 

[183®]. Formed from phenyl-thio-carbimide” and 
SO 3 (Magatti, B. 11, 2267). Crystals (from 
benzene), insol. water, alcohol, and ether. lusol. 
acids and alkalis. Decomposed by water at 100® 
into HjS, CO 2 , and amido-benzeue p-sulphonio 
acid. 

SDLPHO-PHLORETIC ACID C„H,„SO„. 
Formed from phloretic (oxy-phcnyl-propionic), 
acid and SO, (Nachbaur, J. pr. 75, 4.5). Sour 
syrup. — Na^A" xaq. — BaA" 3aq. — MgA" 5aq. 
—CaA" 4aq. Crystalline. 

c-SDLPHO-PHTHALIC ACID 
C.H,(S 03 P)(C 0 .,H),.[ 3 ; 2 : 1 ]. {a)^Sulp7io-phthalic 
acid. Formed by oxidising naphthalene (a)-sul- 
phonic amide by KMnO, (Itemson, A7n. 6 , 107), 
and got also, in small quantity, together with 
the (B)- acid, by the action of fuming H^SO, on 
phtholic acid (R 6 e, C. J. 40, 514). Minute 
crystals, v. sol. water, m. sol. alcohol. Soda- 
fusion gives c-oxy-phthalic acid.—Ba^A'^^Saq. 
Needles, si. sol. hot water.—PbHA'"l.Jaq.— 
Ag 3 KA'" 2 aq. Ppd. by adding AgNO, to a solu¬ 
tion of the K salt (Stokes, Am. 6 , 280). 

Amie acid O^H,NS 03 t.e. 
0 sH 3 (S 03 NH 2 )(C 0 . 3 H} 2 . [155®-160®]. Formed 

by oxidation of naphthalene (a)«suIphonic airinlo 
by alkaline KMnO^. Thick needles (containing 
aq). At 155® it splits up into H 3 O and the an¬ 
hydride. Cono. HClAq at 150® forms c-sulpho- 
pbthalio acid.—EHA'': slender needles, v. si. 
sol. cold water.—KjA". [300®]. Amorphous, v. 

•. sol. water. Yields, when heated, the compound 

0,H,(C001)<;|^p>NJ'00I, [lioo-iae^whano. 


003 

MeOH produces >NH 

[IddO] (Stok'es, Am. 6 , 274).-PbA'l-AsHV': 
needles.—Ag^". Insol. hot water, 

A^ihydride of the Atnic Acid 

C.H,(COJI)<®°^NH. Formed as above. 
•Begins to sublime at 200®, but is not melted at 
I 240®. Its silver salt C^IIjAgNSO, is converted. 
byMeIintoC,H,(COJl)<;^^»>N5Io [ 101 ° oor.]. 
The oompoiinJC,IIj(CO [ISC'* 

cor.] has also been prepared. 
i-Sulpho-phthalio acid 

C,iH 3 (SO 3 H)(C 03 H).[ 4 : 2 :l'i. {$)-Sidpho-phthaUc 
acid. {yySulpho-phthalic acid. [MO’] (when 
hydrated). The chief product of tlio aulplionatiou 
of phthalicacidor anhydrido at 100 ®- 200 ® (Loow, 
A. 143, 257 ; Reo, li. 18, 1G2‘J). Fonnod al.soby 
oxidation of Daj)hthaleno (/i)-sulphojiio amide 
(Remsen, Am. 5, 110) and by the action of hot 
•HNO 3 (S.G. 13) on potassium di-nitio-(a)-naph- 
thol sulphonate {naphtfud yellow S) (Grnobo, B. 
*1^» 1120 ; lt 6 o, C. J. 41), 516). Crystalline (con¬ 
taining aq), very hygroscopic, v. water and 
alcohol, insol. other. At 180® it yields tlie an¬ 
hydride ChIIiSO.,, Soda-fusion forms i-oxy- 
phthttlio acid. The K salt fused with sodium 
formato yields trimollitio acid. Heated with 
resorcin it yields lluoroscein sulphonio acid. 
PClj forms C,H 3 (S 0 X 1 )(C 03 H )3 [170®], oily 

CA(SO,Cl )<^»^>0 and c„n,ci^> 0 . 

The mono-chloride is converted by NH, into 
CJI,(SO-,NH.J(CO.,n)., [192®-202®] wiiichcr.vstal- 
lises in plates, sol. water, alcohol, and ether. 

Salta.—KfLA'" 2iiq. Needles, v. sol. water. 

—ivHA'" 2aq.—(NUJ.^HA'" l^uq. At 200® it 

yieldsC.n,(SO,NH,)<™>NII [o. 300’]. Crys- , 

tallising in monoclinic prisms.—Ba^A"',.. 2 aq.— 
Ball^A'".^ 5aq. S. 5 at 15°; .50 at 100®. At 
250® it yields Ba(CBHaSO„)^.—BallA'" 2aq. 

s-Sulpho-isophthalic acid 
03 H 3 (SOJI)(C 03 H).,[5:3:1]. [258®]. Obtained 
by sulphonation of isophthalio acid (Aronstoin 
a. Kramps, B. 13, 4Si); Lonnies, B. 13, 704). 
Long deliquescent needles (containing 2aq). 
Potash-fusion yields s-isophthuiio acid.— 
KU 2 A'" 3 aq: long needles.—K 3 A'"a:aq; prifms. 

—BuaA'^abaq: iieedie.s, v. sol. water. 

f-Sulpbo-isophthalic acid 
C,H,(S 03 H)(( 50 ,H),[4:3:1]. [244®]. Formed by 

oxidation of 77»-xyleno (a)-sulphonic acid (Jacob¬ 
sen a. Lonnies, B. 13,1556), and by oxidation of 
C,n 3 Me(S 03 NH,). 503 H (Remsen a. lies, Am. 1, 
114 ; Remsen a. Coalc, Am. 3,206). Hygrosoopfo 
needles (containing 2a(j), v. e. sol. water, Potash- 
fusion yields (a)-oxy-isophthalic acid.—Salts; 
EH. 3 A"' 2 aq: noodles, si. sol. cold water. S. 
1‘69 at 26°.—K,A'".—CaHA"'41aq. Crystals.— 
BaHA'"daq: small n<*Gdles. S. *073 at 23*5®. 

—BaHA'"4aq.—Ba,A "'2 3aq. 

Amic acid CmHjNSOo i.e. 
C,,H 3 (S 02 NH 2 )(C 02 H) 2 . P'ormed by oxidation of. 
C,H. 3 Me(S 02 NH..).C 0 . 3 H by KMnO, (Bemaen, B. 
11, 464 ; 12, 1436 ; Am. 1,122; 3, 209). When - 
set free from its salts it changes at' once to the ■ 

anhydride C.H,(COjH)<^2»>NH [^4<>], ft 46 
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M 10®.~KHA" aq. S. 2*3 at 26^-K8A'' 4aq; ▼. 
e. Bol. water. — CaH-A", 2aq. — CflA" 6 aq. — 
&aH ^"2 2aq: monoclinic tables,—ljaA"3aq.— 
AgaCgHiKSO^: crystalline pp. (Jacobsen, 27.12, 
2820). 

C'SalphO'isophtbaUo acid. Amie acid 
C,H,(SO*NI£,)(CO-iI).,[2:3:l]. Formed by oxida- 
tion of the corresponding tn^xylene sulphonic "! 
amide (Jacobsen, B. 11,902). Its acid potassium i 
salt is si. sol. water. 

a.8XrLPH0.PE0PI0NIC ACID CASO 5 i.e, \ 
CH,.CH(SOaU).COaH. Formed by boiling a^ | 
cbloro-propionyl chloride with aqueous am- | 
monium sulphite and also by warming propionic i 
acid with ClSOj,H (Knrbatotl, B. 0, 563; A, 173, 
5). Syrup, V. sol. water and alcohol.—K^A'' aq: 1 
needles (Itoscnthal, A. 233, 27).—(NH,).^A" aq : ' 
prisms.—BaA" 2aq. S. (of BaA”) 7‘45 at 18°. ^ 
—CaA''2aq.—CdA" 2aq.—AgA" : small needles. • 
Got also by mixing propionic anhydride with 
SOg (Francliimont, It. T. C. 7, 27). i 

/3-Sulpho>propionic acid 

C^(S 03 H).CH...C 0 JI. f 68 "’J. Formed by boiling' 
3*iodo*propionic acid with an aqueous solution of 
(NH 4 )^SOa. Got also by the action of ammonia- 
cal AgNOg dn the compound of acrolein with 
NaHSOg (Itoscnthal, A. 233, 15) and obtained 
likewise by the oxidation of thiohydanioiu acid 
NH:C{NH,).S.CH,.CH 2 .C 0 ,H (Androasch, M. 0, • 
838; 7, 1C9). Hygroscopic crystals, sol. water ; 
and alcohol. Decomposes at 150°. Successive j 
treatment with PCI-, and with tin and HClAq • 
converts itjinto sulphydro-propionic acid. j 

Salts. — KgA" aq.— KIIA" aq.—Na.,A"aq.— 
(NHdjA"4aq. Hygroscopic. — IINH,A". — ! 
BaA^Saq.—BaHA'^—SrA'^5aq. — CiiA" 2iaq. 1 
—CaA"aq.— MgA"4aq. ZnA"4aq. - CuA^.— : 
MnA'Maq.— PbA".—CdA" aq. — Ag^A" ^Q'q.— ! 
HAgA"T>q. 

Ethyl ether Liquid. 1 

Bulpho-dipropionio acid is Di-etuyl-hul* : 

PHONE niCAnnOXYLIO ACID. 

StrLPHO-PKOPYL-BENZOIC ACID v. Sdlpiio- 

GUMINIC ACID. 

SCLPHO-ISOPROPYL-SUCCINIC ACID 
OMc:(S 03 U).OH(CO,H).CHg.CO,H. [c. 107°]. 
Got by action of HNO, on sulphocamphylic acid 
(Kbnigs a. Hoerlin, B. 26, 2041). When heated 
IK vacuo at 170° it splits up into water, SO^, and 
terebic acid. Tables (containing 3aq), v. e. sol. 
water. 

8ULPH0-PTE0MUCIC ACID C.H^SO, t.e. 
OH*C(SO*n|^^* dissolving pyro- 

mucic acid in cold fuming II^SO^, and got also 
by the action of zinc*dast and ammonia on di- 
bromo-sulpho'pyromuoic acid (Schwanert, A. 
116, 208: Hill a. Palmer, B. 18, 2095; Am. 10, 
373, 409). Deliquescent prisms.—KjA"4aq.— 
KHA".—Na,A” 6 aq. — NaHA"aq. — BaA" 4aq. 
Email prisms. Yields fumario acid when heated 
with excess of bromine.— Salts: BaHgA"g4aq.— 
BaH^A", 6 aq.—CaA" 3aq.—PbA"2aq.—Ag.A". 

Amide 04 HgS 0 ,(NlL,)g [213°]. Crystalline. 

(i9)-8ulpho*pyromacio acid 
C,B40(SOjH)(COgH). Formed by sulphonation 
of bromo-pyromucio acid and debromination of 
the product by zinc-dust and KH, (H. a. F.).~ 
Salts: K^^'24aq.—CaA" 2aq.—BaH^", 8 aq. 
—BaA" 3aq.—BaA" aq: small concentric prisms. 


SULPEO - FTBOTABTABIO AOZB O.HgSO, 
».«. CgHa{SO,H)(C 02 H)g. Formed by boiling 
ita*, citra-, and mesa* conic acids with aqueous 
E.^SO, (Wieland, A. 157, 34). Crystalline, y. a. 
sol. water.—Ca 3 A'", 7 aq. SI. sol. cold water. 

SDLFHO-QVINOLINE CARBOXYLIC ACID 
CgH 5 N(SO,H).COgH. {a)’SulphO’^nchoninio 
acid. B'ormed by heating cinchonic acid with 
SO 3 or with ILS 04 and PgOg at 180° (Weidel a. 
Cobenzl, M. 1,814). Triclinic crystals (contain* 
ing aq), m. sol. hot water, insol. alcohol and 
ether. Tastes bitter. Potash-fusion gives (a)* 
oxy-cinohoninio acid.—(NH,,) 4 A" 2aq. Mono- 
clinic crystals; a:2>:c=l‘19:l:3‘53; i8«=95°14'.—- 
CaA" 2.^aq. Monoclinic crystals.—BaA" 3aq.— 
PbA" aq.—CaA"aq; minute sea-green crystals. 

(27. 2)-Sulpho-quinoline {Py. l)-carboxyUo 

acid 

cinclioninic acid. Formed at the same time as 
the preceding acid (Weidol, M. 2, 565) and pre¬ 
pared by heating cinclioninic acid (1 pt.) with 
H..SO 4 (7 pts.) at 300° (Von Gcorgiovitch, M. 8 , 
639). The same acid (crystallising with aq) 
appears to bo formed by oxidation of benzylidene- 
lepidine sulphouic acid by alkaline KMnO, 
(Busch a. Koenigs, 27. 23, 2683). Colourless 
needles (containing 2aq), v. sol. hot water. Very 
bitter, l^otash-fusion yields (j 8 )'Oxy-cinchoninio 
acid.—(NTIJJIA" 2a(i.—13aA"aq.—PbA" 4aq. 

SULPHO-SALICYLIC ACID v. Oxy-sulpho- 

UENZOIC ACIP. 

SULPHO-SUCCINIC ACID C^H^SO, U, 
coji.cn,.cii(so,u).co 2 H. 

Formation. —1. By oxposiug cooled succinic 
acid to SO, vapour (Fchling, A. 38, 285 ; 49, 
203).—2. By boiling fumaric and maleic acids 
with aqueous ICSO, (Credner, Z. [2J G, 77; 
Strecker a. Messol, A. 157, 15; Z. [2J 6 , 459, 
671).—3. From succinyl chloride and Ag^SOg 
(Carius a. Ktitnmorcr, A. 131,167). -4. By oxida¬ 
tion of thio-malic add with HNO, (Carius, A. 
129, 9). 

Properties .—Deliquescent mass, v. e. sol. 
water, alcohol, and ether. Yields fumario acid 
when fused with potash. 

Salts.—K,A"'iui: olBorcsccnt crystals.— 
K 3 A'" 2.'.nq.—k 3 A"'lMq. Crystals.—— 
K,HA'" 2aq. —K^HgA'"", 1-^aq. —(NHM'" aq.— 
(NH 4 )H,A"' aq: crystals.—Ba,A"'g (dried at 100°). 
Pp. — CajA"', Oaq.—PbaA"^ '^aq.—Pb,A "'2 3aq.— 
Pb.OA'"-.—-l*b,0.>A"'g.—Ag,A"': m. sol. water. 

SULPHO-TEREPHTHALIC ACID CgH,SO, 
i.e. C,H,(SO,H)(CO,H),[2:4:l]. 

Fonnation .—1. By heating terephthalic acid 
with fuming H^SO, at 250° (Ascher, A. 161, 2 ; 
Schoop, 27. 14, 223).—2. By oxidation of sulpho- 
p-toluic acid (Uemsen a. Burney, Am. 2. 410; 
Weber, 27. 25, 1740), of p-xylone sulphonio acid 
(Remsen a. Kuhara, Am. 2, 414), and of 
C,H,Me(SO.p^H,).CO,H (Hall a. Remsen, B. 12, 
1432 ; Am. 2, 56). 

Properties. —Hygroscopic needles or tables. 

Salts.—KH,{A"'Aoq. Needles (Remsen a. 
Reiser, Am. 6,170).—aq (NV.).—KgA"' aq, 
—BaHA'" aq.—CaHA'" l^aq.—BaHA"'l^aq.— 
BaHA'" aq. — Ba,A"'j, 8 aq. — BaH 4 A"', 6 aq. — 
PbHA"' 2 aq.—AgjHA"'. 

Amie OA(SO,NH,)(CO*H),. Formed 
by oxidising p-xylene sulphonio amide with alka¬ 
line KgFeCy, (Noyes a. Walker, Am* 2* 94). 
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Ooneeniris needles, sol. hot water. Not melted 
at 810°,—KHA" ^aq. —BaA" aq : nodules. 

Imid* 0»H,(CO,H)<®°>>NH. [284°] (W.)j 

[299° cor.] (N. a. W.). Formed by oxidation ol 
C,H,Me(SO..NHj).CO,p by KMnO,. Short thin 
prisms (from ether), m. sol. cold water. AgNOj 
gives a pp. insol. HNO,.—KC,II,NSO, aq.— 
B 0 CHH 3 NSO 5 3aq. Scales, v. si. sol. water.— 
Ag 30 .H 3 NS 03 . 

SOLPHO-TOIOENE DIOAHBOXYIIC ACID. 

Amic acid 0 ,H 3 Me(S 0 .jNH 3 )(C 0 i.H). 3 [l: 4 ; 3 : 5 ]. 
[c. 300^, Formed by oxidation o£ i|/-cumcno 
Bulphonio amido (Jacobsen a. Moyer, B, 16,190). 
Needles, sol. water, alcohol, ami ether. — 
BaA" 2 .^aq: small prisms, si. sol. water. 

SULPHO-o-TOLUIC ACID i.e. 

04 H 3 Mc{SO 3 n).CO.^H [2:3:1J. Formed by heating 
O'toluio acid with (5 pis.) for 3 hoars at 

160° (Jacobsen a. Wierss, D. 16, 1900). Crystal¬ 
line, V. e. sol. water. Potash-fusion yields o-oxy- 
toluio acid. 

Sulpho-o-tolnio acid. Amic add 
C 3 H,Mo(S 02 NH 3 ).CO.,H [2:5:1], [213°]. Formed, 
together with about an equal quantity of tlio i 
(2,4,1)- isomeride, by oxidation of m - xylctio 
o-sulphonic amide by alkaline KMn 04 (Jacobson, 

B. 14, 38). Long needles, sol. alcohol, ether, and 
water. Potasli-fusiou yields the corresponditjg 
oxy-toluio acid. Further oxidised by KMnO. to 

C, II,(SO,NH.,)(CO,H),. i 

Sulpho-o-toluic acid. Amic acid ^ 

C„n,Me(S 03 NHJ.COJl [2:4:1J. [217°]. Formed, 
as above. Long needles, si. sol. cold water, v. • 
sol. alcohol and ether.—KA': crystals. j 

5 -Sulpbo-m-toluio acid | 

0 aH 3 Mc(S 03 ll).C 02 H [3:5:1]. Formed, together : 
with tho (3,4,1)- isomeride, by sulphonating 
ta-toluio acid with fuming at 180° (Jacob¬ 
son, n. 14, 2355). ' I 

Sulpho-m-toluic acid. Amic acid < 

CgIl3Me(S02NHo).C0,H [3:4:1]. [248^]. S. 2 at ; 
15°. Formed by oxidation of ?a-xylcne sulphonio | 
amido (liemsen, ..dm. 1,37 ; 3,205; Jacobson, ! 
11 , 806). Needles (from water), m. sol. alcohol, I 
b1. sol. ether. Polasli-fusion gives (4,3,l)-oxy-* 
m-toluic acid. KMnO, yields sulpho-isophthalic . 
acid.—CaA'jllaq: small concentric ncedlc.s.-- ■ 
BaA' 34 aq.—CaA'jdaq.—AgA'; needles (from hot I 
water). j 

.Sulpho-m-toluio acid. Amic acid \ 

03 H 3 Mc(S 0 . 3 NH.,).C 02 ll [3:2:1]. [203°J. Formed : 
by oxidation of the corresponding wi-xyleno ^ 
sulphonio amide [96°] (J.). Converted by 
potash-fusion into the corresponding oxy-toluic 
acid. j 

Snlpho-u-toluio acid C,iUaMc(SOaH).CO.,n 
[4:3:1]. 

Formation. — 1. By oxidation of thio- 
carvacrol (Flcsch, B. G, 480; Bcchicr, J. pr. 
[2] 8 , 170).—2. By oxidation of cynieno sul¬ 
phonio acid (Remsen, Am. 2, 411; R. Moyer a. 
Baur, A. 220,18).—3. From p-toluic acid and 
8 O 3 (Fischli, B. 12, 616).—4. By oxidation of 
p-xylene sulpbonic acid (Remsen, Am, 8 , 264). 
Needles (containing 2aq). Not hygroscopic. V. 
Bol. water, insol. ether. Decomposes at 185°- 
190° without melting. Potosh-fusion^gives oxy- 
p-toluio acid [204°]. Gone. HCLAq at 190° forms 
p-toluio aoid. 

Saltfl. — EHA"3aq. — KfiA''2aq.—j 


, K^A" 14aq. — MgA” 8aq. — MgA'* 7aq. — 
I BaA" 8aq.—BaA" 4aq.—PbA" aq.—PbA" 8aq.— 
I PbA"8^aq.—Ag^A^atj. 


A mide C,H,Me(S 03 NH 3 ).C 0 NH 3 Jaq. [218°J. 
Amic acid C„H,Mo(S 03 NH 3 ).CO.;[l. [267°]. 
Formed by oxidation of oymene sulphonio amid^ 
and of p-xyleiic sulphonio amide by chromic aoid 
^uixturo (Remsen a. Hall, Am. 2, 50; B. 11, 
■229; Noyes a. Walker, ilwt. 9,98). Needles, sol. 

; cold alcohol, insol. ether, si. sol. cold water.— 

I BaA',2aq. — CuA'._.4aq. — MnAjfmq: needles. 

I Probably the same amio acid [212°J is formed by 
j oxidising p-butyl-tolueno sulphonio amide by 
; KMnO, (Kelbe a. JJaur, B. 16, 2566). SI. sol. 

I water, nearly insol. alcohol, 
i Sulpho-p-toluio acid C.iH 4 Me(SOJI).CO..H 
U4:2:l]. [182°] (W.); [190°] (F.). Got'by oxidi¬ 
sing thio-lhymol (Fittica, A. 172, 329) and by 
evaporating its imido with IKJlAq (Weber, B. 

■ 25,1741). Crystals (containing 3a<i).—Nll.UA". 
-MgA'(-Ag,A". 

^ C,U 3 Mo<^y^> 0 . [97°J. Got 

by treating the acid with AcCl. 

Amic acid C,.II,Me(S 0 . 4 H).CONIl 3 , [186°]. 
Prisms (containing aq).—Nli,A'. iJot from the 
anhydride in benzene by tlio action of dry NH 3 .— 
AgA' a<i: scaks (from water). 

Amic acid C,U 3 Me(SO,NIL).CO,H. [185°]. 
Got by boiling the imido with water (Weber, B. 
25, 1739). Ve.JlowisIi (uystals. Probably iden¬ 
tical with tho preceding amic acid.—BaA '2 2 aq. 
—AgA'.-MeA'. [145'-].-KtA'. [95°J. 

Imide C,.£I.,Me<^Q^j'^NII. Methyl-sac- 

charin. t_246°]. Got from p-tohiidine sulphonio 
acid vid C„lI.MeCy.SO,H, CJl 3 MeCy.Sa,Cl, 
C,iIIqMeCy.SO.,NlL, C„ll 3 Mc(CO.,li)(SO,NH 3 ), 
the last body being heated (Kreis, O. P. 48,583 ; 
J;. 22, Ref. 719; Wober, B. 25, 1737). 81. sol. 
cold water, v. sol. alcohol, ether, and alkalis. ' 

Yield 8 C 3 H 3 Me<^QQ^NAg, wlieiice Mel forms 
C„U,Me<^^®»>NMo [153°J, wliile EtI gives 

C,I4Mo<gc'“>NEt [106°] (Weber). The imide 

is converted by warming witli aqueous KOOl into 
p-toluidino sulphonio acid. 

Di-sulplio-o-toluic acid CulLMe(SO.,lI).G 03 H 
[2:3:5:!]. Formed by suljdumation of o-toUuo 
acid with IFSO, containing 80j (Jacobson a. 
Wierss, B. 16, 1960). Minute needles, v. e. sol 
water.—"Ray/V"-.: amorplious, v. sol. water. 
Di-sulpho.p-toluic acid 

Formed by healing p-toluic acid with fuming 
IL 4 SO, and P,.0,, (Wcimeich, B, 20, 982).— 
BaHA'" 5aq. Cr^tals. 

lie/crcvcc. —NiTJio-suLPiio-xonoic acid. 
SULPHO-DVITIC ACID 0,11.80, i.$. 

C«H 3 Me(S 03 H)(C 03 H )3 [5:C:3:1]. Formed by 
evaporating its amic acid with cone. HClAq 
(Jacobsen, A. 206, 185). Needles (from dilute 
H^SOg). Potaah-fusioji yields oxy-uvitio aoid.— 
KUjA'"2aq.—Ba^A'".^. 8.3*23 at 12-6°. Needles. 

Amic acid C„H 3 Me(S 03 NH 3 )(C 03 H),. A 
product of oxidation of mesitylene sulphonio 
amide with KMnO, (Hall a. Remsen, Am. 2, 
136; Jacobsen). When set free from ito salts 
it changes at once into the anhydride O^HjNSOt. 
[270°]. 8 - 6 ati00°.—KHA".—BaA".-BaA" 8 aq. 
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BOLPEO-ISOVAISBIC AOTD C.Hi.SO, 
C4H,(BO;H),CO.fl. Formed by heating isovaleric 
acid (1 pi.) with OlSOaH (1 pt.) at 160® (De 
Varda, (?. 18, 91). Deliquescent crystalline 
mass. Its aqueous solution partially decom- 
poses when heated.—BaA" aq.—PbA" 2aq. 

SXTLPHOXIDES. Organic compoundsB.SO.B' 
formed by the action of cone. HNO, on sulphides.' 
Decomposed by heat. Beduced by Zn and HgSO^ 
and by HI to sulphides. Attacked by PCI5, sul* 
phides being formed. They reduce KMn04, being 
converted into sulphones. Sulphoxides contain¬ 
ing monovalent alcohol radicles form unstable 
compounds with HNO^, such as Et;2S0,HN03 
(Beckmann, J. pr. [2] 17, 475). 

SULPHO-XYLENE CABBOXYLIO ACIB. 
Amic acid C«H,Me,(SO,NH,).CO,H [1:3:4:5]. 
(208® cor.]. Formed by oxidising ^'•cumono 
sulphonic amide (Jacobsen a. Meyer, B. 10,190). 
Long needles, si. sol. hot water.— KA'aq.— 
BaA',2^jaq. 

8ULPHUB. S. At. w. 31-98. Mol. w. 63-96; 
probably also 191-88 and 255-84 (v. mfra).* 
The following data apply to ordinal^ rhombic 
S. Melts at c. 116®; difTcrent observers give 
from 111® to-115® (w. Helff, Z. P. C. 12, 219; 
Spring, .4. C7«. [6] 22, 170; Kopp, X. 93, 129; 
Brodie, J. x>r. 62, 336; Gernez, C. R, 83, 217; 
(or m.p. at high pressures u. Hopkins, J. 1854. 
48). Boils at 440® (Dumas, A, Oh. [2] 36, 83; 
Troost a. Hautefeuille, C. B. 70, 70, 210). Cal- 
lendar a. Grittiths (2’. 182,119) give 444-53® as 
within *1® of the true temperature of the vapour 
of sulphur boiling freely under a pressure of 
760 mm.’ (This determination was made with 
Pt resistance thermometers with groat care, but 
unfortunately no special precautions were taken 
to insure the purity of the S used. For other 
determinations v. Carnclley’s Melting’ and BoiU 
ing’point Tables, 1,11. For b.p. under different 
' pressures from 1 to 760 mm, v. Monckman, IV. 
46, 136.) S.O. c. 2 03 (Cor numerous data v. 
Clarke's Table of Specific Gravities, 2nd ed., 0). 
S.G. molten S 1*801 to 1-816 (Playfair a. Joule, 
0. 8. Mem. 3, 76); S.G. at b.p. 1-46 to 1-51 
(Barasay, C. J. 35, 471). V.D. varies from 
0.122 to c. 62; v. infra, Molecular Weight of S. 
S.H. (17®-45®) -163 (Kopp, T. 1866. 71); 
(0®-100®) *1776 (Bunsen, P. 141, 1). S.H. 
(liquid) *2346 (Person, A. Ch. [3] 21, 295). 
Latent heat of fusion = 9-368 (for 1 g. S) (Per¬ 
son, Z.C.). S.V.S. 1.5-9. S.V. of S in combina¬ 
tion varies from 28*6 to 22-6; S.V. at b.p. 
21*6 (Bamsay, C. J. 35, 471). «,C.E. (linear) 
•00006413 (at 40®) (Pizeau, C. B. 68, 1126; 
V. also Kopp, A. 93, 129; Pisati, G. 1874.29; 
Spring, J. 1881.1085; Moitessier, J. 1866. 27, 
who gives C.E. for each c. 20® from 110° to 
440®). S. in CSj*. 16-64 at-11®, 18-75 at -6®, 
23-99 at 0% 8715 at +15®, 41*66 at 18*5°. 
46-06 at 22®. 94-67 at 38°, 146-21 at 48-6®, 
181-84 at 65° (Cossa, J3.1, 138; Payen, C. B. 
84,466, 608). For S.G. of solutions in GS2 v. 
Macagno (u. N. 43,192). For S. in and 
other solvents v. Pelouze (C. B. 68,1179; 79, 

56). Befraction-equivalent for 

. D line 16*0 (solid), 16*47 (liquid), 16*1 (gaseous, 
for 0 line), 16*0 (in solution), 16-0 (calculated 
from data tor SCi«), 16*1 (from data for S^OIJ 


(Glad8tone,P.Af.[6]35,204). H.O. [8.0*1-71,080 
(Th. 2, 247). The E.C. of S is very small; it 
varies much with temperature (v. Monckman, 
Pr. 46,136). The fundamental form of rhombio 
S is a simple pyramid, or elongated octahedron; 
a:b:o« *8106:1:1*898. For emission-spectrum 

V. Salet, C. B. 68, 404; 73, 659; Bl. [2] 11, 
302; Mulder, J. pr. 91, 112; Barrett, 1865. 
138; Seguin, O. B. 63, 1272; Ohautard, 0. P. 
79,1123; Plucker a. Hiltorf, J. 1863.109. For 
absorption-spectrum of S vapour v. Salet, C. R. 
74, 865; Gernez, 0. B. 74, 803; Ciamician, 

W. A. B. 77 [2] 839. For vapour-pressures of 
S vapour v. Begnault (J. 1863. 66). Ignition 
point c. 250® (Hill, C. P. 61,125; Blount, 0. N* 
01, 153). 

The following data apply to monocKnio 8. 
Melts at 117-4® (Gernez, C. B. 83, 217); at 120® 
(Brodie, J. pr. 62, 330). S.G. 1*982 (Marchand 
a. Schecrer, J. pr. 24, 129); 1*958 (Deville, J. 1, 
305). S.V.S. 16-4. H.C. [S,0-] = 71,720 {Th. 2, 
247; Petersen, Z. P. C. 8, (501). For volumes 
occupied at different temperatures v. Toepler 
(IK. 47, 109). CryslalliKCs in secondary forms of 
a monoclinic prism; a:5:c = l'004:l:l-004, angle 
6;c = 84° 14'. Sol. CS^, from wiiich solution 
rhombic S crystallises out. 

Insoluble sulphur is amorphous; insol. CS.^; 
S.G. 0. 2*04 (Troost a. Hautefeuille, <7. B. 69, 
248); S.G. after compression at 8,000 atnios. 
1-955(5 at 0®, 1*9043 at 100® (Spring, BL Acad. 
Bclg. [3] 2, 83). 

Cf. Allotropy of Sulphur (p. 009). 

Occurrmce. — Native, in beds, in Sicily, 
Mexico, New Zealand, &o.; in the lava fissures 
of volcanic districts ; in small quantities in the 
mud from the soa-bottom (Buchanan, Pr. E. 
1891.1). Many metallio sulphides also occur 
native— c.g. sulphides of Sb, As, Cu, Fe, Pb, Hg, 
and Zn. Sulphates occur in large quantities— 
e.g. gypsum, celestinc, heavy spar; those and 
other sulphates are foimd in the earth’s crust, 
in the sea, and in many river and spring waters. 
(For more details v. Dictionary of Applird 
Giikmtstrt, iii. 682.) S is a constituent of 
albumen, hair, feathers, horn, and some other 
parts of animals; it is also found in many 
plants. Small quantities of S compounds are 
found in the atmosphere near volcanoes. Ac¬ 
cording to Young sulphur occurs in the solar 
atmosphere {Am. S. [3] 4, 356). 

Sulphur nas been known from veiy early 
times. The quantitative work of Lavoisier, in 
1772, on burning S showed this substance to be 
an element, but it was not finally placed on the 
list of elements until after the experiments of 
Gay-Lussac and Tlt^nard in 1809. 

Formation. —1. By the interaction of SO, 
and H,S; 2S0,+4H,S-3S2 + 4H.,0.-2. By the 
partial oxidation of H,S, either by incomplete 
combustion or by exposure of H^SAq to a limited 
quantity of air; 2H2S + 0, *» 2H3O + 8,. Also by 
the oxidation of FeS by exposure to moist air; 
2FeS + 30 « Fe,Os + —3. By distilling certain 

metallic sulphides out of contact with air, e.g, 
3FoS,-Fe,S^+ 8^—4. By decomposing solution 
of an alkali or alkaline polysulphide by acid; 
e.q. CaS^Aq + 2HClAq - CaCl,Aq + H,S - 28^ 
Also by adding acid to solution of a thiosulphate; 
e.g. Na,S,0,Aq + 2H01Aq - 
aNaOlAq + HsO + BOgAq+S.—A By deoom* 
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posing S|C 1 , bj water ( 2 S 201 «+ 9 H 20 + Aq« 
4HGlAq + SO, + 8 S).~> 6 . When snlphates, e,g» 
OaSO^, are in prolonged contact with decaying 
organic matter (such as plant-leaves) they are 
reduced to snlphides, and It these come into 
contact with acids S is among the products of 
the reactions that occur. For a fuller account 
of some of these processes, whereby native S is 
probably formed, v. Oictionauv of Applied 
CuEUiSTnT, iii. C83. For methods of forming 
the various varieties of S v. infra, Preparation. 

Preparation. —1. Ordinary S is dissolved in 
pure, dry CS^; a part of the CS.. is distilled oil, 
and the rest is allowed to deposit crystals of S. 
This process is repeated once or twico; the S 
.crystals are powdered, kept in vacuo for some 
days to remove all CS.^, and then repeatedly dis¬ 
tilled in vacuo, the middle portion of the dis¬ 
tillate being collected each time.~2. Ppd. S is 
distilled several times in S^^Gl, to remove H 
compounds; the distillate is tJien repeatedly 
distilled in vacuo, tlie middle portion only being 
collected; the distilled S is finely powdered, re¬ 
peatedly washed with water, dried, distilled over 
a few small pieces of pure Zn in vacuo (to re¬ 
move traces of S^Cl,), and then repeatedly dis¬ 
tilled in vacuo. —3. S is ppd. by adding HClAq 
to pure NajSjOaAq, the pp. is repeatedly washed 
till free from chlorides, dried, distilled repeatedly, 
and finally distilled several times in vacuo (v. 
Monckman, Pr. 46,140). 

Ordinary rhombic sulphur is prepared 
by melting S and allowing to cool very slowly at 
90° (Schut/.enberger, C. B. 60,7415), or by melting 
and throwing in a crystal of rhombic S when 
the liquid has cooled nearly to tlie crystallisation 
point (Gernez, C. 2t. 83, 217); also by crystal- 
Using from CS-j,* and, in very well formed 
crystals, by saturating pyridine or picoline with 
HjS and allowing to stand (Alirens, B. 23,2708). 

Monoclinic sulphur is prepared by melt¬ 
ing a considerable quantity of roll sulphur in a 
Hessian crucible, allowing to cool till a crust 
forms on the surface, yncrcing this crust, and 
pouring out the S tliat is still liquid; the walls 
of the crucible are covered with monoclinic 
crystals. This form of S can also be prepared by 
evaporating alcoholic solutions of (NH^) 2 S (Mal¬ 
lard, J. 1885. H83; Knys, J. 1884. 33G; Gernez, 
C. R. 100, 1539; 101, 312); also, along with 
rhombic crystals, from solution of S in boiling 
alcohol, benzene, &c. (Maquenne, Bl. [2j 41, 
238). By melting S, and throwing in a crystal 
of the monoclinic form when tlie liquid is near 
the orystallisation point, the S solidities in 
raonoclinic crystals (Gernez, C. R. 8.3, 217). 

Soft soluble sulphur is prepared by 
decomposing SjGl, by water, or NaB^OsAq or a 
soluble polysulphide by a limited quantity of 
acid, or many metallic sulphides by fuming 
HNO„ or SOaAq by H.SAq (Weber, A. 141, 432; 
Koso, P. 47, 166; Beville, Ph. C. 1848. 200; 
Fordos a. GMis, Ph. C. 1854. 294). This pre¬ 
paration is not homogeneous; it contains both 
soluble and insoluble S. 

Insoluble sulphur (insol. in GS,)^ pre¬ 
pared by beating ordinary S nearly to boiling 

then cooling rapidly (most easily by slowly 
pouring into a large quantity of cold water), 
rubbing (be plastic mass so obtained with a 
glass rod, under water, till it becomes hard, and ; 


removing soluble 8 by treatment with wt^rm 
OS 2 (cf. Dev|]le, Ph. 0. 1848. 200). Insoluble S 
is generally* present in * flowers of sulphur * 
(which is formed by rapidly cooling vapour of 
S); by treating this with CS 2 the soluble S is 
removed, and the insoluble > form remains. 
Soluble S becomes covered with a film of the in* 
Soluble variety by exposure to sunlight or elec¬ 
tric light when melted (Bertholot, J. pr. 81, 
396; Lallemand, C. R. 70, 182). Insoluble S 
is also said to be obtained by decomposing 
Na.SaOsAq by HClAq, dissolving Ibo ppd. S in 
CIICI 3 , evaporating, and keeping the crystals 
' that separate for some time (for details v. Engel, 

C. B. 112, 806; Fricdcl, C. R. 112, 834). In¬ 
soluble S is also formed, mixed with the soluble 
variety, by the incomplete combustion of 11.8 or 
08-2; by decomposing ILS by fuming UNO,, 
aqua rcyla,'PQC\,fi.(\, S^CU, or CiG,Aq; and by 
the reaction of IINOjAq, SO..., or halogens with 
melted S (u. Wohler, A. 86 , 373; Vogel, J. Ph. 

[3] 29, 433 ; Scliiff, A. 1L5, 08; NOUner, A. 108, 

49; Bictzenbacher, C. R. 56, 39). Insoluble S 
is also formed by decomposing thiosuipbatos by 
acid, or S.CliOr SJir^by water, Are., and washing 
the soft magma so obtained with 06.. to remove 
soluble S (cf. Preparation of soft soluble suX- 
phur, supra ; and v. Weber, A. 141, 432 ; liose, 

; P. 47, 16(5; Dovillo, Ph. C. 1818. 200). 
j Colloidal sulphur, solublo lu water, 

I is prepared by pa 8 .->ing H ,^8 into SO^Aq at a 
! little above O 'tili all the .SO.^ is decomposed, 

' filtering, and concentrating over KOll.i/t fvxcMO. 

; The yolloAV solid so obtained is sol. water, but 
changes to ordinary S on keeping (Dobu.s, 0. J. 

I 63, 282). According to Engel {O. H. 112, 866 ) 

I this fortn of 8 exists in the solution obtained 
by adding 1 vol. Na^S.Oj.Vq, saturated at the 
1 ordinary temperature, to 2 vols. HClAq satu- 
' rated at 25‘^-80° and let cool to 0 . 10 °, and < 
filtering from NaOl that separates. This form 
: of S has not been isolated in a state of purity. 

I liegardlng the formation of the varieties of 
; S one from the other, cf. Allotropy of sulphur^ 

:,p. 009. 

Properties. —S exists in several modifications. 
The chief arc (1) soluble in 08^, (2) insoluble in 
C 82 , (3) soluble .in water. 

1. Solublo sulphur exists in two, perhaps 
in three, varieties, diiloring in 8 .G., crystalline 
form, tSre. 

A. Ordinary rhombic (octahedral) 
sulphur is a pale-yollow, tasteless, very brittle 
solid. By crjintallisation from GS^ it forms 
clear, yellow, transparent, lustrous crystals; the 
colour becomes paler at low temperatures, until 
at — 50° the crystals nro almost colourless (Schdn* 
bein, J. pr. 55, 161); by immersion in boiling 
water it becomes easily powdered (Daguin, C.R. 

20,1667). The crystals are derived from the 
fundamental form of a rhombic pyramid; about 
thirty varieties are known. When held in the 
hand S emits a distinct odour, probably because 
of slight volatilisation; according to Berthelot 
(C. R. 100, 1826) S is wholly volatilisable at a 
temperature not much above the ordinary. S is 
said (0 phosphoresce in air or 0 at 200° (Hen- 
mann, B, 16,139). When S is rubbed it become! 
strongly (negatively) electrified. S U a bad oon- 
doctor of heat, and a very bad conductor oi 
eUotricity; the eonductivi^ variM ^htlj* 
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ftooordiog as the light Is or is not allowed to 
fall on the 8 (Monckman, Pr. 46,136). Insoluble 
in water; easily sol. CS, (data at beginning of 
article); also sol. CaHa, CHC1„ <fec. Sol. warm 
cone, acetic acid (Liebermann, B. 10, 866 ); sol. 
liquid SO 2 (Sestini> 1668. 718). As octahedral 
B changes to prismatic S near the m.p. of the 
former, it is evident that hot solutions of the 
former, in solvents which boil near to, or above, ' 
the m.p. of S must contain some prismatic S. 
Khombic S slowly changes to monoolinic 8 when 
kept near its m.p. {v. p. 000 , Allotropy of 
sulphur ); the change is accompanied by ab> 
sorption of heat (c. 050 g.-units for‘32 grams S) 
and expansion of volume (v. Potersen, P. C. 8 , 
601). According to Gernez (C. P. 83, 217), if a 
fair quantity of rhombic S is heated till melting 
begins on the surface^ the interior portions 
change to microscopic monoclinic crystals, and 
the surface parts solidify again; this occurs 
only if the m.p. of monoclinic S (117‘4'^) is not 
exceeded. S molts to a clear yellow liquid; at 
0 .160° the liquid begins to darken and thicken ; 
between 170° and 200° it is black, and so viscid 
that it docs not pour out when the vessel con¬ 
taining it ir inverted; at 330°-340° the liquid 
becomes thin, but it remains dark coloured until 
it boils at 0 . 444°. These changes are accom¬ 
panied by very considerable changes in the 
electrical conductivity of S : the conductivity is 
almost constant from 270'-200° ; it increases 
considerably up to 310°-3r)0°, and then very 
rapidly up to the b.p. (v. Monckman, Pr. 46, 
136). The cxpansion-coeilicicnt, for each in- 
terval of 10 °, decreases from 110 ° to 1 H 0 °, and 
then increases gradually, but not regularly, to 
the b.p. (t). MoUcssier, J. 1866. 27). Rfelted S 
may bo cooled below 05° vnthout solidifying (c/. 
Gernez, C. R. 07,1208,1.3G0, 1433). Por S.G., 
S.H., and other physical properties of 8 , v. 
beginning of this article. 

B. Monoclinic sulphur^ obtained by 
cooling molten S, forms transparent, yellowish 
brown needles; as obtained by crystallisation 
from solutions llio crystals are nearly colourless. 
The crystals gradually become pale yellow and 
opaque, due to change into the rhombio 
fovjn. The crystals are secondary forms of a 
monoclinio prism. This form of S is sol. CSj; 
rhombic S crystallises from this solation; it 
^60 dissolves in alcohol, CHCl,, <ko. On 
evaporation, crystals, both of rhombic and mono- 
olinio S, separate (Maquenne, Bl. [2] 41,238); 
monoclinic S may be recrystalliscd from alcoholic 
solution of {NH<)aS (for references v. p. 607, 
Preparation of nu>noclinic S). The change of 
monoclinic to rhombio S is hastened by scratch¬ 
ing with a glass rod, or by covering with CS 2 ; 
heated to 96*1° at 760 mm. pressure, monoclinio 
changes to rhombic S; the change is accom¬ 
panied by appearance of heat and contraction of 
volume (v. p. 609, Allotropy of sulphur). For S.G. 
&o. of monoclinio S v. beginning of this article. 

0. Soft soluble sulphur {v.Preparation 
of soft soluble sulphur^ p. 607) is only partly sol. 
eSy: it contains both soluble and insoluble 
amorphous 8 ; it is a very pale yellow, or nearly 
white, setft, amorphous, mt^ma that gradually 
hardens; when heated it gives ofl HjS (Weber, 
A. 141,432 ; Bose, P. 47, 166; Deville, Ph, 0. 
1848.200; Fordos a. G^lis, Ph. 0. 1654.294). 


2. Insolable sulphar. It is doubtful 
whether more than one variety of this form of S 
exists, or whether substances described as 
varieties are not merely mixtures of ordinary in- 
soluble S with impurities. 

B. Plastic sulphur is a citron-yellow, 
soft, caoutchouc-like, amorphous solid, formed by 
suddenly cooling molten S (v. p. 607, Preparation 
of insoluble sulphur) ; as ]>ropared from ordinary 
S it is dark brown, but Mitschcrlich {J, pr. 67, 
369) found that the dark colour is caused by the 
presence of small quantities of fatty substances 
(c/, Dietzenbacher, G. R. 56, 39). The S.G. of 
brown, plastic S is o. 1‘01 to 1*96 ; but the sub- 
staiico is not homogeneous ; it contains both 
soluble and insoluble 8 . Plastic 8 soon hardens 
and becomes yellow, more quickly when broken 
up andrubbod with a glass rod, or when immersed 
in turpentine, or when heated to c. 100 °; heat 
is given out in this change (v. p. 609, Allotropy 
of stdphur). For determinations of the volnmoa 
occupied at dllTcrent temperatures by plastic S v, 
Tocpler (IF. 47,169). 

E. Amorphous yellow sulphur is pre¬ 

pared from plastic S, or flowers of S, or the S 
obtained by decomposing iliionates by acid, or 
HjS by oxidisers tto. {v. p. 607, Preparation of 
insoluble sulphur), by washing with warm 08. 
till all soluble S is removed. This variety is an 
amorphous, bufl-ycllow powder; kept under 
eSj it Bceina white ; when dried and rubbed it 
forms a loose, flocculent powder. Insol.CSa; 
somewhat sol. CHCl,, Et.^0, and alcohol, accord¬ 
ing to Beville {J.pr. 56, Unchanged at 

tho ordinary temperature, but slowly converted 
to crystalline soluble S at 100° (v. Berthelot, 
J.pr. 70, 941; 71, 364; Favre, J. Ph. [3) 24, 
314; F. a. Silbermann, A. Ch. [3] 34, 447). 
S.G. 2-046 (v. data at beginning of this article). 
H.C. [S,OT« 71,090 (Petersen, P. 0. 8 , 601). 
Tho accounts of this variety of S vary con¬ 
siderably. 

F. Blade stilphur. When S mixed with 
a very little oil is thrown into a hot Pt dish, a 
black substance is obtained which has been 
looked on as a modification of S (Magnus, P. 
92, 367; 90, 14.5 ; Dietzenbacher, P. 124, 644; 
Gross, B. B. 1879. 788; Jones, C. N. 41, 244 ; 
Keller, Bl. [2] 4, 346). Knapp (/. pr. [2] 38, 
48; 43,305) has shown Miat the black substance 
contains c. 65 p.c. S and 0 . 33 p.c. carbonaceous 
matter; K. thinks it is probably a modifioatioa 
of 8 adhering to carbonised products of the oil. 
This substance is said to be non-volatile above 
the b.p. of S; it is a lustrous, amorphous, solid, 
insol. GSg, alcohol, Et^O, oils, H 3 SO 4 , 

3. Colloidal sulphur soluble in 
water. This form of S is said to exist in 
Wackenroder*s sohition (the milky liquid formed 
by passing H^S into SO.Aq), and also in the solu¬ 
tion obtained by adding HClAq toNajS^GaAq (v. 
p. 607, Pr^arafion of colloidal sulphur). This 
form of S has not yet been obtained free from 
imparities; it is a plastic, gummy, pale-yellow 
solid; it dissolves in water, forming a turbid 
liquid. By ppg. by NaCl, filtering, drying on 
bibulous paper, shaking with water, and re¬ 
peating this treatment, Debus (C. J. 63, 284] 
obtained colloidal S that dissolved in water sc 
as to form an almost clear, opalescent liquid 
which became quite clear on warming, and turbic 




roLPHUB. 


M 

ooo^big. Thii solution yislded ordinas^S on to — 1$^ nnJ In «. 80 mlsnios at 40*. Boloher 
Addition of eoTeral salts; eyaporaiion left a (A. T. C. 2,246; if. 8,593) says that the tern- 
yisoous, trasparent reeidno ; the S in solntion perature of oSange of to S. ie 95*6* at the or- 
did not diffuse through a porous membrane. dinary pressurOi and rises *05* for each increase 
OtJier modifications of sulphur. Various of 1 atmosphere prossuie; at 96*1* 9. changes 
experimenters have descrit^d forms of S different to S^, and at 95*1* changes to S«. The 
from those usually recognised, but there is much change of any form of S to rhombic crystals is 
doubt as to whether any of these are really die* deooinpaniod by the appearance of heat and 
finct varieties, or merely mixtures of known contraction of volume; the data for the heats of 
varieties (o. Maquenne, Bl. [2] 41, 238; Gerncz, combination of S«, S^, and amorphous insoluble 
A. Oh, [6] 8, 266; C, B. 100,1326; Engol, C. li, S give o. 650 gram-units ns the quantity of heat 
112, 866; JBertholot, C. B. 100, 1328; Braine, produced when 32 grams change to S«, and o. 
C, B. 101, 533, 639). 900 gram-units for tbo clmngo of 32 grams in« 

Allotropy of sulphur. The following table soluble amorphous 8 to {cf. llerthelot, C. B» 
presents the best established allotropic forms of 70, 941; and Mitsohorlich, P, 88, 828). By 
8 :— keeping S molten for some time at 100*, and 

Insoluble in water. then inducing crystallisation by droi>ping in a 

. crystal of S, either rhombic or monoclinio orys- 

Soluble in 0^^ hisoluhle in tals can be obtained, according as the crystal 

Bhorabio; S, Plastic; dropped in is rhombic or monoclinio. When 

Monoclinio; Amorphous, yellow rhombic S is molted and allowed to cool under 

Amorphous, soft ordinary conditions the solid contains both S. and 

Soluble in water. if the cooling is rapid, somo amorphous 8 

Colloidal • Sj (both soluble and insoluble) is also produced; 

’ hence ordinary ‘ flowers of sulphur,’ formed by 

The amorphous forms of S (soft, soluble; rapidlycooIingSvapouriContninsbotlfsoIubieand 
yellow, insoluble; and plastic, insoluble) and insoluble S, and generally also, when freshly 
colloidal S have not been obtained pure ; the prepared, both rhombic and monoelinic crystals, 
soluble amorphous always contains insoluble, The crystals of S that separate from solutions in 
and the insoluble forms always contain soluble CS^ are rhombic; both forms of crystals separate 
S; the colloidal contains S insoluble in water from solutions in alcohol, 0«H„ CHOI;,, Ac.; and 
{(if. Magnus,70, 215; 72,48; Weber,/.pr. monoclinio crystals separate from solutions in 
70,354). It would probably be mbro accurate alcoholic (NH<)^S. Liglit brings about t^oohange 
to make only three divisions of aniorplious S ; of soluble into insoluble 8; if bright sunlight, or 
soluble in water, insol. water but sol. CS.^, insol. light from the electric arc, falls on molten 8 at o. 
both water and CS,. Berthelot {J.pr. 71, 364 ; 130*, a film of insoluble 8 is produced. Simi- 
78, 244) bolds that there are two main varieties larly, light concentrated by a lens and directed on 
of S: soluble in CS.^ and insoluble in CS,. S to aoonc. solution of 8 in GS, quickly causes the 
separated from compounds wherein it acts as formation of a spook of insoluble 8, which soon 
the positive radicle, or part of the positive increa8esinsizetil)theliquidbccomcsturbi(l(Ber- 
radicle {e.g. S,C1.^, SO^Aq), is insoluble, according thelot, J. pr. 31,396; Lallomand, 0, B. 70, ld2). 
toB.; whereas when separated from compounds No differences have been observed between the 
wherein it forma the negative radicle, or part of chemical behaviour of the soluble and insoluble 
the negative radicle h.g. H^S, K^S), 8 is soluble varieties of S {v. Schmitz-Dumont, B. 25,2659). 
in CS2. B. distinguishes the two varieties of S • Atomic weight of sulphur. Tlio at. w. of S 
as electro-positive and electro-negative. Gloliz has been determined (1) by converting AgCl into 
JJ. pr. 74, 266 ; 78,241) asserts that insoluble 8 Ag^S (Berzelius, P. 65, 819 [1845); Svanberg a. 
18 obtained from S-^CL^ when this compound is Struve, J. pr, 44, 320 [1848]); (2) by reducing 
rapidly shaken witii water, but that soluble Ag^^SO, to Ag by H (Struve, A. 80, 203 [1861]; 
(crystalline) 8 separates from the same com- Stas, P.125 [1860]); (3) by direct synthesis 
pound by the gradual action of moist air; and of Ag.^S (Duntas, A. Ch. [3] 55, 147 [1859] ; Stas, 
that insoluble S is obtained by electrolysing Stas R. 53 [I860]); (4) by determining S.H. of 
H,BAq provided the electrolysis is rapid (c/. S (Kopp, T. 1865, 71); (6) by determining 7.D. 
Weber, P. 141, 432). of, and analysisig, SHj, SO,, SaCl,, Ao. 

Any form of S changes gradually to the Molecular weight of sulphur. The V.D, 
rhombio crystals (S.); this change is hastened dotorminaiions of Dumas (A. Ch. [2] 50, 170) 
by raising the temperature within certain limits, gave 0. 95 at 45O*-(i0O*, pointing to the molecu* 
Berthelot (/. pr. 71, 360) examined the amount lar formula 8,; Bineau (0. B. 49, 799) found 
of soluble (crystalline) S changed to insoluble at V.D. 39 from 714® to 743\ and 34 between 840* 
different temperatures; he found that rhombio and 1160®, indicating the molecular weight ^ 

8 heated to 130®-140® and rapidly cooled was The determinations by Deville a. Troost {p, R, 
still wholly soluble in CS„ that much insoluble 56, 891) at 860®>1040* confirmed the number 32 
8 was formed by beating to 0. 170®, and not and the molecular weight 8,. Troost (0, R. 96, 
much more at 0. 230*. These results can be 30) got the number 42*5 at 665®, indioatisg % 
taken only as very roughly approximate, on ao- mol. w. of e. 8, (V.D. oorrosponding to 
oount of difficulties in cooling, Ac. (cf. Deville, In 1888 Biitz determined V.D. of 8 at Intervals 
J, pr. 56, 365; Frankenheim, J. pr, 54, 486). from 468® to 606*, and got results ranging Ikot 
A ooording to experiments of Oernez (t7. B. 97, 113*2 at the lower temperature to 68*4 at tha 
1298, 1366, 1433 ; 100,1843,1882), Buys (B. T. higher (S,«ill2; S4«64). The V.D. constantly 
C.8, l),and Beioher {J. 1885. 247), monoclinio S decrees^ as temperature rose; the Y.D. was 
(B^ changes to rhombic {8J in 0.12 days at *86^ constant only between 502* and 524®, but th« 

Von.lY» 
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Ttluei were between those calculated tor S, and 
8.-. 8%. concluded that the only molecules 
which exist as gas through any considerable 
range of temperature have the composition S,. 
Bamaay [Z. P, 0. 8, 67 [18893) thought that 
Blitz’s results did not negative tne existence of 
gaseous molecules more complex than S.^ Schall 
Jb. 23,1701 [1890]) got numbers for V.D. vsry^ 
ing from 115 to 122, at 673*^ and pressures from 
10-20 mm., in an atmosphere of N or COj; 8. 
concluded that molecules S, probably exist in 
the vapour of S. Riecke [Z, P, C. C, 430 [1890]) 
regarded the decrease of V.D. with increasing 
temperature as a dissociation of 8 b to S, and 
by making certain assumptions, his calculated 
results agreed well with the experimental num> 
hers of Biltz. In 1888 Paterno a. Nasini (B. 21, 
2153) determined the depression in the freezing* 
point of benzene caused by dissolving S therein; 
their results indicated as the molecular for* 
mula of S in solution in benzene. By deter¬ 
mining the increase in the boiling-point of GS.^ 
produced by dissolving S in that solvent, Beck¬ 
mann {Z. P. 0.6, 76 [1889]) got values for the 
mol. w. of S varying from 245 to 280 (Sh’= 256). 
Bakurai a1^^ used this method in 1892 (O. J, 61, 
989); hia values for mol. w. of S in varied 
from 252’3 to 264'9. From observations of the 
effect of dissolving S in naphthalene on the f.p. 
of the solvent, Hertz {Z. P. G. 6. 358 [1890]) 
concluded that the mol. w. of S in solution in 
naphthalene is 266 = Sb- Ilolff {Z. P. 0.'12,196) 
In 1893 also got Sb for mol. w. of S in CS,, and in 
molten P. These results leave little doubt that 
molecules Sg exist in solutions of S in CS, and 
in naphthalene, and Sb in solutions in benzene; 
that molecules of greater complexity than — 
probably as complex as 8^—exist in 8 vapour, 
but these are stable only through a small range 
of temperature, and gradually dissociate as tem¬ 
perature rises until all the molecules existing 
above o. 700*^ have the composition 8,. Biltz a. 
Meyer (B. 22, 725 [1889]) have shown that the 
V.D. of S corresponds with the mol. w. S, up to 
1C00®>1700^ 

JReactiona, —1. Reacts with water at 100® to 
form H,S. Cross a. Higgin (C. J. 35, 249; B. 
16, 1195) found that the solution contained 
thionio acids; they supposed that these were 
produced by reactions between the and SO, 
formed by the action of the S on the water {cf. 
Payen, J, Ph. 8, 871; Mulder, J. 1858. 84; 
Meyer, 0. R. 74. 195; G^Iis, 0. B. 66, 1004). 
Sendereus {BL [3] 6, 800) regarded the produo- 
tioQ of H^S as due to interactions between the S 
and the glass vessels employed; 0. a. H. (O. J* 
85, 252} found H.^S was produced when mlute 
H,SO.Aq was used m place oi'water, and they con¬ 
cluded that the alkaline constituents of the glass 
were wiUiout influence. Becquerel {0, B. 56, 
287) says that when water containing 8 in sus¬ 
pension is electrolysed, H^SO^ forms at the posi¬ 
tive, and H,8 at the negative, electrode {cf. Col¬ 
ton, Bl. [21 84,66). When 8 is moistened with 
water and let stand in the air, H^SO^Aq is said 
to be produced (Polacci, C. C. 1884. 484; B6hm, 
M. 8, 224).—2. 8 is oxidised to H^SOtAq by 
heating with ntfrie ocuf, aqua regia^ or potas^ 
n«m Mlorate and hydrochloric acid. —8. Cone, 
hot sulphuric acid is reduced, giving off SO,.— ! 
i. Cone* hydriodie aeid gives H,8 wd I (I df•; 
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oomTOset dilute E,SAq to HTAq Ohkm}- 

sulphonie aeid when heated with S produces 
SjCly, SO,, and HCl (Heumann a. Edohlin, B, 
15, 416).--6. S dissolves in boiling alkali solu¬ 
tions, also in molten alkalis and alkaline ea/r- 
honaies, to form mixtures of polysulphides and 
thiosulphates. Boiling ammonia sol'^ion forms 
polysulphides; heated in a sealed tube above 
100® some (NH,),SB03Aq is produced (v. Brun* 
ncr, B. P. J. 160,371).—7. Sulphur trioxide dis¬ 
solves S, forming a blue solution of 8,0, (u. Sol- 
rnuR oxides).—8. Carbon dioxide reacts with 
boiling 8 to form COS (Cossa, B. 1, 117; Ber- 
thelot, Bl. [2] 40, 364). The same compound is 
produced by volatilising 8, by an electrio cur¬ 
rent, in carbon monoxide (Chevrier, C. B. 69, 
66).—0. PSCl, is formed by the interaction of 8 
and phosphorus trichloride at 130® (Henry, Bl. 
13.495). Phosphorus ventachloride forma PCI, 
and S,C1, (Goldschmidt, C. G. 1881. 489).— 
10. S decomposes many sulphates and carbonates 
at high temperatures, forming sulphides and 
SO,, or CO, (v. Sestini. Bl [2J 34, 490; Berthe- 
lot, Bl. [2] 40,364).—11. Solutions of salts are 
very often reduced by boiling with S, sulphides 
being generally ppd. {v. Vortmann a. Fadberg, B. 
22, 2642; and, more fully, Sendereus, Bl. [3] 6, 
800; 7, 611). 

Co»t6inotion«.—1. Sulphur combines directly 
with most of the elements. The binary com¬ 
pounds of 8—with the exception of those with 
Br, Cl, F, I, or O, and also compounds of S with 
more than one other element (except these be 
some of the flve just mentioned)—are described 
under the least negative of the component ele¬ 
ments ; e.g. compounds of 8 with P and Cl are 
described (as sulphochloridos) under Phosfhobub. 
For the conditions of formation of the binary 
coinpounds of S reference must bo made to the 
various elements, except in the cases of bromide, 
chloride, fluoride, iodides, and oxides of 8, 
which are described in this article in their proper 
(alphabetical) places.—2. Chlorine monoxide 
C1,0 is said to combine directly with S (sus¬ 
pended in S,CL), at 12®, to form SOOL (Wurtz, 
C. B. 62, 460). 

Sulphur, acids of. Reference should be made 
to Htdbooen sglpuidb, vol. ii. p. 725; Solfhgb 
oxYAcxDS, this vol. p. 619; Sulphur ozyaoidb, 
NiTfioaBM DBRtVATrvBs OF, this vol. p. 619; 
SuLPHOOVANIO ACID, VOl. ii. p. 303 ; SULPHOMXO 
ACIDS AHD DERIVATIVES, thlS VOl. p. 599*, ThIO- 
CARBONic ACID, vol. i. p. 703. For acids, and salts 
of acids, containing 8 and P, and 8, P and 0, 
V. Phosphorus sulphides, this vol. p. 145 (begin¬ 
ning of article); also Phosphorous sulphide, 
Reactions 7 and 8 (p. 146), Phosphoric sulphide, 
Reaction 8, and also end of that article (p. 147). 

Sulphur, bromidei ot It is very doubtfm 
whether any definite compound of S and Br 
exists. Powdered S dissolves in Br with evolu¬ 
tion of a little heat; the deep ruby-red liquid 
begins to distil over at o. 60® and the thermo¬ 
meter rises steadily to o. 190®, when it ascends 
slowly to 0. 200®, after which it steadily rises 
till 8 remains; the fraction coming over at 
190®-200® agrees fairly in composition with the 
formula GsBr^ (Pattison Muir, 0, J. 28,845). M. 
found that by passing GO, through a solution of 
S in excess of Br for some hours, at 16®, 50®, 
^d 9Q®t the residual liquid bad nearly the eom* 
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potitiott S|Br,; Hftnnay, however, by passing 
air through such a liquid for 400-500 hours 
found that the whole of the Br was removed and 
that pure S remained (C. J, 83, 284; 35,16). 
It is, however, possible that at the tempera¬ 
ture of this experiment, o. 15^ dissociation 
of S^ri was induced by tho stream of air. 
H. also found that the vapour given off by the 
supposed SjBr„ even at 0°, showed tlio absorp¬ 
tion-spectrum of Br. Spring a. Locrenier (Bl, 
[2] 45, 867) examined the reaction of the sup¬ 
posed SjBr^ with ICSO^. S. had before shown 
that S.-Clj and ILSO,, produce KCl and K.S^Ou; 
but Cl and S acting as free elements prodiieo 
K2SO4, KCl, KjSoOa and SO.^. S.dir;. ought then 
to produco KBr and IC^S,Ou, whereas S and Br 
would form KySO^, KBr, K^S^jOj, and SO..; by 
determining the quantities of the products S. a. 
L. calculated that the supposed S..Br. contains 
c. 27 p.c. of the elements nncombinoil. Various 
reactions of tho supposed S.J3r^, are described in 
the memoirs already referred to (v. also Bose, 
p. 44, 327; Michaelis, J. Z. G, 207; Ogier, C. ll. 
02, 0^). 

Sulphur, chlorides of. Three compounds of 
S and Cl are known: S^^Ch, SCI.;, and SCI,. 
These compounds are liquids; S^CL b<»il3 un¬ 
changed ate. ]3S‘, ,SCI.; begins to decoinposo to 
SjClj and Cl at c. 10®, and the decomposition of 
SC1< to SCI; and Cl begins ate. —20®. 

Surpnua MONocni.oaiDE S.^CL. (Sulphur 
protochlorido, Sulplmr sulpliochloruh'-, Sulpho- 
thionyl chlo}ide, Thio-ihionyL chloride.) Mol. 
w. 134*7. Boils atl3S-l2°; S.G. ^ 1-70041, S.O. 
at b.p. 1-4')201 (Thorpe, C. ,T. 37, 350). S.V. 
90*28 (T.. Ic., p. 372). V.O. 08* t (Dumas, A. Ch. 
[2j 49, 201; Marehand, J. pr. 22, 507). mui 
« 1-61440 (Ilaagen, P. 131, 117). ILB. [S^C1•] 
(from S,) = 11,257 (Th. 2, 310); 17,600 (Ogier, 
a B. 92, 922). 

Fowintion.—l, By the interaction of 8 and 
Cl.—2. By distilling S with 9 parts SnCl; or 8*5 
parts HgClj.—3. By reacting on TCIj with S 
(Goldschmidt, C.G. 1881. 489).—4. By decom¬ 
posing PSCl, by CJ or by heating to rednc.s.s.— 5, 
By the interaction of P.;Sa and SOCL, the olljcr 
product being (Carius, A. IOC, 331). — f>. By 
the action of CS*. on 101., (Weber, 128, 459). 

Preparatw7i.-~A. stream of dry Cl is passed 
into a flask, or retort, containing 8 (flowers or 
sticks) until most, but not quite all, S is dissolved 
to a yellowish-red liquid, the vessel being gently 
warmed. The liquid is repeatedly di.stillc(l until 
it boils constantly at 138®-139®. If the passage 
of Cl is continued until tho S is completely dis¬ 
solved, the liquid must be distilled from a little 
8 (to decompose SCI; quickly). 

Properties. — A yellowish-red, oily liquid, 
with a very characteristic, rather disagreeable, 
odour and an acid taste; the vapour affects the 
mucous membranes rapidly, causing tears, and 
affecting the breathing. Does not become viscid 
at —76® (Haase, B. 26, 1052). Fumes in air. 
Dissolves in CS, and C«H«, also in alcohol and 
ether with decomposition. S,C1... dissolves large 
quantities of S; solution of S.Cl,, containing 
frees, in CS, is used forvulcaoising (v.Dictionajit 
Gt Applied CHEinsTBT, vol. iii. p. 706). 

Beaetiens and Oomhinaiiems. —1. S,C1, sinks 
|b xoatcTf and then decomposes, giving HOIA^, 


SOAq, and S, with a little H,SAq. aSAAq, 
and some of«the thionio acids.—2. Myarogen 
produces HCl and S; hydrogen iodide 
reacts at the ordinary temperature to form HOI, 

I, SJ.;, and then H,S (Hautefeuille, Bl. [2] 7, 
198). - 3. By passing S-Cl.; vapour, mixed with 
qt> or oxygen, through a red-liot tube, SO„ SO», 
and Cl are forme<l (Donny a. Mareska, C. B. 20, 
817; Spring a. Lccronior, IH. [2j 45, 867).— 

4. Heating witli f>hosphort(s produces PCJ,, 
BSCl., and S if a liltle I* i.s U:u>d; or PCI,, 
P siilphidos, and ro«l P if muclj P is used 
(Wohler a. Hiller, .4. 03, 271; Chovner, C. U. 
63, 1003).—5. lli!ate<l with many metals, 8X1, 
gives metallic chlorides and S; tho moro volatile 
the metallic clilorido the more readily docs the 
roaelion occur (r. Chevrior, (7. 2f. 61, .302).— 
6. S,(7L combines with chlorine, fonniiig SCB 
and [q.v., infra). Br and I are absorbed 
by SXL; according to Kvans a. .Bnm3ay(C. J. 
45,05) no compound is formed withBr.—7. With 
oxides of arsenic and antimony SB), forms 
A.sCI; and SbCl.„ giving off SO._. and separating S; 
selenion dioxide producestSo.OI, and 80 ^; oxides 
of phosphorus, boron, ami silicon dp not react 
(J‘rinz, A. 223, 355).—8. S.^CL ab.sonis sulphur 
trioxide, below 0®, forming n brownisJi-yellow 
liquid, from which exccssof SO, cry8talli8e.s out; 
a little ahovo 6 ' SO.; is given off, rapidly at 10®; 
S.OjCI; is fonin d on dislillathm (Hose, P. 44, 
291).—9. By passing vaj)our of along with 
the vapours from sulphonic acid through a hot 
tube, SO-;, II;S, S, HCl, and Cl aro f>roduced 
(Crnnlt a. Po^rgialo, J. Pk. 21,140).—10. Heating 

5, CI.; with su/phalcs gonorally produces SO,CJ„ 
chIoj'i<lcs, S, and SO,; heated with siilphuryl 
chloride to 250®, S.OCl^ is formed (v. Schneider, 

J. pr. 101, 83 ; 12J 32,18 ; Demar.;ay, 0. R. 92, 
726).—11. S.;C1., combines with ammonia gas 
to form 8.;CL.4NH.„ stable in air, sol. alco¬ 
hol, deconiposed by water giving NlIAAq/ 
(NIIj);S;OjAq, and S (Brault a. Poggialo, J. Ph. 
21,140).—12. Reacts with organic compowids 
containing oxygen, generally forming 01 com- 
^)ound3 and small quantities of H compounds, 
and also HCl, SO,, and S.~13. Combines with 
vnsaturated hydrocarbons ; e.g. with 0,H. forma 
CJI^SXl.;. 

SuLPHua niciiLORiDE SCI;. Mol. w. (in solu¬ 
tion in benzene or acetic acid) 102*72. S.G. 
l*(>182at 15*4® (Costa, G. 20, 367). miu** 1*6710 
(Costa, l.c.). No constant b.p. (v. infra). This 
cojtijiound was prepared by H. Bo.se in 1831 (P. 
21,431; 27, 1^7); tho experiments of Dumas 
(A. Ch. [2] 49, 201) and Marehand (J. pr.22 
507) led to its recognition as a deflnite com¬ 
pound (v. also Cariwa, A. 106, 291); Hiibfter a. 
Gucrout (Z. 1870. 455) isolated the compound 
.sati.sfactorily, and tlieir results were confirmed 
by Thorpe a. Dalzell, in 1871 (0. N. 24,169). 
Co.-^ta, in 1890 (O. 20, 367), determined the mol. 
w. of the compound in solution. 

Preparation .—Dry Cl is led into S^Cli, sur¬ 
rounded by a freezing mixture, until the liquid 
becomes deep red; excess of Cl is removed by a 
stream of dry CO;. The lemperatora must not 
rise above 6®; the vessel containing the S;CL 
should be kept filled with 01 continually, and 
should not be exposed to direct sunl^ht (H. a. 
G., Z.e.;0., Lc.; T. a. D., lxi.\ also ^aheirsn 
A, Ch. [23 67,64; Michaelis, A. 170,1), 
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Proip0rtie$. A thin, dark, brownUh*red, 
Uqnid, smell and taste like 8.^01, ; does not 
ftcAidi^ at — SO^: gives oS 01 when exposed to 
■unlight, and should, therefore, be kept in a 
sealed tube in the dark. Easily decomposed by 
beat to S.^C4 B>nd 01; Michaelis (B. 6, 995) gives 
a table showing amount of dissociation from 20'^ 
to 130®; the temperature whereat 50 p.c. of the 
SCl.^ is dissociated is o. 86®. SCl^ reddens dry 
litmus paper. The depression of the freezing* 
point of benzene or glacial acetic acid by solution 
therein of SGl^, shows that the mol. w. agrees 
with the formula SOU (Costa, Q. 20, 3G7). 

Reactions and Combinations. —1. Heat, or 
direct sunlight, causes dissociation to S.pU 
Cl (v. supra, Properties). — 2. Water produces 
HClAq and H*S,{08Aq.—3. Oxidised violently by 
nitrieacid to HClAq and H SO^Aq. —4. Ammonia 
solution produces NH,ClAq, K, and S; ammonia 
gas combines to form SG!.^.2NH., and SCU.4NHg, 
soluble, unchanged, in absolute alcohol and ether 
(Soubeiran, A. Ck. [2] 67, 74).— 6. Thionyl 
chloride (SOGU), when heated with SCljp iorms 
SgOCU (Ogier, Bl. [2],37,2‘j3).— 6. Ai/cafi sulphites 
produce chlorides and trithionates (Spring a. 
Leorenier, bl. [2] 45, 867).—7. Some metals,e.g. 
Ou, Fe, K, react with SOU, with production of 
heat and light, and formation of ohloridos and 
sulphides.—8. Combines with arsenious chloride, 
forming AsOU«SGU according to li. Rose {P. 27. 
107).—9. SCU reacts with oxygenised carbon 
compounds similarly to, but more readily than, 
SgCU; it, combines with several unsaturated 
hydrocarbons (v. Heintz, A. 100, 370; Guthrie, 
C. J. 12,109). 

SuLPHUK TBTRAouLoniDE SCI*. This com* 
pound exists only at temperatures under —20®. 
The molecular weight is probably 173*46 (SCI,). 

Preparation. —is cooled to below —20° 
(o. —22®) and a slow stream of dry Cl is passed 
in until absorption of G1 ceases. Michaelis a. 
Sohifferdecker (B. 6, 993) found that 67*5 g. 
SgClgfkeptat —20® to -22®, absorbed 106 g. Clin 
10 hours, that absorption of Cl then ceased, and 
that the liquid bad the composition SCI,. 

ProperHes. —A mobile,yellowish-brown liquid; 
when removed from the freezing mixture used 
in the jpreparation, the liquid gives off Cl, and 
boils with an absorption of much heat. M. a. S. 
give the following data showing the dissociation 
of SCU to SCU and Cl 


Temp. 

P.C. SOI4 

P.O. sen. 

— 22“ 

1000 

0-0 

- 16 

41-95 

68-05 

- 10 

27-02 

72-38 

- 7 

21-97 

78-03 

- 2 

11-93. 

88-07 

+ 0-7 

8-87 

91-13 

+ 6-2 

2-4S 

97-57 


Reactions. —1. Water causes rapid deoom- 

r aition to HClAq and SO^q, with more or less 
according to the mass and temperature of the 
water.—2. With sulphur trioxide, in the ratio 
SOUiSO, the products are SOCU and S^OgCUi in 
the ratio SOl 4 : 2 SOg the products are SOCUi SO,, 
and Cl (M. a. S., U; also B. 5, 924). Sulphur 
dioxide does not react—8. Chlorosulphonic acid 
reacts at a low temperature to form S.GgCU and 
HOI (M. a. S., B. 6, 996).—4. With some hy- 
droxylie organic oompomvds, e.g, 0^B^.0H and 


0,Hg.00.0H, OH is replaced by 01 and SOCU 
is formed. 

Combinations. —1. Compounds of SCI, with 
several metallic chlorides ate produced by warm¬ 
ing the chlorides with SgCL and passing in Cl; 
the compounds 2AICU-SCU, AuGU-SCl,, and 
2XiOU.SCl, are formed thus (Weber, P. 104,421; 
Rose, P. 42, 517; Gasselmann, A. 83, 267). The 
compound with Aid, may be distilled in a olo^d 
/\ shaped tube; the other two compounds 
give off 01 when heated. The compounds 
SbCU.SSOl, and SnCU.2SCU are produced by 
passing 01 over SnSg and SboS, respectively 
(R., Z.c.; C., f.c.).—2. With iodine trichloride 
forms ICU.SCl, (Weber, P. 128, 469; c/. Jaillard, 
A. Gh. [S] 59, 451, who gives the composition 
SCU.2IClg). Ihepared by passing Cl into I dis¬ 
solved in eSg till the liquid is wine-red, cooling, 
and drying the red-yellow, prismatic, very deli¬ 
quescent, crystals, in a tube in a stream of dry 
Cl. Also formed by passing Cl into a mixture 
of 2 pts. S and 1 pt. I. Melts to a brown liquid 
when heated in a closed tube; heated in an open 
tube forms Cl, ICl, and SaCU; decomposed by 
water or dilute HNO^Aq. 

Sulphur, chloro-iodide of, SCl,I{« SCI4.ICU); 
V. supra, SuLPHUu TETRACHiioniDB, Combinations, 
No. 2. 

Sulphur, chloronitrido of, S^CIN; v. Nitrogen 
suLPiiocfii^oBiDK, vol. iii. p. 571. 

Sulphur, cyanides of, v. Cyakogbn, 8nir> 
PHIDES, vol. ii. p. 368. 

Sulphur, fluoride of. According to Gore (Pr. 
20, 70 [1871]) the heavy colourless gas produced 
by fusing AgF with S is a fluoride of S. This 
gas is not liquefied at 0®, at the ordinary pres¬ 
sure ; it fumes in the air, and attacks, glass; no 
analyses are given by G. 

Sulphur, haloid compounds of. The most 
stable of these compounds belong to the forms 
S^Xj; where X-Cl, Br, or 1. The chlpride 
S.^Cl,, may be distilled unchanged; the bromide, 
S^Br.^, is exceedingly easily decomposed if, indeed, 
it has been isolated; the iodide, SJCg, has been 
very slightly examined. The compounds SCL^ 
and SCI 4 also exists; Clie former at temperatures 
below c. 10°, and the latter below c. — 20°. The 
compound Slg perhaps exists; it gives up I at 
the ordinary temperature. The only haloid oom- 
pound of S that has been gasified unchanged is 

s,cv 

Sulphur, hydrides of, SH, and (?) ; v» 

Hxoboobh bui<phid£s, vol. ii. p. 725. 

Sulphur, nitride of, BN; v. Nitrooem sul* 
PHXDB, vol. iii. p. 570. 

Sulphur, iodides of. S and I probably com¬ 
bine when heated together, but no definite com¬ 
pound has been isolated by this method {of. Gay- 
Lussac, G. A, 48, 872; H. Rose, P. 27, 115; 
Lamers, /. pr. 84, 349; Sestini, J. 1868. 168; 
Wheeler a. Lfideking, Fr, 26, 602). 

Sulphur mono-iodidb Snl,. Guthrie {0. J, 
14, 67) obtained this compound by placing 2^ 
parts EtI and 1 part SjCl, in a sealed tube, open- 
ing after 12 hours, evaporating EtCl by warming 
with the-hand and removing excess of Btl by 
gently warming; the SX crystallised out in lus¬ 
trous crystals resemblmg I. (One analyris ig 
^veng bat no fuU description of properties.) 
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I. hkxa-iodidii Sr.. This compound 

M said to be formed by slowly evaporating, at a 
low temperature, a solution of I with alight er- 
less of S m OSj. Qroy-blaok crystals; resem- 
>ling, and isomorphous with, I; I evaporates on 
Kpoaore to air and eventually only S remains: 
ijcohol, cone. KOHAq, or KIAq, also withdraws 
Ji* •P' 11“ : Lmnors, J. pr. 

84, 349). It 13 very doubtful whether the crys¬ 
tals examined by vom Hath wore a compound 
or only I retaining a little S. 

‘“I® “ dilute solution of 
Ji.L.1.1013, Lainers (f.c.) obtained an orange-rod 
pp. which dried in an exsiccator to a brown 
amorphous mass containing S and I in tho 
ratio Sjlj. 

SnS^ with I, Schneider IJ. 1800. 
I8b) obtained a compound to which he gave tho 
composition SnSL.SI.. 

Bolphnr, iodochloride of, SICl, ( = SCl,.lCy 
V. SunPHOB TETRACHLOBinE, Combinations No. a. 

Sulphur, oxides of. Four comiiounds have 
been isolated ; SA. SO^. SO,, and S,0,. S and 
O combine directly to form SO, and SO,; S dis¬ 
solves in SO, to form S-A: S,0, is formed by 
» electric discharge on a mixture 

of SO, and O, or SO, and 0. 

Soupnim SESQDioxmn SA {Hyposulplmroiis 
anhydride). Tho production of a blue substanoo, 
on distilling fuming tt,SO, and S. was noticed 
“J {Oehlen'sJ. 3. 7); Vogel, in 
1812, obtained tho blue body by bringing to¬ 
gether S and SO, (N. 4,121); the substance was 
examined by Waoh (S. 50, 1), Berzelius (Bc7ir- 
4«cA [Sth edit.) 1, 485), and Stein IJ. pr. [2] B, 
172). Weber, in 1875, isolated the compound 
631) oomporition to be S,0, (F. 156, 

S A is prepared by adding well-dried flowers 
of sulphur, little by little, to SO, quite free from 
AoO,, more S being added when the previous 
quantity has all combined. Tho process is coii- 
voniently conducted in a tost tube, covered with 
a small porcelain oruoiblo to exclude moisture, 
and plunged into water cooled to o. 12°; tho S 
disappears in tho SO, and blue drops are formed; 
the tube should be tilted so that the blue drops 
come into contact with the sides of the tube 
where thsy form a thin crust (if tho drops 
sohihfy as they float in tho SO,, the solid S.,0, 
retains SO,, from which it cannot be freed). 
When 0. 1 g. 8 has been added, excess of SO, 
(which should be colourless) is poured off, tho 
last traces being removed by gently and enre- 
xully warming not above 35^"; tho solid SwO, is 
scraped out of the tube by a glass rod. 

S,0, is a blue-green solid, consisting of a 
mMs of mioroscopio crystals. Insoluble pure 
BO,; if a httle H,SO, is present the 8,0, dis¬ 
solves to a deep-blue liquid. Melts with deoom- 
position: decomposes slowly in dry air, quickly 
on heating, to SO, and S; deliquesces in moist 
air to a brown liquid from which S soon sepa¬ 
rates; reacts violently with water, giving 
H,S(^Aq, 80,Aq, H,8AAq, polythionio aci^, 
and S i decomposed also by alcohol and ether, 
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Wned from the oxide, nor the oxide from the 

For the compounds SSeO, and STeO, o 
Sefenmn thio-oxide (p. 441) and Tellunum 
tnio-oxide (under Tellubium oxides). 

‘"OMUK, SOr (Sulphurous oxidm 
Sulphurous mihydnde. Thionyl oxids.) Mol. 
w^ b3-9. Melts at c. -76° (Faraday, T. 1846. 

' (^lilEliell, A. 37. 356). Boils at 

’ P- 4«. 97; Andriielf, /. 1869; 

' I-imm -908°, i-4252 at +2-8“, 

’ 7'43;)8 atO°, 1-2872 at 62°, l-lS-to 
“J 7“9-4°, -956 at 130-3°, -7317 

C i 101 »• Mathias. 

2 2639 (Loduo, C. n. 117, 219). V.D. 32-23 
(Cray-Lussac, Berzelius, Buff ; Biltz, B, 21 
2769). SA (equal wt. water = 1) -lObt; (equal 
voluiue air = l) -3414 (Itcgnault, J. 1863. 84). 
tiatio of S.n. constant prossiiro to S.II. con¬ 
stant volume = 1-2562 (Miillor, IK. 18, 94). C.E. 
•00123 for 1° between 0° ami 10°, -004005 10° 
*6 at 50°, -003757 at 160°, -003718 
n V/®, ’ 200°,-003085 at 250= (Amagat, 

“*‘"''•*0“ 0° mid 20° as 

*’• (A. Oh. 

L3j 66, 5) and Andreoff (A. 110, 1). The 
. PV 

' Anmgiit (Ic.) gives tlioso values, 

1-0185 at 15°, 1-0110 at 60°, 1-0054 at 100° 
1-0032 at 150°, 1-0021 at 200°, 10010 at 230°’ 
II.F. [S,0'I = 71,070 from solid rhombio S- 
71,720 from solid monoolinio S (2V(. 2. 247) 
Ueat of liquofactioii of giisooiis SO, = 6644 

^ trl-°’/l'Oritical temperature 
= lo0° (Gaillctet a. Mathias, C. l{. 104, 16681 • 
155-4° (Sajotsoheflski, P. D. 1879. 74H. isqo’ 
161° (Ladenburg, IS. 11, 821). Heat of 'vapori' 
sation of liquid SO,, at 0° = 91-2, at 60" = 69 
JC. a. M., f.c.; cf. Ghappuis, C. H. 104, 807). 
Kepault (0. B. 60,1003) gives vapour pressures 
as follows: 


Temp. Top. pmoure 

30° 3131-80 mm. Hg 
40 4070-23 ,, 

60 0220-01 „ 

00 8123-80 „ 

05 0221-40 „ 



Temp. Vap. prcssiii-o 

- 25° 373-79 mm. Hg 

-20 479-10 „ 

-10 702-19 „ 

0 1105 06 „ 

-.10 1719-55. „ 

20 2402-05 „ 

Vapour-pressure at critical temp. -78-9 
atmos. (Sajotschoffeki, P. B. 1879. 741)T *8 in 
water between 0° and 20° (gaseous SO,) =79-789 

- 2-6077< -I- -0293494' ; 1 vol. of tho saturated 

SO,Aq contains 68-861 - l-87026f + -OlOOSP voli 
SO,; 8. (water) between 21° and 40° » 76-182- 
2-1716f -i- -019031'; 1 vol. of the saturated SO,Aq 
contains 60-962 -1-388981 •^•00720<' vols SO 
(Bunsen a. Sohdnfeldt, A. 95, 2). 8. in alcohol! 
at 760 mm. - 328-62 -16-951 -p -hlOt'; 8 .q" of 
solution = 1-11937 - -0140911 p ■00Q2S7i‘ (Oarius. 
A. 94,148). Sima (£h J. 14,1) gives the table 
“? P®8®' presents both the weight 

of SO, m grama and tho volume ol gaseous SO 
In 0.0. dissolved by unit weight of water at ths 
normal presinie and dillerent temperatures i— 




0i4 





Grams SO, 

o.o.S<^ 

Tnop. 

absorbed by 1 ^..-vater 
at 7C0 trun. 

8" 

•168 

68-7 

13 

•142 

49-9 

16 

•121 

42-2 

20 

•104 

86'4 

24 

•092 

32-8 

38 

•086 

28-9 

82 

•076 

26-7 

86 

■065 

22-8 

40 

•058 

20-4 

44 

•056 

18-4 

48 

•047 

16-4 

50 

•045 

16-6 


The quantity of SO^ dissolved by a given 
weight of water varies with pressure, and only 
at 0 . 40® and upwards is the quantity propor¬ 
tional to the partial pressure of the gas (v. Sims, 
C. J. 14,1). I’or S.O. and composition from *5 
to 10 p.o. of SO;jAq V. Anthon (C. C, 18C0.744); 
also Giles a. Sclieaior {S. C. L 4, B03). 
[SO-.Aq]=. 7,700 (gaseous SO..) (Tli. 2, 240); 
1600 (liquid SO,) (Bcrthclot, 0. n. 90, 142, 20H; 
Chappuis, U. Ck. [2] 19, 21). H.,SO,Aq 
absorbs the following quantities of gaseous SO^ 
(Kolb, D. P. J. 209,270; c/. Dunn, O, N. 43,121; 
46,270):— 

B.a. n^0.Aq 

1-841 
1-839 
l-6'40 
1-407 
1-227 


Kilos. 80, per 
kilo, iickl 

•009 

•014 

•021 

•032 

•008 


Litres SO, per 
litre acid 
6-8 
8-9 
11-2 
16-0 
29-7 


SOj is absorbed by charcoal; 1 c.c. charcoal 
“1-67 g. was found by Favre {A. Ch. [5] 1, 209) 
to absorb 165 c.c. SO.^. Carapltor absorbs c. 308 
times its vol., glacial acetic acid o. 318 times, 
80,01, 0 . 187 times, its vcl"mo of 80.. (Schulze, 
J.pr, [2] 24,168; Binoau, A. Ch. [3j 34, ; 

Mu,,»1-85 at 15® (Blcekrode, Pr. 37, 359). For ; 
surface tension of liquid SO.^ v. Clark (C. N. 38,^: 
294; 40,8). For absorption-spectrum v. Livcing 
A. Dewar (0. N. 47,121). | 

Ocewrewe .—In volcanic gases, and in river 
and spring water near volcanoes (v.Kicciardi, O. 
18, 38). 

FofTnation. —1, By burning 8 in 0. Baker 
(Pr. 46, 1; C. J. 47, 319) found that the com¬ 
bustion of S in O is retarded the drier the O is ; 
nsing very carefully dried 0 thor^ was no flame. 
According to Hempcl (B. 23, 1450) c. 2 p.c. of 
the gas formed when S is burnt in 0 at the 
ordinary pressure is SO;,, 9? p.c. being SO,,; at 
a pressure of 40®-50® atmos. c. half the S is burnt 
to SO;| and half to SOj; at higher pressures 
0 . 70 atmos. the proportion of SO;, increases.— 
2. By beating S with oxide of Pb, Mn, Hg, Zn, 
Ac.—8. By heating various sulphates with S, 
also SO. with S, or cone. H^^SO^ with G, Cu, Hg, 
or 8; by heating Na-^SO^ with charcoal and 
BiO,.—4. By the decomposition, by acids, of 
alkali thiosulphate or polytluonate solutions.— 
6. By burning HjS, CS.,t, and various organic 
Compounds containing 8.—0. By decomposing 
cone. HjSO^ by heat. — 7. By ^he action of 
electric sparks on a mixture of sulphur with 
VOp NO, or M,0 (Cheviier, C. li. 69,186). 


Preparation.—U Pore HjSO,, mixed wftli 
half to two-flfths its volume of water, is heated 
with pure Cu; the 80^ that comes off is passed 
through water in a large flask, and then through 
a couple of bottles filled with pumice, broken 
into small pieces and moistened; the pumice 
should be twice moistened with pure H;tS 04 and 
healed to redness before being used, to remove 
chloi-ides and fluorides (Stas, C/ww. Proport, 
115). The SOj may be dried by passing it 
through pure cone. HaSO,, and then over 
CaCIa.—2. A mixture of 8 parts pure CuO and 
1 part S in powder is heated in a tube of 
hard glass; the anterior part of the tube 
contains CuO only, to oxidiso S that may 
sublime (Marchand, P. 42, 114). - 3. Neumann 
(B. 20, 1584) obtains a regular stream of ap¬ 
proximately pure 80.,j by placing a mixture 
of three parts CaSO, and 1 part ClaSO^, made 
into small cubes, in a Kipp’s apparatus, and 
decomposing by ordinary oil of vitriol. The 
acid should be allowed to come into contact 
with suHicicnt cubes, and no more, to give the 
stream of gas that is required. Using c. 500 g. 
of the cubes, N. obtained a constant stream of 
SOj for 30 hours. The cubes are made by 
mixing the CaSO^ and CaSO,, moistening with 
water so that a semi-solid mass is obtained that 
can be worked with the lingers with some diill* 
culty, pressing this in an iron mortar, hammer¬ 
ing it into an iron framo c. 10-12 mm. in height, 
covering with oilcloth and pressing strongly, 
cutting into cubes while still in the framo, re¬ 
moving and drying at c. 20^ (v. Winkler, B. 20, 
184). 

Properlics. —A colourless gas, at ordinary tem¬ 
peratures and pressures, with the strong pene¬ 
trating, choking odour of burning S; causes 
coughing and blood-spitting if inhaled in any 
quantity. Incombustible in air, and extinguishes 
flame; when mixed with 0 and passed over 
heated spongy Ft it is oxidised to SOj. Dry 
SOj is 2 aid not to redden litmus paper (Wilson, 
C. J. 1, 332)- Bleaches many vegetable colours; 
tile coloursgenerally restored by alkalis. 
Bad conductor-of electricity {v. Blcekrode, P. M. 
[6J 5, 376, 439). Is not decomposed by passing 
through a rcd-hot\ Condensed at c. —10® 

under the ordinary ]>?CS8aro—by posing the dry 
gas into a tube surroui^^®'! by a mixture of snow 
and salt; may also be c^ondensed at the ordinary 
temperature by evolving 8^3 (by warming 
charcoal saturated with SOj, or a mixture of 
1 part 8 and 5 parts SO,) li? one limb of a closed 
tube, the other limb being -placed in cold water. 
Convenient apparatus for liquefying SOj is de¬ 
scribed by Wohler (A. 137 ; 371) Hofmann 
(B. 2,262). ‘ 

Liquid SO, is a colourless, mobile liquid. 
Exposed to air it evaporates yery rapidlv, with 
disappearance of much heat;'*o **** thermo¬ 
meter placed in liquid 80^ at I** open 
vessel, falls to -67®. Liquid .'SOj dissolves 
P, 8,1, Br, and many gums. It I? miscible m 
all proportions with liquid SO,; pa'^^^^v lowcible 
with CS,. Et,0, CHCl„ and on warmum; 
but immiscible with cone. (Sestmi, Bl, 

[2J 10, 226). Liquid SO, is a ij:on-oonduotor of 
electricity (Magnus, P. 104, 63^)* 

By eva^wratiag liquid SO, * 


pump, part of it solidifies 


an air- 
wool]/ 
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llUslt iti« llqaM may atio ba aolidifled by 
pladog it in a xnixtore of solid CO, and ether. 

Reactions and Gombinations.-^l. SO, is not 
decomposed by passing through a red-hot tabe. 
Bot by heating to o. 1200’’ it is changed to SO, 
and S (8SO,«2SO, + S); the action stops when 
the SO, attains a oertoin vapour pressure, but if 
the SO, is removed (by cone. H 2 SO 4 ) the whole 
of the SO, is decomposed (Deville, C. R. 60,317). 
Induction sparks effect the decomposition of 
SO, to SO, and S {v. Buff a. Hofmann, A. 113, 
129); light acts similarly (Morron, C. R. 69, 
397).—2. H,0 and S are produced by pass¬ 
ing SO, mixed with hydrogen through a red- 
hot tui^.—3. Chlorine combines with SO,, in 
sunlight, to form SO,Gl, ( 0 . Sdlphubsl 
ohlorxdb). SO 3 C 4 is also formed by passing 
SO, and Cl into glacial acetic acid, even in tho 
dark; also by passing SO, over charcoal satu¬ 
rated with Cl (Melsens, 0. R. 76,92).—4. Oeone 
produces SO,; the same compound is formed by 
passing SO, mixed with oxygen over heated 
spongy Ft, or by burning SO, in O under a 
pressure of severalatmos. (o. supra; Fonnation, 
No. 1). According to Borthelot {A. Ch. [3] 12, 
463), S,0, is formed by the action of the silent 
discharge on SO, mixed with oxygen. Tho com¬ 
pound S, 0 bN, is said to be formed by passing 
electric sparks through a mixture of SO, and 
air^ This compound is probably S,0,(N0J, (v. 
Nt^BOSULFRONIO ANUtDIUDB, p. 601). —S. Fassod 
over red-hot carbon tho products are CO, CO,, 
and S : COS and OS, are also sometimes formed, 
probably by secondary reactions (Scbeurcr- 
Kostner, O. R. 114, 296; cf. Berthelot, Bl [2] 
40, 362; Hilsart, J. 1885. 457).— 6 . Potassium 
burns when heated in SO,, giving EjSO^, E,S,0,, 
and polysulphides.—7. Many other mefizls, espe¬ 
cially when in fine powder, bum in SO,; Sb and 
Sn form oxides and sulphides; Fe, sulphide and 
sulphate; Fd and Ft, sulphides and SO,; Au, 
S and SO,; Mg, sulphate, sulphite, and sul¬ 
phide; Al, Co, Ni, and Zn also burn; Bi and 
Hg do not react (Sobiff, 67, 94; 117, 92; 
Uhl. B. 23, 2151).—8. Water dissolves SO,, 
forming H,SO;,Aq (v. Solphokous acio, p. 614). 
9. Several metallic peroxides combine readily 
with SO,, forming sulphates; e.g. FbOj+SO, 
»FbSO,: in this reaction much heat is pro¬ 
duced.— 10. Nitrogen dioxide is said to react 
witii liquid SO, to form nitrosulphonic an- 
hydride S 30 ,(N 0 ,), (v. p. 601). With nitric 
oxide OP dioxide, in presence of water, nitro¬ 
sulphonic acid NO,(SOrOH) {q.v., p. 601) is 
formed. Nitric oxide in presence of alkali pro¬ 
duces salts of SO,.OH(NO),.H (v. Nitbobosuii- 
PBATBS, p. 681), —11. SeUnion dioxide does 
not react with SO, (Schulze, J. pr. [2] 82, 
890). ->12. Vryhydrogen sulphide does not react; 
moist H,8, at the ordinary temperature, pro¬ 
duces HjSjO,, S, andHjO (Gluzel a. Schmid, Chem. 
Zsitung, 11,50); there is said to be no reaction in 
presence of water above 400*^ (Mulder, J. 1858. 
84).—13. Phosphorelted hydrogen reacts at the 
oroinary temperature to form H 2 O and F,S, 
(C. a. S., I.e.).—14. Ammonia combines with SO, 
probably producing SO,.NH, (■•SO.OH.NH,) 
and SOr2NH, (.SO.ONH 4 .KH,) (o. TtiioxAina 
acin). —16. Hydrochloric or hydriodio acid 
pfodooea ^0, 8 , and 01 or L—16. Many 
mlit, nitrates and chlorates, react wi^ 


SO,, when heated, to form sulphates and 
N oxides; at^bigher temperatures SO, is some¬ 
times produced (o. Hodgkinson a. Young, C. N. 
66 , 199).—17. Alkali nitrites yield s^ta of 
nitrilosulpJumio acid N(SO,.OH), (g.v., p. 601). 
and salts of oxy-imidosulplumic acid 
N(0H)(S0,..0H), (j.o., p. 602).—18. Combines 
fl'ith aluminium chloride at w^-G 0 °, forming 
AICI 5 .SO.,, which gives off SO, at a higher tem¬ 
perature (Adrianoffski, B. 12, 688 ).—10. Phos¬ 
phorus pmtachloride produces FOCI, and SOCl, 
(Kremers, A. 70, 297; Scliiff, A. 102, 111). 

SoLPiiUR TuioxiDB SO,. {Sulpliw'ic oxtde* 
Sulphuric anhydride.) Mol. w. 79-80. Melts 
at 14-8® (Weber, B. 19, 3189; Hobs, A. 246, 
356). Some other observers liavc given m.p. 
as high as 29-5® (n. Buff, A. Suppl. 4, 129; 
Bussy, A. Vh. [2J 26, 411; Fischer, P. 16, 110 ; 
Marignac, A. 88, 230). Boils at 46-2® (Weber, 
l.c .; V. also Buff, l.c. ; Fischer, l.c. ; Schultz- 
Sellack, P. 130, 480). S.G. 1-91 at 16® (Weber, 
l.c.); 1-07 at 20 ’ (Bussy, l.c.) ; 1-9086 at 25® 
fBuff, U.). V.D. 30-78 (SchiiUz-Sellack, P. 139, 
480; Ferman, Pr. 48, 45). II.F. [S,0»J -103,240 
(liquid SO, from solid S; Th. 2, 254); [SO*, OJ 
. 32,160 (Uquid'SO, from gaseous SC^; Th., l.c,) ; 
[SO>,Aq] = 39,170 (liquid SO,; Th., l.c.). For 
heat of vaporisation v. Bcrtholot (G. R. 90, 
1510). SohullZ'Sellack gives vapour-pressure at 
20® as 152 mm. Ilg (P. 139, 480). 

Formation. —1. By the iutornction of ozone 
and SO 3 . Also by the action of an induction 
current on a mixture of SO, and 0, (Buff a. 
Hofmann, A. 113, 129; Doviilo, Bl. [2] 3, 366) ; 
Berthelot {G. R. 86 , 20) says that tlio product is 
S,0,.—2. By burning S in O under a pressUiO of 
several atmos. {v. SuLriiUR uioxroK, Formation 
Nc. 1). Also by heating pyrites (Scheurer- 
Kestner, C. R. 99, 917 ; Lunge, B. 10, 1824). - 
3. By passing a mixture of SO, and 0 over 
heated Ft (Phillips a. Magnus, V. 24, 610), 
spongy Ft (Hodgkinson a. Lowndoa, O. N. 57, 
193), or certain oxides, e.g. FoaO,, OuO, Cr.,0, 
(Mahia a. Wohler, A. 81, 255).—4. By heating 
•certain sulphates or bisulphatcs, e.g. Fe,(S 04 )„ 
Bi,(S 04 ),, Ag.S 04 , or NaHS 04 .—5. By distilling 
Nordhausen sulphuric acid {v. Osnnn, D, P. J. 
151,158); also by heating cone. H.SO, with Pj,0, 
(Barreswil, G. R. 25, 30; Evans, ‘Ph. 8,127). 

Preparation. —1. Fuming sulphuric acid is 
heated at as low a temperature as possible; the 
impure SO, is collected in a dry retort and re¬ 
distilled once or twice, the most volatile portion 
being collected wach time. The partially purified 
SO, is then distilled into a small tube, c. 8-10 
mm. wide and about the length of a finger, con¬ 
taining some dry F/),; this tube is narrowed at 
one end and fused on to a thick-walled tube 0 * 
1-1-5 mm. wide, which is bent round and fused 
to a receiving tube 0 .12-15 mm. wide and 300 
mm. long; tho tube containing the SO,and P,0, 
is heated in a water-bath to 90®'100® for 6 or 8 
hours, the receiving t'.be projecting upwards, so 
that the distillate fiows back again into tho dts- 
tiliing'tube. The position of the apparatus is 
then changed, jo that the receiving tube is lower 
than the distilling tube, and the SO, is distilled 
from the P,0, on a wator-batb. When sufficient 
SO, has been collected, the narrow connecting 
tube is fused off, and the SO, is kept in tM 
sealed receiving tube (Weber, B, 19, 8189)«r« 
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t. A mixture of SO, and 0, in the ratio S 03 : 0 , 
(a passed oyer platinised asbestos heated nearly 
to redness; the SO, is condensed in a small dry 
tnbe, in which it is sealed op. The mixture of 
60, and 0 is obtained by strongly heating oono. 
H,s04andremoTmgH;20(H,S04aHp + SO,-f 0) 
by cooling and passing through coke moistened 
with 60 p.o. KjSO^Aci {Winkler, D. P. J. 218^ 
128). The asbestos is platinised by soaking in 
PtCl,Aq made alkaline by soda, and mixed with 
snffioient BGOjNa to reduce the Ft, drying at 
100*^, carefully washing out the salts with water, 
and drying (Thomsen, B. 3, 490). The SO, thus 
obtained is not quite pure. It may be purihed 
by distillation with P.O, (v. supra). 

Properties. —A coiourless, mobile liquid, so¬ 
lidifying at 0 .15^ to long, prismatio, transparent 
crystals, which melt at 14*8°. According to 
some observers (v. Marignao, Ar. Ph. 22, 225; 
68,228; Schultz-Sellack, P. 139, 480) the crys¬ 
tals of SO, slowly change to a mass of tough, 
opaque, lustrous needles, which melt above 50°, 
and constitute a distinct modification of SO, \ 
but the experiments of Weber (P. 139, 480; B» 
19, 8187; c/. Fobs, A, 246, 356) have shown 
that pure SO, exists only in one form, and that 
the substance with higher m.p. is formed by the 
action of traces of H.^S 04 in the SO,; a small 
trace of moisture suffices to causo the gradual 
change. SO,i8 very acrid and poisonous; it chars 
paper, wood, and organic matter generally. SO, 
is extremely hygroscopic; it dissolves in water 
with a ivssing sound and production of much 
heat ([SO’,Aq3 = 39, 170), forming HaSO^Aq. 
Non-conductor of electricity (Magnus, P. 104, 
553); not decomposed by electric sparks, but by 
passing through a red-hot tube gives SO.^ and O. 
SO, does not redden dry litmus. It is a strongly 
acid-forming oxide (u. SxmrHUBia acid). 

Peactions atid Combinations. —1. Headed to 
redness (by passing through red-hot tube) gives 
S0,+0.—2. Not decomposed by electric sparks 
^agnus, P. 104, 653); electrolysis of SO, in 
^SO, causes separation of S and 0, and the 
solution becomes blue (Geuther, A. 109,129).—• 
8. Water reacts violently witii SO, forming 
HjSO^Aq (v. SuDBHURio acid).— 4. Hydrogen 
sulphide produces HjSO, and S.—6. A mix¬ 
ture of 80, and oxygen, in the ratio 2S0a:0, 
forms 8,0, when submitted to the silent electric 
discharge (Berthelot, A. Ch. [6] 14, 846).— 
6. Sulphur dissolves in SO, forming S,0,; seZe- 
tHon and tellurium react similarly (v. Sulthub 
XB tO-OXIDX, SBLBHIONTH10-OXZDB,*Una TELLUBIUH 

xbxo-oxidb).— 7. Phosphorus ignites in vapour 
of SO,, forming arid S.—8. Iodine dissolves 
in SO,, apparently forming, several compounds 
(u. Waoh, 8. 50, 37; Schultz-Sellack, B. 4,109), 
Weber (J*. pr. [2] 25, 224) describes the com¬ 
pounds I(SO,)„ I(SO,), and ^(SO,).—9. Iron 
and sine react at red heat to give sulphides and 
oxides; mercury produces sulphate and SO, 
(d’Heoreuse, P. 75, 255).—10. Several metallic 
sulphides — e.g. of Sb, Pb, K —form sulphates 
ana SO, when heated with SO, (Weber, P. 130, 
829).~-il. Dry evlphuf dioxide is absorbed by 
SO, at 0^, forming a thin, fuming liquid, ap¬ 
proximately 80,.2S0, (H. Bose, P. 39, 178)* 
According to Schnltz-Sellack, Uqaid SO, and SO, 
aara miscible in all proportions (P* 189, 480). 
18* Belenion dioxide confines to fmna S(VSeO, 


fo. Sblebxon sxdxiDB, dorHbindHolh$f '^.:i,i^- 
*41).—18. Nitric oxidSt in absence of moistora 
and 0, forms S,0,N„ which is generally called 
nitrosvXphonie anhydride (q. u., p. 601) and writ* 
ten S,0,(N0,)j(. Nitrogen dioxide (made, by 
heating Po(NO,),) seems to form S0,.N0„*and 
on heating this and passing in more NO„ 0 is 
given off and the compound S,0,N, remains (v. 
Weber, P. 123, 837; Briining, A. 98, 877). 
The formula of the first of these compounds is 
generally doubled, and the compound regarded 
as S,Oj.O.(NO,),*oxynifrosttZpftonio anhydride 
(q. V., p. 601) ; the second is described in 
some books as S..O;(NO), and is called nUros7jl 
pyrosulphate, but from the descriptions of 
Weber and Briining it is evidently the same 
as the compound S,0,N, formed from NO 
and SO,, i.e. it is nitrosulphonic anhydride.-^ 
14. SO, combines with iodine pentoxide to form 
3SO,.IA and SOs.fil.O, (Weber, P. 20, 88; 
Kammerer, J. pr. 83, 72). With phosphortts 
pentoxide OSOj-l^O,, decomposing at 30°, is 
formed (Weber, B. 19, 3185 ; 20, 86). Arsenious 
oxide forms various unstable compounds (Adie, 
C.J. 65, 157; cf. Weber, B. 19, 3185; Schultz- 
Sellaok, B. 4, 109; Beich, J. pr. 90, 176; 
Schafhaiitl, B. J. 22,11.3; and Pearce, Z. jr.20, 
632). According to Baker (C. i. Proc. 1893. 
130), dry SO, does not react with dry oxides of 
barium, calcium, or copper.—15. The compound 
S 03 .N 30 ,. 5 Ii^S 04 is said to be formed by passing 
SO, into pure, well-cooled, nitric acid (Weber, 
P. 123, 233; 142, 602).—16. Boric acia forms 
BH, 03 . 3 S 03 [«B(HS 04),1 (D’Arcy, C. J. 66, 
166; c/.Merz, J. pr. 99, 81; Schultz-Sellack, P. 
4, 16).—17. Hydrobroinic and hydriodic a^s 
separate Br, and 1, and form HjSO, and SO,.— 

18. Hydrochloric and hydrq/tvorie acids form 
Cl(SO,.OH) and F(S02.0H) (v. CniiOBOsuLFHOMia 
ACID, p. 599; and Fduosolphonio acid, p. 600). 

19. Cone, mlphutic acid forms H^S^O, {v. Pxro- 
suLPBUBio ACID, p. 626).—20. Ammonia pro¬ 
duces NH,(SO,.OH) and salts of this acid (v. 
SuLFHAMio ACID AND BAXjiB, p. 667) *, and also 
salts of NH(SO,.OH), (v. Imidosulphonio aoid 
AND SALTS, p. 600). — 21. Phosphorsttcd hydrogen 
produces SO, and red P (H. Bose, P. 24,140; 
Aim5, J. pr. 6,79).—22, Phosphorus trichloride 
reacts violently, forming POCl, and SO, (Arm¬ 
strong, B. 3, 732; Michaelis, I. Z. 6, 239). 
Phospliorus pentachloride produces pyrosul~ 
phuryl chloride 8,0,01, (g. v. under Sulphub 
oxxonLOBiDBS, p. 617).—23. Boron chloride re¬ 
acts at c. 120° to form 8,0,01, (Prudhomme, PI. 
[2] 14, 385).—24. Nitrosyl chloride (produced 
by heating aqua regia) produces SO,.NOCl 
»NO2(SO,0i) (v. Nitkosolphonio oblobidb, p. 
601). — 25, Pyrosulphuryl bromide 8,OjBr, 
(q. V., p. 617) is perhaps formed by the reaction 
of bromoform with SO,.—26. Selenion tetra¬ 
chloride produces SSe0,01, (u. Sslbmiob xhio- 
OZTCHLOBIDE, p. 441). 

SuLPHUBio peboxidb S,0,. {SulphuT hept- 
oxide. P&^sulphurys anhydride.) MoL'w. not 
known with certaintybut probably 175*68 (S,0,). 
This oxide was prepared by Berthelot in 167^' 
A. Ch. [5] 14, 846) by passing the * silent* elec* ' 
rio disohAxge, for several houra, tiirougb a mix¬ 
ture of SO, and O in the ratio 8S0,:0, or of SO,* 
and 0 in the ratio 2S0,!80. (For apparatoi 
wed V. B., A. Ok, (IQ 19, 468.) Oily di^ 
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^ t!&o ai^es of th^ tube, and oa nda- 
dag the temperature nearly to O'’ they solidified 
to Tong, white* crystalline* needles. SjO, re* 
•embles solid SO, in appearance; it remains 
(Mhanged in a sealed tube for some days at O'’; 
^en heated it gives SO, and O; dissolves in 
cone. H,SO| forming a fairly stable solution; 
fumes in the air; in water it rapidly decomposes * 
forming HjSO^Aq and giving off a brisk stream 
of O; with BaOAq forms BaSO^ and 0; and 
also some Ba persulphate, according to Berthe- 
lot no analyses given). By electrolysing 
lijSO^Aq* containing water and acid in the ratio 
10H,0:H,S04* B. (0. li. 90,2U9) obtained a quan¬ 
tity of persulphuric acid (Il,S^O,; v. under Sl'L- 
PUOBZO AOID, p. 025) equal to from 8B to 123 g. 
8,0, per litre; using an acid of the concentra¬ 
tion H,S04:2U,0 to 11,80^:311,0, B. (f.c.) says 
that a compound S20;.2H,0, is formed, whicli is 
decomposed by excess of cone. ILSOf chiolly to 
Uj^^Og* and by dilution with water to HvS,0gAq 
and HjOjAq which after a time decompose to 
HaSO^Aq* H,0, and O. 

S.p, is the anhydride of persulphuric acid 
HaSjOg (q-. V., p. 02r>). Mendeloeff {B, 15, 212) 
regards 8,0, as analogous in constitution to 
OSO.. 

H3O3, and writes the formula | >0 ; ho 

OSO/ 

looks on the corresponding acid as derived 
from 11.0.. by replacing 2H by 2SO,OH, thus : 
0.(S0,.0H) 

I 

0.(S0,.0H) 

According to Traubo (B. 22, 1518; 24, 1701; 
25, 95), the liquid obtained by electrolysing 40 
p.c. HsSO^Aq contains an oxide to which he 
gives the formula SO, and calls sulphunjl 
hyperoxide (or holoxidc), SO.mO.,. Traube did 
not isolate this compound ; his argument for its 
existence is based on the results of indirect 
analyses. In the light of the criticisms of 
Carnegie (C. N. G4, 158) it may be concluded 
that the existence of SO4 is extremely im¬ 
probable. In a later communication {B. 26^ 
1481) Traube thinks it is probable that 80^ does 
not exist. 

Sulphur, oxyaolds of. For compositions of 
these acids, and references to articles where 
they are described, v. Sonpiion, oxvACioe or (p. 
619). 

Sulphur, oxyacids of, nitrogen derivatives 
of. For a general statement regarding these 
compounds, and references to the articles where 
they are described, v. Sulphob oxyacids, 
MITKOGEN DEHIVATIVES OP (p. 619). 

Sulphur, oxybrozaides of. There is very 
little definito knowledge regarding the com¬ 
pounds of S, O, and Br. According to Michaelis 
(i/’. Z. 6, 239, 296) PBr, does not react with S0„ 
and a mixture of PCI, and Br (in the ratio 
POlgBr,) produces POGl, and S bromides. Rose 
(P. 44, S27) and Clausnizer (B. 11, 2012) could 
not obtain an oxybromidp by the reaction of 
80, and S bromide, nor by the action of SO, and 
HBr. 

i In his memoir on 8,0,01, prepared by the re- 
aoti<m of SO, with CHOI,, ArroBtrong^(R. 2,712) 
states that OHBr, reacts with SO, similarly to 
O^Ol 0 bat ha does not describe the product. If 

reaction of OHBr, with 80^ Is strictly similar 


to that of OHOI, the produM would be ppro* 
sulphuiyl bromide I^OgBr,. 

> Odiing \C. J. 1, 2) supposed that sulphuryl 
oxy-bromide SO,Br, was formed by the action of 
suulight on SO, and Br, but Sestini (SI, [2] 10, 
226) and Melsens (0. R. 76,92) failea to obtain 
an oxybroraido by this method. 

Tuiontl nnuMiDB SOBr,. This compound 
was obtained, but not quite free from S bromides, 
by Hartog a. Sirns (C. J. Proc. No. 118, 1893. 
10) by the interaction of SOCl, and NaBr; it Is 
described as a very hygroscopic, crimson liquid, 
S.G. 2 68 at 18®, decomposing at 150® to Br, 
8 bromides, Ac. 

Sulphur, oxychlorides of. Five compounds 
have been isolated, SOCl,, SO S G Cl ., S .OClg, 
and SaOjCl^. 

TnioNYL CHLORIDE SOCh (SulphuTotis ozy 
chloriile). Mol. w. 118*62. Boils at 7B’8°; 

5. G. 1-67673, S.G. at b.ii. 1-52113 (Thorpe, 

G. J. 37, 354 ; for other data v. Carius, A. 1(M), 
303 ; 111, 93 ; WurU, G. H. 62, 460). V.D, at 
c. 150° = 56, at c. 440° ^39 (Hcumaim a. 
Kochlin, B. 16, 1625). JJ.F. [8,0.CFj -40,800 ; 
heat of vaporisation *= 6,480 (Ogfer, C. R^ 94, 
62). 8.V. 78 01 (Tliorpe, Lc ). 

Forniatkm. —1. By tho reaction of PCI, 
with SO, (Kromors, A. 70, 297; Bchiff, A. 102, 
Ill), SO,Glj, GgUj.SOjG), and several other 
organic compounds containing S (n. Kekul4 a. 
Burbaglia, B, 5, 875; Carius, /.j)r. [2] 2, 263), 
sulphites, or thiosulphates; also by the reaction 
of POCl, with sulphates.—2. By the action of 
CloO on CS;, or on S in S,C1, at —12° (Wurtz, 
0. It. 02, .160).—3. By tho interaction of SO, 
and SCI, (Michaelis a. SchilTerdecker, B. 5,924; 

6, 993).-4. Along with S0,C1, by tho gradual 
decomposition of SP^CI^ (17. v., p. 619). 

Preparation. —1. About lOO g. dry PC1» are 
placed in a retort connected with a reversed 
condenser, and a stream of dry SO, Is led in till 
tho PCJj has liquefied; another 100 g. PCI, is 
added and the stream of SO, is continued; when 
sufficient PCl^ has thu.s been decomposed 
(PCij + SO, = SOCl, + POCl,) tho liquid is heated 
for some time (the reversed condenser being 
still attached) to get rid of SO.,, and then frac¬ 
tionated ropeatedly (SOCl. boils at 78*8® and 
POCl, at 107-2-) (Carius, A. 106, 303; 111, 98 ; 
Wurtz, A. 139, 375; Michaelis, A. 170, 1; 
Thorpe, C. J. 37, 354).—2. 8^01, is placed io a 
small flask, cooled to 0. —20®, a stream of dry 
Cl is led in tifl tho liquid is saturated, and then 
SO, is distilled into the flask from a solutimt 
in cono. H-^SO^; the Weights of 8.,Cl, and SO| 
used should be in the ratio SgCl^tddO, (<■ l;2'd7); 
convenient quantities to use are 22 g. S,0L and 

60 g. SO,.(8Cl. + 2SO,*SOCI, + SACy. TU 

liquid is fractionated finally from a 
quantity of SO, (Michaelis a. Schiflerdecker, 

5, 924; 6, 993). 

Properties. — A colourless, very refraetiva 
liquid, fuming in the air, with a very ptna- 
trating odour; vapour attacks the eyes and 
spiratory organs. V.D. 56 at o. 150®, bnt 39* 
at 0. 440®; &e smaller value oorrespondi with 
the decomposition 4SOC1,« 8,01^ + 380^ f $ 
these produots uw obtained by passing vapoof 
of 8001* through a red-hot tube (Benmaiui a. 
Koehlin, B. 16,1635). ^ ~ 
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StaeKmu and Conibinaficms.—l. Xoitt air 
^aou HOI and SO,.—2. Wa^riio tc^ 
HOIAq and SO„ warm water forming in addition 

H, 80iq and S (Oariua, l.e.).—8. Hydrogen 
eulph/ido produces SO,, HOI, and S (Prinz, A, 
223, 371).—4. Phosphorus pentasulphide reaota 
to form S^,PSC1„and 8, and some S,01, (Prinz, 

I. 0.).—6. With antimony trisulphide the pro¬ 
ducts are SbOI,, SO„and S.—6. SnlpAur, heated 
to 180° with SOCl„formB 8,01, and SO,; selmion 
forms 8,01, and SSeOl, (Prinz, 2.C.). —7. Powdered 
anUmomy reacts without heating, forming SbCl„ 
Sb,8„ and SO,.-8. P0C1„ PSCl, and PCI, are 
form^ by heating SOCl, with phosphorus tri¬ 
chloride (Miohaelis, J. Z. 6, 239).—9. Heating 
with eulphmr dichlotide produces S,0C1, (j. o., 
p. 619) (Ogier, Bl. [2] 37, 293).—10. Ammonia 
does not produce thionylamide S 0 (NH 2 ) 2 , but 
forms NS, NH.Ol, (NHJ,80„ and NH, poly- 
thionates (M., l.c.).—11. Keaots rapidly with 
siloar nitrate, forming NO,(SO,.Cl) (Thorpe, 

O. J. 41, 297).—12. SOCl, absorbs sulphur 
dioxide and chlorine freely (M., 2.C.). —13. For 
reactions with various organic compounds v. 
Mirdraelis (l.c.); Heumann a. Kochlin (B. 16, 
1626); B6ttif.ger (B. 11, 1407). 

SunPHUBrn chlobide S0,C1, (Sulphuric 
oxychloride). Mol. w. 134*58. Boils at 69*95° 
(Thorpe, O. J, 87, 359; for other determinations 
V. Begnault, J, pr* 19, 243; Clausnizer, B. 11, 
2010; Ogier, O.B. 94,82). S.G.g 1*70814; at 

b.p. 1*66026 (Thorpe, I.C.). V.D. 66 at 184°; 34 
at 440° (Heumann a. Kochlin, B. 16, 602; cf. 
Begnault, J. pr. 18, 97 ; Behrend, J.pr. [2] 16, 
23). S.V. 86*29 (Thorpe, Z.c., p. 372). H.F. 
[S,0*,0M-89,780; [SOSCP] = 18,700 (Th. 2, 
810; cf. Ogier, O.B. 94, 82). S.H. (16°-63°) 
■233 (Ogier, l.o.). Heat of vaporisation 7,060 
(O., lx.). 

Formation. —1. By the direct combination of 
SO, and Cl in sunlight, or by reacting on a 
mixture of C,H, and SO, by Cl in sunlight 
(Begnault, J.pr. 18, 93 ; 19,243). Schulze (J. pr. 
[2] 23, 361; 24,168) recommends to allow SO, 
and Cl to react in presence of camphor. Melsens 
(O. B. 76, 92) passes SO, and Cl into glacial 
aoetio aoid.—2. By passing SO, over charcoal 
saturated with Cl (M., l.o.).—3. By the inter¬ 
action of PCI, with H,SO, or SO, (Williamson, 

P. U. [4] 7, 865; Schilf,^. 102, 111); according 
to Miohaelis (/. Z. 6, 233, 292), SO, and PCI, 
form 8,0,04—**■ By heating SO, and B01„ in 
the ratio 2S0,:BC1„ to 120° in a, closed tuba 
(QustBVBOn, B. 6,9).—6. By heating Cl(SO,.OH) 
to 0 . 200° for some time (Behrend, B. 8,1004; 
tf. Otto a. Beckurts, B. 11, 2068). 

Pr^ration.—l. Cl and SO, are passed into 
camphor, and the colourless liquid is fraction¬ 
ated (Schulze, I.C.).— 2. 01(SO,.OH) (ti. Chlobo- 
suLpaoNic iozn, p. 509) is heated to o. 200°, in a 
closed tube, for some hours, when it decomposes 
thus, 2[C1(80,.0H)] - SO.,Cl,+H,BO.; the Uquid 
is distilled, the portion coming over at 67°-71° 
being collected separately and then repeatedly 
fractionated (Behrend, lx. ; cf. Thorpe, f.c.). 

Properties and Beactions. — A colourless 
Uquid, fuming slightly in air. 1. Decomposed by 
heating to dull redness into SO, and Cl; decom¬ 
position is complete at 440° (Heumann a. 
KOehUn, B. 16, 602); but does not begin at 250° 


S Seckurts a. Otto, S. 11,2060).-*. Water p##. 

aces HOlAq and H,SO,Aq; a smaU quantity of 
water is said to form 01(SO,.OH)Aq.—8. Excess 
of SO,Cl, added to a little alcohol forms 
Cl(SO,.OEt); with excess of alcohol SO,(OEt), 
is produced (Behrend, B. 9, 1834).—4. Phos¬ 
phorus peniachloride reacts to form POCl„ 
SOCl,, and Cl (H. a.K., B. 16, 1736).—6. Phos¬ 
phorus, arsenic, and antimony produce PCI,, 
AsCl„ and SbCl, respectively, and SO, (H. 
a. K., lx.). —6. Ammonia forms NH,C1 and 
SO,.NH,.ONH,.—7. With many organic com¬ 
pounds SO,Cl, reacts Uke PCI, or POCl„ sub- 
stituting Cl for H (v. Dubois, Z. [2] 2, 706; 
MichaeUs, A. 170,1). 

PTRoauLpnuim cHiiOBroB 
S,0,C1,= Cl.SO.,.O.SO.,.Cl. (Disulphuryl chloride. 
Pyrosulphuric oxychloride. Chlorosulphonic 
anhydride.) Mol. w. 214*38. Boils at 139*69° 
(Thorpe, O. J. 37, 360; for other determinations 
V. Bose, P. 44, 291 ; Miohaelis, J. Z. 0, 235, 
2i0, 292; Bosenstiehl, 0. B. 63, 658; Schfitzen- 
' bcrger, C. B. 69, 352), S.G. ^ 1*85846, at b.p.. 

1*60610 (Thorpe, lx.). V.D. at slightly above 
b.p.-104; between 160° and 240° = 54*8 (Heu¬ 
mann a. Kdchlin, B. 16, 470; Kanowaloff, 
B. 16, 1127; cf. Bosenstiehl, 0. B. 63, 658; 
Bose, P. 44, 291; Ogier, C. B. 94, 82, 217; 96, 
048). H.F. [S'',0‘,C1“] = 180,600 (Kanowaloff, 
l.c.) ; Ogier (lx.) gives 169,400. Heat of vaporisa¬ 
tion 7,570 (K., l.c.); 13,160 (O., l.c.). S.H. *258 
(K., I.C.). 

Formation.—1. By the interaction of PClj 
and SOjOrCHSOyOH).—2. By heating PjO,a“d 
Cl(SOrOH) (Billitz a. Heumann, B. 16, 483).— 
3. By heating SO, with NaCl (B., lx.), with 
S,C1, (Bose, P. 44, 291), with CCI, (Schutzen- 
berger, C. B, 69, 352 ; Kanowaloff, G. B. 95, 
1284), with C,C1, (Prudhomme, C. B. 70, 1137), 
with CHCl, (Armstrong, C.J. [2] 1, 244), or with 
SiCl, (Gustavson, B. 5, 332).—4. By the inter¬ 
action of POCl, and SOCl, (Miohaelis, J. Z. 6, 
235, 240, 292). 

.. Preparation, —1. P,0, and Cl(SO.,.OH) are 
heated in a ffask with a reversed condenser, 
using rather more Cl(SO.,.OH) than P,0,; when 
HCl and SO, cease to bo given off, the liquid 
is distilled, and the portion coming over between 
13.5° and 146° is fractionated (B. a. H., lx.). — 
2. S.,01, in a flask is surrounded by a freezing 
mixture, and saturated with SO,; the product is 
fractionated; 5SO, *6 S,01,—6SO, -4 8,0,01, (Bose, 
P. 44, 291). Thorpe (0. J. 37, 360) found that 
the product of this reaction boiled almost whoUy 
between 13.5° and 138°. 

Properties and Beactions. —A colourless, mo¬ 
bile, very refractive liquid, fuming in the air 
with formation of Cl(SO.,.OH).—1. Decomposed 
by heat to SO,, SO,, and Cl (Bose, P. 44, 291); 
the V.D. determinations of Heumann a. KSchlm 
(B. 16, 479) show that at 440“ the decompo¬ 
sition is S,0,01,-SO,H-SO, + 01,.—2. Sinks in 
water, and is slowly decomposed to HOlAq 
and H,SO,Aq; if a very little water is 
used CI(SO,.OH) is formed, thus B,0,OL + H,0 
-2Cl(SOrOH) (0. B. a. H., l.c.) — 3. Besots 
with phosphorus, sulphur, antimony, copper^ 
iron, sine, and some other metals, to produoo 
^derides, SO, and BO, (Heumann a. E5<mlin, B, 
16, 479).—4. Phosphor^ tfichloride produoss 
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FOI„ pool,, and SO,; phosphonapeniachhridt 
forms P06l„ Cl, snd SO, (Geother, B. 5, 925). 
5. Sekniof% tetrachloride gives SSeO,Ct 4 (Claus- 
nizer, B. 11,2010).—6. ChromaUe react to form 
CrO^Cl, (Rosenstlehl, C. R. 68, 668).—7. Am^ 
mania forms a white solid, which dissolves in 
water, producing NH^Gl and a snlphamato of 
NH4 (Bose, I.C.). * 

Sulphur uomoxytetracbloridb S-^OCl,. By 
heating equal weights of S.^C1, and SOA 
260® in a scaled tube, Ogier {131. [2] 37, 203) ob¬ 
tained a dcep-rcd liquid resembling S,G1„ S.G. 
1*666 at 0®, decomposing under 100® to 8.^01,, 
SO.^, and S, to which he gave the composition 
S.jOCl,. Decomposed by water to ILSO,Aq, 
Sb,Aq, HClAq, thlonic acids, aud S. 

Sulphur tri-oxytethachlouide S.^OaCl4. 
Mol. w. not determined. This compound was 
obtained by Millon {A. Ch. [3] 29, 327) by the 
action of moist Cl on S.^CL (c/. Marcband, J. pr, 
22,607; Carius, A. 106,295). It is conveniently 
prepared by the reaction SCI4 + Cl(SO;..OH) = 
1101 + 8.^0,014; a stream of dry Cl is led into a ' 
mixture, in the ratio of equal numbers of mole¬ 
cules, of S.^Cli and C1(S0.4.0H), kept at 0. —20®, 
until a semi-solid mass is obtained (a very wide 
tube must be used to lead in Cl); the tempera¬ 
ture is then kept at c. —13° and the Cl is con¬ 
tinued till the mass gefs quite solid; the freezing 
mixture is then removed, and the Gi is continued 
till the mass is white, when the excess of Cl is 
removed by a stream of dry CO, (Micbaelis a. 
Schifferdecker, 13. 6, 996). 

8.40,014 is a white, crystalline solid, with a 
most disagreeable odour; the vapour acts on 
the eyes. Melts at 67°, giving ol! 80.., and Cl, 
and leaving a liquid that solidilies chiefly to 
SOCI^and 8,0,01,; a portion sublimes in line 
white needles. Ice-cold water produces SO,Aq, 
HjSOjAq, and HClAq ; water af the ordinary 
temperature also separates S. Deliquesces in ' 
a partially closed vessel, giving oil HOI, Cl, and i 

50., aud leaving a liquid that gives SOCl, aud 

8.. 0,CI, on distillation. Cone. H,.S04 reacts vio¬ 
lently, forming HCl, SO,, and Cl(SOjj.OII); CS.,, 
produces very rapid decomposition to COCl,, 
CO, SO,, S.C1„ and SOCL,. On long standing in 
a closed tube S,0,Cl4 separates into equal num¬ 
bers of molecules of SOGl, and SO,CL, (M. a. 
Mathias, B. 6, 1452). 

Sulphur, phosphides of, v. Phosphorus sul¬ 
phides, p. 146. 

Sulphur, seleuides of, v. Seleniom sul- 
PHtDES, p. 442. 

Sulphur, siiioldes of, v. Silicoh bulpuioes, 
p. 462. 

Sulphur, tellurides of, v. Tellurium sul¬ 
phides, p. 666. M. M. P. M. 

STTLFHUB, 0XTAC1D8 OP. Several acids 
have been isolated, and salts of some otliers are 
known. The following list gives the names and 
compositions of the oxyacids of sulphur and 
their salts, with references tc^ the artides where 
these oompoonds are described:— 

Hxposulphubous acid AMD BALTS H,S,04a&d 
v»3yposulphtcroia acid under Sulphur¬ 
ous Acm 4** ^^7), and hyposulphites under Sul- 
PHZTBS (p. 692). * 

Sulphurous acid ahd balts H,S0„ MHSO,, 
apd ; tL Sulphurous um (p. 626), and 
BtnwaiTis if, 567). 


SULPHUBXO ACID AHU BALTS H,S04, MRSO., 
and M,SO.; v. Sulphuric aoiz> (p. 620) and 
Sulphates tp. 567). 

Thiosulphurio Aoxn akd salts H,S,0„ 
MBS.,0„ and M,S,0,; v. Thiosulphurio aozd 
(p. 708) and Thiosulphates (p. 706). 

Tbtonio acids and salts HjSgOc 
H,S,04, ^,8404 (and salts) ; v. Thionio acids 
( p. 698) and Tuiokatxb (p. 695). 

Pyrosulphuric acid and salts H 4 S 4 O,, 
MHS,0., and M.^S.^O, ; v. Pyrosulphuric acid 
under SuLPiiuRio acid (p. 026), and Pyrosulphatea 
under Sulphates (p. 583). 

Pbrsulphuhio acid and salts H.4S,04Aq, 
M-B.^Og, and MS.O*; v. Persulphuric acid under 
Sulphuric acid (p. 626), and Pcrsulphalca under 
Sulphates (p. 582). M. M. P. M. 

SULPHUB OXYACIDS, NITBOOEN DEBX- 
VATIVES OF. In 1845 Freiny {^1. Ch. [3] 15, 
408) described the K salts of a number of acids 
obtained by the interaction of KNO,Aq and 
ILSO^Aq, and by boiling the products of tiiia 
interaction with slightly acidified water; he 
called the compounds salts of sulphasotised adds. 
The examination of these salts wts prosecuted 
by Claus a. Koch (A. 162, 3.36 [1874], and by 
Claus (A. 168, 62, 194 [1876]); Berglund {Bl 
[2] 25, 455 ; 13. 9, 252. 1896 [1875]); and 
lUschig (A. 241, 1615 B. 20. 684 [188^) alsc 
investigated the sulphazotiscd acids of Fremy; 
and the researches of Divers and Hoga (0. J. 
Trans. 1886. 1886. 1889. 1892) hoye thrown 
much light on many classes of these compounds. 
The more recent investigations noted above have 
shown many ol tlie formula) given by Frf-my to 
be inaccurate, and they have also led to a con¬ 
siderable revision of Claus’s results. As the com¬ 
pounds that have been fairly thoroughly ex¬ 
amined arc noticed under the heading Bulphomio 
ACIDS AND DERIVATIVES (p. 609), it doos not Seem 
necessary to give an account of the other salts of 
siUphazotised acids, especially as it is very pro¬ 
bable that the formula) assigned to these com¬ 
pounds will require moditication, and that some 
of the compounds will bo found not to exist. 

The chief sulphazotiscd compounds that have 
been investigated sutliciontly to establish their 
composition satisfactorily are the following 

Amidosulphonic acid and salts N^(SOs.OH); 
described as Sulphamio acid (p.6G7). 

Imidosulplumic add and salts NH(S 0 g. 0 H )4 

(p. 600). ^ 

Nitrilosulphonates N(S 02 . 0 M), (p. 601). 

Nilrosulphonie acid and salts NO,(SOs.OH) 

(p. 601). , 

NUrosulphonie anhydride (NO^jaS^O, fp.601). 

Nitrosulphonic chloride KO,(80a.Cl) (p.60l). 

* Nitroso-oxy-amidosulphonat^ 
N(N 0 . 0 H)(S 04 . 0 M) ; described m nitroso- 
sulphates under Sulphates (p. 681). 

Oxy-amidosulphor‘Ai aovd and salts {and 
salts derived therefrom) MH(OH)(SOa.OH) 

(p. 602). 

Ory-imidosiUphanates {and salts dsHvsd 
therefrom) B{OB){SO^.O}A): (p. 602). 

Oxy^nUrosulphonie anhydride 

(p.601). 

Suhhamids (NH,},SO. (p. 567)< 

Su^kimi^ (p. 587). 
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Suifhimido-amidt KH(SO,.NBi), (p. 687). 

Thimcmio add and salts I(H,(SO.OH) 
(p. 696). ■ M. M. P. M. 

SVLFHITBEmD HYDBOOEN v.HxDSoaES 
•DiPHiDE, vol. ii. p. 725. 

STTIjrairBIC ACID ; alEo PEB8DLPHDB10 
ACID and FYBOSDLPHUBIC ACID. 

SVLFHXmiO AOW HjSO, (Oil 0/vitriol). 
Mol. w. probably 97"76. Melts at 10'36^ 
(Pickering, C. J. 67, 331); lO-S” (Thilo, Chsm. 
l!eitung, 16, 1688). Boiling begins at c. 290°, 
SO, and H,0 with some H.SO,.a:HjO passing oil; 
b.p. rises till 338“ is reached, when it becomes 
constant and complete dissociation to SO, and 
H,0 oooura ; for b.p. of H,SO,Aq from 95 
to 6 p.o. H,SO, V. Lunge (B. 11, 370). S.O. 

1'8884 (Perkin, 0. J. 63, 59; of. Pickering, 
C. J. 67, 73, note ; Kohlrausch, W. 17, 09; 
Bohertel, J.pr. [2] 26, 240; MendeUefI, B. 17, 
80,2536; Lnngo a. later,Zeit.fUr anorg. Chemie, 
1890.129). V.D. 26 at 440“, corresponding with 
dissociation to SO, + H,0 (Beville a. Troost, C. B. 
66 , 891; Wankiyn a. Robinson, Pr. 12, 507). 
S.H. (22“ to 80“) -OSS; (22“ to 170“) -37 
(Pfanndler, B. 3, 798); (16“ to 20°) ■asm 
(Marignao. Ar. Sc. 39, 217, 273). C.E. -OOOoSSS 
at 20“ (Marignac, l.c.). H.]?. [H-,S,0*] = 192,920; 
[H'O, 80‘] = 21,820 (formation of liquid H,SO,) 
{Th. 2, 266). Heat of fusion = 800 g. units (for 
98 g. H.SOJ (Berthelot, 0. B. 78, 710). T. 0. 
II. Beets {W. 7, 435), Weber {J. 1885. 121). 

<5^-. Mo'l. w. = 32-46 (Gladstone, P. M. [4] 36, 

811). For further data v. infra. 

Occurrence. — Small quantities of H2SO4, 
from *1 to ‘6 p.o., are found in somo rivers and 
springs in volcanio districts; in a pool in Texas, 
Mallet (0. N. 26, 147) found 5-2U g. H^SO^ per 
’ litre of vrater. The acid is also found in certain 
animal secretions; the salivary glands of some 
molluscs are said to contain o. 2 p.o. (B5deker a. 
Txosohel, B. B. 1854. 486; De Luca a. Fancori, 
Bl. ra] 9 , 400 ; Maly, M. 1, 205). The salts of 
Bulpborio acid occur in largo quantities ( 0 . 
SuLfEArES, p. 567). 

Formation.~The formation of an oily liquid 

heating alum is spoken of by Gei^r in the 
eighth century; a similar liquid was formed in 
the fifteenth century by burning sulphur with 
saltpetre. These liquids were shown to be identic 
cal towards the end of the sixteenth century. 
Oil of vitriol seems to have been manufactured 
in fair quantities by heating ferrous sulphate 
from about the early part of the eighteenth 
century; the first manufacto^ for making the 
acid from sulphur was started at Bichmond by 
Ward about 1740. The composition of sulphuric 
acid was determined by Lavoisier. 

1. By long exposure of fiowers of sulphur in 
the air (John, 5. 14, 417; Wagenmann, P. 24, 
601). —2. By heating S with EL^O to 0 . 200® ; by 
electrolysing HjO, using Pt electrodes with pieces 
of S attached, the H,SO« forms at the positive 
pole (Becquerei, O. B. 66, 237}.--8. By the 
oxidation of 8 in presence of H,0 by Cl, HNO„ 
fiOl and KGlOu aqua regia, Ac. ; also by certain 
metallic salts ( 0 . Wloke, A. 82,146; Parkmann, 
Api. 8. (3] 88, 328).~4. By oxidiring SO^q or 
0O| in presence of water, by 0, Br, 


KO» HNO„ Ac. : by passing moist S<X and alt 
over hot Pt black (Phillips, A. 4, 171)', ^ough a 
red-hot tube containing pieces of glass (Magnus, 
P. 24, 610), or over red-hot sand (Blondeau, 

C. B. 29,406).—6. By the oxidation of H,S and 
polythionic acids (o. Clobz a. Guignet, C. B. 46, 
1110}.—6. By the interaction of water and SO« 
80,04, SO.,.C1.0H, *0. 

Preparation.—CommcTeitkl oil of vitriol is 
diluted until the S.G. is r*53 (=»60® Beaum4, or 
106® Twoddell, =62*6 p.o. H.^SO, by weight); 
the acid is heated to 70®-80®, and NajS^O, is 
added in quantity sufficient to decompose the 
ASgO, present (which should be estimated 
beforehand), according to the equation 
3 Na.^S.i 03 + A. 8 . 40 g= 3 Na 4 S 04 +As,Sj; the acid is 
stirred until the As^Sg separates in flocks (Thorn, 

D. P. J. 217 ,495); the acid is filtered from As^S, 
through asbestos or glass-wool, and is then con¬ 
centrated by evaporation in a Pt dish till it 
begins to fume, and then in a retort of 
Pt or hard glass. Tho cono. acid is now 
healed with a little pure (NH,),SO„ whereby 
HNO._;aud HNOgare decomposed (NH^.NO, and 
NHj.NOg are formed, and then decomposed to 
N and H«0, and N,0 and HoO). Tho acid is 
then distilled from a glass retort, heated by a 
ring-burner placed around the retort at about 
two-thirds of the distance from the level of the 
acid to the bottom of the retort. The distillate 
is re-distilled in small quantities from a Pt retort 
into a Pt receiver; the condenser being formed 
of Pt tubes, soldered with gold and fitting closely 
one into the other, and tho temperature being 
such that the acid does not boil during the dis¬ 
tillation {cf. Stas, Chem. Proport. 112). Various 
other methods for removing As have been pro¬ 
posed ; for the preparation of HgSO, free from 
As for chemicq-medical use v. Bloxaru (0. J. 16, 
62), also Buignet a. Bussy (/. Ph. [31 44,177; 
46, 252). 

Commercial oil of vitriol is prepared by 
passing SO,, mixed with a little IINOg, into 
large leaden chambers into which jets of steam 
•are also sent. The SO, is prepared by burning 
S or pyrites in a stream of air; the hot gas is 
passed over HNOg.or over pots containing KNO, 
and H,S 04 , sweeps into the leaden 

chambers a certain quantity of HNO,. The 
interactions between the hot SO., and HNO, pro* 
bablyproduceNO and N., 03 ( 3 S 0 ,-i- 2HNO, + 211,0 
•» 3 H,S 04 -f 2 N 0 ; and also 2SOa + 2HNOg-l-HjO 
«= 2 H 2 SO 4 + N,Og); the NO then combines with 
O in tho air of the chambers to form 
N,0g(4N0 + 0 , = 2 N 30 ,), which interacts with 
SO, and HjO to produce iLSO. and 
N0(N,0, + SO., + H,0 - HjSO, + 2NO) ; -if N,0, 
is produced in the primary reaction of SO, with 
HNOg, this N,0, may take up 0 to form NjO,, 
which in turn may react with SO, and H 3 O to 
produce HaSO, and NO(N 304 -H 2 SOa+ 2 H.O 
2 H,S 04 'T 2N0). These cycles of changes pro¬ 
ceed as long as SO, is sent into the chambers, and 
there is present a sufficiency of O, H,0, and 
oxides of N. If there is not sufficient H,0 pre¬ 
sent to complete the decomposition oC N, 0 g and 
SO, (or N-Og and SO,) to H,SOg and NO, 
nitrosulphonio acid —NO,(SO,.OH)—is formed 
as a solid on the sides of the chamber 
(3N,0,+2SOa+H.O-2NO,(SO,.OH).*-4NO; of 
6 NA+4SO, 4 - 2H,0 - 4NO,(SOrO^ 4- 8NO) | 
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when fteam it now aen( into the obamber the 
nitrosulphonio acid is decomposed to H2SO4 and 
NA {2NOj(SO^OH) + H,0 « 2H,S04 + « A'- I* 
is possible that the formation of NO,(SO.^OH) 
and the interaction of this with water may form 
normal stages in the series of reactions that 
occur in the chambers. Lunge {0. J. 47, 41*5) 
regards as the chief carrier of 0 from the 
air to the SO,; he formulates the two main in* 
terootions as 

(1) 2SO, + NA + 0, + H,0 = 2N0,{S0...0H), 

(2) 2N0,(S0,.0H) + H,0 = 2n,S04 + N,0,; 

moreover, he insists that the interactions take 
place for the most part between gases in contact 
with the surface of the vesicles of liquid water 
formed by the condensation of the steam sent 
into the chamber. (A fuller discussion of the 
reactions that occur in the leaden chambers 
will be found in the Dictionary or Applied 
CnE&irsTRT, vol. iii. p. 720.) 

Some portion of the oxides of N is swept 
through the cliambors and so lost (part of this 
is recovered in the Gay-Lussac towers); sonic is 
lost by leakage, solution in the acid formed in 
the chambers, and in other mechanical ways; 
but some portion >:>£ the available oxides of N is 
also destroyed by secondary reactions that occur 
in the chambers, and«rcsult in the formation of 
NjjO and sometimes of N or NH, (o. Weber, P. 
lijO, 329; Pclouze, A. Ch. [2] CO, 1C2; Lunge, 
if. 14, 219ft ; cf. Dictionary op Applied 
CuEuisTRY, vol. iii. p. 729). 

Propcrlies .—A clear, colourless, oily, hygro¬ 
scopic liquid; solidifying at c. 1U*5^. The liquid 
may be cooled much below its freezing-iioint 
without solidifying, but addition of a crystal of 
H2SO4 or a email quantity of 80, causes crys¬ 
tallisation ; the presence of a trace of water 
lowers the freezing-point to c.O®. II.^SO^ is ex¬ 
ceedingly acrid and burning, and is a violent 
poison. H2SO4 fumes very slightly in air at the 
ordinary temperature; at 30^-40° itfumes much, 
giving off SO,; according to Colefux {C. N. 03, 
179), H2SO4 is probably slightly volatilised ai 
ordinary temperatures. The mol. w. of H^SO^ 
has not been determined directly, but from tho 
mol. weights of such derivatives as SO^Cl,, 
S02(0Me),, &o., the formula is most pro¬ 

bably molecular. H^SOf is decomposed when 
heated, and does not show a definite b.p.; boiling 
begins at 0. 290*^, and tho temperature gradually 
rises to 338S a^t which temperature dissociation ; 
to H,0 and SO, is complete. The residue has 
the composition HgSO^.y'^AO; acid with this 
composition is obtained oy boiling down either 
H,S04.a:H20 or HaSO^-asSO, (Marignao, A. Ch. 

[3] 89, 184; Dittmar, C. J. [2] 7, 44ft). The 
8p.gr. of the vapour given of! at c. 440"^ corre¬ 
sponds with that calculated for the dissociation 
of HjSO, into SOj + H^O (Deville a. Troost, 
0. B. Cft, 691; Wanklyn a. Bobinson, Pr. 12, 
307). The b.p. of H2S04Aq, containing from 
95 p.o. H2SO4 (b.p.-295®), to 6 p.o. H^SO, 
(b.p. 101®) is given by Lunge (B. 11, 370). 
H,S04 freezes at 10-362° (v. Pickering, C. J. 57, 
881; where a long series of determinations is 
given of f.p. of H^O^Aq oontaining*from *005 
to 100 p.o. H,S04). The S.H. and mol. heat 
(- S.& X 96) ore ^ven by Plaandler (B. 8,798) 
««foUow8; 


8 .B. ICoL amt. 

•855 84-790 

•856 81-888 

•858 85-084 

•869 86-182 

•360 85-280 

•862 85*476 

•804 86-672 

•365 86-770 

*867 86-966 

•370 86-26Q 

For S.H. of II,S04.a:H,0 from 16® to 20®. 
varying from 0 to 400, v. Marignac (Ar. 8c. 81 
217, 273); Bode {Zeit. filr anorg. ChcmiCt 188b. 
244) gives S.H. of H^SC^Aq from S.0.1-842 to 
1*037; Pickering (O. J. .57, 160) gives 8.H. of 
ILjSOiAq from 0. -2 to 0. 12 p.c. 11,804 
solves in water in all proportions; much beat 
is produced, and contraction occurs ; for thermal 
measurements v. Thomson {Th. 3, 44), Favre 
a. Silbermann {0. Ji. 24, 1081), F. a. Quaillard 
•{C. R. 60,1160), Pfaundler (J. 1860. 122), and, 
especially, Pickering (C. J. 57, 164). According 
to Pickering (C. N. 64, 14), the maximum con¬ 
traction, calculated for unit weighf of solution, 
changes from 67 p.c. at 8®, to 70*1 p.o. at 38®; 
but the maximum is constant at 76 p.o., from 
8® to 38®, if calculated for unit volume; for 
fuller data v. P. (C. J. 67,148). The expansion 
of H,S04.®1^0, at 20®, when x varies from 0 
to 400, is given by Marignac {Ar. Sc. 39, 217, 
273). The refractive indices and diqpprsion of 
ILSOj.Aq containing from 03-87 to -088 p.o. 
11.804 ftlvcn by Pickering (O'. J. 63, 99; cf, 
vail del- Willingen, Ar. N. 3,122). Perkin (0. J. 

63, 67) gives Mol. 11. for H,SO,Aq from 99*92 
fo 9-I8 p.c. ILSO 4 { — from ll,804-^63•87 H,0 

to H,S 04 +- 004 'H-A- 

The electrical conductivities of n,S04Aq of 
different concentrations have been measurea by 
KoUIrausch (P. 154. 215; 159; 233; W. 0. 1; 
17, 69), also by Pickering (0. J, 67, 168), who 
gives determinations for ILSO,Aq containing 
I from 1 to 100 p.c. H2SO4 (v. also Bouty, 0. R> 
108, 393 ; also Orotrian, P. 161, 378). 

The 8.G. and composition of II.4S04Aq of 
varying concentrations have been determined by 
many observers. Pickering (0. J. 67,162) gives 
8.G. and composition of ASOfAq containing 
: from -6 to 100 p.c. H^SO, at 0®, 2®, 4®, and each 
i 2° up to 40®. Lunge a. Islor (Zeit. fUr anorg. 
Cfictnie, 1890. 129) give the following tables {cf, 
Mcndel^eff, ZfP. C. 1887.273; Pickering, 0 . N. 

64, 311; Lunge, O. N. 6.5,13) 


S.O. 

in tatuo 

11 

if 

II 

100 parts by 
wciKlit 
coutain 

1 litre contain* 
kilos. 

P.O. 

BO. 

P.O, 

H.8O4 

SO. 


1-000 

0 

0 

007 

0-09 

0-001 

0001 

1005 

0-7 

1 

0-08 

0-03 

0-007 

0-008 

I-OIO 

1-4 

2 

1-28 

1-67 

0-013 

0-016 

1-015 

2-1 

3 

1-88 

2-30 

0019 

0-02S 

1-020 

2-7 

4 

2-47 

3-03 

0-028 

0-081 

1-025 

8-4 

s 

8-07 

8-78 

0082 

0-089 

1-030 

4-1 

6 

3-67 

4-49 

0038 

0-04S 

1-036 

4-7 

7 

4-27 

6-23 

0044 

0064 

l-OlO 

6-4 

81 4-87 

6-98 

0-061 

0-089 


Tamp. InttfTal 
lztun»®to 
80®* 
90 
100 
110 
120 
130 
140 
160 
160 
170 
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tntaeuc 

I 

Degrees 
Twaddell , 

100 parts by 
weight 
contain 

1 litee contains 
kilos. 

8.0.^ 

Is vacuo 

II 


100 parts bjr 
weight 
contain 

1 litre oontd HI 
kilos. 

P.O. 

SO. 

P.o. 

H.SO* 

SO. 

H.SO. 

P.O. 

SO. 

P.O. 

H,S 04 

so. 

H.SO. 

1-04S 

6-0 

9 

6-45 

6-07 

0-057 

0-071 

1-365 

38-6 

73 

37-89 

46-41 

0-517 

0-633 

1-OSO 

6-7 

10 

6-02 

7-87 

0-068 

0-077 

1-370 

39-0 

74 

38*32 

46-94 

' 0-525 

0*643 

1-0S6 

7-4 

11 

6-69 

8-07 

0-070 

0*085 

1-376 

39-4 

76 

38*75 

47-47 

0-533 

0-653 

1-060 

80 

12 

7-16 

8-77 

0-076 

0 093 


39*8 

76 

39-18 

48*00 

0*541 

0-662 

1-066 

8-7 

13 

7-78 

9-47 

0-082 

0-102 

1-385 

40-1 

77 

39*82 

48-53 

0*649 

0-672 

1-070 

9-4 

14 

8*32 

10-19 

0-089 

0-109 

1-390 

40-5 

78 

40-05 

49*06 

0-557 

0-682 

1-076 

10-0 

16 

8-9C 

10-90 

0-096 

0-117 

1-395 

40*8 

79 

40-4f 

49-69 

0-564 

0-692 

1-080 

106 

16 

9-47 

11-60 

0-103 

0-125 


41-2 

80 

40*91 

60*11 

0-573 

0-702 

1-086 

11-2 

17 

10-04 

12-30 

0-109 

0-138 


41-6 

81 

41*33 

60-63 

0-581 

0*711 

1-090 

11-9 

18 

10-6C 

12-99 

0-116 

0-142 

1*410 

42*0 

82 

41-76 51-16 

0-589 

0-721 

1-095 

12-4 

19 

11-10 

13-67 

0-122 

0-150 

1*415 

42-3 

83 

42*17 51*88 

0-697 

0*730 

1-100 

18-0 

20 

11-71 

14-36 

0-129 

0-158 

1-420 

42-7 

84 

42‘r>'3 

5215 

0-004 

wiafcni 

1-106 

18-6 

21 

1221 

15-03 

0-136 

0-l(;6 

1*425 

43*1 

85 

42*96 52*83 

0*612 

0*750 

1-110 

14-2 

22 

12-82 

15-71 

0*143 

0-175 

1*430 

43-4 

86 

43*38 

63*11 

wigami 

0-759 

1-116 

14-9 

23 

13*3( 

16-86 

0*149 

0-183 

1*436 

43*8 

87 

43*75 53*59 

0628 

0-769 

1-120 

16-4 

24 

13*81 

17-01 

0-156 

0*191 

1-440 

44-1 

88 

44*14 54*07 

0*630 

0*779 

1-126 

10-0 

25 

14*42 

17-66 

0*162 

0*199 

1-445 

44-4 

89 

44*6.3 

54*55 

0-643 

0*789 

1-130 

16‘5 

26 

14*95 

18-31 

0-169 

0-207 

1*460 

44*8 

90 

44*02 

5503 

0-651 

0*798 

1-185 

17«1 

27 

15*4e 

18-96 

0-176 

0*216 

1-456 

45*1 

91 

45*3J 

55*50 

0*659 

0-808 

1-140 

17-7 

28 

16-01 

19*61 

0*183 

0-223 

1-460 

45*4 

92 

45*89 

55-97 

0-667 

0*811 

1-146 

18*3 

29 

16-54 

20-26 

0-189 

0*231 

1-466 

45-8 

93 

48*07 58*43 

0-675 

0-827 

1-160 

18-8 

SO 

17-07 

20-91 

0-196 

0*239 

1*470 

48*1 

94 

48*45 

60'90 

0-683 

0-837 

1-166 

19-3 

31 

17-5!; 

21*55 

0-203 

0*248 

1-475 

48*4 

95 

46*83 

57-87 

0*691 

0-848 

1-160 

198 

32 

18*11 

22-19 

0*210 

0*257 

1-480 

48*8 

98 

47*2l! 57*8.3 

0*699 

0-856 

1-166 

20-8 

83 

18-64 

22*83 

0-217 

0-200 

1-485 

47-1 

97 

47-67 

68*28 

Koroici 

0-865 

1-170 

20-9 

84 

19-16 

23*47 

0*224 

0*276 

1-490 

47-4 

98 

47*95 

68*74 

0-715 

0-870 

1-176 

?l-4 

85 

10*09 

24*12 

0*231 

0*283 

1*495 

47*8 

99 

48*34 

60 22 

0*723 

0*885 

1-180 

22-0 

86 

20*21 

24-76 

0-238 

0*292 

1*500 

48-1 

100 

48*73 

69-70 

0*731 

0-896 

1-186 

22-6 

87 

20-78 

25-40 

0-246 

0-301 

1-505 

48-4 

101 

49*12 

60-18 

0-739 


1-190 

23-0 

38 

21-20 

26*04 

0*253 

0-310 

1-510 

48*7 

102 

49-51 

00*65 

0-748 


1-196 

28-6 

39 

21*78 

26*68 

0*2()0 

0*319 

1*515 

49*0 

103 

49*89 

61-12 

0*750 

0-926 

1-200 

24-0 

40 

22*30 

27-32 

0*268 

0-328 

1-620 

49-4 

104 

50*28 

61-59 

0-784 

0-936 

1-206 

24-6 

41 

22*82 

27-95 

0*275 

0-i(37 

1-525 

49-7 

105 

50*66 

62-06 

0*773 

0-946 

1-210 

26-0 

42 

23*33 

28-58 

0*282 

0-846 

1-530 

60*0 

106 

61-04 

62-53 

0-781 

0-967 

1-216 

25-5 

43 

23-84 

29*21 

0-290 

0-355 

1-535 

60*3 

107 

61-43 

63-00 

0*789 

0*967 

1-220 

26-0 

44 

24-36 

29*84 

0-297 

0-364 

1-540 

60*6 

108 

61*78 

63*43 

0-797 

0-977 

1-226 

26-4 

46 

24*8}* 

80-48 

0-305 

0-373 

1*545 

60*9 

109 

52*12 

03*85 

0-805 

0*987 

1-230 

26-9 

46 

26*32 

31-11 

0*312 

0*382 

1*550 

61*2 

110 

52*46 

64-20 

0*813 

0*996 

1-236 

27-4 

47 

26-86 

81-70 

0-320 

0-391 

1-555 

61-5 

111 

62-79 

04-67 

0*821 

■PTiYil 

1-240 

27-9 

48 

26*35 

82*28 

0*327 

0-400 

1-560 

51-8 

112 

53-12 

05-08 

0*829 

1-016 

1-246 

28-4 

49 

26-88 

82*86 

0*334 

0*409 

1-565 

62*1 

113 

53-46 

66*49 

0*837 

1-026 

1-260 

28-8 

60 

27-29 

83-43 

0*841 

0-418 

1-570 

62-4 

114 

53-80 

65*90 

0-845 

1-035 

1-266 

29*3 

61 

27-76 

84-00 

0-348 

0-426 

1-576 

62*7 

115 

64-13 

00-30 

0-863 

1-044 

1-260 

29-7 

52 

28-22 

34-67 

0-356 

0-485 

1-580 

63-0 

116 

64-46 

66-71 

0-861 

1-054 

1-266 

80*2 

63 

28-69 

86*14 

0-363 

0*444 

1-685 

53*3 

117 

64-80 

67-13 

0-869 

1*064 

1-270 

80-6 

64 

29-16 

36-71 

0-370 

0-464 

1-690 

63-6 

118 

66*18 

67-59 

0-877 

1-076 

1-276 

81-1 

66 

29-62 

36-29 

.0-377 

0-462 

1-696 

63-9 

119 

65-65 

68-05 

liBHill 

1-086 

1-280 

81-6 

66 

30-10 

86-87 

0*385 

0-472 

■KOlil 

64-1 

120 

66-93 

68-61 

0-895 

1-096 

1-286 

82-0 

67 

80-67 

87-45 

0*393 

0-481 

1-605 

51*4 

121 

56-30 

68-97 

■isaigil 

1-107 

1290 

82-4 

58 

31*04 

88.03 

,0*400 

0-490 

1-610 

64*7 

122 

56*68 

69-48 

0-918 

1-118 

1-296 

82*8 

69 

81*62 

8&61 

0-408 

0-600 

1*815 

66-0 

123 

67-05 

69-89 

0-921 

1*128 

1-800 

83-3 

60 

31-99 

89-19 

0-410 

0-510 

1-620 

65-2 

124 

67-40 

70-32 

■IBHltll 

1*139 

1-806 

83-7 

61 

82-46 

39-77 

0-424 

0-619 

1-625 

66-5 

125 

67-76 

70-74 

0-938 


1-810 

84-2 

62 

82-94 

40-35 

0-432 

0*629 

1-630 

65-8 

126 

68-09 

71-16 

0-947 


1-816 

84-8 

63 

33-41 

40*98 

0-439 

0*538 

1-636 

66-0 

127 

68-43 

71-67 

0*955 


1-820 

86-0 

64 

88*88 

41-60 

0-447 

0-648 

1-640 

66-3 

128 

68-77 

71-99 

Em] 

1-181 

1-826 

86-4 

66 

84-36 

42-08 

0*456 

0-667 

1-646 

66*6 

129 

69-10 

72-40 

0-972 

1-192 

1-880 

86-8 

66 

84-80 

42-66 

0-462 

0-667 

1-660 

66-9 

130 

■69-46 

72-82 

0-981 


1-886 

86-2 

67 

86-27 

43-20 

0-471 

0-677 

1-665 

67-1 

131 

69-78 

73*23 

0-989 

1-212 

1-840 

86-6 

68 

86-71 

48-74 

0-479 

0-686 

1-600 

67-4 

132 

60-11 

78-64 

0-998 

1-222 

1-845 

87-0 

69 

86-14 

44-28 

0-486 

0-696 

1-666 

67-6 

133 

60-46 

74-07 


1-233 

1-860 

87-4 

70 

36-68 

44*82 

0-494 

0-606 

1-670 

67-9 

134 

60-82 

74-61 

■BuiJI 

1-244 

1-866 

87-8 

71 

87-02 

46-37 

0-602 

0-614 

1-676 

68-2 

135 

61-20 

74-97 


i-a5« 

1-880 

88-2 

78 

87-46 

46-88 

0-609 

0-624 

t-680 

68-4 

186 

61-67 

76-42 

lljM 

1-267 
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II 


lOOpsrUby 

weight 

ooQtain 

1 litre ooatalai 
kilos. 

^ vacua 

II 

nS 

Pa 

60, 

P.O. 

H,SO, 

BO, 

H,80. 

i-ess 

68-7 

187 

61-93 

76-86 

1-04S 

1*278 

1-690 

68-9 

138 

62-29 

76-30 

1-053 

1-289 

1-695 

69-2 

189 

62-64 

76-78 

1-062 

1-301 

1-700 

69-6 

140 

63-00 

77-17 

1-071 

1-312 

1-706 

69-7 

141 

63-35 

77-00 

1-080 

1-323 

1-710 

60-0 

142 

63-70 

78-04 

1-089 

1-334 

1-715 

60-2 

143 

64-07 

78-48 

1-099 

1-346 

1-720 

60-4 

144 

64-43 

78-92 

1*108 

1-357 

1-726 

60-6 

145 

64-78 

79-36 

1*118 

1-3C9 

1-730 

60-9 

146 

65-14 

79-80 

1-127 

1-381 

1-736 

61-1 

147 

65-50 

80-24 

1-136 

1-392 

1-740 

61*4 

148 

65-86 

80-08 

1-146 

1-404 

1-746 

61-6 

149 

66-22 

81*12 

1-156 

1-416 

1-760 

61-8 

150 

66-58 

81-56 

1*165 

1*427 

1-765 

62-1 

151 

66-94 

82*00 

1-175 

1-439 

1-760 

62-3 

152 

67*30 

82*44 

1*185 

1-451 

1-766 

62-6 

153 

67-65 

82*68 

1*194 

1*463 

1-770 

628 

154 

68-02 

83*32 

1*204 

1-475 

1-775 

63-0 

155 

68-49 

83-90 

1-216 

1-489 

1-780 

63*2 

156 

68-98 

84-50 

1-228 

1-604 

1-785 

63-6 

167 

69-47 

85*10 

1-240 

1-619 

1-790 

63-7 

168 

69-96 

86-70 

1*252 

1-534 

1-795 

64*0 

169 

76-45 

86*30 

1-265 

1-649 

. 1-800 

64*2 

160 

70-94 

86-90 

1-277 

1-564 

1-806 

64-4 

ICl 

71-60 

87-00 

1-291 

1*681 

1-810 

64-6 

162 

72-08 

88-30 

1-305 

1-593 

1-816 

64-8 

ICS 

72-09 

89*05 

1-319 

1-621 

1-820 

65-0 

164 

7.3*51 

90*05 

1-338 

1-039 

1-821 

— 

— 

73-63 

90*20 

1-341 

1*643 

1-822 

65-1 

.... 

73-80 

90*40 

1-346 

1-647 

1-823 

— 


73*98 

90-60 

1-348 

1*()51 

1-824 

65-2 

... 

74*12 

90*80 

1-352 

1-656 

1-825 

— 

165 

74-29 

91-00 

1-356 

1-061 

1-826 

65-3 

— 

74-49 

91-25 

1-3C0 

1-666 

1-827 

— 

— 

74-69 

91-60 

1-364 

1-671 

1-828 

65*4 

— 

74-86 

91-70 

1*368 

1*670 

1-829 

— 

— 

75-03 

91-90 

1*372 

1*681 

1-830 

— 

166 

76-19 

92-10 

1-376 

1-086 

1-831 

65-6 

— 

75-35 

92-30 

1-380 

1090 

1-832 

— 

... 

76*63 

92-62 

1-384 

1-095 

1-833 

66-6 

— 

76-72 

92-75 

1-388 

1*700 

1-834 

— 

— 

76-96 

93-05 

1-393 

1-706 

1-835 

65-7 

167 

76-27 

93-43 

1-400 

1-713 

1-836 

— 

— 

76-67 

93*60 

1-400 

1-722 

1-837 

— 


70-90 

94-20 

1-412 

1-730 

1-838 

65-8 

— 

77*23 

94*60 

1-419 

1-739 

1-839 

— 

— 

77-65 

96*00 

1-426 

1-748 

1-840 

65-9 

168 

78-04 

96-60 

1*436 

1-759 

1-8405 


— 

78*33 

96-95 

1-441 

1-766 

1-8416 


— 

79-19 

97-00 

1*458 

1-786 

1-8410 

— 

— 

79-76 

97-70 

1*469 

1-799 

1-8416 

— 

— 

80-16 

98-20 

1-476 

1*808 

1-8400 

... 


80-67 

98-70 

1-483 

1-816 

1-8400 


— 

80-98 

99-20 

1-490 

1-826 

1-8395 


... 

81-18 

99*45 

1-494 

1*830 

1-8890 


.... 

81-39 

99-70 

1*497 

1-834 

1-8386 

— 

— 

81-69 

99-96 

1-600 

1-838 


For the properties of fuming H3SO4 ti. Pxao- 
tiULPUxmo A0Z2>, p. 625. 

For a test for small quantities of ICree H 2 SO 4 
V. Carey Lea {Am. S. [ 8 j 45, 478; abstract in 
g. /. 64 (ii.), 666 ). 

^factions.—h Ooso. Ib decomposed 


by heat; at e. 440^ the produeis are SO, and 
^0, and by passing tbrongb a red-hot tube S(V 
O, and H3O are formed (Peville a. Troosl, 0, B. 
66. 891; Wanklyn a. ^binson. Pr. 12, 507; 
Bedwood, Ph. [2] 6, 601; Derille a. Lebray, 
A. Ch. [8] 61, 125),—9. Decomposed by the 
electric current ; with cone. H^SO, and a raised 
temperature 0 separates at the positiTe pole, 
and H and S at tlie negative; at 0° only H and 
0 are given off (Faraday, T. 1834; Warburg, P, 

135,114 ; Luckow, Fr. 1880.1; Berthelot, u. R, 
80, 71; 90, 209). Gladstone a. Tribe (0. /. 86, 
176; 43, 345) found that a little SO, was formed 
when the electrolysis of 98*2 p.o. was very 
slow. According to the concentration of the 
ILSO^Aqelectrolysed, the strength of the current, 
and the current density, ozone, H^O^, and S^O, 
are formed, besides H and 0. For an examina¬ 
tion of the conditions favourable to the produc¬ 
tion of ozone v. McLeod (C. J. 49, 591, where 
references are given to earlier memoirs). Ac¬ 
cording to Bodty {C. B. 108, 393), acid of the 
•concentration HjSO^-hHjO always gives BjO, 
on electrolysis; liioharz {A. Ch. [2J 24, 183) 
says that the maximum production of H^O, is 
obtained with acid of the dbneontration 
H2S04-f-l’347H.^0; with acid more dilute than 
60 p.c. H.jSO, very little HjO^ is obtained, but 
considerable quantities of S^O, and ozone (Bouty, 
l.c.; cf. Kuriloif, J. B. 23, 235). In connection 
with the electrolysis of K^SO^Aq, and the con¬ 
ditions of production of H and 0 only, or of 
ozone, and 8^0, also, v. 

(C. J. Proc. 1893-4. 188 [No. 127]).—8. By 
passing a mixture of the vapour of H BO. mixed 
with hydrogen through a rod-hot tube, 11,0 is 
obtained along with SO„ S, or 1I,S, according to 
the quantify of H {v. Warner, O. N. 28, 18). 
Hydrogen occluded hy palladium or platinum 
partially reduces 98*2 p.c. giving SO, 

G. a. T., l.c. p. 177).~4. SO^, CO„ and ]^0 are 
ormed by heating cone. H^804 with oarhon\ 
and SO, and H.O by heating with eulphur,-— 

5. Phosphorus takes fire in boiling H^SO, with 
separation of S; red phosphorus reacts with the 
cone, acid when hot, forming SO, and HgPOi.— 

6. Chlorine reacts with cone. HjSO^ to form 
01{SO;j.OH) (v. CULOROSULPHONIO ACID, p. 50^.— 

7. Most metals interact; K and Na give off !H, 
Zn and Fe and several other metals also give 
off H with more or less dilute B^SO^Aq at 
ordinary temperatures; on raising the tempera¬ 
ture SO, and H,8 are generally e%'olved and S ia 
often separated. Some metals, such as Sb, Bir 
Gu, Hg, react only with warm fairly cone. i^SO,, 
giving off SO,, and often also H,S. Au, Ir, Ft, 
Bh, and W do no^interact with H^SO^. Begard- 
ing the conditions of the interaction of EgSO^Aa 
with metals—concentration, temperature, ana 
products—V. Ditte {A, Ch. [6] 19,68). Pattison 
Muir a. Adie (C. J. 58, 47) found that the only 
products of the interaction of apprmeimately 
pure einc and dilute HjSO^Aq (o. B,S04.12H,0 
to c. H,S04.15H30) were ZnSO*Aq and H; that 
with cone, acid (o. HgS04.H,0 to o. H,80J SO, 
was the chief gaseous premuot, and that waa 
also produced at higher temperatures; 
that with acid of intermediate oonoentratlon 
(o. H,S0..2H20) both SO, and H,8 wen formed 
in oonsiaerable quantities at o. 160°. For ex* 
perimeats on the rate of action of ]^B04Aq oo 
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difleraitspedme&i of sinoo. Divers AtShimidsa' 
(C.«r. 47t 598), who have also examined the pro- 
dnotion of KH^OH by the interaotSon of zino' 
with HjSO^Aq and HNO,Aq together (c/. 
HtDBOXYLAifiNB, vol. li. p. 734), For qualita¬ 
tive experiments on the ipteraction of H2SO4 
and ttn, v. Pattison Muir a. Robbs (0. N, 45,69, 
where references to other memoirs are given). 
PuUinger (0. J. 59, 815) found that pure zinc 
was not acted on by H2S04Aq (1 part cone, acid ^ 3 
arts water by weight) provided the acid had 
een boiled for a long time before use and the 
surface of the zino was quite smooth; if the 
surface was rough some of the zino was dis¬ 
solved. P. also found that oxidisers increased 
the rate of solution of zinc, and reducers, if not 
containing S, almost stopped the solution. P. 
concluded that when the surface of the zino was 
rough 8,0, was probably formed, and then the 
action proceeded. Weeren (B. 24,1785) noticed 
that there was scarcely any reaction between 
pure zino and H^SO^Aq (c. 20 paMs water); ho 
supposed that a layer of H was condensed on 
the surface of the metal. W. thought that with 
impure zinc the H is given oil from the surface 
of the more negative metal present, and so the 
surface of the zino is left exposed to the action 
of the acid. W. found that the evolution of H 
proceeded more rapidly in vacuo, and that it was 
hastened by brushing the surface of the metal. 
The weight of pure zinc dissolved in 30 mins, 
was 2'1 mgm. at 9*3 mgm. at 98°, and 122*1 
mgm. at.1)ie b.p.of the acid used. W. obtained 
similar results with Al, Cd, Co, and Fo. Sodium 
amalgam or zinc amalgam, with cono. H^SO„ 
gives off H, then quantities of H^S, then 80^ and 
S, and finally only SO.^ (Walz, C. N. 23, 246). 
The interaction of and coxiper has been 

fully examined by Pickering (C. /. [2] 18,112; 
ct. CoppKH, vol. ii. p. 263).— 8. reacts with 

the oxides of nitrogen (not with N.^O) to form 
N0.^(S0.2.0H) (u.Nitbobulpuonic agio, p. 601). — 
9. Phosplioretted hydrogen reacts slowly with 
H3SO4 at the ordinary temperature, giving SO.^, 
S, and H,P04 (Rose, P. 24, 139).—10. With 
sulphuretted hyarogen, HjO, S, and 80^ are 
formed.—11. Pliosphorus pentexide withdraws 
^0 from hot cono. H.4SO4, producing P^O^.H^O 
and SO, (Barreawil, 0. li. 25, .30; Evans, Ph. 8, 
127); pJwsphorus pcntachloride or trichloride 
forms 80, and POCI3, also SO^Cl^ when PCI, is used 
(Williamson, P. Af. [4] 7. 365; Schill, A. 202, 
ill; e/. Michaelis, <1. Z. 6, 233, 292), and also 
6l(S0,.0H) (MuUer, B. 6, 277; Oeuther, B. 6, 
926; Thorpe, 0. J. 37,3581.-12. HjSO, reacts 
with most salts to form sulphates, and set free 
the acid of the salt if that acid is more volatile 
than H^jSO,. In several cases secondary reactions 
occur between the acid set free and ^e H^SO,; 
thus, with bromides and iodides, Br and 1, and 
SO. or H,S, are produced. The interaction of 
H,BO«Aq and KBr has been examined by Addy- 
loan (0. (T. 61,94), who found that the percentage 
of HBr decomposed varied almost directly with 
the quantity of H2SO4 used, and that wnen so 
mu^ R4BO4 was present that the water produced 
in the reactxoo 2HBr r H.SO4 ~ 2K,0 r SO, + Br, 
caused no sensible dilution of the ^SO|, all the 
jBBr was decomposed; with dilute acid, 0. 80 
H^04, using exoasB of acid, scarcely a traoe 
^ was decomposed (e/. Felt a. Eubiersohki, 


J. Ph. [5] 24, 159). jrackson (0. J. 48, 889) 
finds that the interaction of cono. H,S04. and 
El varies according as the acid is present in 
large excess, or in quantity just sufficient for the 
El used. In the first case all the I of the El is 
set free along with an equivalent quantity of 
SO,; in the second case all the I is liberated 
with the equivalent quantity of ]^S. Mafiy 
salts of ac^s containing much oxygen, e.g. 
dichromates and permanganates, are decom¬ 
posed by hot cono. H,S04Vith evolution of 0. 
The reaction of H,s64Aq with KMn04Aq has 
been examined by Gooch a. Danner {Am. S. [3] 
44, 301), who found that the quantity of 0 given 
ofif increased with (1) concentration of K4SO«Aq, 
(2) time, (8) temperature; no 0 was given of! 
after a few hours with 20 p.c. acid at the ordinary 
temperature, but a considerable quantity of O 
was produced after five days’ action, and 0. the 
some result was obtained by heating to 60° for 
one and a half houra (c/. Jones, C. J. 33, 95).— 
13. Cono. H28O4 reacts with many oxygenated 
organic compounds, withdrawing H,0; with 
benzenoid hydrocarbons it forms sulpho- acids; 
many organic compounds, such as sugar, starch, 
&c., are charred by warm II^SO,.—14. Pictet 
(C. li. 115, 708, 814) has examiued the reactions 
of sulphuric acid at low temperatures, using 
acid of 89 p.c. H.,S04; no Action occurred below 

— 125° with such bodies as NaOll, NaCl, 
Na^CO,, Na, E; in most oases action began 
suddenly at temperatures varying from —120° to 

— 60°.—15. H2SO4 combines with water \ tho 
hydrates H,S04.H,0, . 11,80,.2H,0, and 
H,S04.3H.,0 liave been isolated as solids (v. 
infra). —16. Cone. H^SO, combines with sulpJtur 
trioxide to form H.,S04.S0, and other compounds 
{V. PVKOSULPUtJRIO acid). 

For the reactions of fuming H,S04 v. Pyro- 
BULPUUBio ACID (p. 625). The salts of H,S04 are 
describedunderSDDPHAT]ss(p.667). Bothamidea 
of H,S04, viz. 80,.0H.NH, and SO,(NH,)„ have 
been isolated (v. Sulphamic acid, p. 567, and 
SuLFHAMiDE, p. 567)*, the imide SO,.KH is also 
.known, v. Sudpuiuide, p. 587; cf. also Sulph- 
miDo-AMiDB NH(SO,.NH,)^„ p. 687, and Iuido- 
soLPnoNio ACID NH(SO,.Cm)„ p. 600. 

Constitution of sulphuric acid. —The re¬ 
actions of H,S04 with Cl and with PCI,, and the 
reactions of the products with water, also the 
formation of SO2.OH.NH,, SO,(NH,)„ and 
SO2.NH, show that HjSO, contains two OH 
groups. The fact that only one compound, 
SO,.OEt.OMe, can be formed from H,S04 shows 
that the two OH groups in SO,(OH), are related 
to the rest of the molecule in the same way; 
hence the formula for the acid is to be written 

®<aoH “ so,ca, 

is formed from SO,(OH)2 by the reaction of 
PCI5, as certain hydrocarbons interact with 
SOgCl, to form 80^, (where B-Me, Ph. &e.), 
and as these compounds S0,B, are reduced to 
SR,, where the radicles R are certainly in direct 
union with S, it is extrem^y probable that the 
OH groups in S0,(0H), are in direet onion with 

S, and hence the formula is to be pre¬ 
ferred to 4of snlphario «oid. It il 
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ondlMrfdod whdthtf the group SOg in OgS.OH.OH 
hai the oonetitation 0.S.0 or 

HTDR4TBB Of SOLPHUBXO ACID. TwO BOUd 
hydrates have been isolated; a liquid hydrate 
baa probably also been isolated. 

Monokydrate 'S1.2B0^M.0 {Tctrahijdroxij’ 
Mulphuric acid SO(OH)^). Large, colourless, 
eiX'Slded tablets; formed by mixing 1 part cone. 
H.^SO« with rather less than one-iifth part water 
(by weight), and surrounding with a freezing 
mixture. The crystals melt at 7*6® (Pierre a. 
Puchot, A. Ch. [5j 2,164). The hydrate readily 
remains liquid considerably below its m. p. S.G. 
p = l’7943 (for the liquid) (Mendeli^off, B. 19, 
880): 1*77806 at 15®, 1*77423 at 20®, 1*77071 at 
25® (Perkin, G, J. 49,777; determinations made 
with liquid, and referred to water at same tem¬ 
peratures). Thomsen gives H.F. from liquid 
H,S04 and B.0 [H-S0‘,H'0] = 6,379 (Th. 3, 54); 
Berthelot gives 6,120 {O. li. 78, 716). Ilcat of 
fusion a 3680 g. units (for 116 g.) H^SO^.H^O 
(Berthelot, 0. B. 78, 716). For vapour pres¬ 
sures from 143® to 204® v. Tate (P. U. [4J 26. 
602). 

Dihydrate 11^804.211^0 (PerhudroxysuU 
phuric acid 8(011)4). t'ornied by adding *368 
parts H^O to 1 part pure H^SO,, by weight. 
This hydrate has not been obtoined as a solid ; 
the S.G. of the liquid at is given by MendoU^eff 
(B. 19, 380) as 16655 (c/. Perkin, C. J. 49,777). 

It is stated (v. Mondolccfl, B. 19, 388) that 
the maximum contraction when H.SO4 and 11.0 
are mixed occurs when the compounds are pre¬ 
sent in the ratio H,^SO*:2H..O, but Pickering (O. J. 
67, 84) says that the maximum does not corre- 
Bpond with the composition of any hydrate 
the existence of which is indicated in other 
ways. 

Tetrahydrate lL.SO^AB./). Obtained by 
Pickering {C. J. 57, 339) as a crystalline solid, 
melting at —25®, by cooling H2S04A.q<^c>ntaining 
67*6 p.o. HjSO, (^804.2^0 corresponds with 
67*66 p.o. H2SO4). The crystalp are large and 
well defined, and resemble H4SO4.H2O; the com¬ 
pound may be kept liquid at 20® to 25® below its 
freezing point. 

Hydrates of sulphuric acid in aqueous solu¬ 
tion .—According to MendeWeff {B. 19, 380; cf. 
his Principles of Chemistry, vol. ii. p. 234), an 
examination of the connections between the con¬ 
centration of H.4S04Aq and the S.G. indicates 
the existence of hydrates that have not yet been 
isolated. Pickering (0. J. 57, 64) comes to the 
same general oonolusion from an extended ex¬ 
amination of the connections between the changes 
of composition of H2S04Aq and the changes 
of S.G., heat capacity, electrical conductivity, 
heat of solution, and expansion by heat of the 
solution. Pickering^B reasoning is a special case 
of that explained in the article Solutiokb (part 
IL p. 492); for the detailed argument, and 
oriticisms of it, v. Pfbkering, C. J. 57, 64; 
Riloker, P. M. [6] S2, 304; 83. 204; P., P. JIf. 
[6] 83,133, 463 ; cf. Mendel^efl, 2. P^O. 1, 275; 
and (hompton, 0. J. 63,116. 

. PERSULPH0RIO ACID ^S,OAq. This 
Mid is present in the solution obtained by eleo- 
Yon. lY. 





trolyaing B^04Aq of certain concentrailons; 
Berthelot (0, B. 90, 269: 113,1481) obtained a 
quantity of tbs acid equal to from 88 to 123 g. 

per litre by electrolysing H^SOfAq contain* 
ing water and acid in the ratio 10Hj|O:H^O4 {cf, 
SunpHURio PEROXIDE, p. 616; and Sulphumo acud, 
Bcacthns, No. 2, p. 023)*. According to Traube {B. 
22, 1518, 1528) a solution of in H2SO4 

does not oxidise ILC.^O,, IINO.j, CO, or Or2(S64}4; 
lUcharz, however (B. 21,1670), says that oxaiio 
and nitrous acids aro oxidised. The acid has 
not been isolated; by cKctrolysiug at tempera¬ 
tures below 0®, and thou adding BaOAq or 
KOHAq, the Ba or K salt is obtained. The 
formula H-.S.Oh is given rather than HSO4, 
because of the results of Bredig's measurements 
of tho conductivities of solutions of tlie K 
salt. For salts of this acid v. Peksulphates, 
p. 582. 

PyROSUriPHUllIC acid (Di- 

sulphuric acid), A solution of this acid in 
is know**, as fumimj sulphuric acid, or 
Nordhausen acid. This acid is obtained by 
adding rather more 80, to HBO4 than the 
proportion 804:112804, cooling, and spreading 
out the crystals that form over nearly cono. 
II2SO4 under a boll-jar till the excess of SO, is 
removed (Schultz-Sellnck, B. 4, 109). Forms 
largo crystals, molting at 35®. J:lasily decom¬ 
posed by heat to H-^SO, and SO*. IL^SiO, is 
dibasic, forming salts MHSjO, and M282O, (0. 
PvuosDLPUATES, p. 583). Fuminp sulphuric acid 
is a solution of 112820, in 112804; it is prepared 
by heating dry FeSOi in fireclay vc^la and 
collecting tho oily, fuming liquid that distils 
over. The acid fumes strongly in the air, and 
gives off SO3 when warmed. But few of tho 
reactions described tor pyrosulphuric acid,or for 
fuming sulphuric acid, can bo sot down as 
belonging to a definite compound, but rather to 
solutions of H2S2O2 (and perhaps other com¬ 
pounds of H2SO4 and SO,) in IIaS04. Finely- 
divided silver dissolves easily; the solution 
poured into water gives Ag2804 and SO,; 
^mercury reacts similarly; spongy copper has a 
'slight reaction, giving Cu^S and CUSO4 (Divers a. 
Shimidzu, C, J. 47, 636). Dislillod with p}tos- 
phorus pentoxide in a stream of hydrogen 
chloride, C1(S02.0H) is formed; tho same acid is 
formed by heating with PCI4, and also by heating 
* crystallised faming sulphuric acid * with HCl 
{v. CuLoimsuLPHONio ACID, p. 509). Nitrogen 
dioxide passed into well-coolod pyrosulphario 
acid gives (v. NiTROsCLPBONio 

ACID, p. 601). By saturating ordinary oonc. 
H2S04with SO, (Jacquclain, A. Ch. [3] 30, 848), 
or by cooling fuming H2SO4 to —10° (Wacken- 
rodcr, Ar. Ph. [2] 87, 267), tho compound 
H2820,.2H2S04 (-3H2804.SO,) is said to bo ob¬ 
tained in transparent crystals. Sobultz-Bellaok 
{B. 4, 109} failed to obtain any compound of 
H3SO4 and SO,, except Crystals of the 

composition H2SO4.38O, (<» H2S4O,,) melUng at 
8°-10® are said by Weber (P. 169, 313) to be 
formed by adding oooled oonc. H,S04, little by 
Uttle, to SO,. M. M. P. M. 

SULPR0BXO ANHTBBXDB SO, v, Soxr 
PBUB TBIOZXDS, p. 615. 


Persnlpborio asbydiide 

fKilOZ12>B,p. 61Q, ' 


8 ,0, 9. SnurHUBio 
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mPHTTBXO-HlTBOSYL CHIOBIBS 

BOfROCl V. Nztbosulpuonxo cblobidb, p. 601. 

BUIPHUBIC OXIDE SO, v/Sulphub tbz< 
OZZDB, p. 615, 

BULPHUBIO’ PEBOXIDE S,0, p. 616. 

SDLPHDBOSAMXC ACID SO.OH.N^ v, 
Tbionamio acid, p. 695. 

SDLPHDBOUS ACID and HYP08DL. 
PHUBOUS ACID. 

SULPHUROUS AGIO H,SO,Aq. The acid 
has not been isolated; a solution of SO, in water 
reacts as a weak dibasic acid, forming salts of 
the types M'HSO,, Mf,SO„ and M'JSO, (v. Sol* 
PHITES, p. 587). H.P. [HSS,0’,Aq] = 147,130 ; 
[H''0,S,0*,Aq] « 78,780 (from rhombic S ; Tk, 
2, 261). 

The methods of formation and preparation 
of H,SO,Aq are suOiciently detailed under Sul- 
PHUB nxoxiDB (p. 618) ; it is only necessary to 
add water to the SO, obtained. 

Properties .—An aqueous solution of Hj-SO, 
readily decomposes, giving off CO2; on standing 
for some time in tho air, and more quickly by 
warming, HjSO^Aq is formed with production 
of much heat; [H’'S0=‘Aq,0j = C3,G34 {Th. 2, 
2681. HjSOjAq is altered by the action of light, 
so that after exposure to light for some time the 
solution ppts. Ag,S from AgNOjjAq, and reduces 
silver haloid compounds, formiug some AgR; 
the solution after exposure to light behaves like 
a dilute solution of a polythionio acid (Stas, 
Chem. Proport. (54). Low {L'lnstitutf 1873. 07) 
says that dilute U,SOaAq is changed to H^SO^Aq 
and S 'i>^ long exposure to light. 

Reactions. —1. Heated in a closed tube to 
170®-180®, H,S04Aq and S aro formed, and after 
a time also HjS (Ocitnor, A. 129, 350).—2. De¬ 
composed by on dectric current^ giving HljSO^Aq 
at the positive pole and S at the negative; with 
a weak current H^SjO^Aq is probably formed at 
first at the negative pole (Gu^roult, C. R. 85, 
225).—8. Phosphorus pentachloridc produces 
SOCl, and POCl, (Kremers, A. 70, 297; Schiil, 
A. 102, 111). — 4. Sulphurous chloride with 
H^SOyAq produces polythionio acids (v. Debus,. 
C. J. 53, 845).—6. Vapour obtained by heating 
H{SO,Aq reacts with chlorine, when passed over 
red-hot Pt, to form Cl(SOj{.OH) (v. Chloro- 
BDLPBONIC ACID, p. 699).—6. NOj,(SO3.0H) (o. 
Nitrosulphonio Aom, p. 601) is formed by the 
interaction of moist SO,, i.e. H,SO,Aq, with 
nifric oxide or nitrogen dioxide. —7. H^SOaAq 
is oxidised to H^SO^Aq by oxygen, the halo¬ 
gens, and many other osddisers.—.^. Heated with 
phosphorus in a closed tube to 200*^, H^S is pro¬ 
duced (Oppenheim, Bl. [2j 1,163).—9. Reduced 
by tine and dilute sulphuric acid to H^S (o. 
Beinsch, D. P. J. 168, 286; 181, 832); with 
sine {Jone, H;^0,Aq is partly reduced, probably 
giving H,S304Aq (v. Etpobulpburous acid, p. 
627).—10. Many nietals which evolve H from 
H2S04Aq or HClAq react with H^SOttAq to form 
sulphites and sulphides, with evolution of little 
or so H (v. Pederofi, Chem. Zeitung, 5,15). Por 
A fairly full qualitative examination of the inter¬ 
action of Al, Od, Mg, Ki, and Zn with H^SOiAq, 
V. Schweitzer (0. N. 23, 293).—11. Many of the 
oxyacids of the halogens are reduced to hydracids 
^ H,60aAq. —12. Phosphorous acid gives 
HjPOfAq and H,S; then S, and thionio acids 
(\Ybh{er, A. 89,252; Maquenne, Chetn. Zeitung. 


1890 [1] 611). — 18. Phosphoretted hydrogen pt6* 
duces HjPOfAq, and S (Cavazzi, Q. 16, 169). 
14. Hydrogen sulpldde passed into H,SO,Aq 
forms a solution containing 38^804, H,S,0„ 
H,S40a, HjSjOa, probably H,S,Oj, S in suspen¬ 
sion, and a colloidal form of S in solution; if 
the passage of H^S is continued until reaction 
ceases the final products are S and H2O (Debus, 
C. J. 53, 282; cf. Thionio acids, p. 698).—15. 
Many metallic salts are reduced, in aqueous 
solutions, by HsSOgAq; salts of Ag and Hg to 
the metals, ferric to ferrous salts, dec. According 
to Divers a. Shimidzu (0. J. 49, 676), the reduc¬ 
tion does not consist in the withtowal of 0 by 
HjSOsAq and the oxidation of that acid thereby 
to H,S04Aq. The first step is looked on by D. 
a. S. as probably tho formation of a sulphite of 
tho motal of the salt, and this is followed by 
cither the decomposition of this sulphite by 
water to metal and H,S04Aq, or the reaction of 
tho sulphite with some of tho original, un¬ 
changed, salt to form metal and a persulphite (or 
•ic sulphite) of the metaL—16. With potassium 
thiosulphate II,SO,Aq forms K tri- tetra- and 
ponta-thionates, and S (Debus, G. J. 53, 343).— 
17. HgSOgAq dissolves many freshly ppd. me¬ 
tallic sulphides, e.g. MnS, PeS, ZnS, forming 
thiosulphates (Sebonbein, P, 104, 300; Heldt, 
J. pr. 83, 20).—18. Alkojli nitrites give salts of 
nitrilosulphonic acid N(SO.j.OH)., {q. v., p. 601), 
and also salts of oxy-imidosulphonic acid 
N(OH)(SO;..OII), {q, V., p. 602). Using a dilute, 
ioo-cold solution of H^-SOa ( = 6p.c. SO,), and 
adding 40 g. KNO, in 1,000 c.c. water to 3 litres 
of this H,.SO,Aq, Raschig {A. 211, 231) obtained 
NH,{S02.bK) [cf. SuLPUAuio acid, p. 567). Under 
certain conditions of concentration and tem¬ 
perature NO and N,0, also NH, and sometimes 
NH,OH, are produced. With nitrous add the 
final products are NH,, NO, N,0, and HjSO^Aq; 
according to Raschig (/.c.), NH.,(SOrOH) is 
always formed, and the gaseous products aro to 
be looked on as resulting from secondary reac¬ 
tions between nitrous acid and NH.,(SO,.OH) or 
other nitrogenised sulpbonic acids formed in the 
primary reaction between the nitrous and sul¬ 
phurous acids. With silver and 7nercurous 
nitrites Divers a. Haga (0. 51, 659) found 

that sulphites were produced, along with some 
NO and HjSO,, and more or less NH,OH.— 
19. For tho reaction of HjSOjAq with potassium 
platinochloride v, PLATiNO-suLmoNAXES, this vol., 
p. 285. 

Neither tho amide SO(NH,)2 (v. tho beading 
Thionabide), nor the imido SO.NH, of HjSO. 
has been isolated; and it is doubtful whether 
the acid SO.OH.NH, or SO2.NH2.H is known, u. 
Tbionauio acid. 

Constitution of sulphurous add. Tho fact 
that many haloid derivatives of hydrocarbons 
interact with NaHSO, to form sulpbonic acids— 
-I- NaHSOs« EtSO^H + Nal—makesitpro- 
bable that tho Na in NaHSO, is in direct union 
with the S, because the S in sulpbonic acids is 
almost certainly in direct union with the hydro¬ 
carbon radicle; hence it is likely that one H 
atom in H^SO, is directly combined with the S 
atom, anu hence the formula for H3SO, is pro¬ 
bably H.SO^OH. ^b^s view of the oonstitution 
of H2SOt is insisted on, and Ulustrated, by Diveta 
(C. J. 47. 205). 
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BySrtUtt of sulphurous acid. Goloarless, 
lee*like or^tals are obtained hy passing 80^ into 
water sarrounded by ice, by cooling saturated 
SO^q, or by passing moist 80^ through a tube 
kept at a low temperature. After filtering 
quickly in a covered filter, and pressing between 
filter paper at 8^ the crystals have the com¬ 
position H.iS0,.a:H,,0; Popping {Petersburg Acad. 
BuU.t 7, iOO) found * = 10, Pierre (-4. Ch. [3] 
23, 416) found x^&, Schdnfeld (A. 95, 22) 
found * = 14, Roozeboom (R. T. C. S, 29, 69, 75, 
84; 4, 66) found * = 0, and this was confirmed 
by Geuthor {A. 224, 218). Roozeboom (f.c.) gives 
S.G. of the crystals as 121 (referred to water at 
4’^); Gcuther {l.c.) gives 1*147 as the S.Q. after 
melting at 14°, and 14° as the m.p. with separa¬ 
tion of some liquid 80.^ under the layer of SO^^q. 
It. {l.e.) gives the followliigdissociation-pressures, 
which ore independent of the quantity of the 
hydrate: 303 mm. at 0°, 754 mm. at 7*05° 
1177 mm. at 10°, 1773 mm. at 12*1°. According 
to R. the critical temperature of decomposition 
is T’l*^ in an open vessel and 121° in a closed 

HYPOSULPHUUOUS ACID H,S,0,Aq. 
This acid has not been isolated. An aqueous 
solution is probably formed by dccomposiiig the 
Na salt by dilute H;^S04Aq or U_.CaO,Aq, and 
also perhaps by digesting H^SO^Aq with ziuc 
clippings till the liquid is brownish red; but 
neither the aqueous solution of the acid, nor any 
of its "-alts, has been obtained free from impuri¬ 
ties. For preparation of the sodium salt, and 
for references, v. Uitosulpuites (p. 692). 

M. M. P. M. 

SULPHUROUS ANHYDRIDE v. Sulpuub 
pIOXIDE, p. 613. 

SULPHUROUS OXIDE v. Sunraua nioxine, 
p. 613. 

SULPHURYLAMxDE v. Solpha&iidb, p. 
667. 

SULPHURY! BROUIDE v. Sclpuua oxt- 
BKOitlDES, p. 617. 

Pyrosulphuryl bromide v. Sclphub oxy- 
BROUIDES, p. 617. 

SULPHURY! CH!0BIDE v. Sdlpucb oxy> 
CIILOttlDBS, p. 618. 

Nitrosttlphuryl chloride v. NnuosuLPitoNio 
cuix>Ri:i>B, p. 601. 

Pyrosulphuryl chloride v, SuLrnoB ozy- 
ennouTDES, p. 618. 

SULPHURY! EYDROXYLCHLORIDE v. 
CULOROSULPUONIC ACIO, p. 609. 

SULPHURY! HYDBOXYLFLUORIDE 
Fluosulpookio icin, p. COO. 

SULPHUBYIIlilDE o. SanPHxuiPB, p. 
687. 

SULPHURY! IKIDO-AHIDE v. SQLPnmtoo- 
AMIDR, p. 687. 

SULPHYDRATES v. HYOBOsunpatoss, vol. ii. 
p. 733. 

SULPKYDRIC ACID v. Hydboobm sun- 
rainE, vol. ii. p. 725. 

8ULPHUVINURIC ACID i.e. 

ci;C(C^)M (Strond*. A. 201, 20). Formed 
from oi-bromo-pyruvio acid and a cone, solution 
of thio-urea (Nenckl a. Sieber, J.pr. [2>| 26, 74). 
Crystals (containing 2a^, si. sol. cold water. 
B^aoes FeMing’s solution in the cold. FeCi, 
gives a deep violet colour.—Salt!: MgA^^— 


Zn^; minute needlei«<~HA'HOI.—HA'HBr.-* 
HAliNO,aq : needles, al. sol. water. 

SULPHYDRO-ACSTIO ACID o. Xbioolt. 

COLLIC ACID. 

8ULPHYDRO-ACETONE OH,.CO.CH,.SH. 
Ethyl derivative EtS.CH^. (171°). 
Formed from chloro abetone and NaSEt (Auten- 
«icth, B. 24,10.5). Yields a phenyl hydrazide (67 
Phenyl derivative rbS.CR^Ac, [86°]. 
^266°). Formed from CHj.CO.CH^Cl and NaSPb 
in alcohol in the cold. Crystals. Yields a 
phonyl-hydrazido [87"J (A., cf. Dolisle, A. 260, 
250). Combines with KlliSO., and NaHSO|. 

SULPHYDRO-ACETOPHENONE. Phenyl 
derivative 0,^11, ..SO, i.e. 

C,H5.S.CH.,.C0.C,II,. [53°J. Formed from 

oi-bromo-aoetophcnoae and NaOPh (Dclislo, B. 
22, 309). Noodles (from alcohol), v. sot. ether 
and acetone. 

SULPHYDRO-ACETYL-PROPIONIC ETHER. 
Phenyl derit'ativc 0,^11,„SO„ i.e. 
CJ1,.S.CI1,.C0 Cll,.ClL.COja. (197° at 16 
?nin.). Formed from broino-ncciyl-propionic 
ether and NaSPh (Dclisle, B. 22,309). 

SULPHYDEO-ALLYL-QUINAZOLINE. Di- 

hydride [91'*]. Formed 

from woxy-tolyl-allyl-thio-urea and UClAq at 
100° (SOderbaum a. Widinan, Ii. 22, 1670). 
Needles, v. c. sol. alcohol and benzene. 

Beference. — OxracLriiYDUo-AU-YL-guiNAZO 

LINE. 

DISULPHYDRO-DI-ALLYL-TRIAZOLE 

I'ormed from allyl-thio-urea 

and HN6./(Uoctor, J. pr. [2J 4i, 605). CU.— 

: crystaliino pp. 

o SULPHYDRO-BENZOIC ACID 
C«U^(SH).CO-U, Thio-salicylic acid. Formed 
by reducing o-8ulpho-beuzoic chloride with zino- 
dust and IFSO, (Dclisic, Ii. 22, 2206). Amor¬ 
phous powder, si. sol. hot water, v. so), alcohol. 
Not volatile with steam. —AgA^ 

2'hio-amide C,H,(Sn).OS.N]V Formed by 
heating c-oxy-benzamide with 1\8^ (Bpilkor, B. 
22, 2771). Minute dark-red crystals. 

Phenyl derivative CuHj,S.C„H ^.CO,H. 
[166°]. Formed from o-diazobenzoio acid, 
phenyl mci'caplan, and NaGHAq at 50° (Graebe 
a. Schultcss, A. 263, 4). Plates (from alcohol) 
or needles (from UOAc); ai. sol. water. - NH^A. 
—KA': needles, v. sol. water.—KtA'. [161°], 
7u-SuIpbydro-benzoio acid 0„II,(SH).C0,,H. 
[147°]. Formed by the action of tin and HClAq 
on C,H.(SO.,c!).COC 1 (Frcriclis, B. 7, 793). 
Colourless plates, m. sol. water.—BaA'a2iaq.-— 
HgA'...- PbC,H,SO., 3aq.-Cu(OH)A'.—AgA'. 

a-5U!PHYDR0.%UTYRIC ACID 
CHEt(SH).CO..n. Formed from a-bromo-butyric 
acid and alcoholic K3H (DuvJUier, Bl, [2] 80, 
607). Sol. water, alcohol, and ether. 

Sulphydro-isobutyrio acid HS.CMe2.CO^ 
Formed from o-bromc isobutyric ether by suc¬ 
cessive treatment with alcoholic R,S and alco¬ 
holic KOH (Lov4n, J. pr. [2] 83,109). OD. 

a-SULPl^DRO-ClNNAUIC ACID 
C,H*.CH:C(SH).CO.^. [119°]. Formed, to- 

gethor with sulphocyanio acid, by heating benzyl- 
idpne-rhodanio acid C.,H^:CH:C(SB).CO.S.CN 
with baryta-water (Glnsburg a. Bondzyn^, B, 
19, 128 ; if. 8, 860). Yellowish crystals. V, sot 
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ass 

kloohol, ether, beneene, and OS,, nearly Insol. 
water* By treatment with iodine in aloohoHo 
Bolntion it ie oxidised to di-salphido-di-cinnamio 
acid 8,(O^Ph.OO,P)r 

fle/eranee.—NrcBO-stmPHTDBO-craNAMio aoh). 
0.Si;i.FHTI>SO-CBOIONIO ACID. Ethyl 
derivative CH,.0(SEt):CH.CO;a. [113®]. 
Formed from fl-ohloro-orotonio acid [94-6°], mer. 
captan, and Na (Antenrieth, A. 251, 235 i B. 20, 
3189). Crystals, insol. water, v. sol. ether and 
alcohol. Gives a dark-green colour on warming 
with isatin and H.,SO,. Yieids CH,.C(SEt):CHj 
(110°) on heating above its melting-point.— 
BaA', aq.—AgA': silky needles, not decomposed 
by hot water, Ao,0 forms the compound 
OH,.C(SEt):GH.CO.OAo, a brownish oil. 

Isomeride of the ethyl derivative 
CH,.C(SEt):OH.CO,H. [92°]. S. (alcohol) 20. 
Formed in like manner from the isomeric 8- 
ohloro-orotonio acid (A.). Crystals, nearly insol. 
water. Forms a dark-green liquid on warming 
with isatin and H^SO,. Whcx- .heated alone it 
yields the same ethyl-sulphydro-propylene (no's) 
asits isomeride.—BaA'^ aq: thin plates (from Aq). 

Phenyl derivative v. PnEHYL-sniiPHVDBO- 
CBOTONIO Arm. 

SBIPHTDKO-ETHYL AlCOHOL 
HO.O,H,.SH. Formed from glycolic chlorhydrin 
and alcoholic ESH (Carina, A. 121, 258). Oil, 
V. e. sol. alcohol. Oxidised hy HN 0, to isethionic 
acid.—Hg(0]Hj0S)2. Needles (from warm alco¬ 
hol). 

B0I.PHY13EO - ETHYL - ftBINAZOLINE. 
Dihyiride [103°]. Formed 

by warming <u-tolyl-ethyl-thio-urea with HCl 
(SSderbaum a. Widman, B. 22, 2936). Needles. 
—B'HAuCl,. [118°].—B'jH.,PtCl,. [208°). 

BTJLFHYBEO - METHANE DISTILPHONIC 
ACIB HS.CH(aO,H)j. Formed by boiling the tri- 
■ulphonio acid with HOAc (Albrecht, A. 161, 
131). Gives a blue colour with FeCl,.— KJi." |aq. 
—PbjfCHS.OJa 8aq. Small needles. 

Balphydto-methane trisulphonic acid 
HB.C(SO,H),. Formed by boiling CSj or CSCl, 
with KiSO,Aq.—K,A"'2aq: triclinic crystais. 
S. 2 at 12°. Gives a blue colour with Fed,.— 
(NH,),A"' aq. Thin plates. 

BULPHYBEO-MEIHENYL-AMIBO-CBESOL 

[l J] 0,H,Me<§>C.SH. [217°]. Formed by 

heating benzeDO>azo-p'Cresol with CS^ at 200^ 
(Jacobsen a. Schenke, B. 22, S235). Needles. 
SULPHYDEO - MEXHENYL,t AMIDO - (a) . 

HAPHTHOL 0„H,<q^ 0.SH. [above 220°]. 

Formed by heating an alcoholic solution of 
S,(0„H,.NH,[1:2]), with CS, (Jacobson, B. 21, 
2621). Needles. Oxidised by E,FeCy, to a crys¬ 
talline ^sulphide. 

Bnlphydro -methenyl - amide - (8) - naphthol. 
[219°]. Formed by heating benzene-azo-(8)- 
naphthol with OS, at 250° (Jacobson, B. 21, 111). 
Ne^es, si. Boh benzene. HClAq at 170° yields 
amido-(B)-napbthol. An alcoholic solution of 

Iodine forma orystallino (0,oH,<:^Q^O),Sr 
BTTLPHYBSO . METHENYL . a - AMIDO- 
MAPHTHYL MEBOAPTAN 0,A<a>0-8H:- 
labove 210°]. Formed by heating a-naphthyl 


ihiooarhimide with S at 236°, and got also by 
the action of CS, on di-amido-di-naphthyl di. 
sulphide (Jacobson, B. 21, 2625 ; 21, 1106). 
Minute rosettes, sol. alcohol. Oxidised by 

K,FoCy, to (0„H.<|>C),Sr-B'Hgdy [210°]. 

Bnlphydro - methenyl - amido - {$) - naphthyl 
mercaptan [232°]. Formed by heating (&)• 
naphthyl thiocarbimide with S. Minute needl(^« • 
Yields a methyl ether [74°], crystallising in 
needles. 

SULPHYDEO . METHENYL - o - AMIDO. 

PHENOL OaH4<^Q^O.SH. Thiocarhamido • 

phenol. [196°]. Formed by boiling an alcoholic 
solution of o-amido-phenol for several days with 
OSjj in a current of H as long as HjS is given oS 
(Dunner, B. 9, 466). Formed also by heating 
oxy-phcnyl-thio-urea, and by heating o-oxy- 
phenyl-allyl-thio-urea with HCl at 130° (Von 
Chclmicki, J. pr. [2] 42, 442 ; B. 20,177). Ob- 
tained also by adding dilute alcohol to a mixture 
of potassium xanthogenate and amido-phenol 
hydrochloride (Kalckhoff, H, 16,1825), Needles 
(from water), si. sol. cold water. Sol. NH^Aq, 
crystallising therefrom unaltered. 

llcactions. —1. Converted in O'amido-phenol 
by HClAq at 170°, an^ by NH^Aq at 200°.— 

2. kafi yields C,n,<2^C.SAo [120°].-.-3. BzCl 

forms benzenyl • amido • phenol and 
CgH^(NHBz).OBz.—4. An alcoholic solution 
of iodine, added to its solution in NaOHAq, 

forma (C,H,<q^C),S, [110°], which Is re- 

converted by hot dilute NaOHAq into sulphydro* 
methenyl-amido-phenol. — 6. Boiling methyl. 

aniline forms a base (? CaH4<[|^Q^O.NPhMe) 

which yields B'gHjPtClg. 

Sait.—^AgC,H4N SO. Amorphous. 

Ethyl ether EtO^H^NSO. (c.207°). Solid, 
melting below 36°; volatile with steam. 
BHLPHYDEO-METHENYL-AMIDO-PHENYL- 

MEEOAPTAN O.H,<^^C.SH. [179°] (H.); 

[I71°] (J. a. F.). 

Fonnation.—l. By digesting o-amido-phenol 
with CS, (Hofmann, B. 20,1789).—2. By heat¬ 
ing C,H„.Nj.C.H 5 with CS,. at 265° (Jacobson a. 
Frankenbaoher, B. 21, 1103).—3. By heating 
phenyl thiocarbimide with sulphur. 

Properties. —Needles or plates, v. sol. alcohol 
and other. Forma B'HgOlj. Oxidised by KjCrjO, 

to (C.H4<|>0).S„ which yields B'KgCr^O, 

[180°]. Mel yields O.H,<|>C.SMe [52^, 
which forms B',H,PtCl„ crystallising in plates. 

BDLPHYDEO - METHENYL - BENZENYL . 
THIO-AMIDOXIM CA.C<^N^>C.SH. [162°]. 

Formed by the aoiio^ of CS, on an alkaline 
alcoholic solution of benzenyl-amidoxim (Crayon, 
B. 21, 888). Needles, nearly insoL water and 
cold alooliol. Cone. HClAq at 150° decomposes 
it into benzole acid, COg, NB^, HgS, and S. 

NaOBt and Ett yield [**1 



stJLPfltDRO-PHiianrir^tiiNAZotisa , 


Ifiiil* benzyl chloride forme, in lihe manner, 

o. H..o^^®>o.CEyh tTg”]. 

SULPHYDEO - HETHEWTL . p - TOIYL - 
MKTHBKYIi-THlO-AMIDOXIlI (yi,N,S, i.t. 

0,H,Mo.C^*^^®^C.SH. [106“]. Foimed from 

OS, and tolyl-methenyl-amidozim (Crayon, B. 
24,391). Crystals (from alcohol acidulated with 
HOAo), insol. water, si. sol. ether. Forms salts 
with bases. p-Tolyl-methenyl-amidiue forms the 
salt O.H,Mo.C(NHJ;NHHA' [172"]. Boiling EtI 

and NaOEt yield C,H,Mo.C.^^^^C.SEt [37°]. 

BFLPHYDKO - METHYL - OLYOXALIHE 
C.H.SN,f.«. §|-™I^>0.SH. [142°]. (c. 280°). 

Formed by boiling CH(OEt)2-CHa.NIl2 with 
xnothyl thiocarbiraidci alcohol, and dilute (30 

p. o.) H^SO^ (Wohl a. Marckwald, B, 22, 1361). 
Plates, V. sol. water, sol. alcohol.—B'jPtCl*.— 
B'AuCI,.—C.H^AgSN,.—B'McI. [148°]. Needles. 

Methyl derivative 

Meihylimidazolyl vieihyl suli^hidc. (225° un- 
cor.). Formed by treatment with Mel and 
alkalis. Liquid, miscible with water, alcohol, 
and ether. Boiling dilute UNO, forms 
C5 H,(NOs)SN-. [85°], wnich yields L'^HPtCl, 
[197°]. erjHg8N.^MeI. [173°]. Needles, v. sol. Aq. 
Beference. — OxY-suLruvnuo-oi’MisTHYL-oLY- 

OXlLlM£. 

StTLPHYDRO-DI-METHYL-PYBIDINE 
®Kch!oMc>^^- t210“-216°]. Formed by 
heating ozy-di-methyl-pyridine with P,S, at 
about 160° (Guthzeit a. Ep,stein, B. 20, 2113). 
Needles, v. sol. hot water and alcohol. 

SHLPHYOBO - METHYL - aniNAZOLINE. 


i^.SHLPHYl)B0.(a) 
BIAZOLE 


■CS—NO,„H,' 


I, and the propyl 

:yl-meihyl- 

[86°]. Formed 


„/CII,.NMe 
Dihyaride '°»“4<,nh.CS 


[139°]. 


Formed by warming <.-ozy-toIyl-methyl-thio- 
urea with HClAq (Soderbaum a. Widman, B. 22, 
2936). Needles.—B',,H,PtCl.. [193°].—B’HAuOl,. 
[163°]. Minute needles. 

SHLPHYDBO-METHYL-CmiKOLINE 

O, .H,NS i.e. [263°]. Formed 

by heating {Py. 3,l)-oxy-mcthyl-quinolinc with 

P, S, (Eoos, B. 21, 023). Small brown needles 

(from alcohol). Tastes bitter. Insol. cold water. 
Does not react with hydroxylamino and phenyl- 
hydrazine. H.,0, forms C„H„N,S, [167°] crys- 
t^Esing from benzene in plates. EtI and alco¬ 
hol at 100° form p,.. which is 

oily and yields B'HI [240°] and B'^ByPtCl, Jaq 
crystallising in reddish prisms. 
Siilpbydro-methyl-qalaollne 

0A<51^0M6' 

tPy. l.sj-oiy-methyl-quinoline with P,S, at 160° 
^OB, B. 21,629). Yellow prisms (from water). 
EtI and NaOEt yield C,.H.EtNS [66°].—B'HCl. 
[206°-210°] (Conrad a. Limpach. B. 21,1972). 
SULPHYDBO-METHYL-THIAZOLE. X)»- 

hydrid» gg^-|>C.SH. [82°]. Formed from 

^•bromo'prop^’amine hydrobromide, NaOHAq, 
and OtJ, (ffirsch, B. 28, 968). White needles, 
V* sole not water. Yields 0|H3MeNS(8Me) 


from acetyl (a)-naphtliyl*hydrasine and CSCl* in 
GHCla (Preund, B. 24, 4184). Yellow needles, 

V. 0. sol. alcohol. The isomerido from (3)* 
naphthyl-hydrazine melts at 109°. 

SUIiPHYDEO-PEMTKIAZOLS. Bihydride 

Cn,<°y";^^C.SH. [132°]. Foimodbyshaking 

Y-bromo-cthylamino hydrobromide withNaOHAq 
and CS;j in the cold (Gabriel a. Lauer, B. 28, 
92). Crystals, v. sol. hot water and alcohol, 
insol. acids, sol. NiiOHAq. Bromine-water at 
100° produces C1I..(NH..).CIL.CU .80.,H. 

4f. SULPHYDBO - PHENYL - AMIDO - (o) . 
NAPHTHYL-THIOBUZOLE C.gH.aN.S, %.e. 

by mixing 

FHPh.CS.NH.NHO,„H, with CSCI, in benzene 
(Preund, B. 24, 4192). Colourless crystals, v. 
sol. acclono, si. sol. alcohol. 

tff. SULPHYBRO . PHENYL.MBffHYL .BI. 

AZOLE [72°J. Formed from di- 

chloro-phenyl-mcthyl-biazole dihydrido and 
alcoholic unimonium sulphide (Freund a. Kuh, 

B. 23, 2837). Formed also from NllAc.NHPh 
and CSCL (Freund u. Goldschmidt, B. 21, 2460). 
Prisms (from alcohol). Yields phenyl^ thio» 
carbimido on distilling with P^S^^. 

SXrLPHYDRO-PHENYL-GLYOXALINE 

C. H.N,8 U. 

by boiling NHPh.ckNH.CH.,.Cn{OEt), vtith 
dilute n.^S04 (Wobl a. Marckwald, B, 22, 669, 
1353). Needles (from hot water), ▼. sol. 
NaOHAq, insol. NHaAq.—Salta: C,H,AgN.,8.— 
B'jIiilHCl,; deep-red crystals.—B'MoI. [162°], 

Methyl derivative N=C(aMe)^^^^‘ 
[54°]. Formed by treatment with alooholio 
NaOH and Mel. White needles (from alcohol), 
insol. water.—B'OgiHaNjiOj.—B'HNOj. Needles, 

V. 0. sol. water. — B'McI. [177°J. Crystalline 
rosettes (from water). Oxidised by dilute HNOf 
to a nitro- compound [116°]. 

Uf. SULPHYBRO - PHENYL - BI - METHYL- 
PYRIBINE DICABBOEYLIC ETHER 

heating with aniline 

and HOAo (Guthzeit a. Epstein, B. 20, 2112). 
Sulphur yellow crystals (from alcohol). 

V . SHLPHYDBO - PRENYL - NAPHTHYL - 

BIAZOLE [164°]. Formed 

from NHBz.NHci,H, and CSCI, in CHOI, 
(Preund, B. 24, 4186). Needles, t. sol. alcohol. 
BTTLPHYBBO - PHENYL - (HTINAZOLIMB. 

Dihydride O.H4<^g=;^g\ [197°]. Formed 
by warming w-oxy-tolyl-phenyPthio-orea with ^ 
cone. HClAq (S5derbaum a. Widman, 22^ * 
1671). Needles. — B'^tOl,. [21V], — 
BmuCa^. [197°]. Needles. 

Beferenc 6 .--Oix • sulpotdbo • PSsm • QUOl* 
azousji. 



DMtni/PHrDRO-ri-PHEiTO-irao^DiiEa. 


PI-SiriPHTDBO.DI-PHESYi-THIO -UBBA. 

Di*m^tkyl derivative CS(NH,CBH4.SMe)j. 
[Xea^. Formed by boiling [1:2] NHj.OA-SMe 
with CS, and solid KOH (Hofmann, B. 20, 
1794). Prisms, V. si. sol. alcohol. Forms, when 
heated, SCN.OeH,.SMe (o.'270”). 

0.SULPaYBRO.PBOPIOmC ACID 
CHj(Sn).0H2.C0jn. Formed from ^S-iodopro- 
pionio acid and KSH. Got also by reducing sulph- 
ido-dipropionio acid (LovSn, J.pr. [2] 29, 370). 
Liquid, miscible with water, alcohol, and ether. 
Easily oxidised by air. CuSO, gives a pale- 
violet pp., but if not in excess it forms a yellow 
pp. of 0H2 (SCu).CII..C0 ,H while S(C.,II,.CO„H),, 
remains dissolved.—Hg(S.C.jH,.CO.,H)-^. Scales. 
—Bi(S.OjH..COJH),. 

Isomeride. —Thioijictio acid. 

SULFHTDRO - PROPYL - PHTHALIMIDE 
0,HA:N-OHj.OH,.CH.,SH. [48°J. Formed by 
heating ^-bromo-propyl-phthalimido with 
KSHAq at 100° (Gabriel a. ISrrer, B. 23. 88). 
Needles (from hot ligrotn). Fuming HClAq at 
180° forms phthalic acid and v-amido-propyl 
mercaptan. 

(Py. 3).'hULPHYDRO.ClUINOLINE 
0A4<^N;CBH’ by heating 

{Py. 3).ory-quinolin6 with PA at 140° (Roos, B. 
21, 620). Yellow plates (from dilute alcohol), 
insol. cold water, sol. acids and alkalis. Oxidised 
by H,0, to 0„H„NA [137°]. EtI and alcohol 
at 100° form 0,Hn(SEt)NHI [154°], which yields 
(0,H„(SEt)N)jHjPtCl„aq, melting, when an¬ 
hydrous, at 190°. 

SDIPHYDRO - IHIAZOLE. Dihydride 
^^•^^O.SH. [107°]. Formed from bromo- 

ethyl-amine, NaOH, OSj, and alcohol (Gabriel, 
B. 22, 1152). Needles, sol. alcohol and hot 
water. Sol. alkalis. Bromine-water yields 
taurine. Alcohol, KOH and Mel form oily 

OjH*<|^0-SMe (217°), insol. alkalis but sol. 

aoids. 

fle/cr«»c«.— OxT-suLmrimo-THiAzoiE. 

SDLPHYDEO-ACETONE. The compound 
0H,.O(SEt)j.CASEt (170°) is formed bypassing 
gaseous HOI into CH,.CO.CH,SEt mixed with 
mercaptan (Autenrieth, B. 24, 107). 

w-SOLPHYDRO-o-TOLOIC ACID. Methyl 
derivative CH3(SMe),OflH4-GO.A. [138 ]. 
Formed by the action of cone.'HOI Aq at 100° 
on the nitrile OH,(SMe).OA4CN (278°), which 
is got by dissolving thio-phthalimidine in alco¬ 
holic KOH and adding Ma^ (Day a. Gabriel, B. 
23, 2484). Light oil. 

SDLPHYDRO-ISOTALEBIO ACID 
CHPr(SH).OOjH- Formed from o-bromo-iso- 
valcric acid and alcoholic KSH (Duvillier, Bl. 
[2] 80, 607). 

8DPEB. Use of this prefix applied to inor- 
ganie compounds. The prefix super is sometimes 
employed to denote the presence in compounds 
of Kdatively more of the characteristic negative 
element, or elements, than is found in the normal 
compounds of the same form. The prefix per 
is, however, much oftener used than super. It 
hen been proposed by Mendeldeff to designate 
the oxide* that belong to the same type as B,0( 


mperoxides, to distln^sh ihem from other 
peroxides (v. Oxzdbb, vol. iii. p, 660). 

M. M. P. M. 

SKPEBBIN. A poisonous substance con¬ 
tained in the root of Oloriosa superha (Warden 
Ph. [3] 11, 495). 

STCOCBBTL ALCOBOL [114% 

Oeeurs as acetyl derivative in the resin of Fiais 
rubiginosa (Do la Rue a. Muller, C. J. 6, 62; 
Rennie a. Goyder, G. J. 61, 916). Thin crystals 
(from alcohol), insol. water and alkalis. BzCl 
yields a crystalline benzoyl derivative. 

Acetyl derivative [121°]. Flat 

six-sided tablets, v. sol. hot alcohol, ether, and 
chloroform. 

SYLVANE CAO. (63°). S.G. •887. Got 
by distilling pine-wood (Atterberg, B, 13, 879). 
Liquid, readily resinified. Oxidised by KMnOi 
to acetic acid. Not attacked by Na, alkalis, or 
AOjO. HCl passed into its ethereal solution 
forms a small quantity of OiiHjjG, a liquid boil¬ 
ing at 240°. 

SYLVANE-ACETIO ACID t). Methyl-for- 
rcnTn-ACETro aczd. 

SYLVANE. CARBOXY-ACETIC ACID v. 
METnYL-CAKBoxy-ruRFORYL-ACETio ACID and Me- 
IHRONIC AOn>. 

SYLVESTEENE v. Terpenes. 

SYLVIC ACID C= /8-7 p.o. H-9-7 p.o. 
[0.162°]. [o]„=-63°. This acid is obtained 
from colophony by repeated crystallisation from 
dilute alcohol, and is perhaps identical with 
abietio acid (Liebcrmann, B. 17, 1884; Haller, 
B. 18, 2166). By heating with HI and P it is 
converted into a terpene C,oIIi8- Bylvic acid 
appears also to be formed by the action of 
gaseous HCl on an ethereal solution of dextro- 
pimario acid (Yesterberg, B. 19,2173)._ A sylvio 
acid OaHjaOj is described by Maly {Sits. W. 44, 
121) as formed by adding dilute H,SO, or gaseous 
HCl to a solution of abietic acid, Duvernoy 
(A. 148, 147) obtained a sylvio acid [129“]] by 
distilling pimario acid in vacuo. 

Isosylvlo anhydride C,„H„0,- (250° at 

30 mm.). 011=4-63°. Got by distilling rosin 
wi vacuo (Bischoff, B. 23, 1921). Colourless, 
brittle, microcrystalline substance, insol. water, 
V. sol. alcohol and ether. Isosylvio acid [62°] is 
ppd. on adding dilate HOAo to its solution in 
potash. 

SYLVINOLIO ACID C^HA? Formed, 
together with sylvio acid, by saturating an alco¬ 
holic solution of abietio acid with HCl (Maly, 
Sits. TV. [2] 44, 121). Amorphous Mwder, 
V. sol. alcohol and ether.—CaA".—AgA" • pol* 
verulent pp., insol. NH,Aq. 

SYMBOLS. Symbols are employed to ex¬ 
press the composition, and, as far as possible, 
the interactions, of coinpouada; v. Equations, 
CHEmoAX. (vol. ii. p. 433), Formud.* (vol. U, 
p. 672), IsouEBisu (vol. iii. p. 79), and cf. Op¬ 
tical METHODS (this vol. p. 263). M, M, P, M. 

8YNANTHEENE 0„H„. Phosene, Occurs 
in crude anthracene (Zeidler, A. 191, 298; cf. 
Barbier, A. Oh. [6] /, 626). Yellowish-white 
plates. Yields a di-bromo- derivative 0„H3r, 
[175°], crystallising in minute yellow needles, 
sol. uoohol (diSerenoe from di-bromo-anthra- 
cene). Di-bromo-synanthrene is oxidised by 
OrO, and HOAc to a quinone (7) [240°-2li0'3. 

SYMAHXEBIV •. Lnix.a. 



tANAOetOPHOIU)K& 


iTVTHmi, Hm Dp of flompoQDIs 

troa ithrir oIcobw&U, or from groope of eleaontB* 
SYVTOVlB^ o» PsoTUM, 

mzH&lX im% DiTfutJuxtjf^ 

eon^ftrifu Ooeurs m tbo Wk of the liloo 
(Syr^a ouJjTom) aad ol the privet 
viMperro) (BorDkys^ J. pr. 2&, 131; Krom&yer, 
At, [S] lOd, 7; 109. IB, 216; 113, 10; 
Kdmer, G, 18, 215)» White necNlles (containing 
a^Kv. si. Bol. cold wEvtor, V. Boh nloohol, ineol. 
ether. Ite aqueous solution is sliglitly bitter, is 
liovorotntoi?, and does not ppt. metallJo salts. 
Cono. BNOb givea a blood^rcd solution. Gouo. 
HCIAq fortoa a coIoutIgss aoLulloiii turning blue, 
and hDaily giving a blue pp. Couo. 1 I,S 04 givL'S 
a yeUovish'greea eolour, ohangisg to violct- 
brown and, on pouring into water, giviug a 
brigbt'blno solution) which soon deposits an 
asuro powder. Docs not rodaea FcLIing'a solu¬ 
tion. Decomposed by emulsin into glucose and 
Byringonin. RMnO« yields glueosyringio acid. 
CiOft forms glncosyringio aldeiiyde. 

Byringenin 

C^,(OMe)^(OHJ.C,H*.OH. Foriuod as abore. 
B^emblcs eomicryl alcohol. 


OlneosytisgiB mU [SOS^ 

Formed as above. Keedlea or mama (eontain- 
be 2aq), bL IoL eoM water. Peoompesed by 
dilute into lyringio aoid and gluooae. 

Syringic acid C,H,(Oa)(OUe)rC0«H. ZH- 
mciJtyl c^*rnf«re of gallic ocuf. [202^]. De¬ 
composes at into GO, and the di-methyl 
derivative of pymgailol. —Da4 ^Sari: four-sidM 
tables.-MoA^iu], Crystals, ad. Aq. 

Meth)fl defivaiivo C*U .(OM«),.CO,H, 
[168"J. Noedlca. Yields G,n,{OMe), when ms> 
til led with lime. Idonlioal wUh the tri-mebyl 
durkativeof gallic acid.—Me A’. [83-6°j, Boodles. 

Gljoosytingie aldehyde C„IT^O,. [102“J. 
CoIouriosBi, aillty noedloii. Decuinpoiicil by omul- 
sin or dilute H,iSO| into gluiotsc and eyringio 
nldchydo. Yields a plicnyl-hydi'uKido [lOO'^J 
and a cryetallino oaim. 

Syringie aldehyde 

le. CJL(OHHOMe)^G110, fiinall 

needles, smell'..R like vanillin. Turns brown 
in air. Itcocts with phenyl-bydrasine, and com* 
bines with NallSO^ 



T 


T^IDVIC ACID 9. Ljkricurc acid. 
TALOXnCIC ACID [156^]. 

I- ai? ^® at 20®, Tormefl from fcaluni© Aci<l 
aj3d HNO, (S.O. (VMer, Jl 24, 3025). 
Minntu plated, t. c. eel. cold vrater njid warjn 
frloobol \ V. bL Bcl. oilier. Converted bjlICI and 
lIBr at ICD® Inte dehydromuoio acid. Yields a 
phenyl-bydrazide [H5®-190®], rjridiDcat 150'^ 
forms mucio aoUl.—CaA'*: crystalline powder, 
TALOKIC ACID Ifotnied. bybeat- 

tni; galactoiiio acid with pyrldino at 150® 
{Kisuher, S. 24, 3022), J^irLiicd by meaiLii of iU 
bmcina eaJt. by nip, very solnbte hot alcohol- 
Lsvorolatiory- Yields a phony hhydra?.! do 
0^,i0,(N,lLPh) [c, 155®),—CuA',aq, Ncccllea 
(iroTQ alcohol), ▼. e, sol. water,—Bruovna salt. 
Ii30®-133®]. Crystal#, t, aol water, 

TAVFICIK Oj.Hi.O,;. A neutral 

aubetaoce reBombImi; convolvulin, occuirin^r in 
Tampica Jalap (Spirgati#, N, Ji, P. 10, 452), 
Besin, V. aoL alcohol and OtbeT. Converted by 
hoi baryta-water inte amorphous Umpicic acid 
Boiling dilute aoid# resolve tampicin 
into glucoAo (3 mols.) and tampicolio acid 
which crystalliMS from dilute alcvlrol 
in mmute needles and forma NoA' and KtA\ 
both crystalline, 

TABACETIH 0 ;^I 7 |a 04 » A bitter substance 
obtained from the leaves and flowerii of the 
tan^ {Tancctivm ovl^re) (Leroy, J. Chintt 
Ifsa, 21, 3A7; Lsppig, 18^, 1175). Atuor- 
pboui, 0 ^. water and algphol, 

TABACETOaiHIC ACID C,H,A- (1^^° 

15 nun,). Formed by the action of Br and 
44 p-e,) NaOHAq on tanaoetone (Sehunter, B. 
S5,8M5), Oil, ^dided below 0®,—AgA'. 

YAKACETOrE C^^gO, {Si'JP at U mm.). 
Qeenii in oil of abainthoj Ibnijai a&d 0 age« oon- 


stituting tbo chief part of absintliol, sal'^olr 'and 
(^)-thajol (Hcmmlcr, Ji. 25, 3Bi3, 3550), Got 
from ethereal ail of TVznucehim cul^are by shak¬ 
ing with NallHO,, decocipoBing the crystalline 
pr^uct with Na,CO,, and diHLiJling with steam. 
Oil, V. Eol, olcoliol and ether, L'^oo# not reduce 
aiiTnoniacal AgNO^ Dextrorotatory; 
in a 20 o.ni. tobe. H.Q, ss l'4!i0, 

iZeneftertr.—1, Br and XOUAq yield bromo* * 
form, hence it probably eontains CO.CH,,— 

2. itedneed in olcohoUe solution by Ka to 
tanaoetyl aloohol (',13® at 18 moi.), 

B-Q-. ^ '223, 1*4035. This body does not 

combine with Ur, With FCl^ it yields tanaoetyl 
chloride (72® at LOmm.h- 3. Oxidised by KMnO^ 
to Tanncctketocarboaylio mold 0,gH,A' 
Ncoilics [78®J (from llgroTn) or plates [74'fi®J 
(from water}. Yirdd# AgA'. Jlydroiiylainiiie 
yields C,an]„0.(N'OIT) fl03] when prepared from 
the nendioR and [lfi2®J when got from theplatee* 
The kctoiiic acid is oxidteod by Br and KaOH to 
tanacetogeif dicarboxylio aoid 
(142?]. Plates (from wat';T). This acid yields 
AgfA" while Ao^O yields tho anhydride CaU„0| 
[95®), which givBb.isoprcpyi suncinio acid 
wiicn fused with potash, 

Oxim C„U,giNOH. [62®]. (180® at 20 mm.). 
Iteduccd in alcoholic solution bj Na to tan* 
acetyl a mine C,gII,}KHg (BO'S at 14 mm.h 
S-(i. ^ *874, ftjf which. yieidiB'HOlfWhion 

when heated givee tanaoetene 0||B|t al 
14 mm.), B.G. ^ '^41, fio r47C. Timaoebooo 
oxim may be converted by warming with aloohol 
and dilute Bulpburio add into the eymidino 
G.H«(C|Hf)(KEUUe [1:8:4], whence nitrons add 
fonni euTaorol. 

TAXACETOPHOftOn (20^ al IS 

mm.), 8 , 0 , 14 - 988 . l< 482 . Ootby^sfeUlinC 

tanaoetegBa dioarboxyUo add with 





tANAOETOPSOBONR 


(Sraunler, B. 25, 8350). An oil, emeUing | 
oamphor-phorone. Beacts with by^^oxyl-amine. | 

TAHOHININ Oj,H«0.2aq. [182®]. 

[a]o«->67®. Obtained from the kernels ot 
Tanghinia ven&nifera ot Madagascar (Ajnaud, 
a B. 108, 1256; 109, 701). Crystals (from al¬ 
cohol), V. si. sol. water, el. sol. ether. Cardiac 
poison. llesiniOed by dilute acids. Baryta- 
water at 180® forms 

TANNIN. TANNIC ACIDS. Under the 
aboTO names are included a large series of com> 
pounds, occurring in the vegetable kingdom, ot 
different constitutions, many of which have been 
very imperfectly studied. Their chief character* 
istics are their astringent taste and property ot 
giving a dark>blue or green colouration with iron 
salts and a precipitate with a solution of gela¬ 
tin. They all roduce solutions of the noble 
metals, and absorb oxygen in presence of alkalis. 
They arc all aromatic derivatives, and yield on 
fusion with potash either pyt;ogallol or pyro- 
catechin. In some cases thoy'*’i&ave been syn¬ 
thetically prepared from these phenols and thefr 
derivatives, but in many cases the tannin 
appears to exist in the plant as a glucoside and 
attempts a^a synthetical production have proved 
futile. Schiff.(Zl. 15, 2500) prepared some of 
the tannins synthetically, and concluded that 
they were anhydro- compounds of gallic andpro- 
tocateohuio acids respectively. Etti {A, 186, 
332) and others have also, for example, syn¬ 
thetically prepared catochutannio acid by beat¬ 
ing pyrpftatechin with water or alkalis. Gallo- 
tannic acid was formerly believed to be a glucos¬ 
ide, but subsequent investigation showed that 
the amount of sugar present was variable, and 
Bohiff (A. 170, 4S) finally proved that, although 
existing in the plant as a very unstable glucoside, 
when it was isolated it had the constitution of 
an anhydro- acid formed by tbe removal of one 
molecule of water from two molecules of a tri- 
oxy-benzoio acid. Ho considered that in gallo- 
tannic acid the anhydride was formed thus:— 
OA(OH),CO.O.O«H,(OH)jCOOH, whilst C. Etti, 
who nas similarly investigated the tannins of 
the formula and has proved 

that they also are not glucosidcs, and regards 
them as derivatives of a ketonic acid of the 
formula 0,H,(OH)3.CO.C^H(OH),COOH. It 
would appear, then, possible to dehno the tannic 
acids as mono-carboxyl acids formed by con¬ 
densation from two molecules of poly-oxy-ben- 
Eoio acids and which exist as unstable gluoosides 
in plants. The ease with whlbh gallotannio 
acid is hydrolysed renders it probable thait the 
difference in constitution between Schiff’s and 
£tti*s formulce does actually exist, and renders 
it possible to subdivide the tannins into these 
two groups so soon as the different tannins have 
been re-examined from this point of view. The 
ketonic character of the tannins was established 
by Etti through noting that they reacted with 
pbenvl-hydrazine and hydroxylamine. 

The origin of tannin in plants has given 
rise to much debate. According to Waago (PA. 
X890; P/iar. Centr, 1891, 247) its formation is 
limilor to that of the conversion of glucose into 
starch. The plant removes one molecule 
from glucose for reserve purposes, and if under 
iavourable oiroomstances ^ree molecules H^O 
eu be removed, a body having the composition 


of a triketohexamet hylenc would be prodtioed 

CH,COOH,COOH,C<!). This oonsUiution corre¬ 
sponds to Uie secondary form of phlorogluoin. 
It is probable that the phlorogluoin combines 
with the CO, in the nascent state produced by 
the respiration of the plant, and is thus con¬ 
verted into a carboxylic acid (gallic acid); two 
molecules of this acid by the removal of another 
molecule of water would then form tannin. Uight 
and chlorophyll are necessary for the produotion 
of tannin. 

Westermaier (B. B. 1887, 127-143) showed 
that with experiments made with Quercus pedun* 
culata the tannin migrates downwards through 
the bark and the pith. Starch is always present, 
and it is probable that the starch only migrates 
in the form of tannin. Tbe leaves of Bumea 
patentia and Rheum rhaponticum give both the 
starch and the tannin reactions. Schultze 
(A. a. 14, 625-52G; B. C. 18, 137), by micro- 
chcmical observations, also supports the view of 
Sachs and Heberland that the leaves of ever¬ 
greens contain tannin as a winter reserve ma¬ 
terial. Tannin and starch only rarely occur 
simultaneously in the same cells. When the 
cells are rich in starch they contain a smaller 
amount ot tannin, and vice versd. 

In the case of leaves containing fatty oils and 
tannin, the cells which contain the oil are free 
from tannin, and cells containing no oil are 
free from starch. Kraus (B. C. 330-334) also 
notes that the formation of tannin in leaves 
depends on tho presence of light and CO,, but 
believes that it acts more as a protecting agent 
either to prevent the plant from being eaten or 
rotting than as a reserve material. He points 
out that as fallen leaves contain as much tannin 
as they did duri^ their best time of growth, 
the leaf tannin is of no value to the plant. 
Heckel a. Schlagdenhauffen {Ph. July 1892) note 
that the protecting leaf buds of certain species of 
gardenia contain a resinous substance which on 
analysis gives figures resembling cinchotannio 
acid. Both tho gardenias and tho cinchonas 
belong to the same order of plants (c/. Gross a. 
Sevan, 0. J. 41,106; Gardiner, PA. [3] 14, 688; 
Broemer, Les Tanyi&ideSt Toulouse, 1890; Biisgen, 
O. 0.1890, 397). 

Classification, —No satisfactory classification 
of these bodies exists. Wagner {Fr. 6,1) divides 
them into pathological and physiological tannins. 
The former are chiefly glucosldes, and precipitate 
gelatin, yield gallic acid when hydrolysed with 
dense sulphuric acid, and when heated alone 
form pyrogallol. Tbe physiological tannins, on 
the other hand, form leather, and on distillation 
yield pyrooateohin. Tbe old classification into 
iron-blueing and iron-greening tannins is found 
now to be untenable, as the presence of acids 
and salts modifies the colour which the tannins 
produce with FeCl,, and the purity of many of 
the tannins examined by the earlier investU 
gators cannot be guaranteed. 

Reactions, —The oxidation of galUo and 
tannin acids by nitric aoid of moderate dilation 
yields ox|Uc acid and two acids, probably tii- 
oxy-glutario and trioxy-butyrio. The acetyl o» 
queroitannic add yields the same acids on oxida¬ 
tion (^ttinger, A, 257, 248-253). Metallio Na 
does not reduce gallic acid in absolute alcohol^ 
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tet tettoio Mid similarly treated undergoes 
simple hydrolysis, the ^eld ot gallio aoid 
amoonting to 60 p«c. of the weight of tannin. 
Ko lednotion piodnots conld be prepared {B 6 t< 
tinger, A. 268, 252-260). Ammonia and zinc* 
dast^at 60° convert both acids into benzoic 
acid." Dilute H^SO^ and Zn also form benzoic, 
from gallic acid (Guignet, C. R. 113, 200 - 201 ). 

The action of heaL Most tannins begin to 
blacken at 120 °, and at 160° decomposition into 
metagallic acid, and either pyrogallol or pyrocato- 
chin, takes place. Those which yield pyrogallol 
usually also form a * bloom ’ on leather, and give 
a blue colour with FeCl|. This class includes 
galls, sumac, chestnut, and oak bark. The pyro> 
oatechin-yielding tannins do not form a * bloom * 
on leather, give green compounds with FeCl,, and 
include hemlock, catechu, rhatany, and man* 
grove (Trimble, The Tannins, 1892). 

The products of the action of beat on the 
tannins are best obtained by allowing the heat¬ 
ing to take place on the material suspended in 
glycerin (1 g. in 6 c.c. glycerin). After heating 
to 200 ° for 80 minutes, dilate with water, and 
extract with ether. The ethereal extract contains 
either pyrogallol or pyrocatechin. The tannin 
must be freed from gallio aoid and oatechin 
before subjecting it to this test by previous ether 
extraction of the aqueous solution. 

The action of dilute acids, 2 p.c. absolute 
HOI at 100° in sealed tubes decomposes the 
tannios’; insoluble ollagic acid, anhydrides, or 
pblobaphenes separate, and the Bltrate contains 
gallic acid, glucose, and unaltered tannin. 
Glucose ehould be removed from the tannin by 
repeated lead acetate precipitation before this 
treatment, or the amount of glucose before and 
after hydrolysis may bo determined by Fohling’s 
solution (Wehmera. Tollens, A. 243, 327). 

The action of alkalis. The pyrocatechin- 
yielding tannins on heating with alkali yield 
pTOtooateebuie acid, and either ph^oroglucin or 
acetic aoid. The pyrogallol-yielding tannins 
form gallic and elloglo acids (20 g. with 150 o.c. 
of £HO solution, sp.gr. 1*2 for 3 hours are con- 
vonient quantities (Trimble, The Tannuis). 

The tannins iu the bark of oak, chestnut, 
horseoheatnut, fir, &c., are precipitated in 
brominated condition by bromine water; tannin, 
sumach tannin, and oak wood tannin are not so 
precipitated (Bottinger, A, 240, 330). From 
oak tannin, Bottinger, by treating with occtio 
anhydride, has formed an acetyl-o-compound of 
the formula C,bH,Ac,Oh, and from it two bromo- 
derivatives C,jH,«BrAc 09 and C^H^Br^AcO, (B. 
20, 761-766). A. benzoyl-o-derivative has also 
been obtained from tannin by treatment with 
eonc. NaOHAq and benzoyl chloride (Bottinger, 
A, 264, 870). The same author has attempted 
to prepare cyanhydrins, but without success. 
Well-dried tannic acid heated with anhydrous 
HON in sealed tubes yielded only an amide of 
gallic acid. Treated with hydroxylamine no 
oxim was formed, but only gallio aoid (A. 269, 
182-186). With pure fltnnin.phenyl-hydTazine, 
however, forms derivatives which do not 
erystallise, CO, and N being evolvpd at the 
same time. The tannins experimented upon 
wAre extracts of sumach, divi divi, oak wood, oak 
bark and pine bark; the dry pr^pltates con- 
laibad phenyl-hydn^e dmvatives of tannic 


and gallio acids, osaionea ot dextrose and lavn- 
lose, and caramel (A. 259i 126-182; A. 266,849). 

Tannin solutions are very unstable, under¬ 
going hydrolysis into galHo aoid on standing. 
The hydrolysis into gallic aoid is almost quanti¬ 
tative when tbo acid is dissolved in oono. HjSOi 
and then water added (Bdttinger, A. 264, 378)« 
When heated with KHSO, and gly^rin to 119°- 
200 ° and the melt extracted with water,a residue 
is loft soluble in absolute alcohol which contains 
two now acids of the composition 0 , 4 H,. 0 ,Aq 
and called hydrotannio and isotannio acids re¬ 
spectively. The former, which is the less soluble 
in alcohol, forms with Ao,0 n te.tra-aoetyl- com¬ 
pound while the iso- acid forms a brown tri¬ 
acetyl- compound (0. J, 1892,181). • 

Breparaiion of iantiic acid for pliarvuieeu- 
Heal purposes. Fclouze in 1834 first suggested 
the extraction of tannic acid from galls by ^r- 
colation with ether, and this mothoti is stiQ in 
use. Tlie pov'/lerod galls aro placed in a closed 
percolator i.xth commercial ether containing 
alcohol and water. The ethereal layer contains 
gallic and ollagic acids, together with resins and 
fats and a small portion of the taittiid acid; the 
lower aqueous solution contains noarly pure 
tannio acid. The percolation is stopped when 
the lower layer ceases to increase in volume. 
Tbo B. P. method consists in taking the 
damp galls, macerating with commercial ether, 
and expressing through muslin (Leoonnet a. 
Domin 6 ). The purest acid is obtained when 10 
pts. powdered galls are allowed to «iaad two 
days covered in a percolator with a mixture of 
12 pts. ether and 3 pts. alcohol. At the end of 
this time the percolation is commenced until 10 
pts. aro obtained. Onc-tliird its volume of water 
is then added, and the mixture well agitated. 
The aqueous layer contains nearly pure tannio 
acid, and is evaporated rapidly in vacuo. The « 
commercial acid is known under the names of. 
other-tannin, alcohol-tannin, or water-tannin, 
according to the method of extraction adopted 
on a largo scale. 

Purijlcaiion .—Petroleum other percolation 
removes fat, wax, and some of the colouring 
matter. Solution in water removes resin, and, 
after decantation, sodium chloride precipitates 
the acid. Trimble adds lead acetate to the 
aqueous solution to precipitate colouring matter, 
filters, and extracts with acetic ether. The aoid 
is re-dissolved in water, and extracted with ether 
to remove the last traces of gallio acid, and the 
aqueous soluflon finally dried in vacuo. 

Detec tion,—l. Dilute H^SO^ or HOI precipitates 
cono. solutions.—2. FeCl,, a blue or green precipi¬ 
tate destroyed by long boiling, sol. weak mineral 
acid8.~3. Lime-water precipitates the Oa salt. 

4. Cinobonine sulphate precipitates whiU cin¬ 
chonine tannate.— 6 . Gelatin forms leather and 
albumen also gives a precipitate. Alum and 
NHiCl render the precipitation more complete. 

6 . An alcoholic solution of thymol, followed by 
cone. H.SO 4 , yields a .ose-colonred turbid solntioa 
(pyrogallol violet; gallio acid gives no colour: 
Saul, Ph, [3] 17, f^7).—Iodine in preMUOe ol 
neutral salts gives a pmrple oolouzation (Naissil. 
6 . Acetate ol lead acidulated with acetic aoSa 
ppts. tazuiio and not gallio acid (Qnyard, Bi. 9, 
836).—9. NH 4 OI andNH.glTeawmtopreofoitate 
rapidly beoonung red, giutio acid • red ootbom* 
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tion onlf.—10. CO water and NH, give a red 
eolouratiop both with gallic and tanvio acide.— 
U. K^PoOy, gives a similar reaction (Bawson, 
0. N. 69, 62-63).—12. In plants, Moll (.4. a, 
12, 496) detects tannins micro-cbemioally by 
treatment with 7 p.o. copper acetate for some 
days, then cuts sections, treats with a drop of 
0*06 p.c.ferricacotate, washes with water and then 
alcohol to remove chlorophyll, and mounts in 
glycerin and looks for blue or green stain.— 

18. KON gives a green colouration with tannin 
and none with gallic acid.—14. KXr.^0, gives a 
brown pp. with most tannins.—15. Saturated 
solutions of NaCl, CaCl., KOAc, and a number of 
other salts ppt. tannins from solution. -10. Cone. 
H.^S 04 dissolves the dry tannins with a yellow 
colour, and on heating forms dark-red ruligallio 
acid and then black mctagallic acid.—17. HNO^ 
forms a yellow colour, and iinally oxidises them 
to oxalic acid.—18. A 3 .^ 0 , heated with the dry 
tannins converts most into Wlaglc acid.— 

19. Most tannins are ppd. by the ^Italoids. 

Estimation of tannic acid. The methods 

devised for the estimation of tannic acid in 
vegetable extiacts are very numerous, and may 
be grouped under the following heads:— 

1. Gelatin or hide-powder absorption. 

2. Titration with permanganate. 

8 . Precipitation with metallic salts. 

4. Methods not included in the above. 

Por details of these various processes, vide 
Proctor, Textbook of Tanning ; Trimble, The 
Tannins*;'' Thorpe’s Dictionahy of Applied 
CBEUiBTRY,andBideal,CAo 7 HicaZ 2 ^ofcs onModern 
Tanning; The Assay of Tanning ilaterials; 
Indiisiriest vol. xi. pp. 19,139, 451. The two 
methods most generally employed are the hide- 
powder method and LOwcnthal’s permanganate 
process. 

The hide-powder method is conducted as 
follows. A weighed quantity of the material is 
extracted with water and made up to a known 
volume. 100 c.o. of this solution is then 
evaporated, dried, and weighed to give the total 
solids present in the extract. Another portion 
of the same solution is agitated with, aspirated, 
or filtered through hide powder, and the total 
solids left in 100 c.c. of the solution again deter¬ 
mined. The dilfcrence gives the quantity of 
tannic acid or matter which combines with 
gelatin per 100 c.o. of the solution {Fr. 24,271). 

The modified Luwonthars process, which is 
now ofilcial in Germany, requir^ a standard 
solution of permanganate whose indigo value is 
known. A measured volume of the tannin solu¬ 
tion, together with a known volume of indigo 
solution, is then titrated with'i.he permanganate 
solution. Another equal volume of the tannin 
solution is then agitated with hide powder or 
shaken with a gelatin and alum solution and 
filtered, and the filtrate, after indigo solution of 
known amount has been added, is titrated with 
tiie permanganate solution. The difference in 
tile quantity of permanganate consumed is a 
measure of the tannic acid present. The various 
tannins of oommeroe have different perman¬ 
ganate values; it is, therefore, necessary to 
standardise the permanganate for different 
tannin materials (Ldwenthal, Fr. 16, 33; Hath- 
reiner, Fr. 18, 118; Simaud, Fr» 22, 696$ 
0obroeder, Fr, 26,121). 


Gallotannie aeU Occurs fn gall 

nuts and sumach. 

Constitution .— 

0,H.,(0H),.C0.0.C«H,(0H)2.C00H (Schiff, A, 
170, 43; Paul a. Kingzett, C. J. 33, 217). 

Solubility. —Sol. acetone, glycerin, and oils; 
jnsol. CSj,, CHCl,, petroleum, and O^Hj. 

Ccwap<mn<is.—With gelatin contains 16*6 p.c, 
nitrogen = 34 p.c. tannin (Bottingor, A. 244,227). 
(For other nitrogen values of gelatin-tannin 
compounds in leather, v. Bideal a. Trotter, 
S. C. I. 1891.) Penta • acetyl - compound 
0„TI..(OAcO),CO.O.C«H,{OAcO),COOH [137°]. 
(BoUingcr, i?. 17,1504). 

Action of heat. —At 215® it forms pyrogallol, 
COj, and a trace of mctagallic acid C^TI^Oy. 
Strong heating at 240°-250° forms chiefly meta- 
gallic acid (Pelouze, A. 10, 159). Cold HNO, 
forma oxalic, Irioxyglutaric, and trioxybutyrio 
acids (BOttIngcr, ^1. 2.57, 248). Boiling with 
KHO forma tannomclanic acid CBH 4 O 5 ; cold 
KUO and air form tannoxylio acid C,H„0, 
(Biichner, A. 53, 373). Hydrolysed by dil. 
H-SO, to gallic acid. Ferments also form gallic 
acid (van Tioghem, 0. B. 65, 1002). 

Oak bark. Tannic acid C,,H,oOg. 

Preparation. —The bark is extracted with 
alcohol, and the extract agitated with acetic ether 
and ether. Evaporate off ether, separate the 
precipitate of ellagic acid, and from residue sepa¬ 
rate gallic acid from the tannic acid by aetdto 
ether and ether. 

Properties. —Beddish-whitc powder. Sol. alco¬ 
hol and acetic ether. SI. col. ether and water. 
Heated to 130°-140°C. it forms an anhydride 
which is si. sol. water; sol. alcohol 
and alkalis, and with cone. H.^SO,, gives a second 
anhydride Cg^H^jOnj. Heated with cono. HCl it 
evolves CH,Ci, gives also the iodoform reac¬ 
tion. On dry distillation it forma pyrocatcchin. 
Fused with KOHyieldsprotocatcchuicacid.pyro- 
catechol, and traces of phloroglucin (I'Uti, M. 
1880, 262-278). When boiled with ether the 
above anhydrides foim a third anhydride 
‘C^^ILgO,, {M. 1883, 612). Other anhydrides 
analysed by Etti are 0,oHaHO,„ OjuHagOja, 
and Forms two hydrates 

(Tiowe, C. J. 40, 901). 

Salts. With Ca, Ba, and Pb ; analysed by 
Etti and Lowe (Lc.). 

Derivatives. —Oak-red CnHjoO,laq (Grabow- 
ski,^. 145, 2); (Bottinger,'.!. 240,341). 

Bottingcr has prepared various bromo-, acetyl-, 
and benzoyl- derivatives (he.) (Bochleder, A, 
63, 205 ; BCttingcr, A. 202, 270; B, 14, 
1598; Lowe, Fr. 20, 210; Etti, M. 4, 614; 
Grabowski, A. 115, 2). 

Fraxitanaic acid Ca^Hx^O,|« In osh-lcaves. 
Forms an anhydride 0.^8H3oO,5, a benzoyl- com¬ 
pound CaaH.. 80 „( 0 B 3 ) 4 , an acetyl- compound 
Cjun. 4 a(OAc) 46 ,o, a bromacetyl- compound 
C, 4 H 2 }(OAc) 4 Br,O ,0 2 aq, and a similar nitro¬ 
compound. On heating with Ba(OH }3 it forms 
protocatcebuio acid and other products. On 
heating to 100 ° It loses t mol. H 3 O, forming an 
anhydride OgaHuO.. (GinU a. Beinitzer, M, 89 
746 et scg.l. 

The following table gives the source of tha 
principal tannins which nave been inveatigatedi 
and references to the papers in wbiob a desorip* 
tion will be found. 
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TAXST on. The essential oil, obtained ht 
dlstiUaUon of the tansy {Tanace^m vulgar$u 
contains 1 p.o. of a terpene 0 |oH,c (165^-160°), 
26 p. 0 . of an alcohol and 70 p.o. of 

* tanacetyl hydride * (Braylants, J. Ph, 

m 26, 898; B. 11, 449; c/. Persoz, 0. R. 8 , 
483). Tenacotyl hydride 0,^„0 (196®-196®), 

B. G. 4 *918, V.D. 6*1, is converted by H^SO, into 
' cymone. It reduces ammoniacal AgNO^, form¬ 
ing a mirror. KaHSO, forms crystalline 

C, ftH,jNaSO,. Split up by water into the parent 
substances. 

TAKTALATE3 v, TANTiiiUn, acids of, and 
ffHEXB SALTS, p. 639. 

TANTALUM. Ta. At. w. c. 182 (exact value 
not known). Mol. w. not known. Ta has not 
been isolated. 

Occurrence.—Tantalates occur in a few rare 
minerals, generally associated with niobates; 
tantaliU contains from 35 to 75 p.c. Ta^^O^, 
coltmbiU from 13 to 86 p.c., yttrotantalite from 
6 to 47 p.c., and a mineral^'’‘om Western 
Australia, recently analysed and called atibio-* 
tantaUte, c. 62 p.c., Ta^O, (Goyder, 0. J. 68 , 
1076). 

Hisiory.^A short account of the researches 
that led to the identification of two distinct 
oxides in tanlalite is given in the article Nio¬ 
bium (vol. ui. p. 505). Marignao (C. R. GO, 284, 
1355) gave the formula Ta^^Oj, to oxide of Ta, 
wbicn had been represented by Eoso as TaO^. 
Peville determined the V.D. of the chloride, 
and deduced the molecular formula TaGl 5 (0. R. 
60, 891)*. ‘ By heating Na^^TaFy with Na, H. Rose 
(P. 99, 69) obtained a black powder, probably a 
mixture of Ta and oxides of Ta. Berzelius (P. 
4, 6 ) also obtained very impure Ta; Marignao 
(Ar. 8c* 1868) failed to isolate approximately 
pure metal. 

Pr^aration of impure Ta .—Very finely- 
powdered tanialite is fused with three times its 
weight of KHSO„ in an iron or platinum cru¬ 
cible, until completely dissolved. After cooling, 
the fused substance is powdered and treated with 
boiling water, whereby sulphates of K, Pe, and 
Mn are dissolved out; the insoluble portion is 
washed, and then digested with yellow ammo¬ 
nium sulphide, whereby sulphides of Sn and W 
are dissolved, and FeS remains mixed with 
Ta.^0, and Nb^Oj,. The residue is washed 
thoroughly, and ^gested with HClAq to remove 
FeS, and the portion insoluble in HOlAq is 
thoroughly washed with boiling water until it is 
white. The mixture of TajO, ai?d Nb^O, thus 
obtained is dissolved in HFAq in a platinum 
dish, the solution is heated to boiling, and a 
quantity of KHF, is added equal to one-fourth 
of the weight of mixed TajO*, and NfajOj used ; 
the liquid is evaporated until 1 g. of the mixed 
oxides is present in about 7 o.o. and allowed to 
cool; the prismatic ci^stals of K^TaF,^ that 
separate are washed with cold water until the 
washings give a yellow pp., without any shade of 
red, after standing for two hours with tincture 
of galls. The K/XaF, thus obtained is heated, 
in a platinum dish, with rather more than its 
weight of pure cone. HjSO,, whereby KHSO., 
HF, and TajO* are formed; the HF is removed 
by heat, and the KHSO^ by repeated washing 
with water (BerseliuB, P* 4 , 6 ; c/« B. Bose, P. 
144,64,72). 


Lawrence Smith (Am* 5, 44) recommendi to 
warm 6 g. of very finely powdered tantaliU, 
dried at X50'’, in a platinum basin with a little 
water and 8 to 10 o.o. very cono. HFAq, to filter 
when reaction Is completed, add a little water 
to the filtrate and evaporate nearly to dryness, 
to warm with excess of cone, pure H^SO,, and, 
after the acid has been almost wholly removed 
by heating, to place the residue in o. 500 o.o. 
dilute HNO^Aq (L. M., C. N. 61, 289, 304), and 
boil until TajO* and Nb^Oj are ppd. By dissolv¬ 
ing in HFAq, adding KHP,, and proceeding as 
described above, Ta^O, is obtained free frozq 

NbA- 

The pure Ta^O& obtained by one of the pre¬ 
ceding methods is dissolved in HFAq, in a 
platinum vessel, the solution is heated to boiling, 
and 70'8 pts. by weight of KHFg ore added for 
100 pts. Ta.^O» used. The solution is evaporated 
and allowed to cool; the crystals of K^TaF, arc 
washed with a little cold water, dried, mixed 
with c. hall their weight of potassium, and heated 
in an iron crucible, the mixture of E^TaX', and 
K being covered with KCl. The contents of the 
crucible, after cooling, are added, little by little, 
to water; the black powder that separates is 
washed with water, and then with dilute alcohol 
and dried (Berzelius, P. 4, 6 ). The black 
powder is probably a mixture of Ta and oxides 
of the metal. Berzelius*' found that 100 pts. 
took up 17 pts. 0 when heated in air, 100 pts. 
pure Ta require 22 pts. O to form Ta, 05 . H. 
Rose (P. 99,69) obtained a black powder—proba¬ 
bly Ta mixed with oxides—by reducing NOgTaF, 
by heating with sodium. 

Properties and Reactions .—The black powder 
obtained by Rose was a good conductor of elec¬ 
tricity : it glowed when heated in the air, and 
slowly formed TaP^; it was insoluble in acids, 
except in HFAq, by which it was slowly dis¬ 
solved; heated in a stream of Cl it burnt to 
TaCi». Oxidation was effected by molten alkalis 
or alkali oarbenates. The S.G. of a specimen 
containing c. 40 p.c. acid sodium tantalate was 
c. 10*8 

‘ The at. w. of Ta was determined by Marignao 
(A* 140, 153; Suppl. 4, 351 [1865]) by decom¬ 
posing K^TaF, and (NH,).^Tfl^, by and 

determining the quantities of Ta-^O^ and K^SOi 
produced. The values obtained varied from 
180*1 to 186*2. H. Rose in 1850 (P. 99, 80) 
analysed TaCl* by decomposing by water, ppg. 
Ta 305 .irH ,0 by NHgAq, and estimating Cl in 
the filtrate. His results showed marked discre¬ 
pancies. 

Ta is metalHo in its physical properties, so 
far as may be judged from the impure speci¬ 
mens that have been prepared. Ta^Oj dissolves 
in HFAq, probably forming TaFj. No salts are 
known to be formed by replacing the H of an 
oxyacid by Ta. In all the salts of Ta that have 
been isolated, other than the haloid compounds, 
Ta forms part of the negative radicle. Ta is 
the fifth member of the even-series family of 
Gronp y.; it is closely related to Nb, and less 
closely to N, P, V, As, S^>, Di, Er, and Bi. The 
only compound of Ta whose Y.B. has been de¬ 
termined is TaOlf; in this molecule the atom ol 
Ta is pentavalent (v. Nitboqkn oboup of xli- 
MINTS, vol. lit p. 571). 

l^tecHon and Msfimajion,—Tanljalam ooq^ 
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IKmndfl fonn potassiozn tantftlaio when fused 
with EOH, and the fused mass dissolves in 
water. The product obtained by fusion with 
KaOH dissolves in water to a clear liquid only 
after KaOH has been removed by washing, as 
Bodinm tontalato is insoluble in much NaOllAq. 
Addition of acid to an aqueous solution of an 
alkali tantalate, followed by boiling, ppts# | 
Ta.,.0*.xlL0 more or less completely. By adding ; 
HOlAq to a solution of an alkali tantalate, and 
placing zinc in the solution, no blue colour is 
produced (c/. Kiodidm, dktection of, vol. iii. p. 
^06). According to Levy (C. R. 103, 1074), an 
amethyst colour is produced by adding a very ' 
small quantity of Ta-^Oa to a solution of resorcin ' 
in H.SO^Aq. Ta is estimated as Ta.Oj; tho i 
process is sufllcieutly indicated under Pn'iKira- 
tion. 

Tantalum, acids of, and their Salts. Ta.Oj 
reacts with molten alkalis, and alkali carbonatt^s, 
to form salts which may be regarded as derived | 
from various hydrates of Ta^O.,. Two hyilrates j 
arc obtained, Tap^. 2 iLO and 2 Taa 05 . 31 L 0 , by ! 
decomposing TaCl^ by a little water, and by 
fusing TaXX, with KHSO^ and washing with | 
water (v. Tantalum, oxides and iivmiatkd : 
OXIDES OF, p. 040). The first of these i 

hydrates may bo called i^yrotantaUc acid 
lI^Ta.p„ corresponding with ll^PsO^; and tho 
second may be formulated IlgTa^O,,. The 
tantalatcs that have been examined do not seem 
tu bo derived from cither of these compounds, 
but from the hypothetical acids HTaOg, corre¬ 
sponding with HPO 3 and IlNOj, and 1I„'1X0,., 
(^3Ta._.Oj.4II.p). Tantalatcs are not produced ! 
by neutralising Tap...rrH.p, but by fiisiug Ta.Pj i 
with alkalis, or by double dccomiiosUioii from • 
alkali salts. | 

Tantalates. Tho tantalales belong to tho 
form xlXOj.T/SIO, where M =* {NH 4 ) 2 , Mg.Ug,, K.,, 
Ag.^, or Naj; of those that have been fairly 
fully examined, some correspond with tlie mela- 
phosphates and meta-niobates and 

others belong to tho more complex foiin 
M*hTo„0,„. Some of the alkali tantalatcs dis¬ 
solve sliglitly in water, the other tantalatcs arc 
insoluble. Fluotanialatcs and Jluoxytantalaies 
aro also known (u. vi/ra). Tho tantalatcs 
have been investigated chiefly by H. Rose (P, 
100, 417) and Marignac {Bl. [2] C, 111, IIB). 

Ammonium tanialatc. A pp. is obtained 
by adding Nil,Cl to solution of Na/ru„0,,,.a:U,,0, 
but the composition of the pp. is not known 
with certainty. 

Magnesium tantalate. By adding MgSO.,Aq 
to solution of NaAXO,„.xn 20 a crystalline pp. 
was obtained which, after diying at 100 '^, had 
the composition Mg 4 Ta,i 0 ,„. 9 II. 40 . A cryttallino 
Mg tantalate was obtained by Joly {0. R. 81, 
266,1266) by fusing Ta^O, with MgCij. 

Mercurous tantalate. A brown, amorphous 
compound, perhaps is formed 

by adding HgNO,Aq to solution in water 0 ! 
Na*TaBO,#.xHjO. 

Potassium tantalcUes. (1) K 8 Ta, 0 , 9 . 1 CH» 0 ; 
this salt is obtained by fusing TUjOj with KOH, 
dissolving in water, and crystallising. ( 2 ) 
KTaO, tihissalt,potasaii^m metaiantalate, 
is formed ^ heating the other tantalate, alone 
or with (KHJxCOc and then treating with water. 

tantalate. The yellpwish white pp. 


obtained by adding solution of a salt of Ag to 
solution of Na,Ti^O,».xH,0, and drying at 100% 
has the composition AgaTasOia.SHp. , 

Sodium tantadates. The meta-salt 
NaTaO, is obtained by fusing Tap, with 
NapO;„ and is’ashing with water. A salt of the 
composition Na„Tap„.xIIp 25 and 30)^ U 
prepared by fusing Tap,^ with NaOH, dissolving 
in water, and crystallising. 

Bluotantalatiis. {Tuntalijhioridcs.) These 
Svilts may bo regarded us compounds of TaF, 
with metallic lluoridcs, or as metallio deriva¬ 
tives of the hypothetical acid lI/TaF,; they 
are prepared by dissolving Tap^ in HFAq, 
adding metallic lluoridos, and ci-ystalUsiiig; 
some of them are formed by dissolving Tap, 
and a metallic oxide in 1L1‘'A(] (Marignac, A. OA. 

[4J 9.270; Berzelius, IM, 0). 

Avimonium jluotanUilate (NU,)TaF, is ob¬ 
tained by evaporating a solution of NII 4 F in 
solution of.TaFj in lIFAq, and evaporating; 
the salt is viystalliuo and easily solublo in 
water. 

Cop 2 ^cr JluotantaJatfi CuTaI% forms blue, 
d(di(]ucscent, rhombic prisms; it is prepared 
by dissolving CuO and Tap* in oxi^ess of HFAq, 
and evaporating. 

Potassium Jlnotanialatc K;jTal% forma white 
needles by dissolving Kill%in solution of Tap, 
in HFAq, evaporating, and crystallising from • 
hot water. Tho salt is very slightly soluble in 
cold water, but dissolves easily in hot water. 

On long boiling, Ka'TaFjAq gives a white pp., 
probably having the composition ^/rap^F,, 

(= 2Tal%.TaP,.4KF). By disaolving K/faF, in 
warm 4 p.o. U.O^Aq with a little XlFAq and 
allowing to cool. Piccini {Zeii. fUr anorj. CJtetme, 

2 , 21 ) olitiiiiicdcrystalsof tho Jluoxyiantalate 
K;raO,i%.Up (- Ta 0 ^ 3 . 2 KF.Hp). 

Sodium Jluotantalalc Na/i’aF,.HP; ob¬ 
tained, as white crystals, by dissolving Na„Ta,0„* 
in HFAq, evaporating, and drying at 100*^ the 
salt that sciiavales. 

i^inc fiuotantalaie ZnTaF,.7Hp; a deli¬ 
quescent salt, obtained by dissolving ZnO and 
Tap., in excess of HFAq and crystallising. 

Tantalum, alloys of. By heating EjTaF, with 
Al. and washing with HCiAq, Marignac (P. 100, 
145) obtained a grey powder, S.G. 7*02. By 
heating to whitucss, in a carbon crucible, a 
mixture of Tap* and iron filings, an alloy of 
Ta and Fe was obtained re.scmbling pig hron 
((Jahn, Berzelius a. Kggertz, S. 16, 437). 

Tantalusif, bromide of, ToBr*. A yellowish, 
crystalline compound, obtained by heating a 
mixture of dry Ta.p, and C in vapour of Br, and 
removing excese of Br by a loug-oontinued 
stream of dry CO,,; decomposed by water to 
HBrAq and TaPj.x^O (U. Bose, P, 90, 460; 

99, 75). The conditions of preparation are 
similar to those in making TaCi* {q. v.}. 

Tantalum, carbide of. By healing TaN (u. 
Tantalum nitf’de) with 0 to the meltmg-. 
point of steel, K is given off and the nitride iw 
partly converted into brass-yellow coloured 
TaC., (Joly, Bl. [2] 26, 206). 

Tantalum, carbonitride ef. Joly {Bl. [2] 26t 
206) obtained a substance, to which he gavet^ 
formula lOTaC.TaK, by very strongly helping g 
xnixtiire of Xap^ with C wd soda. 
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Ttatelm. eUorid* of, TaOl^. Mol. w. o. 859 
foot determined with great aconraoy, as at. w. oi 
Ta iadopbtful). V.D. 185 at (BenUe a. 
Troosti C. 22. 64, 294). Melta at 211 ^, and boils 
at 242° at 753 mm. pressure (D. a. T., 2.e.). 
Only one chloride of Ta has been isolated. 

Preparation.-^Ahoni 5 g. pure dry TajO* is 
mixed with a considerable excess of dry sugar 
or starch, and the mixture is completely charred 
by heating in a closed oruoible; the charred 
mass is broken into small pieces, which are 
heated to redness and placed, while red hot, in 
a rather wide tube of hard glass that is quickly 
heated to redness while a stream of thoroughly 
dried CO, is passed through it as long as any 
trace of moisture is given o£l from the contents 
of the tube; the tube is then allowed to cool, 
the current of dry GO, being maintained; when 
the tube is cold a stream of dry Cl is passed 
through it. and when every part of the appa> 
ratus is filled with Cl (but not until then! the 
contents of the tube are hcateA TaCl, xorms 
immediately behind the carbonaceohs matter, as 
a pale-yellow solid; when the reaction has entirely 
ceased and CO is no longer evolved, the TaCl, 
may be sublimed into another part of the tube, 
a plentiful stream of dry Cl being maintained 
during the process. If sublimation is attempted 
before the whole of the Ta^, has been chlorinated, 
a part of the TaCh is decomposed by the CO, 
with re-formation of Tap^. If there should be 
any air in the tube during the process a white 
sublimate is formed which is probably au oxy¬ 
chloride Rose, P. 90, 466; 99, 75). Should 
the TajiOj used contain any WO„, the sublimate 
obtained is reddish; by gently heating, the 
greater part of the red WOCI 4 may be removed, 
as it is more volatile than TaCla. 

Bemar^ay obtained TaCl^ by poising vapour 
of CCI 4 over Ta.Pt heated to redness (C. 22.104, 

PropertUs and 226acf«ms.—Pale-yoUow pris¬ 
matic needles, melting at 211 °, and boiling at 
242° under the pressure of 763 mm.; begins to 
vaporise at 144°; V.B. 185 at 360° (Beville a. 
Troost, C, 22. 64,294). Becomposos in ordinary 
air, giving of! HGl and becoming covered with a 
crust of crystalline TojO,. Becomposed entirely 
by water to HOlAq and Cone. 

HgS 04 causes evolution of HCl, and forms 
a somewhat turbid solution from which 
Ta 304 .a;H ,0 separates on boiling; by adding 
water to this solution, and boiling, the whole 
of the Ta is precipitated as TugO, Cone. 

HClAq reacts similarly to H^SO^, but only a por¬ 
tion of the T^gUcHaO is ppd. on adding water 
and boiling. TaCl, is partly dissolved by heat¬ 
ing with EOHAq. TaOI^ is soluble in absolute 
al^hol; EgSOtAq does not ppt. T!s 20 yxB.^O 
from this solution. 

No double compounds of TaClg with KOI or 
KaOl—sfoiilar to those of TaF^—nave been ob¬ 
tained. 

Tantalum, fluoride ot TSiOyxBi^O dissolves 
in HFAq; neither boiling, nor adding HaSO^Aq 
to the solution, ppts. TSaO^. The solution in 
B7A^ gives oS vapours on evaporation that pro¬ 
bably contain TaFg*, hy^ evaporating at a low 
t^perature, Bose obtained crystals that dis¬ 
solved easily in watM, mrd were partly vaporised 
when heated, leaving some Ta«0» (P. 90, 456; 


99,76). By evaporating in eaeuo a fotution of 
Ta 20 ,.a;H ,0 in HFAq, Marignao obtained a 
white amorphous mass—probably an oxyfiuoride 
—and then small crystals that were likely 
TaFj. 

ToF, combines with some metallic fluorides, 
torming flnotantalates (g.v., p. 639). 

« Tantalum, haloid compounds of. The only 
haloid compounds of Ta that have been isolated 
are TaOh and TaBr,. The former has been 
gasified, and the formula is molecular. TaP, 
also probably exists in solution of Ta 204 .a;Hj 0 in 
HFAq. There is no reaction between I and TojO^ 
mixed with 0 even at a very high temperature. 
TaCl* and TaBr, are readily decomposed by 
water, with formation of Ta,0j.xH{0 and HXAq. 
Bouble compounds of TaF, with some metallic 
fluorides are known; they belong to the form 
M^gTaF, (v. Fluotantalatks). Oxy^oid com¬ 
pounds probably exist, but none has been iso¬ 
lated with certainty. 

Tantalum^ nitrides of. TaCl, absorbs NH, 
at the ordinary temperature; by heating the 
product in NH„ Joly {Bl. [2] 25, 206) obtained 
an amorphous, yellow solid, to which he gave 
the formula Ta;,Njj. By heating this yellow solid 
to redness in very dry NII3, a black solid was ob¬ 
tained which, after washing with water and 
dr^ng, had the composition TuN. This black 
solid conducts electricity; 'heated in air it burns 
to TOgO^; NH, is given oS by the action of 
molten KOH; it is insoluble in acids, except in 
a mixture of HFAq and HNO^Aq (Joly, lx ,; c/. 
H. Bose. P. 100, 166). 

Tantalum, nitrocarbide of; v, Tamtaluh 
CABUONITBIDB, p. 639. 

Tantalum, oxides and hydrated oxides of. 
The oxide Ta^Og has been isolated, and also a 
hydrate of this oxide Ta, 0 s. 2 H 20 , and probably 
also another hydrate 2 Ta^ 0 g. 3 H 20 . The exist¬ 
ence of another oxide, TaO,, is doubtful. 

Tamtaluu fbntoxidb Ta^Og. {Tantalic an¬ 
hydride. Tantalic oxide.) The preparation of 
this compound from tantalite is described at the 
the beginning of this article under Pr^ration 
of tantalum (p.638). TagOgis also obtained by de¬ 
composing TaCl, by water, or by adding HjSOgAq 
to solution of a tantalate and boiling, and 
then heating the Ts.iO!^.xKf> thus ppd. Ta,0, 
is a white powder; it has not been fused; by 
heating with boric acid or microcosmio salt in a 
porcelain oven it is obtained in rhombic prisms 
(Ebolmen, A. Oh. [3] 33, 34; Norden^Jold a. 
Chydenius, J. I860.145). S.G. o. 7*6 (Marignao, 
Ar. Sc. 1868; Beville, 0. 22. 56, 894). Ta.Og is 
insoluble in acids except HFAq; after being 
very strongly heated, it is insoluble In HFAq. 
Ta^Og dissolves in molten alkalis, also in molten 
KHSOg (v. Tamtalatbb, p. 639). 

Hvdratbs of tahtaluu PBMTOxmB. By de¬ 
composing TaClg by water, is ob¬ 

tained, which, after very thorough washing with 
water, then with NH»Aq to remove adhering 
HCl, and finally with water, and drying at 100°, 
gives off from 6 to 7*8 p.o. water when heated to 
redness. The formula 2 Ta 20 g. 3 H ,0 requires 6*7 
p.o. H 3 O, and the formula Ta 20 g.H |0 requires 
7*6 p. 0 . ^O. It is doubtful whether one or more 
than one definite hydrate exists in this pp. 
When SO, is passed into a solution of NasTt>.0|» 
ft pp. ot Ta|0|.iEH|0 Is obtfldned, whichi waso 
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thorooghly washed and dried at 100 °, is said 
« Ta,0..2a,0 = H.Ta,0. Kos^ P. 

100, 417). Strong acids, such as Hv! 3 U 4 , UnUj, 
md HCl. ppt. Ta,Oj.*H..O apparently in combi- 
lation with the acid used as precipitant from 
lolationa of alkali tantalates; weak acid 8 ppt.m- 
loluble alkali tantalates. ^ ^ , 

TaktALUM DIOXIDE TaOy {Tantalum tetroxide 
[Ta-O,].) The isolation of this oxide is doubtful. 
Berzelius obtained a brown powder by heating 
ra, 0 . to redness in a carbon crucible; it was not 
dissolved by any acids, not even by a mixture of 
HNO,Aq and HPAq ! when strongly heated ill 
air it gave Ta.O, (P. 4, 20). 

Tantalnm, oxyfluorido of. Tlie white 
der formed by decomposing K.TaF, by boiling 
water may bo an oxyrtuoride, according to 
Marignac {^1. Gh. [-1] 9, 270). . w i 

Tantalum, salts of. No salt has been isolated 
by replacing the H of acids, except HCl and lib, 
by Ta. When alkali tantalates are decomposed 
by strong acids such as IICl, IINOj, or ILSO 4 , 
the ppd. T&./>^.xn.O retains some cf^ tbo acid 
used as precipitant; compounds of Ta^^O^ with 
these acids are perhaps formed. 

Tantalum, sulphide of. By strongly heating 
TaPj in CS. vapour, also by heating to redness 
•a mixture of vapour of TaCl^and ILS, a yollowisU 
black solid is obtained, which has tho composi¬ 
tion TaS.accordingtoBirzcUus (P. 4, G; u. also IT. 
Rose, P. 99, 575). Roasted in air, this solid 

Ta^O,; heated in Cl it produces TaClj and SXl ; • 

cone. HNOgAq oxidises it to .f"'! j 

il.SO.Aq. TaSa does not combine with alkali 1 
sulphides (U., Lc.) ; fused with KOH, it forms ‘ 
K.,S and iiotas-sium tantalates. M. M. P. M. | 
TARCHONYL ALCOHOL C,.,U,.,,0 {?). Ob- ! 
tainod from the loaves of Tarchonanlhiis cam- i, 
phoralus by extracting with alcohol (Canzonort ^ 
a. Spica, O. 12, 227). Silvery scales, insol. 
water and ether. Converted by PClq into a 
chloride [70®] crystallising in smr.U plates (from 
alcohol). 

TARCONINE v, vol. iii. p. 400. 

TARNINE V. vol. iii. p. 407. 

TARTARIC ACID C 4 II..O,, i.c. 
CO,lI.CH(On).CH(OH).CO.^. DexlrcUarlartc 
acid. Di'OXij'Siiccinio acid. [1G5 ^]. S.G. i*7()4 
(Schiff, A. 113. 189); 1-74 (Buignet, J. IHGI, 15); 

11-7G04 (Perkin). S. 115 at 0®; 132 at 15®; 313 
at 100® (Ijcidie, Fr. 22, 200; 0. H. 95. 87 ; cf. 
Schiff, J. 1850, 41; Maisch, J. 18G5, 302). 
8 . (alcohol) 25 G at 15®. S. (ether) *4 at la 
(Bourgoin, Pf. [2j 20,214; A. Ch. [5.) 13, 400). 
ra]„»16‘0C-’131p in a p per cent, solution 
(Landolt, B. 6 , 1075; Lippmann, B. 21, 3300). 
H.F. 372,000 (Von Rechenberg). Heat of solv^ 
tion: -3454 at 9® (Pickering, O. J. 51, 370). 

Occurs free or as K or Ca salt in grapc-juice, 
tamarinds, unripe mountain-ash berries, madder- 
root, potatoes, Jerusalem artichokes, sorrel, gher¬ 
kins, mulberries, pine-apples, black pepper, the 
leaves of Chelidonium majuSt the bulbs of Scilla 
ntaritima, in beet-juice, and in many other 

1. Mosfiy together with raoemio 
acid, by oxidation of saccharic acid, dextrose, 
cane-sugar, milk-sugar, starch, gum atabio, and 

iorbin by nitric acid (Dessaignes, A* 

242: Hornemann, J, 1863, 381; Eiliam, A. 206, 
175).—2. By the action of wdittm-amalgam on 
VOT,. IV. 


an alooholia «>loUon of oialio ethor (Doba*, 

A. 166, 124; C. J. 24. 376). The product U 

probably inactive tartaric acid. .. , . . 

Preparnfion.—Powdered chalk la added to a 
boiling solution of cream of tartar; the filtrate 
is ppd. by calcium chlorido, and both ppa. decom¬ 
posed by the proper quantity of boiling dilute 
H.,SO.. Tho filtrate from CaSO, is evaporated 
to crystallisation. It may bo purified by satura¬ 
ting with CaCO„ digesUng with ZnCl,, and 
dcconiposiiig tlio zinc salt by Il.^S (b icinus, At*. 

Ph. (3J 11, SIO). , . 

Prniwr/iV.r.—Jroiioolinlo prisms, with liemt- 
liodrai facets; a:t):c = ■SOo ; 3--79® 43, 

Dextrorotatory, tlio rotation being dependent on 
tlio concentration of tlio solution, and being also 
greatly affected by the presence of alcohols, acids, 
and other substances in the solution (fiandolt, 

B. 13, 2339 ; Biot, J. IS.aO, 169 ; Pribram, M. 9, 

48.7; B. 22, 0; Long, S. 86, 3.51; T’homsen, 

J pr. [21 35, 145). Sodium molybdate in the 
proportion of NaMoO, to 20,11,0,, increases the 
rotation 37 ti..iC3, wliilo aiiimonium molybdate 
[1 mol.) increases the rotation of tartavic ^id 
(3 mols.) 56 times (Oernoz, O. B. 101, 783 : 105, 
603). Lithium and magnesium mqlybilaw also 
increase the rotation. Sodium tungstafo also in- 
creases the rotation, tho maxiiiimii effect being 
22 times ((iernez, 0. 11. 106, 1527; 108, 943). 
Crystals ot tartaric acid are strongly pyro electric. 

An aqueous solution of tartaric acid is ppd. by 
baryta, lime, ami load acetate. Polassium salts, 
when the solution is not too dilute, form a orys- 
tallino pp. of KO,lI,0,: tho formatioa.of the 
pp. being promoted by rubbing tlio sides or tire 
vi'Hsol with a glass rod and by the addition of 
aleoliol. CaCt, ppts. CaA'.^ from neutral solutions 
of tartrates; the ppn. is liiiulered liy amraoniuin 
salts. Calcium tartrate dissolves in KOHAq and 
is ro-ppd. in gelatinous form on boiling. Keduces 
ammoiiiacal AgNO., forming a mirror; tho sola- , 
tion then contains oxalic acid (Clans, /i. 8,960), 
Tartaric acid prevents tho ppn. by alkalis of the 
oxides ot Al, Bi, Ni, Co, Cr, Cu, Fc, Pb, Pt, and 
Zn, even on boiling (Auboi a. llumdohr, A. 103, 

33 • Grotho, J. pr. 92, 175). 1 mol. acid pre¬ 
vents the ppn. of 1 mol. Cu(Oil).,. A solution of 
tartaric acid, coloured by a drop of K,OrO„ 
Ki'iidnally becomes colourless (difference from 
citric acid) (Salzcr, B. 21, 1910). A saturated 
solution ot polassium bicli romato is slowly turned 
(■oftic-brown by tartaric (but not by citric) Mid 
(Caillotct, C. C. 1879, 14). Boiling alkaline 
KMnO, is turned green, and finally brown, by 
turlario acid, nut only green by citrioacid. De- 
colouriscs KilnO, in acid solution. Wlien H^SO. 

is present, twice as much KMnO, must be added 
to produce a permLnent red colour as when it is 
absent, for in tho latter case MnC 4 ll 404 iB formed 
(Fleischer, B. 6, 360). Tartaric,acid gives an 
odour of burnt sugar when heated till carbonised. 

A crystal added to cone. II^SO* containing lp.o. 
resorcin gives a red colour on warming (diflOT- 
enco from citric c id malcio acids) (Mohlet, Bl. 
[3j 4, 728). 

To detect small quantities of tartano noid to 
presence of cHrio acid. Add about 1 g- citric 
acid to a 20 p.o. solution of molybdate of am¬ 
monia (1 0.O.), then two or three drops of a dilute 
solution ol 11,Op and beat lor three mtoutes on 
the watei-bath. If the cUrlo acid is pore the 
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lolatioa remaina yellow. If 0*1 p.o. or more of 
tartaric add is present, the liquid become blue 
(Ciismer, Bl, [8] 6, 23). 

Bedctions. —1. Melts at 186^, changing to 
the isomeric metatartaric ad4> The metatar* 
tario acid may be reconverted into tartaric acid 
by boiling with water (Grosjean, C. J, 43,334).— 
2. At 140^-150'’ water is eliminated and ditar. 
trylic acid CsH,oO,| is formed. On further 
heating soluble tartaric anhydride (tartrelio 
acid), and then insoluble tartaric anhydride, are 
formed. On further heating the products of 
distillation (from 250 g.) are pyruvic acid (9 g.). 
pyrotartaric acid (2 g.J, formic acid (*4 g.), resins, 
aldehydes and volatile acids (2 g.), and tarry 
bodies (3 g.) (P. Liebermann, B. 15, 428). 

' Dipvrotartracetone * OHHigO, (230°), a colour¬ 
less liquid, with aromatic odour, is among the 
products of the distillation of tartaric acid. It 
combines with bromine (Bourgoin, C. B. 86, 
674).“ 8. By heating tartaric acid (10 pts.) with 
water (1 pt.) at 175° it is convertfd into racemic 
acid and inactive tartaric acid. '^At 165° there 
is a greater yield of the inactive acid (Jung- 
ileisch, J. 1872, 515). Heated with more water 
at 160° it-yields COj and pyrotartaric acid 
(VVedard, V. C. 1888, 889).—4. Botash-fmion 
yields acetic and oxalic acids.—6. Oxidation by 
CrOj, KMn 04 , PbOj or MnOa, and H^SO, yields 
CO, and formio acid. The rate of oxidation has 
been studied by Krutwig {Z. P. C. 2, 787). By 
slow oxidation by HNO, tartronio acid may be 
obtained.—6. Beduced by HI and P to malic 
and suc^mio acids. -7. PCI j forms ohloro-f umario 
dhloride.—8. PeSO^ at 100° yields iso-arabio 
acid OeHjpOj, a thick dextrorotatory syrup, 
[a)i> = 20°, yielding the salts Ca A'„0aq, Caj,0 A' .Soq, 
PbA'„aadPb,A',02(Ballo, P.22,760).— Chloral 
forma CgH^CluOa [124°j,cryBtaUi8ingfromchloro- 
form in small needles, insol. water, sol. warm 
, alcohol and ether (Wallach, A. 193,46).—10. On 
submitting tartaric acid to electrolysis and treat¬ 
ing the syrupy mass with phenyl-hydrazine, 
glyoxol-osazone [160°] and glyoxal-carboxylio 
osazoDC [218°] are obtained (Priedel a. Combes, 
J5l. [8] 8, 770).—11. On adding powdered tar- ‘ 
tario acid to fused glucose tartaric glucoside is 
obtained (Quyard, Bl. [2] 41, 291; c/. Bertholot, 
A. Ch» [3] 64, 78).—12. ^n^Amido-benzoic add&i 
160° forms * tartrylo-dibenzamio * acid CisHisN^Og 
i.e. (C 0 ,H. 0 ,H 4 .NH.C 0 ),C 4 H 2 ( 0 H)„ a colourless 
powder, insol. water, sol. not alcohoL Its 
alkaline salts fonn yellow solutions in which 
Cu(OAo), ppta. 0|8H,4(Cu0H),N2Qg. On heating 
to 190° it •yields the anhydride Ci^HjiNjO,, a 
greenish-yellow powder, converted by an alco- 
bolio solution of aniline into tartranil dibeuzamio 

aoia 

[200°] (Bchift,..!. 232,166; G. 16,28). Another 
product of the action ol tartario acid on m* 
amido-benzoic acid is ' tartryl-benzamic ’ acid 

C0.H.0H(0H).0H(0H).C0.NHC.H,.C0.H, 
whidl crystallises Irom water in pale-yellow 
agnegates, yields an acetyl derivative and an 
i^ydride ‘tartranbenzomio’ acid 0,,H,,NO., 
crystallising from water in green plates, forming 
0,,H3allO, and 0„H,CallO„ and converted at 
210° in ‘ benzamtartridio' acid by dehydration. 
A warm alcoholic solution of aniline converts 
• tartranbenzamio' acid into ‘tartranilbenzamio’ 


acid [24S°], which yields an acetyl derlvaUv* 
[198°]. ' Tartryl-benzamic ’ acid heated with dry 
amido-benzamide at 140° forms the oomponnd 
CA(OH),(CO.NH.O,H..CONH.)„ a white 
powder, insol. water, si. sol. alcohol, and yield¬ 
ing 0„H„CuN,0, aq.—18. Glycerin at 100° 
yields the compounds 0jHj(0H)2.0.0,H,0, and 
C2H2(OH)(00 ,H.Os) 2 (Desplats, J. 1869, 600). 
Glycerin at 140° gives0,,HuO|2 and 0,jH„0,,.— 

14. Erythrile at 100° forms 0,2H„0,„which gives 
Ca2(C,jH„0„)2 3aq (Berthelot, A. Ch. [3)64,84). 

15. QuercUe at 120° forms OjjHjjO,, which gives 
CajOjjHjjO, 2aq. —16. Finite at 120° fonps 
CjjHmO,J, which gives CajCjjH„Oj 5 .—17. Manmte 
at 120° forms C,oHmOj„ which yields 
Mg,0,(C3„Hj,0,j) 30aq and CajCjoHjjOjj Caq.— 
18. Dulcitc forms 0 „Hjj 0 , 5 , which gives 
Oa(C„H„0|Jj 4aq. — 19. Phenyl hydratine 
(2 mols.) at 140° forms 0|,H„N,0, ».e. 
C2H,02(C0.NjH2Ph)2[226'>] (Billow, A. 236,196); 
[c. 240°) (Fischer a. Fassmore, B. 22, 2734), 
crystallising from alcohol in plates. 

Estimation. —Methods for estimating tartaric 
acid have been described by Soheurer-Kestner, 
G. B. 86, 1024; Berthelot, Fr. 3, 216; Vogel a. 
Braun, iv. 7,149; Kissel, Fr. 8, 409; Fleischer, 
Fr. 12, 328; Olivori, G. 14, 453; Piccard, Fr. 

21, 424; C. Schmitt a. Iliope, Fr. 21, 639; 
Amthor, Fr. 21,195 ; Kessler a. Barth, Fr. 21, 
00; 22, 159; Kayaer, "Fr. 22, 123; 23, 29; 
Musset, Fr. 24, 279; Ferrari, Fr. 24, 279; 
Warington, C. J. 28, 25; Grosjean, C. J. 35, 
341; Klein, Fr. 24, 379; Bomlrager, Fr. 25, 

I 327; 26,099; Gantter, Fr. 26, 714; Von Lorenz, 
Fr. 27, 8 ; Philips, Fr. 29, 677; Goldenberg, Fr. 

22, 2TO; Hoidenhain, Fr. 27, 681; Weigert, Fr. 

23, 357; Haas, 0. 0. 1888, 1045; Ward, Ph. 
[3) 19, .380. 

Salts (Berzelius, P. 19, 305; 36,4; A.Ch. 

[2) 67, 303; Werther, J. pr. 32, 383 ; Damas a. 
Piria, A. Ch. (3) 6,353; De la Provostayo, A. Ch. 

[3] 3,129).—(NH,)^". [a]„= 33-7° in a 1-2 p.o. 

solution (Sonnenthal, M. 12,603). KlBorescont 
monoclinio prisms, v. sol. water ; a:5:c = 
•868:l:l'244o-«88°9'. Give oilNH, in air. Vield 
snecinio acid onfermentation (Koenig, G. 11,180). 
—(KH,)HA". [a)„ = 25-7° (Landolt). Minute 
lamina],sl.sol.cold water. Forms with ammonium 
malate (NHJHA''(NH,)0,HiO„ orystallising in 
prisms, 8. 9 (Pasteur, J. 1863,416).—KjA"|nq. 
[a]D “ 26-5° in a 2 p.o. solution. S. 133 at 2°; 
158 at 23° (Osann). Y. si. sol. hot aloohol. 
Monoclinio crystals ; o:5:c => •402:1:1-109 ; 

o = 75°12'.-KHA". Cream of tartar. [o)„=22° 
in a *4 p.o. solution. 100 g. solution contain 
•369 + •0005691* grammes at t° (Blarez, O. B. 
112,434,808). S. -26 at 0°; -4 at 10°; -65 at 20°; 
1^13 at 40° (Chancel, C. B. 60, 408; e/.AIluard, 
C. B. 59, 600). Obtained by crystallisation of 
argol, which is deposited during vinous fermen¬ 
tation. Trimetrio crystals; o:5:o = •712:1:-787. 
Insol. aloohol.—Na.,A'' 2aq. [a]t, — 81° in a 1 p-o. 
solntion (Sonnenthal; cf. Thomsen, J. pr. [2] 
84. 80; 86, 146). S. 29 at 6°; 44 at 24°; 66 
at 42^6° (Osann). TrimetriO' pisms; o:5:a 
>>•770:1: •837. V. sol. water, Insol. aloohol. 

—NaHA". [a)D - 24-3° in a 1^8 p.o. solution (S.).’ 
—NaHA"aiq (Dumas a. Piria, A. 44, 80). S. 11 
in the cold; 66 at 100°. Minute crystals, with 
hemibedral facets. Insoh alcohol.— 
[a]„-87-6'' ill ft •? p. 0 . soiotion (S.). DeliqiiMv 
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lUq. Small crystals, t. sol. water 
(DuUc, 8ohw. /. 64, 180, 193; A. 2, 47).— 
IiiHA''aq.—LLB^'^iTeO 2aq. Keedles (Sleia, 

A. CA [6] 10, 118; 0. B. 102, 47). — 

Hydroxylamine salt (NH^O)^". Very thin 
plates {Lossen, A. SuppUQt 233).—KH^NaA'daq. 
Trimetrio crystals, wi^ hemibedral facets, iso* 
morphouswith KNaA"4aq; a:6:c» *823:1: *420. 
[o3,-26«. [a]»-32'7® (Landolt). B. 26 at 0® 
(Pasteur, /. 1849, 309). — LiNaA" 2aq. — 

Na,A'Te02aq. — K^"TeOaq. — (NH,)KA". 
Monocliiyo crystals, isomorphous with K^A.". 
0?ve off NO, in air. V. sol. water. [a]D»31'’ 
(L.).—KLiA"aq.—KNaA"4aq. Bochelle Balt. 

B. 30 at 3*^, 66 at 26° (Osann). Heat of solution 

— 6290 at 16°. The neat of solution of KNaA" 
is —2989 {Pickering, C. J. 61, 361). Large 
trimetrio prisms, with hemibedral facets. Melts 
at 70°>80° in its water of crystallisation, and 
becomes anhydrous at 216° (Fresenius, A. 63, 
234). [tt]D = 29'7° (L.). Molecular rotation: 
Long, Am. S. 86 , 351.—KyA",TcO (dried at 
100°).—HhHA''. Trimetrio prisms, isomorphous 
with the oicsium salt; a:6:c=>*726:1:*(>96 (J. F. 
Cooke, Am. S. [2] 37, 70). S. 1*18 at 25°; 11*7 
at 100° (Allen, Am. S. [2J 34,367).—NaUbA" 4aq. 
Isomorphous with liochello salt (Piccard, J. 186*i, 
125).—Cs^". Trimetric prisms. S. 10 at 25° ; 
100 at 100°.—Tl^"iaq. [a]«4*8° in a 5 p.o. 
solution at 20 °. Bl.~ sol. water and alcohol.— 
TIHA". [a] = 12° in a 1 p.o. solution at 20°. 
Small flat prisms (De la Provostaye, A. Ch. [3j 
8,129; Kuhlmann, J. 1862,188).—TlNaA"4aq. i 
At 29° Ca]»0° in a C p.o. solution and 6 5° in 
a 20 p.c. solution.—TlLiA"aq. [a] = 9*6° in a 
6 p.c. solution at 20°.—TllCA". [a] *. 10° in a 
5 p.c. solution at 20°.—T 1 (NH 4 )A". [a]-10" 

in a 5 p.o. solution at 20°.—BaA". White 

amorphous pp., occoming crystalline. 8 .( 1 . ~ 
2-973 (Olarke, Am. 2, 174).--BaA"aq (Dulk). 
B. (amorphous) 1-2; (crystalline) -077 (Vogel a. 
Ileiscbauer, J. 1859, 288). KBaA",2aq. Pow* 
der, si. sol. water.—Na.^aA "2 2aq. Needles, si. 
sol. water, more soluble in a solution of Bochello 
salt. Ppd. on mixing a solution of Boehollo 
salt with BaCl^H—BaA' XeO (dried at 100°).— 
BrA" 4aq. Monoclinio prisms. B. *7 at 16°. S.G. 
i^®l-966 (Clarke).—SrA"3aq (Marignac, M. 

[ 6 ] 16. 280).—(NH,) 2 SrA", I2aq. Thin plates.— 
K,STA'^2aq.—Na^rA"a:aq.—CaHjA'^ 8 . *71 at 
15-6°. Trimetrio crystals.—CaA" 4aq. Occurs 
in grapes. Ppd. as white crystalline powder on 
adding CaCl^ to a solution of Bmall tri¬ 

metrio prisms. a:bic - *872:1: *908 (Anschiltz, A. 
226,191). S. *016 at 16°: *8 at 100° (Mohr, J. 
1866, 393). Forma, with calcium m^ate, the 
double salt GaA''Ga 04 H, 0 t 6 aq, crystaUising in 
needles, S. 1*25 at 17° (Ordonnean, Bl. [ 8 ] 6 , 
262).—MgA"4aq. S. *8 at 16°. [al»«36°— | 

Mg^G.HjO. Saq. 8 . *024. Ppd. by adding NH, 
to a solution of MgA" (Mayer, A. 101,166).— 
MgNa^", lOaq.—MgK^" 8aq.-MgH^'V S. 2 
at 16°.-BeA"3aq (Atterberg, Bl. [2] 21,162}.— 
B 6 K^ 4 H,Og 8 aq. Priamt (ToezynsM, Z. 1871, 
277).—K(SbO)A''jtaq. Tartar emetic. Prepared 
by wniing Sb^Oa (Spts.) with cream •of tartar ! 
(I pts.) and water. Ootabedra; aib:e 
M*956:ltl'064. [a] • 141° in a 4 p.o. solution at 
20°. B.G. 2*6. Efflorescent. At 200° it be- 
99 mM E(SbO} 0 «H,O 4 . S. 6 at 8 °; B at 21°; 62 




at 100°. *05 to *lg. produce Tomiting. Its sola- 
tion reddens Ftmus, and gives a crystalline pp. 
of K(SbO)A" with ^(mbol. Its Bolation*is ppd. 
by mineral acids^ by alkalis, and by HgOl, 
is reduced by it to calomel. Heat of formation: 
Guntz, C. B. 104, 699« Volumetric 'estimation 
pf Sb in tartar emetic (Dunstan a. Boole, PA [8] 
19,. 385). - K(SbO)A"H^"2iaq. Efflorescent 
prisms. Alcohol added to its atiueoua solution 
ppts. tartar-emetic, leaving tartario acid in solu¬ 
tion (Knapp, A. 32, 70).~K(SbO)A"3KHA". 
Mammellated groups of needles, v. sol. water.— 
(K(SbO)A")-NaNO^ (Marlenson, J. 1869, 639).— 
Na(SbO)A" 4aq. Trimetrio, hygroscopic prisms; 
a:6:c = •922:1:108. — (Na,A"),2Sb(OU),3aq. 

Amorphous, v. sol. water (Clarke a. Evans, B. 16, 

2385). — NH,(SbO)A" Aaq..NU,(8bO)A"2Aaq 

(Berlin, A. 64, 359).—Ilb(SbO)A" ,^aq, Isomor¬ 
phous with tartar-emetic (Grandcau, A. Ch, [3] 
67, 155).—Tl{SbO)C,H40„aq. [o3=,100° in a 
2 p.o. solution At.,20° (Long, Am. S. [3} 38,264). 
—Ag(SbO)A".4^1. Crystals (J. P. Cooko, Am. 8. 
[3]iy,303).-Ba(SbOA'),2Uq.-C(l(SbOA")2aq. 
Converted at 200° into Ca(SbOC,IJ,OJi (Schill, 

A. 104, 328). — (Ca(SbOA").4),Cj^(NOja24aq. 

Crystallises from a solution of tartar-emetic 
mixed with calcium nitrate in triinotric forma 
(Marignac. Ann. M. [6] 16, 280).-Sr(SbOA'% 
Hexagonal crystals. — Sr2(SbOA")2(NO,), 12aq. 
Very soluble crystals (Kessler, P. 75, 410).— 
Pb(SbOA"),4aq. — Bo,Bb,{0,lI,0.)r — 

Sb(HA"h4aq. Needles, v. sol. water (0. a. E.). 
—SbjA ,6aq.—(SbO)HA"aq (Clarke onaStallo, 

B. 13, 1788).—(SbO)HA" (Guntz, C. B. 104, 
850).-OjH^O.BbjjOaaq. White granular pp., 
formed by adding alcohol to a solution nf Sh^O, 
in aqueous tartaric acid (Berzelius). Converted 
by heat into SbOCiHPj.—{C4Ua0j,)4Sb.40,6aq 
(vaigot, A. Ch. [31 20, 289).- (04ll4O4»),SbaO, 
(dried) (P.). — (C4H40,)aSb,0jia0. Crystals 
(Guntz, A. Ch. [Cj 13, 396).—Berberine salt 

C. 4 „H„N 04 (Sb 0 )A" (StenhousG, J. 1863, 452).— 
Brucine salt CaH„NaO(SbO)A". - Quinine 
salt 024 H 44 N. 40 a(SbO)A' (Clarke,P. 15,1640).— 
Atropine salt C„H^N 04 (Sb 0 )A'' 2 ^.—Ani¬ 
line salt C 4 H,N( 8 bO}A'^ Long white prisms. 
S.G. 1*89 at ll°-NH 4 (AaO)A^iBq. Large 
efflorescent trimetrio crystms; a:b:c *876:1: *694. 
Got by dissolving Ab^O, in NH 4 IXA" (Mitscher* 
lich; Werther, J.pr. 32, 409).—K(A80a)A" 2Joq. 
Got by dissolving anionic acid in a solution of 
cream of tartar (Pelouze, A. Ch. [ 8 ] 6 , 68 ).— 
(Sr(As 0 A")J. 4 NH 4 N 08 l 2 aq. Large trimetrio 
crystals (MariSnaoh— 6 i^A"iCaq. Small crys¬ 
tals, decomposed oy water (Schneider, P. 88 , 
65). -K(BiO) 04 HjO, (Schwarzenberg, A. 61,244). 
-Bi,K(BiO){C 4 H*C 4 ), (Frisch, J. 1866. 401).- 
E(B<))A' (dried at 100°). Potaeeium borotaf' 
trate. Amorphous mass, t. sol. water, insol. 
alcohol. At 100° it becomes 'E(BO) 04 H^|. 
Purgative, [a]» 68 ° in a 20 p.o. solution at 20°. 
- K8(B0)04H,0,. - B:,(B0 )s 04H,04.- Na(BO) a*'. 
—Na 4 (B 6 ) 04 H; 0 . —Na,(BOL 04 H^, (Dove, /, 
1869, 640). — K,(BO)ASANft(BO)A'. — 
Ba(B0)04H,0,.—Ba(BO),04Hj,Or—PbA^ B.G. 
’p- 4*012 (Clarke, Am.2,174). White orystalUsa 

pp., V. soL HN0,.—Fb204HsO.aq (Erdmann, A. 
21, 14). InsoL water, t. sol. KOHAq. —• 

Pb,(OAO^r - 9aq (?)-— 

CuA"3ftq* B.‘06in the cold; *8 at 105°. Li^l- 
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green powder.'- OaA.''4KHa (Sohiif, A. 128» 46). 
~(H(NHJA'),(Hg0},3H,0 (Herff, BrancUs* 
Arch. 250 ; Burckhardt, 11, 257).— 

(KHA'%Hg01,6aq.-K,NiA.”, (dried at llO-^*). 
EiSorescent, apple-green crystalline powder 
(Pabian, A. 103, 248).—OoOi{HA")j^NH,2iaq 
(Jdrgensen, J. pr. [2] "18, 239).— ZnA"2aq 
(Schiff, A. 126. 146).—ZnaO^HAlaq- Powder; 
insol. water.—Cr(OH)A". Violet flakes, turning 
dark-blue over (Scbifl, A. 125,145). At 

220® it yields CrC^HaOe.—K(CrO)V'3iaq (Mala- 
guti, C. i?. 16, 467).—(UrOJA"3aq (P61igot, A. 
66, 23^. — K.,(UrOjJA'', (dried at 200®).— 
(SbOb(urOJA"j 8aq.—SnA". Minute crystals. 
—K(PeO)A"4 or 5aq. Prepared by digesting 
cream of tartar with water and Fc(OH) 3 . Brown 
scales, red by transmitted light. Acids ppt. from 
its solutions a basic salt, sol. excess. — 
NH*(PeO}A"4 (or 6) aq. — Fo,A'V — PeA". 
Formed by boiling tartaric acid with water and 
iron wire (M^hu, N. J. P, 40, 257). Minute 
crystalline powder. S. *877 dl' ’3,5 6® (Bulk, A. 
2, 62).-K(MnO)A"4aq (Bcscamps, 2. 187Cr, 
817).—Ag,A'\ Amorphous curdy pp. got by 
adding AgNOj to a cold solution of Ilochello salt. 
Crystallise#• from a warm solution in white 
scales. Nearly insol. water. Its ammoniacal 
solution deposits Ag on warming (Liebig a. lied- 
tenbachcr, A. 88,182 ; Erdmann, J.pr. 25, 504). 
—AgHA" (Perkin, C. J. 51, 360). Monoclinio 
tables. 

Ethylene’diamim salt 
O^H^OBjNaHjC-^H,). Dextrorotatory. Leaflets, 
Y. sol. water. The acid salt is si. sol. water, S. 
8 at 15®, and the solution is dextrorotatory 
(Colson, Bf. [8] 7, 808). 

Mono-methyl ether MeHA". Formed by 
boiling tartaric acid with McOII (Gu6rin, A. 22, 
248). Prisms.—KMeA".—BaMe.^A"aaq (Dumas 
a. P61igot, A. Ch. [2] 61, 200; [3J 5, 373). 

Di-methyl ether MojA". [48®]. (280® 
i.V.). S.G. (liquid) 1-340. [alD = 2*454 at 18® 
(Ansohutz a. Pictot, D. 13, 1176; 18, 1399); 
*»2*14 (Phillips a. Guye, C. 11. 110,714). Yields 
an acetyl derivative [103®] [a]o=» —14® and adi- 
benzoyl derivative [ajo* —88*8°. 

Mono-ethyl ether EtJBLA". [90®]. 
Formed by dissolving tartaric acid in boiling 
alcohol (G.: Marian, N. J. T. 13,2,43; Tromms- 
dorfl, N. J. T. 24, 1, 11; Gu6rin, A. Ch. (2J 
62, 57). Very deliquescent prisms.—NaEtA". 
Powder, si. sol. alcohol (Mulder, B. 8, 370).— 
EEtA". S. 106® at 23*6®. Cplourless trimetrio 
prisms ; a:6:c »*288:1: •417.—Ctf’v‘EtA'')2 5aq.— 
Ba(EtA'%2aq. S. 38 at 23®; 128 at 100®.— 
Pb(EtA'%—Cu{EtA ")3 6aq. Blue silky effloreS' 
cent neemes*—AgHA". Prisms. 

Di-ethyl ether (280® i.V.); (233® 
oor. at 197 mm.). S.G. if 1*2097; U 1*2019. 
[a]sa9 at 18®'(An6chutza. Pictet, B.13,1176); 
7-22 at 12®; 8*02 at 20® (Perkin, 0. J. 61, 
868). M.M. 8*766 at 14*8®. Liquid miscible 
with water (Demondesir, A. 80, 301). Sodium 
forms 00»Et.CH(0Na),CH(0H).C0^t and 
OO^t.OH(ONa).OH(ONa).COsEt, the latter 
bdng oonyerted by EtCl into a deposit and a 
liquid, part of which is soluble in alcohol and 
ettier and part insoluble in alcohol and ether 
(Mulder, R. T- O.8. 875; 9, 238; 10, 171; of. 
Oohn, B. 20, 200^. The soluble product mix^ 
with atoohoUo CuCL^ and poured into water forms 


a pp. crystallising in light-green needles, sol. 
alconol and ether, insol. water and CaO,e^ 40 ,i. 
Tartaric ether is converted by treatment with 
gaseous HCyO into allopbanyi-taitario ether 
NH,.CO.NH.OO.O(C4HaEtA) [ISB*"]. which is 
m. sol. hot water and alcohol. 

Acetyl derivative of the ether 
CO^t.CH(OAc).CH(OH).C02Et. Formed from 
the ether and AcCl, the mixture becoming hot 
(Perkin, 0. J. 20,145). Heavy oil, si. sol. water, 
insol. saline solutions. Neutral to litmus. 

Di-acetyl derivative of the ether 
CO,Et.CH(OAc).CH(OAc).CO,Et. [67®]. (298®) 
(Pictet, B. 14,2790); (230® at 100 mm.). Formed 
by heating tartaric ether with AcCl at 100®(Perkin; 
Wislicenus, A. 129, 187). Prisms (from water), 
V. si. sol. water. Slowly saponifled by KOHAq. 

Acetyl-benzoyl derivative of the 
ether CO^t.Cn(OAo).CH(OBzj.CO.^t. Formed 
by boating the mono-benzoyl aerivativo of the 
ether with AcCl at 150® (Perkin), Heavy oil. 

Mono-benzoyl derivative of the 
ether CO^t.CH(On).CH(OBz).CO,Et. [64®]. 
Formed by heating the ether with BzCl at 100®, 
Prisms, si. sol. hot Aq. Saponified by alcoholic 
potash yielding Cai,(OH)(OBz)(COjEt).CO,K, 
C\II^( 0 H)( 0 Bz)(C 0 ak) 2 , and finally» potassium 
tartrate. C,n,,(OH) (OBz)(CO^t).CO. Ji forms 
tufts of needles, si. sol. ^ater. 

Di-benzoyl derivative of the ether 
[«]©«> —00® (I’Jiillips a. Guye, G. It. 110, 716). 

Di-n-propyl ether Pr^A". (303® i.V.). 
S.G. iZ 1*1392. [a]i, -13*77 at 18® (A. a. P.); 
= 12*44(P. a. G.). 

Di-isopropyl ether Pr.^A". (275®). S.G. 

1*130. [a]u = 14*89 at 20® (Pictet, J. 1882, 
850). Liquid. 

Di-isobutyl ether (Pr.CIIJ;^" [68®]. 
(324®). S.G. 1*015. (o]d = 19*9® (P.). 

Yields a dibcnzoyl derivative [a]i>=s —42®. 

Isoamyl ether (CjHujllA", Formed by 
digesting tartaric acid (150 pts.) with isoamyl 
alcohol (88 pts.) at 130® (Palard, A. Ch, [3J 12, 
309; Breunlin, A. 91, 814). Nodular mass, with 
very bitter taste.—KCjII„A"aq. Crystalline.— 
NaCjH,,A", Nodules. — Ba(C 4 H,,A'')j, 2aq: 
pearly plates (from water).-'Pb(C,H,jA")y— 
CajCsHjiA")^.—AgCftH„A'^ Tufts of needles. 

Di-acetyl derivative i.e. 

CO,H.CH(OAc).CH(OAc).CO..H. [o]^ » - 23*14 
(Phillips a. Guye, C. B. 110, 716). Formed 
slowly from the anhydride by the action of water. 
Hard deliquescent crystals (containing 3aq), 
melting at 58®. V. sol. water, alcohol, and ether, 
si. sol. benzene. Lsevorotatory. Its salts form 
la^vorotatory solutions (Colson, Bl, [8] 7,806; 
C. B. 114, 417). Converted into tartaric acid 
by hot KOHAq.—KHA“; crystalline powder.— 
BoA": slender deliquescent needles.—CaA".— 
CuA".— AgjAf *: white crystalline mass.— 
Ethylene-diamine salt OBHsO«(N 3 HfC.^H 4 ). 
Lffivorotatory. V. sol. water. 

Anhydride of the di-acetyl deriva¬ 
tive ejifi,. [127®]. Formed by heating tar¬ 
taric acid with AcCl (Dallik, Site. W, 29, 20; 
Pilz, Sitz. W. 44 [2] 7; Perkin, C. J. 20, 149). 
Slender x^edles (from benzene). Dextrorota¬ 
tory. 

Benzoyl derivative C|tHieOrt.e. 
CO,H.CH(OH).OH(OBz).00^ Formed by 
heating taxtaiio aeid wiih bansoio Mid at 150?. 
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(Dessai^es, X PH, [3] 82.47). Minate crystals, 
▼. sol. water, si. sol. alcohol.—Ag*A" i white pp. 

Di-hemoyl derivative 0,^11,.0. i.e. 
CO.;a.CH(OBz).CH(OBz).GOaH. [90°]. 

[a]j>»—116° in alcohol. Formed by dissolving 
its anhydride in hot water. Needles (contain* 
iug aq). Converted by heat into a crystalline sub* 
stance melting at 132°. 

Anhydride [174°]. [a]i> = 143° 

in acetone at 18°. Formed by heating tartaric 
acid with IBzCl. Small needles, insol. cold water, 
sol. alcohol, benzene, and alkalis. Dextro* 
rotatory. 

Di^nitroxyl- derivative 
CO,H*ClI(NOa).CH(NOa).CO,U. Kiirotartaric 
acid. Formed by dissolving tartaric acid (1 pt.) 
in UNO, (lA pts.), and stirring with an equal 
volume of H^SO, (Dcssaignes, A. 82, 302; 8'.>, 
339). The crystals are dried and crystallised 
from ether (Kckule, A. 221, 245). Silky prisms, 
decomposed by hot water, forming oxalic and 
tartronic acids, CO., and NO. Alcohol contain¬ 
ing UNO, forms di-oxy-tartaric acid. Ammo¬ 
nium suli)hi(le reduces it to tartaric acid.— 
(NHJUA".—Atr..V"aq. V. sol. water.— 

[40']. S.G. -- 1-278. Formed by dissolving 
tartaric ether in a mixture of IINO^ and IFISO, 
and ppg. with water. 

Amide CJlA(C0 NIL).. Formed by pass¬ 
ing NH, into an alcoholic solution of the ether, 
or of its di-acetyl dcrivativo (Uemondesir, A. 80, 
303; Pasteur, C. 11. 35, 170; Grote, A. 130, 
202 ; lluliemann, 13. 20, 3300). Trimetric crys- 
tab (from water), v. c. sol. water. Dextrorota¬ 
tory. 

Amic acid C.II.NOj i.e. 
CO,lI.CH{OH).Cn(OIl).CO.NH,. Formed by 
passing xsH^over iarlaric anhydride moistened 
with alcohol (Laurent, Compt. Chim. 1845, 153). 
Formed also, together with tartaric acid, 
heating tartaric ether with Nl{.,Aq at 100^ 
(Grote). Syrup. - CaA '2 Caq : telrahodra, v. sol. 
water.—Pbj(CANO^).,.— lAuA'.^ 8aq.—KtA'. 

Anilide C,,HA(CO.NHPb),. [250°]. 
Formed by boiling aniline with tartaric acid 
(Polikier, B. 24, 2950). Pearly scales, insol. 
water, si. sol. other solvents. Yiehhs imjuo-, di-, 
and tri-acetyl derivatives, melting at 227°, 210°, 
and 137° respectively. 

Phenyl-aviic acid C,oll,,N 04 i.e. 
C 02 H.Cn(OU).CU(OH).CO.NUPh. [180°]. 
Formed by boiling the phenylimide with N IJ^Aq 
(Arppe, A. 93, 352). Plates, v. sol. wat< r and 
alcohol.—BaA',: spangles, m. sol. hot water.— 
AgA': white powder, v. si. sol. water. 

Phenylimide CjoIIuNO, i.e. 

with the anilide, by licating tartaric acid with 
aniline at 150°. Pearly plates, v. sol. water. 

Di-o-toluide C.HACCO.NH.CJl.Me),. 
[183°]. White plates, insoh water ^(Bischoff, 
B. 23, 2049). AcjO at 140° yields a di-acetyl 
compoond [222°]. 

Di^p-toluide 

[264°]. Got by heating p-toluidine with tartaric 
acid at 185°. Silky needles (froiq alcohol). 
Converted by Aep into a di-acetyl derivative 
[ 202 °]. 

Eydraeide CA(OH) 2 (CO.NH.NHA« 
[188°]. Formed from tartaric ether and bjdra- 


sine hydrate (Yon Boihenbnrg, B. 26, 2057). 
Needles, si. sol. alcohol. Converted by benzoie 
aldehyde into OA(OHUCO.NjH:CHPh>, [226°], 
crystallising in yellowisn plates (from alooliol). 

Lievo- tartaric acid 

CO.HCU(OII).CH(09).COA Anti‘tartaric 
acid. [170°]. When a solution of racemic acid 
is divided into two equal parts and one is 
neutralised by anuuonia and tlio other by soda, 
and the solutions mixed and allowed to evapo¬ 
rate, hemihedral crystals of Na(NlIJC,H,Oa are 
obtained. Half of theso crystals have the 
liemihedral faces 0 ]>positcly situated to those ol 
tlic other half; ami on carefully selecting the 
two kinds of crystals (the solutions of which 
exhibit mpial and o]>|)osito ju tion on polarised 
light), ppg. their solutions by lead nitrate, and 
decomposing the lead salts by ll.S or HaSO,, 
solutions aro obtained wliieh 011 evaporation 
yield crystals, the one of doxlro- and the other 
of lujvo- tartaric acid (Pasteur, .1. Ch. [3] 28,66). 

If in a 6uhd>' o of sodium amimmimn racemate 
of S.G. 1’20 a crystal of tho dextro- salt be put on 
one side and one of tho lano- salt be put on tho 
other side of tho vessel, tho two huUr will crya- 
talli.so separately (Juiigfleisoh, I‘h. [6] 6, 
31(>). Tho separation of sodium ammonium 
raeeinato into tho tlcxtro- and inwo- tartrates 
docs not take place if tho solution is lioalcd to 
118 'in a soale<l tube and allowed to crystallise 
witlmut uccc*.ss of air (Bichat, IJl. [2] 46, 64). 
.\ecurding to Wyiouholf (O. H. 102, 627), tho 
spiiUing up of the sodium ammoniuui^racemato 
depends upon strength of solution and ferapera- 
turc only. 

Jjaivo-tartaric acid is exactly like dextro 
tartaric acid in ooluhility and H.G. Its crystals 
are like the reflection of tlioso of tho dextro- 
aciil. The two acids are oppositely pyro-cloctrio. 
Solutions of tho licvo- acid oxhiliit an effect on 
light equal .and opposite to that produced by • 
solutions of tho dextro- acid of like etroDgih. 
When cone, solutions of equal quantities of tho 
dextro- and hevo- acids aro mixed, heat is given 
out and racemic acid separates. The salts of 
tho hcvo-tartaric acid have the same amount of 
water of crystallisation, and tho sumo crystal¬ 
line form as tho salts of dextro-tartario acid. 
They e.xhibit opposite hemihedry, opposite rota¬ 
tion, and arc oj^posilely pyro-electric. Differ- 
aro observed between tho compounds of 
the two acids with optically active substances. 
Acid ammonium .(active) maluto combines with 
acid amruonitfln dextro- (but not hevo*) tartrate. 
Cinchonine hevo- tartrate Ciiill^jN^OCA^OB con¬ 
tains nq, vvliilo tho dcxtro-tarlrate contains 4aq. 

iJi-mcthyl-ether Me,A". [48°]. (160° 

at 10 mm.). Laworotatory (Anschutz, B. 18, 
1398; ^.247, 112). 

Di^acelyl derivative ' of the di» 
methyl ether 

C02Mc.CH(OAc).CH(OAc).CO,Mc. [103°]. 

[a]„» — 1-3 (in u 3 6 p.c. solution in alcohol of 
S.G. *826). Formed by boating Me^A" "with 
AcCl. Monoclinio plates (from benzene) t 
a;6;c »l'052:l:l-007; /3 = 87° 64'. On mixing 
with the corresponding dextro* compound itformt 
the isomeric racemic compound [86°]. 

Amide 0 ,H 40 «(NH 2 ) 2 . Combines with iha 
amide of active malic acid, forming needles, & 
more than 33. 
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SMtmls acid 0,8,0,. Paratartarie acid. 
poeo] (BUchoCf, B. 22, 1812). S.O. (ol H,A'') 
i 1-778; (of H,A.''aq) 1-687 (Ewkin, 0. J. 
61,866); S. (ol HjA”) 8-16 at O®; 18 at 20°; 
187-8 at 100°. S. (ol H,A"aq) 9-23 at 0°; 20-6 
at 20°; 184-9 at 100° (Liedie, O. B. 95, 87). 
Heat of eolation at 9°:- —6675 (for H.,A"); 
-7066 (lor H,A'' aq) (Pickering, 0. J. 61, 367)., 
H.O. (for H-A") 1,851,190 (Ossipofl, 0. B. 108, 
1106). H.P. (for H,A"aq) 278,400. Acidpotaa- 
eiam racemate either occore sometimes in erode 
argot, or is produced therefrom in the purifica¬ 
tion processes (Eestner; Jungflcisch, 0. B. 85, 
806). On crystallisation of cream of tartar, 
acid potassium racemate remains in the mother- 
liquor. 

Constitution. —Assuming racemic acid to be 
a compound of the dextro- and luavo-tartario 
acids, its formula must be at least (0,8,0,),. 

Formation. —1. By mixing solutions of dex¬ 
tro- and Ifflvo- tartaric acids.—2. By heating 
tartaric aoid (30 g.) with wate» (4 c.c.) for 30 
hours at 176° (Jungfleisch, Bl. [2j 18, -203).—, 
8. heating the dextro- or la:vo- tartrate of 
quinine or cinchonine at 170° (Pasteur, A. 72, 
164; 84, 151; 88, 211).—4. By heating tartaric 
ether.—6. By heating inactive tartaric acid at 
200° or by boiling it with HClAq (Dessaignes, 
Bl. 1865, i. 34).—6. By oxidation of fumaric 
acid by aqueous EMnO, (Eekuld a. Anschutz, B. 
18,2160 i .4. 226,191; c/. Tanatar, B. 12,2293). 
7. By the action of HKO, on lievulose, mucio 
acid, and inulin; and, together with tartaric 
acid, by-the action of UNO, on milk sugar, cane 
sugar, saccharic acid, duloite, and mannile (Car- 
let, Bep. Chim. pure, 2,346 ; 4,17 ; Horncmann, 
J. ^r. 89, 283).—8. Together with inactive tar- 
tanc acid by boiling silver di-bromo-succinate 
with water (Perkin a. Buppa, G. J. 13, 102; 
Pasteur, A, Suppl. 2, 242 -, Jungfleisch, Bl. [2] 
19,198).—9. By boiling silver iso-di-bromo-suc- 
cinate with water (Demuth a. Meyer, B. 21,208). 
10. By boiling glyoxal with dilute HCy and 
HOI (SchSyen,di. 132, 168; Strecker, Z. [2] 4, 
216).—11. By the notion of zino-dust (2 mols.j 
and dilate HOAo (3 mols.) on glyoxylio acid 
(1 mol.) at 100° (Genviesse, Bl. [3] 7,225 ; 0. B. 
114, 666).—12. From pipoi-io acid, sorbic acid, 
and CHO.CH:CH.CH:CH.CO,H by careful oxi- 
dation with dilute EMnO, below 4° (Doebner, B. 
23,2374),—13. By heating a solution of desoxalio 
aoid (L6wig, J. 1861, 606; Klein, J. pr. [2] 20, 
167). 

Preparation. —Sodium ammonlqm racemate, 
got from the mother-liquor from which cream of 
tartar has soBS-rated, is treated exactly in the 
same way as cream of tartar in the preparation 
of tartaric aoid. The small Opaque needles of 
racemic aoid can be separated by handpicking 
from the large, transparent crystals ot tartaric 
acid. 

Properties. — Triclinio crystals (containing 
aq); arftg!--484:1:-806; a-120°; 8 = 96° IS'; 
7«>76° 6' (Be la Provostaye, A. Ch. [3] 3,131). 
Slightly efflorescent. Gives oil aq at 100°. Less 
solnble than tartaric acid. In dilute solutions 
of racemio aoid the lowering of the freezing-point 
U the same as with on equal weight of tartaric 
add (Baoult, Z. Ph. 2, 186). Absorption of a 
Mlntion of racemic aoid by filter paper does not 
foparate the dextro- and Isvo- acids (March- 


lewski, B. 26, 983). A solution ot eraCOfflid 
acid is ppd. by OaSO, (unlike tartaric aoid). 
Calcium racemate is insol. acetic acid (un¬ 
like calcium tartrate). NH,C1 does not hinder 
the ppn. of oaloium racemate. When heated 
above 200° racemio acid yields'the same products 
as tartaric aoid. By various ferments (e.g. Peni- 
cillmm glaucum) racemio aoid, when free or as 
aoid ammonium salt, is converted into tartaric 
aoid (Pasteur; cf. B. Mulder, B. T. C. 1, 231). 
A solution in HNO, (S.G. 1-52) poured into half 
its volume ot Il,SO, deposits the crystalline 
C.,II,(O.NOj 2 (COjH), (Bessaignes, J. Ph. [3] 3i 
46). AcCl converts racemio aoid into di-acetyl- 
rocomic anhydride C2H2(0Ac)2C20, [123°]. Ua- 
cemio aoid and its salts are inactive to 
light. 

Salts (Fresenius, 21.41,1; 63,230).— 
(NH,). 2 A". Trimetric prisms; o:6:o =-509:1:-847. 
V. sol. water, nearly insol, alcohol. Give oS 
NH, in ait.—(NHJIIA". S. 1 at 20°; less sol. 
boiling water. Mouoclinio prisms. Beddens 
litmus.—KjA" 2aq. Six-sided tables. S. 103 at 
25°. Nearly insol. alcohol.—KHA". S. -66 at 
19°; -7 at 100°. Insol. alcohol.-K(NH,)A", 
Striated prisms.—Na-^A". S. 38 at 25°. Trime- 
trio prisms. Insol. alcohol.—NanA"aq. S. 9 
at 19°. Monoclinio prisms (from water). Ppd. 
from aqueous solution by addition of alcohol.— 
Na(NH,)A"aq. S.G. l-74ff (Wyruboll, A. Ch. [6] 
0, 229).—NaKA" 4aq. S. 47 at 6° (Fresenius, A. 
63, 230).—NaKA"3aq. Monoclinic crystals 

(Wyrubofl,d. Ch. [6] 9,232).—EbA".-CaA"4aq. 
Acicular prisms (Anschutz, A. 226, 191).— 
BaA"2^aq. S.-05. Crystalline pp.—SrA"4aq. 
—TIA" (Be la Provostaye, A. 126, 79). — 
LiTlA" 2aq (Wyrabo£f).--NaTiA" 2aq. S. 25 at 
25°.—MgA" 6aq. S. -85 at 19°.—CdA" (Sohifl, 
A. 104, 326). - PbA" (dried at 100°).—PhjOiH^O, 
(Krug, J, 1801, 367). — CuA" 2aq. Pale-blue 
needles, sol. alkalis and solution of Na. 2 C 03 ,— 
Na-^CuC^H^O, 4aq. — MnA" aq. — NiA" 6aq. — 
NH 4 (AsO)A"-Jaq. S. 0-4 at 16°. Efflorescent 
crystals.—K(AsO)A"ljaq. S. 18 at 16°. Be- 
composed by hot water with liberation of 
‘ —Na(AsO)A"2jaq. S.7atl9°. Non-efflorescent 
white crystals (Werther, J. pr. 82, 385).— 
K(SbO)A" ^aq. Monoclinio prisms. — AgjA", 
Shining scales, less sol. Aq than silver tartrate. 

Mono-methyl ether MeHA". Formed by 
evaporating racemic acid with MeOH (Ga4rin- 
Varry, A. Ch. [2] 62, 77; A. 22, 252). Beet- 
angular prisms, v. e. sol. cold water. Bceom- 
posed by hot water into the parent substances, 
—KMeA"^aq. Prisms.—Ba(MoA"), 4aq. Mono- 
clinic prisms.—AgMeA". Pp. 

Di-methyl ether Me^A". [85°]. (282° 
i.V.). Formed by mothylation of racemio acid, 
and also by mixing equal weights of the di¬ 
methyl ethers of the leavo- and dextro-tartarie 
acids (Anschutz a. Pictet, B. 13,1178; 18,1397; 
A. 247,116). Monoclinio crystals; optically in¬ 
active. Yields a di-acetyl derivative 
0,ft(OAo)j(OOjMe), [86°] in trimetrio crystals; 
a-.b'.o - -8096:1; -6728. Tb^s compound, examined 
by Baoult’s method, has the same molecular 
weight as the di-acetyl derivative of di-methyl 
tartrate.. 

Mono-ethyl ether EtHA". Beliquescent 
prisms, v. sol. alcohol. Inactive to llght-~ 
EEtA"aq.—Ba(EtA"),2aq.—AgEU". Friaati. 
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(238^ cor. at 197 
mm.) S.G. if 1*2098 ill 1-2021. M.M.8759at 
16-6* (Perkm, C. J. 61, 364). Yields an oily 
aoetyl deriTative and a di-acetyl derivative 
C^,(OAo),(CO:,Et) 5 , [51®3 (230^ at 100 mm.). 
BzCl forms C.^,(0H){0B2)(C02Et)j [67®]. The 
compound Ca^(OEt) 2 (CO^t )2 [147® at 15 mm.) 
is formed from di-bromo-succinic ether [66®] and 
NaOEt (Michael. J, pr. [2] 46, 234). AgA".- 
AgHA". Monoclinic, a:b‘.e *■ -721:1: -809; 8 = 70® 
10 '. 

Inactive tartaric acid 

OOJI.CH{OH).CH{0H).CO..n. Mcsotartaric 
acid. [140®-143®]. S. 126 at 15®. 

Formation. —1. By healing cinchonine tartrate 
or racemate for several hours at 170° (Pasteur, 
A. 88, 212). The product is mixed with CaCh, 
which ppts. calcium racemate, and the filtrate 
slowly deposits calcium inactive tartrate.—2. By 
boiling tartaric or racemic acid for 400 hours 
with HClAq (Dessaignes; Pasteur, Bl. 1802, 
107).—3. By neating tartaric acid (30 g.) or 
racemic acid with water (4 o.c.) for 2 days at 
165°. Separated by means of its very soluble 
acid K salt (Jungfloisch, Bl. [2] 19,101).-4. A 
product of the action of HNO, on sorbin (Dcs- 
saignes, C. B. 65, 7C9), erythrite (Przybytcic, D. 
17, 1412 1 Dl. [2] 43, 12G) and glycerin.—6. By 
oxidation of lrevulo8o,(Kiliani, B. 14, 2630).— 
6. By oxidation of phenol by alkaline KMnO^ at 
0® (Doebner, D. 24,1765).—7. A product of the 
action of moist Ag^O on di-bromo-succinic acid. 
8. By the action of nitrous acid on di-amido- 
succinio acid (Lchrfold, B. 14, 1819).—9. By 
oxidation of maloio acid by alkaline KMnO* 
(Kekui4 a. Anschutz, B. 14, 713). 

Propcr/tc5.—Prisms (containing aq). Loses 
its aq at 100°; at 200® it yields pyrotartario 
and racemic acids. Prolonged ^ boiling with 
HCl aq converts. it into racemic acid (Dos- 
saignes). The conversion is also effected by 
heating the acid with a little water at 176®. 
The ether is converted by AcCl into 
0.pi3(0Ac)2(C02lCt)2 [48®J, crystallising in silky 
needles. 

Salts KHA". Needles. S. 12-5 at 19®.— 
RbHA"iaq. - Rb,A"aq. — RbNaA" 2’aq.— 
CaA" 3aq. S. -17 at 100®. S. (DOAc) *028 
at 18®; -085 at 100®.—-PbA" aq: amorphous 
pp. — ZnA"2aq (dried at 110®). — TIHA".— 
Tl^".—NaTlA'' 2Aaq. --Ag.^A" aq : white pp. 

Metatartaric acid { 04 H, 0 a) 2 . A deliquescent, 
glassy mass, v. sol. water, obtained by melting 
tartaric acid (Braconnot, A. Ch. [2] 68, 299; 
Erdmann, A. 21, 9; Laurent a. Gorhardt, A. 
70, 848). It is sometimes formed when a 
solution of tartario acid is evaporated over a 
water-bath (Grosjean, C. 43,334). Converted 
ny boiling water into tartario acid. 

Salts.—(NHJHA". Minute needles. More 
soluble-than the acid ammonium tartrate. Its 
solution is ppd. by CaCl, and NH^Aq only when 
highly concentrated. CaA" 4aq, Minute len¬ 
ticular grains, sol. dil. HClAq, converted by 
boiling water into caloiim tartrate. 

Bitartarie acid 0,H,„0„. An anhydride of 
tartario acid, got by heating tartaric acid at 170® 
till it if no longer ppd. by lime-water iFrcmy, A. 
19, 197; 29, 142 ; 78, 297). Amorphous and 
very ^liqu^seent. Sol. alcohol, insol. ether, 
fte saitfi are amorphous, v. sol water, and ppd. 


by alcohol. They ara oonverted into meta¬ 
tartrates, and finally into tartrates, by boiling 
water.—CaA '.--BaA".—PbA".—OuA".*- Ag^'\ 

V. sol. water (Sohifl, A. 125,129). 

Ethyl ether Fat-like solid. 

Tartrelio acid Sohiftltf tartario 

anliydruU. Formed by quickly heating small 
quantities of tartaric acid till the fused mass 
swellsup. Yellowish deliqucsccntmass,sol.water, 
forming an acid solution, from which CaCl^ppis. 
CaA'n ns an amorphous mass, which becomes 
crystalline on adding alcohol. Tartrelio acid is 
converted into tartaric acid by boiling water. 

Insoluble tartario anhydride 04 H 40 .<,. 
Formed by heating tartario acid for some time 
at 150® and exhausting the product with cold 
water. Powder, insol. waU>r, alcohol, and ether. 
Converted by hot water into tartario acid. 

TARTRONIC ACID OJI,0, i.e. 
CH(OH)(CO,H),. Oxy malonic acid. Mol. w. 
120. [187®]. A'eaf of solution —4331 (Gal a. 
Werner, Bl. i2] 4'6, 803). 

Formation. —1. By spontaneous decomposi¬ 
tion of nitro-tartaric acid in aqueous solution 
(Dessaignes, C. li. 34, 731; 38, 4?V.-~2. By the 
reduction of mcsoxalic acid by sodium-amalgam 
(Baeycr, J. 1804, Oil).-8. By the action of 
Ag._jO on bromo-malonio acid (Petrieff, B, 11, 
414).—4. By boiling chloro-inalonio ether with 
KOIIAq, the yield being 25 p.c. of the theoretical 
amount (Conrad a. BischolT, A. 209, 222).— 

5. From di-bromo-pyruvic acid and baryta- 
water at 40® (Oriinaux, B. 10, 903).-Ml. From 
glyoxylic ncid by treatment with KCy, the re¬ 
sulting nitrile being saponillcd (Bottinger, JJ. 14, 
729).—7. A product of tho action of alkaline 
cupric solution on glucose (Glaus, SS. [2] 5, 15*2; 

A. 147, 111).—8. By slow oxidation of glycerin 
(Sadtlcr, B. 8,1456 ; Gampani a. Bizzari, 0. 12, 
l).--9. By heating sodium carboxy-tartronate • 
(Gruber, B. 12, 614). 

Brcparatio7i.—l. By boiling tho di-nitrate of 
tartaric acid (20 g.) with alcohol (00 g. of S.G. 
•925) (Demole, B. 10, 1778). - 2. By warming 
tri-chloro-lactio ether CCla.Cn(OH).CO,Et with 
a 10 p.o. solution of NaOHAq (5 mole.), neu¬ 
tralising with HO Ac and ppg. with BaCl^ (Pinner 
D. 18, 752, 2852). 

Properties. —Prisms (containing |aq), v. sol. 
water and alcohol, si. sol. other. After drying 
at lOO® it loses its water of crystallisation ana 
becomes v. sol. ether. Massol {G. R. 114, 422) 
obtained anh^lrous crystals [155°j. Decomposca 
by fusion, yielding CO, and glycolide 0,11,0,. 
Reduced by HIAq to malonic acid. 

Salts.—Na,A" (dried at 100°). V. sol. 
water. — K,A" aq. — (NH,),A". Needles. —- 
*• {NH 4 )HA". Yields glycollio amide on heating. 
—BaA" 2aq. Micro-crystalline ppwder, v. si. sol- 
water (Pinner).—BaA" oq (G.).—CaA"2iaq (P.). 
—CaA"aq (0. a. B.).—CdA"-PbA" (dried at 
120°).—MnA".—Ag,A''. Needles (from hot Aq). 

Ethyl ether Ei^A". (o. 224®)* Heavy 
oil (Freund, B. 17,786; Pinner). 

The aoetyl derivative OH(OAo)(OO^t), 
(c. 161° at 60 mm.), S.G. 1*131, U formed 
from bromo-m&lonio ether and KOAo in BtOH 
at 50° (Conrad a. Briickner, B. 24, 2997). Br 
oonverta it into mesozaUc ether C(0H),(00,EI). 
[57®]. 
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Amide OH(OH)(CO.NHa)r [196®]. Six- 
tided plates, m. sol. not water. 

Amic acid CO,H.CH{OH).CO.KH,. [100®]. 
Formed by boiling sodium dialurate with water 
(Mcnscbutkin, A, 182, 82). Needles, si. sol. 
cold water. Converted by nitrous acid into 
glyoollio acid.—KA'aq.—BaA'.^aq.—PbA'j Jaq. 
Needles, v. sol. hot water.—AgA'. Needles. 

Phenyl derivative CH(OPh)(COaH) 2 . 
Formed by saponification of its ether 
CH{ 0 Ph)(C 02 Et), (230°-240^ at CO mm.), which 
is got from bromo-malouic ether, phenol, and 
NaOEt {0. a. B.). At 100° it forms 
CHJOPh).CO,H. 

TABTRONYL.ITBEA v. Dialuuio agio. 

TAURINE C..Il,NSO, i.c. 

CH 2 {NH,).CHyS 02 H. Amido^cthanc sulphnnic 
add. Mol. w. 125. S. 0-5 at 12^. TI.F. 185,700 
(Berthelot a. Matignon, A. Oh. [G] 22, 182). Ob¬ 
tained by the action of acids and alkalis on tan- 
rocholio acid (Oinelin, Tirdanann a. Gmelin's 
Die Verdanung, 1, 43; Doinarcjay, i4. 27, 280; 
Dumas a. Polouvcc, A. 27, 202; JlcUonbiichor,* 


a. Wislicenus, JP. 108. 647; Otto. A. 140, 103). 
Amorphous, soL water and alcohol. Decomposed 
by boiling with baryta or potash into taurine 
and chenocholio acid.—NaA'aq (dried at 110°). 
Small tables. Its aqueous solution gives pps. 
with CaClj, AgNO,, and load subacetate, but not 
with lead acetate. 

TAUROCHOLIC ACID 0,^H„NSO,. Occurs as 
Na salt in the bile of most animals (Strecker, A. 
07, HO; 70, ICO; Hiifner, J. pr. [2] 19, 302; 
Copeman a. Winston, J. Physiol. 10, 213).^ Ob¬ 
tained by ppg. with lead acetate, filtering from lead 
glycocholatc, and ppg. load*taurocholate by lejid 
subacctatc. Deliquescent silky needles, v. sol. 
water and alcohol, m. sol. ether. Dextrorotatory, 
[o]„=s25° (Iloppo-Seylcr, idrch. Path. Anat. 15, 
126). Boiling water splits it up Into taurine and 
cholic acid. Antiseptic, and ppts. albumen com¬ 
pletely from its solutions (Maly, M. 4, 89). 

Halts.—NaA' (dried at 120°). Ppd. by alco¬ 
hol in an amorphous state, rendered crystalline 
by other.—KA'. Noodles, resembling wavcllite. 

TAUROCYAMINE C^H.N.HOa i.c. 


A. 57, 170; Strecker, A. C5, 132; G7, 34; 91, 
101). Occurs in the free slate in putrid bilo 
and in the •muscles of the oyster, iii shark's 
blood, in the liver, Bpleen, and kidneys of tho 
ray, and in the lungs of oxen (Valenciennes a. 
Fremy, 0. B. 41, 735; Htad< 5 lcr a. Frerichs; 
ClOotta, A. 09, 289). Formed also by heating 
/S-ehloro-othane sulphonic acid with NII.Aq at 
100° (Eolbe, 122, .33), and by tho action of 
SO, on y^nylamino (Gabriel, B. 21, 2GC7). Pre¬ 
pared by evaporating ox-bilo with dilute HCl at 
100 °, decanting from a resin, allowing to crys¬ 
tallise, and re-cryslallising from wat<!r. It may 
be purified by means of tho lead salt. 

Properties. -Transparent crystals, m. sol. 
water, insol. alcohol. Neutral to litmus. Not 
. molted below 240°. Converted by nitioiis acid 
* into isethionio acid (Gibbs, Am. S. [2] 25, 80). 
Decomposed by potash-fusion. 

Salts.—NaA'. Very deliquescent (Dang, J3t. 
[2] 25,180).—CaA',. Slender noodles, v. o. sol. 
water.—PbAy Noodles, v. o. sol. water.— 
Fb,A',(OH),,-CdA'... -lIgAV-Hg..A',0 (Engel, 
Bl. [2] 28, 632).—AgA'. 

Benzoyl derivative NHBz.Odl^.SO^TI. 
Formed by lieating ju-i)hcnyl-thlazolo tetraliy- 
dride with HOI and bronuiic-wator (Gabriel a. 
Heymann, B. 23, 150). Syrup.—AgA'. Spheri¬ 
cal groups of plates. 

Phthalyl derivative 
( 0 ,n, 0 ,) 5 N.CII,.Cri,.S 03 H. Got* by oxidising 
ai-phthaUmido-di-etbvl-disuIphide with HNO, 
S.G. 1-26) (Gabriel,* P. 24, lllG). Crystals 
containing l||aq), sol. EtOAo^^ Tastes bitter. 

Imide C,H,<g^>. [45‘’-50“]. Prepared 

from /5 • ohloro - ethane - sulphonic chloride 
CHgC1.0H,.SO.Cl by treatment with ammonia 
(James, C. J, 49, 491). Solid, resembling gum 
arabio; bitter in taste. V. si. sol. cold, v. sol. 
hot, water, insol. alcohol and ether. Ppd. HgO 
appears to form the compound (C,H^SO,N),Hg. 

Ethyl-tanrind o. Ethyl-amioo-bthake sol- 
tBOMZC Acn>. 

Xsthyl-tanrine 9 . MBtuYL-AniDo-ETBANB 
BULPHorac Acm. 

TAUROCHEKOCHOUO ACID G^^^NSO.. 
PccuTB M E And Ka salU in goose-bile (HeinU 


NH;C(NH,).NH.CIP.CH,.SOjH. [220°]. S. 4 at 
21°. Formed by heating taurine with cyan- 
amide (1 mol.) and water at 110° (Engel, B. 8 , 
1597; Dittrich,/.pr. [2] 18,03). Small white 
prisms, v. sol. water, insol. alcohol and ether. 
From cold water it crystjijlises with aq. 

TAXINEC 3 ,H,.,N 0 ,„. [82°J. Obtained from tho 
leaves, twigs, and fruit of tho yew (Taxtts baccata) 
by extracting with ether (Lucas, Ar. Ph. [2] 85, 
145; Van dor Ilarst, R. T. 0. 3, 279; Marm 6 , 
Bl. [2j 20, 417; Ililgcr a. Jirando, B. 23, 404). 
Tho ethereal solution is quickly shaken with 
acidulated water, and the solution ppd. by 
NnjA(i. CryslalliDo. Gives off aromatic fumos 
on molting. V, si. sol. water, v. sol. alcohol and 
ether, insol. benzeno. Cone. ILSO, gives a deep 
purple ; Frohde’s reagent a reddish-violet colour, 
Gives yellow pps. with sodium phosphomolyb- 
date, I in KI, and potassium bismuth iodide. 
Insol. alkalis. Tho salts crystallise with diffi¬ 
culty. -Salts : BTICl.—B',11 .SO 4 .—B'^jPtCl,. 

B'HAuCl,.—B'Etl. 

TECTOQUINONE. [171°]. Obtained from 
te.ak resin or by the distillation of teak wood 
(Romanis, C. J. Proc. 4, 110). Amber-yellow 
cry.Btals, sol. alcohol. Reduced by zinc-dust and 
IIOAo to CjgllyM Yields a uitro- derivative and 
a bromo- derivative [105°]. 

TELLUBAXES. Salts of telluric acid, 
H 2 Te 04 (q.v., p. 640). The nonnal ielhirates of 
mgaovalent metals have the composition 
M 2 TcO 4 .xH. 4 O; there are also acui tellurates 
MHTeOj.xHjO; and two classes of tetratellu- 
rates, ( 1 ) M./re 40 |:,.xHO, which are soluble in 
water when M is an alkali metal, and (2) 
M./Te^Ojs, which are insoluble in water. The 
hydrated totratellurateBmayborcprescnted as actVf 
ditf'Uurates derived from the hypothetical acid 
n.TcG,; thus K.Te 40 , 3 . 4 H 0 » 2 KHTe 20 ,. 3 H.p. 
Some* acid salts may be represented as derived 
from hypothetical ditcllurio acid, e.g. 

PbTo^O, (=PbTe04.Te0j. 

The normal alkali tellurates are obtained by 
saturating H/re 04 with MOHAq or M,COaAq 
and orystdilising. Alkali acid tellurates, and 
hydrated tetratellurates, are obtained by inter¬ 
actions of aeids with the nonnal teUnrates; uihy* 
dross (insolnblo) tetrateUaratM of ib« ^ikiul 
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metals are formed by heating the adld telluratcs; 
thus 6 KHTeO. * KaTe,0„ + 2K.J!eO^ + 8R,0. 

Most of the otoer telluratos are obtained from 
the alkali salts by double decomposition. 

The alkali iellurates, other than those of tho 
form MjTe^Oij, are soluble in water; most of the 
otlier telluratcs are insoluble or sparingly soluble 
in water. Telluratcs generally dissolve easily in* 
HClAq; tho solutions are not ppd. by water, 
but on boiling the solutions become yellow, {^ive 
off Cl, and then yield a pp. of H/reOj on addition 
of water. Acidulated solutions of telluratcs are 
flowly decomposed* by ILS, probably with ppn. 
of ToSj (v. Telluiuom sulphides, p. 05')). So¬ 
lutions of tcdlurates are slowly reduced by SO,., 
more quickly on heating, with sei)aralion of Tc. 
When telhiratcs are licaled to redness they give 
off 0 and form tellurites ; heated with 
and charcoal, they give K-Tc. 

The tcllnrates have been examined chiclly 
by Berzelius {F\ 32, 577); and some of them 
also by Opponheini {J. ■pr. 71, 207). 

Potassium tollurates. The normal salt 
K.^TcO^. .5iui is obtainctl by dis'iolving lI..TeO, 
and ICCOj, in tho ratio lI,.'leO,:KXO,o in hot 
water and crystallising; also by 'lissolving j 
H.TeOi in excess of KtHlAq, heating, and al- I 
lowing to cool slowly. Crystallises irr rhombic ^ 
prisma, isoinorphoua#with K.SO, (Hand), J. j 
1861. 200). 'Die crystals become moist in nir 
and form KHXeO^.xaq and K^COj. Tho arid j 
salt 2KUTeO,. 3aq separates on adding to 1 
KjTeO,Aq sullicient H._,S() 4 Ari, or other strong 
acid, to*remove half tho potassium; tho salt is i 
crystallised from hot water. Tliis salt is slightly | 
soluble in cold water, but much more soluble in j 
hot water; when heated it is converted into ] 
K^TeO^ and KTojO,.,. The iclrat-llurate 
K^^TojO,, is obtained, as a yellow powder, by ; 
heating 2 KHTe 04 . 3 aq below redness andwasli- i 
ing out K;TcO, in water. K/rG,0,j is insoluble ; 
in water, also in HCIAq or HNOjAq except alter | 
prolonged boiling. Tho hydrated tetratdlnrale ■ 
KjTe 40 , 3 . 4 H;, 0 —which may also bo regarded 
as an acid ditallurate 2KUTc.O,..311.0 — is* 
formed by adding H.yO^Aq, or another strong 
acid, to K.TeO,Aq in quantity to remove 
6K from 4 K.;re 04 (4KTeO.Aq tBlDSO^Aq- 
BUTe^OijiAq + 3KX + 3K.}50,Aq), and crystal* 
lising. The salt is fairly soluble in cold water; it 
is partly decomposed to KIiTeO,and HTcO,Aq 
by repeatedly crystallising in aqueou.s solution. 

The following tellurates have been described 
(Berzelius, f.c.; Oppenheim, f.c.): A7nmoniu7n 
salts (NHJjTeO^, (NH 4 ),Tc, 0 ,. {^U.,);ro,On. 
obtained by ppg. solutions of the corresponding 
sUts of K or Na with NH^Cl. Bariu7}t salts 
RaTe 04 . 3 aq,Ball,(Tc 04 ),. 2 aq,BaTo 40 ,j, obtained 
by ppn. Cadtnium salt CdTeO*, obtained by 
ppn. Calciu77t salt CaTeO,, obtained by ppn. 
Lead salts PbTeO^, PbTegO,, PbTe^O,,, by ppn; 
a basic salt is also said to exist. Silver salts 
AggTeO,, and several basio salts xAg.^O.pTeO,. 
Sodium salts NajTeOf.xaq, KaHTe 04 .xaq, 
NaHTe.P 7 .xaq, and NA 2 T 0 P,,, obtained elmi* 
larly to the potassium salts. Tellnrates of Al, 
Or, Go, Ou, Fe, Li, Mg, Mn, Hg, Ni, apd Sr have 
been describe, hot o^y very superficially. 

M. M. P. M. 

TBLLTTBHTDSIO ACID H,Te; v. Htoboobm 
gBbLVBZDXi toL ii. p. 7fi7. 


TEIIUEIO ACn) HjTeO^; erysiallfaes from 
solutions as H,Te 04 . 2 Hp. 

Forma By oxidising Te •by aqiia 
regia.—2. K.TeO^ is formed by tho interaction 
of Cl with K,TeO,.\q, also by fusing TcO, with 
KNOj or KCIO 3 . , 

Prepa7-(iiio7i. —1, A mixture of TeO^, ECIOi, 
I and KOH, in tho ratio TcO.^:2KCIOj,:2KOH is 
I thoroughly fused; tho fused mass is dissolved 
; in watorand BaCl.Aq is added; thopp.of BaTeO^ 

; is purified by iccrysliilllsation from hot water, 
atid is tlien dried at 100 ; the dry BaTeO, is 
I mixed witli its own weight of water and ono-fourth 
I its weight of cone. l!,St>,,and healed tilldecom* 

! position is comphUe. wlic*n llaSO, is removed by 
I filtration, and tlie filtrate is evaporated at 100 '^ 

I to tho crystallising point; tho crystals that sopa- 
I rule are dried, powdeued, washed repeatedly 
j with alcohol to remove H.80,, and rccryaiallised 
from water (Oppenlieini, J. pr. 71, ‘2»)7). Ber¬ 
zelius (i'.2H, 32,1) KiscdTeO.^ with an equal 

weight of In^X)., or Na.COj, dissolved in water, 
a«ldc‘d KOI! 0 (ptal to tho weight of TeO.^ used, 
ptissod in Cl until tho licpiid smelt strongly 
thereof, ppd. by BaCj.Atp and proceeded as de¬ 
scribed nbovo.—2. TcO^is dissolved in HNO^Aq, 
tho solution is boiled with ri) 0 _. and filtorou, 
ri) is ppd. from tlio lillrato by II^^SO^Aq, tho 
filtrate from PbSO, is evaporateil to dryness at 
100 ^, tho residue is digi^sted with alcohol and 
oilier to remove ITSO,, and is then crystallised 
from hot water in raetto (Becker, A, 180, 
257). 

Properties a7ul Pcactions. — ll/UcO,.211-/1) ii 
obtained by slow cry.stalliaation in white, mono- 
clinic crystals, resembling gyiisum, SO. 2'9‘J99 
at 25-5° (Clarke, Am. S. [3J 10,4Ul). Wlien ob¬ 
tained by rapid evaporation H,Te 04 . 2 l:I ._,0 ap¬ 
pears as a glassy solid. Healed to 0 . 130® 
llTcO, is obtained; decomposition begins at 
little above ICO'^ to 'TeO, and H-/), and at 0 .180® 
TeOj begins to decompose to TeO^^ and O, this 
I decomposition being complete at c. 350® (Wills, 
i C. J. 35, 704). H.TeO^ has S.Ch 3-425 at 18-8® 

I (Clarke, l.c.). H 7 Te 04 . 2 H -40 is slightly soluhlo 
: cold water; it is dissolved fairly ea.sily by boil* 

; ing water ; soluble in acid and allmli solutions; 

I almost, if not quite, insoluble in alcohol. 

' H/feO, dissolves very slowly in boiling water. 
.\qneou3 solutions of n.Tc 04 have a metallic, 
not a sour, taste; they very slightly redden 
litmus. TJiomseu (2'A. 2, 277) gives the fol- 
I lowing If.F.: [To,0»,Aq] - 98,380; [TeO’^Aq.O] 
- 21,200. iSTcO, dissolves gradually in hot, 
fairly cone. HCIAq, with evolution of Cl and 
I formation of U./reO:,Aq. HjTeO^Aq is not re- 
I duced by passing-ILS into it, but if the solu¬ 
tion is saturated with and kept in a warm 
place, in a closed fiusk, for some time, the liquid 
becomes brown, and fiakes, probably of ToS, (v. 
Teixuiuum bulphides, p. 055), are deposited. 

HjTeOiAq reacts with alkalis to form saltl 
M,Te 04 and MHTeO^; salts of tho forma 
MHTojO, and MjTe*0„ are also known (v. TeIi- 
LUHATES, p. 648). M. M. P M. 

TELLPBXDlis. Any compound of Te with a 
single element more positive than itself ii called 
a telloride. Tellurides of tho heavier metals 
are generally formed by melting the metals with 
Te, also by passing ^xe into solutions of salts 
of themstalss tellori^of Kand Na are formed 
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ly heating TeO, with K,CO, or SifiO, and 
charcoal; many tellurites and tellurates gi^e 
tellaride^ when heated in a curreiH of H. Te 
ppts. teUurides of Cu, Agt and some other metals, 
by boiling solutions of salts of these metals with 
Te (Parkmann, C. C. 1862. 814). TeUurides of 
K and Na dissolve in water with a red colour; 
this colour is duo cither to polytclluridcs or to 
the presence of traces of oxides according to 
PomarQay {Bl. [2] 40, 99). Borthelot a. Fabre 
(C. B. 105, 92) obtained colourless solutions of 
alkali teUurides by passing puroH,Te into solu' 
tions of alkalis; a trace of O produced a red 
colour and separated To. TeUurides react with 
HClAq giving oft K^To; they arc oxidised to 
tellurites by HNOaAq, and to tellurites and tel* 
lurates by aqua regia. Warmed in Cl teUurides 
give metallic chlorides and TcClt. 

TeUurides of Sb, As, Bi, Au, Fc, K, Ag, and 
are mentioned under these metals {cf. 
Brauner, C. J. 55,388). RI. M. P. RI. 

TELLUBITES. Salts of * tc^iirous acid 
H^ToO, {q. V., p. C5(i). The normal and acid' 
telhiritcs of monovalent metals belong to the 
forms Rl-^TeO, apd RIHTeO.,. Some salts are 
also known v:ontaining relatively more of the 
acidic radicle; these may bo formulated as 
MjO.ajTeOj where x is 2 and 4; or they may 
bo regarded as RrMTeOa.JcTe0.i, whero a; is 1 and 
' 3; or finally these hitpcracid salts may bo 

looked on as Rl./roaOj and MjTe^Oo—that is, as 
derivatives of the hypothetical acids H./re .^05 
and H.^TejOu. 

Tellifritcs are generally formed by heating 
together basic oxides and TeO^ in the proper 
proportions; some tellurites of the heavier metals 
are obtained by ppn. from solutions of alkali 
tellurites. Tellurites of the alkali metals dis¬ 
solve readily in water; those of the alkaline 
^ earth metals are less soluble; the others are in- 
« soluble in water. RIost tellurites dissolve in 
HClAq, forming yellow solutions which do not 
give off Cl on heating; this reaction distinguishes 
riiem from tellurates (v. p. 619). Solutions of 
tellurites in a little HClAq deposit H.TeO;, on 
dilution. Most tellurites are fusible, and crys¬ 
tallise on cooling; the hyperacid alkali tcllii- 
rites form colourless glass-like solids after fusion. 
By strongly heating with charcoal and KjCO* 
most tellurites give K,Te. 

Tellurites of potassium. The normal salt 
KgTeOj, and the acid salt KjTeOj.TcOj 
(= KaTogOj or IL0.2Te0J are prepared by fusing 
TeO, with K,CO, in the propen proportions. 
K^TeO, melts at a red heat; dissolves slowly in 
cold water, more quickly in boiling water; the 
aqueous solution has an alkaline taste and re¬ 
action, and is decomposed by the CO, in the air. 
K,0.2T60, melts below redness, and solidifies 
again to a transparent, colourless, crystalline 
mass; dissolved by boiling water, and the solu¬ 
tion on cooling deposits K^0.4Te0,. The tetra- 
UlluriU or hyperacid tellurite E,0.4Te0,.4H,0 
{- K,Te0,.8Te0,,4H,0 or K,Te 409 . 4 H, 0 ) is pre¬ 
pared by boiling H,TeO,Aq with E.CO, and fil¬ 
tering at 100^; the salt is depositea on cooling 
in miorosoopio six-sided prisms and tablets. 
This salt reacts with cold water to give a solu¬ 
tion of E,TeO, and K,Te,0, and a gelaiinons pp. 
ei HgTeO,; when heated 4H,0 is given off, and 
X^.4TeO| remains as a salt whigh melts at a 


moderate red heat and golidifiea on cooling to 4 
colourless glass. 

The tellurites have been examined ohieffy by 
Berzelins (P. 32, 577 ; V. also Oppenheim, J-pr. 
71, 267). Salts of &e following metals have 
been isolated, but many have been studied in a 
very superficial way: Al, NH^, Ba, Od, Ca, Cr, 
Co, Cu, Fe, Pb, Li, Mg, Rln, Hg, Ni, Ag, Na, Sr, 
and Zn. RI. M. P. M. 

TELLUBITTM. To. At. w. o. 125 (v. infra). 
Mdl. w. c. 250 (u. infra). Melts at o. 455® 
(Carnelley a. Williams, C. J. 37,125). Boils at 
c. 1390® (Deville a. Troost, O. B. 91, 83). S.G* 
0*2549 at 0® (after compression); 6*2322 at 0® 
(uncompressed) (Spring, B. B. 6, 854); 6*2649 
at 18-2® (after melting in H) (Pfiwoznik, C. 0. 
1892. ii. 962; for further data v. Clarke’s Table of 
Specific Gravities [2nd ed.] 10). V.D. at c. 1390® 
to c. 1440 ® «130 (Deville a. Troost, 0. B. 56,891). 
S.H. (21® to 51®, crystalline) *0475 (Kopp, T. 
1865. 71); (at 98®, crystalline) *0183; (at 08®. 
after distillation in SO.J *0518 (Fabre, A. Ch. [6J 
14,101). C.E. (linear, at 0®) *00001675 (Fizeau, 
G. B. 08, 1125). E C. *000777 at 19*6 (Ag at 
0® «100) (Matthiosen.P. 103,4*28); conductivity 
increases slightly when light fulls onTe; the 
increase is very much less than in the case of 
Se (v. Adams a. iMy, Pr. 21, 163; 26, 113). 
E.C. decreases slightly to,?. 100®-140°, and then 
increases to 200®; on cooling after fusion E.C. 
decreases regularly and markedly; the following 
values are given by Exncr (P. 158, 625) *0035 at 
200®, *00286 at 20^ (after fusion), *000485 at 20® 
(after very slow cooling ^ from fusion). Te 
crystallises in rhombohedra; a:c»> 1:1*3298 ; it 
is isomorphous with S and Se {v. Muthmann, 
Z. IK C. 8, 396). For omission-spectrum v. 
Pliicker a. Hittorf (Pr. 13, 15.3); Thalen; Salet 
{A. Ch. [4] 28,51); Ditte (C. B. 73,622); Hartley 
a. Adeney [T. 1884 [1] 117). For absorption- 
spectrum of vapour of Te v. Gernoz (O. i?. 74, 
1190). H.O. [Te,0’,Aq] = 98,380 {Th. 2, 278). 

Historical. —Examining a mineral contain¬ 
ing gold from the Seven Rlountains in 1782 
. Muller von Roichenstein suspected the presence 
of a new metal {AWuind. cinerPrivatgesellschafi 
in Bohmen). He sent a specimen of the mineral 
to Borgmann, who said that it contained a metal 
which was not the same as that in blende. In 
1798 Klaproth received some of the mineral from 
M. von B., and isolated the charoctoristio ele¬ 
ment, to which he gave the name tellurium (from 
tellzis = the earth) (K., Bcitrdge zur chem. Kennt^ 
niss der Mineralkiirper^ 3,1 ; cf. CrelVs Ann. 
1798. 91; and G. A. 12, 246). The compounds 
of To were more fully examined by Berzelius 
{S. 6, 311; 34, 78 j P. 8, 411; 28, 392; 82,1, 
577). 

Occurrericct—Tie is found native, in small 
quantities, and in a few localities—chiefly in 
Hungary and Transylvania, and in Virginia, 
U.S.; it generally accompanies Au and Ag; 
specimens have been obtained with 97-98 p.o. 
Te. TeUurides arc also found in small quantities 
in Hungary, Mexico, Qilifomia, Bolivia, and 
sorn'e other places; In considerable quantities 
in Colorado; these are generally compounds 
of Te with Bi, Ag, Pb, Bi and S, Ag and 
An, An, Pb and 8b; tellurite (or tellurium^ 
ochre) containing TeO, ja found in small quan* 
titiss in Uie Seven Mountains (o. Q* Bosoy 
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18,84 ; lUoimelsbfirg, /. If. 1874. 30; Barkarl, 
J, M. 1873. 476; SUliinan a* Marvine» Am. 5. 
8, 25 ; Maihewaon, J. M, 1866. 93 ; Genih, 
3f. 1875.188, 314). 

Forwwiion.—l.By passing SOjintoHjTeOjAq; 
HjTeO,Aq + 2SO, + H,0 = 2 H 2 S 04 Aq + Te. Also 
by ppg. solution of TeCl 4 in diluto HClAq, or of a 
Te compound in H^SO^Aq, by an alkali sulphite. 
2. By reducing a boiling solution of (NH,) jTcO,Aq 
by grape sugar (Stolba, J. 1873.214).—3. By de¬ 
composing KjTeAq by air or oxygen (v. Oppcn- 
heim, J. pr. 71. 207; 81, 308; Himly, J. 1877. 
5413).— 4. By ppn , by means of zinc, from solu¬ 
tions of To compounds in HaSO^Aq (v. Lowe, 
pr. 60,163). 

Prcjxirafion.—There are several methods of 
pi^paring crude To from the minerals that con¬ 
tain it. Native bismuth telluride is made into a 
paste with oil and K^COa, and gradually lieatcd 
to whiteness in a covered crucible; K/i’e is ex¬ 
tracted from the fused mass by boiling water, 
and the solution deposits Te on standing in air. 
Or the mineral containing To is powdered and 
treated with dilute IIClAq; the insoluble matter 
is gradually added to three times its weight of 
cone. H^S 04 , and heating is continued until yOj 
ceases to be given of!; the solid that forms on 
cooling is dissolved in water containing a little 
HCl; the solution is filtered from AgCl, Te is 
ppd, from the filtrate*by zinc, and undissolved 
zinc is removed by digestion with diluto llClA(i. 
For details and other methods v. Berzelius {1‘, 
8,411; 28,392); Lowe (/. pr. 60,103); Wolilcr 
(A.84,60); Opi)enlieim(,7.pr.81,3U8); Schnitzur 
{D. P.J. 211, 484, 492); Schwarz (L>. P. J. 180, 
29). 

To prepare pure To, Brauncr (CT. J, 55, 382; 
cf. M. 10, 411) recommends to digest the crude 
material with HClAq in a large tla.sk,'and to 
oxidise by IINOaAq added little by little till the 
8oUd matter becomes white, to evaporate several 
times with cone. lIClAq (to remove HXO,), and 
then to dilute cautiously with water, taking care 
not to add enough water to ppt. U./i’e 04 along 
with any PbCl^ which may come down. He tlion 
adds some saturated SO-^Aq, warms to G0’-’-70°, 
and ppts. Te by passing SOj into the warm solu¬ 
tion. The Te thus obtained generally contains 
a little copper and lead sclcnidcs. TJ:e pp. is 
dried and fused in small portions with KGy; the 
fused mass, which contains K,Te, is dissolved in 
water, from which air has been removed, in a 
stoppered flask; the liquid is allowed to dear 
(therg is generally a small pp. of telluridcsof heavy 
metals mixed with a trace of Te) and is then 
poured off, and a current of air is passed through 
it, whereby Te is ppd. The Te is dried, placed 
in a porcelain boat, which is introduced into a 
wide tube of hard glass surrounded by wire gauze, 
and distilled in a current of pure dry H. (For a 
method of purification baaed on the ppn. of Te 
from (NH 4 ),Te 04 Aq by grape sugar, v. Btolba, /. 
1878.214.) 

Prop^tUi .— As prepared by sublimation in 
H, teUuhum is a white, ihining, crystalliQOt very 
brittle solid, unchanged by exposure to air. 
Paring distillation in H, Brauner (f.e.) noticed 
that some ^Te was formed, and was dlcomposed 
with deposition of needle-shaped orrstals of Te, 
some of whieh were 1 centim. in length. The 
gfjsUls of Te are hexagonal rhombohedra, iso- 


morphoas with Sand 8a (o. Mathmann, Z.P.O* 
8, 396). By allowing K|TeAq to decompose in air, 
H. Bose obtained six-sided prisms with/hombo- 
hedral summits (P. 21,443; cf, Fabre a. Berthelot, 
C. li. 104,1405). Amorphous Te is obtained as 
a brown powder by ppg. H/rcO,Aq by SOj; on 
warming, Die amorphbus variety ohauges to the 
crystalline, giving oil a largo quantity of heat 
(F. a. B., Z.C.). To that has been melted and 
cooled quickly seems to contain both the crys¬ 
talline and the amorphous varieties. According 
to Fabre (i4. Cli. [6] 14, 100), both varieties 
have practically the wime S.H. at o. 100*’. Te 
melts at c. 455'^ and boils at c. 1390*^; the 
vapour is goMon yellow. He-ated in air it 
burns witli a brilliant LIuc-green Ihimo to white 
clouds of TcO;;, which are poisonous ; the 
smell, like that of decaying radlHlios, that is 
noticed on burning impure Te Is duo to the 
oxidation products of So, which is commonly pre¬ 
sent in specimens of crude To. Te dissolves in 
very cone, bmlin^ KOlIAq, forming a red liquid 
tbatcontains K./TcOa and KjTo; on allowing to 
cool, or on adding water, the vvliole ol the Te 
separates. HClAq is without, action on To; 
cone, hot H.SO, dissolves it slightly, but the To 
separates on dilution; when heated strongly 
with cone. II^SO^ To dia.soIvc3 to II/TcOj with 
evolution of SU.m To dissolves in SO^, forming 
ToSO,. Cone. HNO.,A»i forin.s a solution of 
IlTeO,; aqua reqU forms HTcO;, and some 
H^TcOj. Molten KNOj produces KVreO,. 

In its i)hysical properties Te appro^hes the 
metals, and especially resembles Sb.* In its 
chemical properties To is, on the whole, non- 
metallic; but the oxide TcOj combines with 
certain anhydrides of strong acids to form salt- 
liko compounds, and the oxide TcO is said to 
dissolve in 11.^80,Aq, forming To(SO,)j. To is 
closely related to So, and loss closely to S; it 
i shows distinct analogies with Cr, Mo, W, and 
U (r. OxYoiJN oRoupovBT.KvrRNTH, vol. iU. p.705, 
andOHHomuaiououp ovki.kmfnts, vol.ii. p. 108). 
The atom of To is divalent in the gaseous 
molecules TeH.^ and Tf CL, and totravalcnt in 
the gaseous molecule TcCl,. 

Atomic weight of tellurium. The at. w. of 
Te was determined by Berzelius in 1812, 1818, 
and 1832 by oxidising Te by HNOjAq and 
weighing the Tc0.j produced; he obtained values 
varying from 127*9 to 128*5 {P. 8, 24; 28, 395; 
32,16). In 1857 von Hauer analysed KjTeBr,, 
and obtained values from 126*5 to 128*1 
( W. A. D. 25,*135). In 1879 Wills determined 
the weight of TcO, obtained by oxidising Te by 
HNO,Aq and by agua regia, and he also made 
analyses of K,ToBro; his results varied from 
12G*i to 129*3 (0. 35, 704). In 1883 Braunet 

obtained numbers varying from 124 94 to 125'4, 
by oxidising To to TeO,, by converting Te and 
TeOjinto {TeO.J.,SO„ and by synthesising Ca.,Te 
(J. R. 1883. [1] 433; abstract inB. 16,3055). In 
1889 Brauner made a very careful revision of 
the at. w.of Te {C.J. 65,382);—(i.) by oxidising 
Te to ToO, he obtained values varying from 
124*48 to 127*28 ; (ii.) by converting TeO, into 
(TeO^iSO,, the numbers varied from 124*7 to 
129 (one result gave 185*9); (iii.) by conversion 
ol Te into (TeO,),SO|, the numbers varied from 
124*3 to 129*7; (iv.) by syntheses of tellorides of 
Ag, Co, and Au, the naubers varied from 135*1 
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to 125*9; {▼.) hj analysis of TeO* the ralne 
127*2 was obtained, but only one satisfactory 
analysisiwas made; (vi.) by analyses of TeBr| 
the numbers varied from 127*27 to 127*31. The 
results obtained by analysing TeBr, were more 
concordant than any ol^ined by the other 
methods; but the value 1^*3 is almost *75 units 
greater than the at. w. of iodine; hence it seems ' 
as if the at. w. of To is greater than that of I. 
But if this is so, Tc must be separated from S, 
8 c, and the chroniiuni metals, which are placed 
in Group VI. in tlie periodic arrangement of the 
elements; and Tc must bo placed either witli 
the halogens in Group VII. (I being put into 
Group VI.), or this element must find a place 
in Group VIII. (I remaining in Group VII., 
and an empty place being left in Group VI., 
Series 7). Tlie chemical iiroperties of Te 
show that it belongs to the same group as S 
and So ; and the chemical properties of I make 
it impossible to place that element clsewhcro 
than with F, Cl, and Br. * , 

Is te^lurhim a homor/mcoys boihj f Bather* 
than doubt the applicability of the periodic law, 
Brauner made the hypothesis tliat tellurium is 
not a honioglrneous body, but that it contains an 
admixture of foreign substances, lie dissolved i 
Te, and ppd. in fractions by KO., fused the fj’ac* 
tions with KCy, dissolved *in water, and ppd. | 
fractionally by a current of air; he then distilled 
each fraction in H, and converlcd it into TeBr,, 
and analysed each fraction. The vuluc.s thus 
obtained^ for tho at. w. of Te were almost 
identical, tho moan being 127*33. Pure TcO.^ 
was then dissolve<l in HCIAq, and tho solution 
was ppd. in eight fractions by ammonia; tlio 
filtrate from the eighth fraction was ppd. by SO^ 
in presence of HClAq ; after boiling olT SO.,, from 
tho filtrate from tho ninth fraction, tho liquid 
was saturated with IBS, and IhoTeO.jin solution 
' was obtained, converted into Te, and this con¬ 
verted into TcBr,; tho at. w. thus obtained (in 
three experiments) was 127*32, tho three experi¬ 
ments agreeing extremely well. To was then 
fused, but not distilled, in a current of n ; it was 
then converted into Tel>r^, which wasfreed from 
TcBr.,. by fractional sublimation in rac?m,without 
converting the 'J'ol3r, into vapour, and analysed; 
tbo values obtained for the at. w. of To dilTorcd 
very much, ranging from 12S-,5 to ]37'1. From 
theso results 13rauncr concluded tliat ‘if tel¬ 
lurium, obtained by any process of fractionation 
whatever, be subjectod to distillation in a current 
of hydrogen, and the tetrabromido be prepared 
from this by sublimation in a vacuum, its 
analysis always gives the same atomic W’cight ' 
for tellurium. ... If, however, the tellurium bo j 
only fused in a current of an indifferent gas, and ! 
the tetrabromido bo not sublimed, higher num- I 
bera will bo obtained. ... It is therefore very 
probable that on distilling tellurium in a current 
of hydrogen, and the tetrabromide in a vacuum, 
one eonsiituent of tellurium escapes partly, tho 
presenoe of which in the last cases renders tho 
atomic weight higher.* Brauner prepared TeBr, 
by fusing ToBr^ with excess of Te, and subliming 
either in vacuo or in a current of CO^; the 
analyses of different specimens of TeBr, showed 
percentages of Br varying from 64*658 to 66*14; 
the peicentage of Br calculated for Te** 127*32 
if 66 *6. Brauner concluded that * UUuriuai it 


not a aimpU substanca.* This eonelnalon jg still 
held by B. to be correct. In a private commoni* 
cation (January 1894) he says: * I consider Te 
to be a mixture of two elements that cannot be 
separated by ordinary chemical means, not even 
by fractionation. It cannot, however, be shown 
that tho at. w. of Te is about 126, for all attempts 
I have made in this direction have failed com¬ 
pletely. All atomic weight determinations made 
by me, and others, giving values higher or lower 
than 127*3 arc due, partly to impurities, but in 
most cases to some undetected source of error.’ 

Molecular weight of tellurium. Devillc a. 
Troost (C. R. 60, 891) found tho V.D. of Tc 
between c. lOOO'* and c. 1440® to be 130; this 
givc.s tlio mol. w. of c. 260. As the at. w. of To 
is not known with certainty, it is not possible at 
present to correct tho value deduced for tho 
mol. w. from the determinations of V.P. The 
gaseous molecule of Te is diatomic. 

Reactions andComhmations. —1. Heated in 
air, or oxygen, To is burnt to TcOj.—2. Heated 
in excess of chlorine TeCl* is produced ; with 
hroviiuc TcBr, is produced; with iodine the 
product is TeL.—3. Te and sulphur can be 
melted together in all proportions; it is doubtful 
whether definite compounds are formed or not 
{ v . Tellukium sdlpuides, p. 655). To and 
sclcnioi can also be meHed together in all pro¬ 
portions; no definite compound has been iso¬ 
lated.--4. A^ifric rtcid forms H-.TeOa; according 
to Klein a. Morel (Dl. [2J 43, 198), cold llNOj.Vq 
first forms 4 Tc 02 .N._, 05 .a'aq (v. TELLunruu 

DIOXIDE, p. 665). Aqua rfgia produces a mix¬ 
ture of H/TeOg and ILTcO^.—5. Te dissolves in 
hot cone, potash soluticni, forming a rod solntion 
that contains K/To and K./i’eO:,; on addition 
of water To separates {‘^KjTeAq + K/TeOaAq 
=>3KjO.\q 4 3Te).—C. Fusion with potassium 
nitrate produces K./reO^.—7. Fusion with potas> 
sinm carbonate produces a mixture of K/To and 
K./reOj.—8. To dissolves in sulphur irioxidc, 
forming TeSO^ (r. thio-oxidc under Telluhium 

OXIDES, p. 056). 

, Detection and Eslimalion. — Free To is 
readily detected by fusing with charred cream of 
tartar and dissolving in water, whereby a red 
j solution is obtained that deposits Tc in dork- 
I brown flakes on standing in air. TelJurous acid 
; and tellurites dissolve in dilute IIClAq, and 
j addition of watei ppts. white IKToO,; SO^ppts. 
j Tc from solutions of tellurites in dilute HClAq 
I or HNO^Aq. Solutions of telluratcs in acids 
give no pps. with water; solutions in HCIAq 
give off Ci on boiling, being reduced to tellurites, 
and are then ppd. by water. For a tost for Te 
based on tho formation of red TeSOj by passing 
TcHj into ILSO^Aq r. Divers a. ShimosS, O. 

43, 829. To is generally estimated by ppg. the 
element, from solution of H/TeOj or a tellurite, 
by alkali sulphite, SO.^, or grape sugar (Kastner, 
abstract in C. J. 29, 440; cf. Donath, abstract 
in C. J. CO, 242). In C. J. 69, 238, Brauner 
describes a method for the volumetric estima¬ 
tion of Te by KMnOfAqo 

^Telluriam, acids of; Ullurhydric acid 
HgTe (vol. ii. p. 727); tellurous acid H^TeOg 
(this vol., p. 666); tellurio acid H,TeO| (this 
vol., p. 640). The existence of the potassium 
salt of HCNTe is probable (v. TBZJ.nBooiA8ii>a% 
voL ii p. 353). 
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Tellurinm, tlloyi of. The compounds of To 
with metals are sometimes classed with the 
more deBnite alloys (t>. TELLonioES, p. «li»). 

Tellurinm, antimonides of, v, Antiuony t 
Combinations, No. 7, vol. i. p. 283. 

Tellaiinm, arsenides of, v. Aksenio; Com¬ 
binations, No. 6, vol. i. p. 303. 

Tellurium, bromides of. Two broniiiles have 
been isolated, TeBr., and TeBr,; both .are forincd 
by the direct combination of To and Br. The 
bromides can be sublimed, under reduced pres- 
mire, without change. The V.l). of neither has 
been determined; but, from the analogy of 
TcClj and TeCl„ the formuhe are probably 
molecular. 

Telujiiidm niBitOMiDE TcBr^. Formula pro¬ 
bably molecular, from an.alogy of TeCI,. I’rc. 
pared by fusing TeBr, with excess of powdered 
Te, and subliming cither in vaaio or in a 
current of dry CO^. A blackish-green cryslallino 
mass ; obtained in steel-grey needles by slow 
sublimation (llranncr, C- J- So, 410). Molls 
c. 303", and boils c. 313° (Carnelley, Melting- and 
Moilivg-point Tables, 1, 21). TeBr, is very 
hygroscopic; it is decompo.sed by water to 
lijTcOjAci and HBrAq. Dissolves in tartaric 
acid solution, forming TeBr* and Te (Ilrauuer, 
f.e.). 

Tellokiusi TErnaiflioMiDE TeBr,. {Telluric 
bromide.) Formula proljably molecular, from 
analogy of TeCl,. Bropared by shaking to;;i Him- 
powdered Te and Br, in the proportion TetlBr, 
warming in a current of dry CO-„ and then sub¬ 
liming in vacuo (for details and description of 
apparatus, v . Br.auncr, C . J . 35, 300). Forms a 
crystalline crust, which is iiery red when hot 
and orange coloured when cold. S.O. -,,---4*31 
(Brauuer, f.c., p. 407). Melts at c. 3,SI)°, and j 
boils at 414°-427°, according to Carnelley a. ■ 
Williams (0. J. 35, 503 ; 37,12,7). Di.ssolves in ' 
a little water without change; on dilution a 
colourless liquid is obtained, containing llBr 
and H-TeO,; crystals are obtained by evapo¬ 
rating over H,SO„ and arc said byBery.elius to be 
TeBr,.xa,0. By adding AgNO,Aq to a solution 
of TeBr, in tartaric acid, Brauncr (C. J. 55, 
888) obtained AgBr and also crystalline scales 
probably (C,H,0,),.Ag,O.TcO-.2aq; this com¬ 
pound is called by B. tellurium-silver tartar 
emetic {cf. Klein a. Morel, G- li. 100, 1140). 
TeBr, forma double salts with alkali bro¬ 
mides. The salt TeBr,.2KBr (=.K.,TeBr,,) is 
prepared by dissolving the proper quantity of 
KBr in water, adding Te, running in Br, ehaking 
till the Te is dissolved, filtering, and evaporating 
at 100° (Wills, O. J. 35, 711; cf. von Uaucr, 
W. A. B. 23,135). Dark-red, opaque, lustrous 
crystals; orthorhombic, o:b:c“l:i’4801:l'3ti58 
(W., l.c.) \ cf. Wheeler {Am. S. [3] 45,207), where 
some other salts of tne form MaTeBr, are de¬ 
scribed. 

Tellurinm, chlorides of. Two compounds 
ore known, TeCl, and TeOl,; both have been 
gasified, and the formulai of both are molecular. 
The chlorides are formed by the direct combina¬ 
tion of their elements. , 

Teu-ubiob mcBtonina TeCl,. Mol. w. 
e. 196. Powdered Te is heated in a distillation- 
flask in a stream of Cl until the Te is com- 
jleVely oonvetted into TeCl,; Te is added equal 


in weight to the original qnantity used, the 
whole is heated for a little time, an inverted 
condenser being attached to the flask, and the 
TeCLis then distilled off at 320°-380° (^MichaeUs, 
B. 20, 2488). TeCl, is a black, amorphous solid, 
melting at 175° (M., l.c.) to a black liquid; 
Carnelley a. Willi.amS give m.p. as 209° (0. J. 
37, 123). Boils nt 327° (C. a. W., I.C.). The 
vai)Our of TeCl, is reddish, and gives a oharao- 
teristic absorption-spmlrum (M., l.c.). V.D. nt 
410', in vaponr of N, 88*2 ;M., I.C.). ^ The 
vapour becomes yellowish in ju'er-eiice of air or 
0 ; TeO., and Te'Cl, are formed, and after con¬ 
tinued licating these riaet to produce TeOCl, 
(M., I.C.). TeCl, absorbs moisture when exposed 
to the air, but does not fume ; on addition of 
much water lI.,TcO, is formed; lIClAq forms 
Te, and TcO, which remains dissolved in the acid 
(M., f.c.). 

TEi.i.uttiOM TETiiAcnLOiiiDE ToCl,. {Tclluno 
chloride.) Mol. w. c. 2118. l’owder(.-d To is heated, 
in a distillatioi'i flask, in a stream of dry Cl 
until tlio soTid bccome.s pale yellow, when it is 
distilled in a stream of dry CO, (Miohaelis, if. 
20, 1780). TeCl, is a colourless, crystalline 
solid, melting at 214°, and boilint witliout de- 
comiiosition at 380° (M., l.c. ; Carnelley a. Wil¬ 
liams give tlio in.p. as 221" [0. J. 37, 125), and 
tile b.p. as 414° [C. J. 35, 5ii3]). V.D. 131 at 
440°, 125 at 530° (M., f.c.). Thu vapour of TeCl, 
sliows no absorption.spectrum (M., B. 20, 2488). 
TeCl, di.s.solvas witbout cbnli(;e in dilute llOlAq. 
It deliquesces in tlio air, cold water ppts. an 
oxycliloride, and H.,reO, is also foiniefl*; boiling 
water dissolves TeCl,, and ll-TeO, separates on 
cooling. 

TeCi, combines with alkali chlorides to form 
salts TeCl,.2MCl = M,TeCl,; these salts arc best 
obtained by adding MClAq to a slight excess of 
TeCl, dissolved in dilute liCl.Aq and crystallising 
{v. Wlicelcr, Am. S. [3] 45, 207). The salts • 
crystallise in regular yellow oetahedra, without 
water. Weber (B. 104, 422) described a com¬ 
pound TcCI,.3AlCl„ obtained by melting together 
TeCl, and AlCl,. TeCl, absorlia NH„ forming a 
grcenislr-ycllow solid tliat is unclianged in air 
and has tho composition TeCI,.2Nll, (Espeu- 
schiod, A. 113, 101). 

Tellurium, fluorides of. Only one fluoride 
of To lias been isolated. The formula TeF, is 
probably molecular, from tho analogy of TeCl,. 

Tai.LOinuM TEiiui'i-ooinnic ToF,. {TeUurie 
fluoride.) I'reiiared by dissolving H,TcO, in 
llFAq, evaposating at 100° to a syrup, allowing 
to cool, separating tlia white noilulcs tliat are 
formed, and beating in a IH basin (Hiigborn. Bl. 
[2] 35, 00). It carbonate or Iiydroxide of an 
alkali metal, or of Ba, is added to the solution 
of U./TcO., in lIFAq l;etoro evaiioration, double 
salts of tho forms ToF,.MiF and 2TeF,.M''P, 
are obtained; these salts are decomposed by 
water (11., I.C.). 

Tellarium, haloid compounds of. Thesa 
compounds belong to tho forms TeXj and ToX„ 
where X = Cl, Br or 1; tho only fluonde that 
has been isolated is TcF,. The chlorides leCl^ 
and TeCI, have been gasified, and the formulm 
are molecular; tho formula) of the other haloid 
compounds are also probably molecular. An. 
iodide containing more I than Tel,—perhapa 
Tal,, conesponduag with SI,—may exist la tb* 
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■olotion of H,TeOi In EIAq. No oomponnd 
eomspoDding with S 3 CU Se^Ol^, Se^r,, and 
6 eX bap been Isolated. The haloid compoands 
of Te are more stable towards heat than the 
corresponding compounds of Se or S. The 
haloid compounds of Te are decomposed bj 
water, giving H JIcOg and'HXAq f cold water is 
said to ppt. an oxychloride from TeClj. The , 
compounds TeX 4 combine with the haloid com¬ 
pounds of the alkali metals to form salts ! 
M/feX,,; when X«F the salts are said to be of i 
the form MTeP*. 

Tellarinm, hydride of, ToHj v. Hydhooen 
ielluiudk, vol. ii. p. 727. 

Tellarlum, iodides of. Two iodides have 
been isolated, Telj and Telf; a third—perhaps 
ToL—may exist in the solution of n/TeO, in ! 
HIAq. Tel] is formed by directly combining I 
Te and I; Tol, is obtained by digesting H/IcOa 
With HIAq. 

TBLLOfiiutf W'lODiiiK Tol], Prepared by 
gently warming a mixture of pow&orcd To and, 
excess of I; may be sublimed as a black, crystal¬ 
line crust; when strongly heated I is given oil. 
Not changed, by water, hot or cold (Berzelius, 
Lekrhuch, 5th edit., 3,1130). 

Tellubiusi TETnA-iODiDK Tol^. {TelluHc 
iodide.) Obtained by digesting powdered 
II/TeO] with HIAq in a closed flask, whereby 
bard black granules are formed. Melts when 
heated, and gives olT I, Boiling water causes 
decomposition, probably forming an oxyiodide. 
If a soluuinn of HjTcOa in HIAq is evaporated 
over HjjSO^ and CaO^H^ in vactio^ lustrous 
prisms are obtained tliat are pcrliaps a com¬ 
pound of Telj and III (B., Z.c.). By dissolving 
alkali iodides in TcL dissolved in dilute HIAq, 
and crystallising, black salts of the form MjToIg 
are formed in regular octahedra; the i)otas 8 ium 
salt contains 21 i]Oand cryslallisos inmonoclinic 
forms (Wheeler, Am. 8. [3] 45, ‘2()7). 

Tellurium, oxides of. Three oxides have 
been isolated, TeO, TeO., and TcO,. TcO is 
probably slightly basic; TeO] is the anhydride 
of the weak acid ILTeOj, but it also shows 
feebly basic properties; TcO, is a very weak 
Boidio oxide. Nono of tho oxides lias been : 
gasihed; all are known in tho solid state only, j 
An oxide of Te and 8 , ToSO*, is also knovra. ; 

Tbllubium uonoxide TeO. This oxide was i 
prepared in 1883 by Divers a. Shimosd (0. J. i 
43, 319). It is obtained by long.contiuucd 1 
heating TeSO^ to 180®-.230'^ in vacxo until SO, ! 
ceases to be given off, powdering tho residual j 
solid, digesting it with water containing a little 
NagCOa, washing with hot water, then with 
alcohol, and drying in a steani^oven. TeO is a 
black, amorphous solid, with a slight brown 
^ade, showing ^ graphitic lustre when pressed ; 
with a hard body. It is unchanged in air, but 
when heated it bums to TeO,; when strongly 
heated «i vacuo TeO-and Te are formed. TeO 
is scarcely affected by cold KOHAq; boiling 
EOHAq decomposes it, giving Te. SO,, even S 
boiling, scarcely acta on TeO. The oxide dis¬ 
solves in hot ^SO^Aq; D. a. S. say that the 
■olution deposits TefSO,), on cooling, but no 
analyses of the crystfus that separate are given; 
manna (P, 10, 491) gave this formula to the 
product of the interaction of Te with liol eono. 


Heated in HCl gas TeCl, fa formed. 
TeO is slowly reduced to To by SO,. 

TeliiUBiom dioxide TeO]. {Tellurous oxide, 
Tellurous anhydride.) 

Occurrence. —As Ullurite or tellurium ochre, 
in the Seven Mountains. 

Formation. —1. Te is heated in the air.—2. 
By decomposing a boiling solution of TeCl 4 in 
HClAq by boiling water.—3. By beating H,TeO,. 
4. By oxidising To by HNO^Aq, and heating 
tlie solution.—6. According to Hilger (A. 171, 
211) by heating To with H.^SO^, SO, is evolved 
and TeO] separates on cooling. • 

Preparation.— Te is dissolved in 
warm llNO^Aq, S.G. 1*25, and the solution is 
heated somewhat above 20®; below 8® H^TeO- 
separates, bet\yeen 8° and 20® both TeO, and 
ll/ToO, aro formed, and the solid that forms 
from the solution above 20° is TcO, only 
(Klein a. Morel, Bl. [2) 43,19S). By allowing 
the solution of To in HNOj,A.q to stand for some 
hours, and then adding some alcohol, TeO, is 
obtained in crystals (Oppenlieim, J.pr. 71, 267; 
cf. Berzelius, P. 28, 392). 

Properties, — A wnite, crystalline solid; 
melts at a red heat to a transparent, yellow 
liquid, which on cooling forms a white crystal¬ 
line mass, giving off so much heat that the 
solid glows feebly. TcO^ may be sublimed in a 
slow stream of air. Clarke {Am. 8. [3] 14, 286) 
gives S.G. as 5’7559 at 12*6®. As obtained from 
a solution of To in HNOsAq, TeO, forms quad¬ 
ratic octahedra ; S.G. 6-65 to 5*08 at 0® (K.a. M., 
I.C.). As obtained by heating II^TcO, till all 
water is removed and tho residue melts, TeO, 
forms orthorliorabic needles; S.G. 5’88 to 6*91 
at 0® (K. a. M., Z.c.). Freshly-prepared TeO, has 
no taste, but after a time it acquires a disagree¬ 
able metallic taste (Berzelius, P. 28, 892). It 
docs not redden litmus paper. It is almost in¬ 
soluble in water; 1 pt. dissolves in 150,000 pts. 
of water (K. a. M., l.c.). TcO, is very slightly 
soluble in most acids; it is more soluble in 
HClAq (v. infra, lieactions. No. 3). Dissolves 
readily in solutions of caustic alkalis, but in 
alkali carbonate solutions and in ammonia only 
after long-continued boiling. TeO, does not 
form II,TeO, by reacting with water, but as it is 
obtained by heating this acid it may bo called 
tellurous anhydride. 

Reactions and Combinations, —1, Beduced to 
Te by heating in hydrogen to the temperature 
whereat Te vaporises.—2. Easily reduced to To 
by heating with carbon. —3. TcO, absorbs hydro¬ 
gen chloride, giving off much heat and forming 
compounds TeO,.{cHCL At —10°, after satura¬ 
tion with HCl, the compound TeO,.8H01 is 
formed; on slightly warming HCl is given off, 
and TeO,.2HCl remains, and does not change 
when heated to 90®; on heating more strongly, 
TcOCl, is formed (Ditto, A. Ch. [6] 10, 82). 
Hydrogen bromide is also absorbed by TeO,; by 
saturating TeO, with EfBr at —16®, a blaoK 
solid, resembling I, and having the composition 
Te02.3HBr, is formed; this compound begins to 
decompose at —40®, above this temperature 
TeO,.2HBr is produced, which remaina un¬ 
changed to b. 8(K)®, at whloh temperature it de¬ 
composes toTeOBr,andH,0(D.,Z.c.). H^rogm 
iodide and hydrogen /luortde are also aosorb^ 
by TeO, hot the produots b«Te not been ass 
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ftmlned.—4. Tdltirltes (g. v., p. 650) are formed 
by dissolTisg TeOsio eatuHc alkali iolutions, or 
by fosing XeO. with alkali carbonates. —6. A 
oompoand of TeO, with sulphuric anhydride 
2TeO|.SOg—sometimes called basic tolluriam 
solphate^is formed by dissolving TeO, in 
hot H2SO4 dUoted with 8 to 4 times its weight 
of water, and evaporating; it crystallises in 
rhombic tablets, somewhat soluble in cold dilute 
H-^SO^Aq (J^ein, 0. i?. 99,820).—6. A compound 
with nitfic anhydride 2(4Tc0.j.N20t).3H.p is 
described by Klein a. Morel [2] 43, 198), 
at obtained, in rhombic needles, by dissolving 
TeO* in moderately cone. HNO^Aq, and also 
by dissolving To in excess of liNO,Aq, B.G. 
1*15 to 1*85, and evaporating at a gentle 
heat. This compound—which is sometimes 
described as basic teliuriucd nitrate—is 
decomposed at 0. 330'^, giving off N oxides and 
leaving TeO,; with much hot water it gives 
a pp. of TeO^.—7. A compound, probably 
'fo03.Ag20.(C4H40j)o.2aq, is formed by dissolving 
TeO] in HBrAq, adding tartaric acid^ and ppg. 
by AgNO^q {v. Brauner, C. J, 65, 398; cf. 
Klein a. Morel, C. B. 100,1110). 

TciiiiUHiuii TRioxinn TcO,. {Telluric oxide. 
Telluric anhydride.) Obtained, as an orange^ 
yellow, crystallino mass, by heating H^TeO^ (u. 
Tbllubio acid, p. C49)/o somewhat above 1C0°. 
If the temperature becomes too high some of 
the TcOgis decomposed to TcO,] and O; it is ad- 
visable, thereforo, to digest the residue wltli cold 
HClAq (to remove any TeOJ, to wash out HCl 
by water, and to dry at 100^ TeO, is not 
changed by cold, nor by boiling, water; nor is it 
acted on by cold HClAq, by hot or cold HNO^Aq, 
nor by dilute KOHAq. Very cone, boiling 
KOHAq slowly dissolves TeO,, forming KjTeO*. 
TeOa dissolves in boiling HClAq, Cl is slowly 
given oil, and H^TeO, is formed in the solution 
(u. Berzelius, K 28, 392). Clarke {Am. 8. [Bj 
14, 286) gives S.G. of TeO, as 6 0704 at 14*5''. 

Tbllubicm TiiiO'OXiDB ToSO,. {Tellurium 
sulphoxide. Tellurium-sulphur trioxide.) This 
compound is obtained by dissolving pure Te in 
pure SOy, and warming after a time to c. 30'^, 
pouring off SO,, and drying in vacuo (Weber, 
J.j^. [2] 25, 218; for d^cription of apparatus, 
and details, v. Divers a. Shimosd, C. J. 4B, 323). 
TeSO, is a red amorphous solid, melting at 30'*. 
When pure it remains unchanged, in a scaled 
tube, for months (D. a. S., lx.). The colour 
gradually changes to brown by heating to 35''; 
the change is instantaneous at OO'’. Tlie pro* 
duct, which is a brown solid, baa the composi¬ 
tion TeSO, (D. a. S., l.c.). At 0. 180^ SO, is 
given off and black TeO remains (D. a. S., l.c.). 
TeSO, is not acted on by SO,; it dissolves in 
HjSOfAq, giving an amethyst-red solution; water 
decomposes it to H,TeO„ TeO, Te, H,SO,Aq, 
and Hs,SO«Aq (D. a. S., lx.), 

TeSO, may perhaps be regarded as tellurium 
sulphite. 

TeUnrium, ozyaolds of, H,TeO„ v. Tellu- 
Bous Acm (p. 656); HgTsO,, v. Tblluoio acid (p. 
649). 

Tolltuioin, ozybronide of; TeOB^ A pale- 

? allow solid; obtained by heating Te(J,.2HBr (o. 
'sLLtruinf ntozma; BcaoHons^ No. 8, p. 654) 
abova 800^ Melts at red heat, forming a very 
liquid, which ^ves off almost 


black vapour with partial decomposition to TeO* 
and TeBr, (Ditte, i. Oh. [6] 10, 82). 

Tellnrium, ozyohlorlda of, TeOCl|. Pra* 
pared by heating ToO,.2H01 {v. TBawmiuM dj. 
oxide; BeaclioyiSt No. 8) to above 90*. Very 
similar to TeOCI, (DiljJe, A. Ch. [6j 10,82). De¬ 
composed at fairly high ti^raperuture to TeO, 
and TeCl,. 

Tellurium, ozyiodide of. According to Ber¬ 
zelius {Lehrbuch [6th edit.] 3, 1141), a greyish* 
brown, heavy powder is formed by digesting 
Tel, with boiling water, and this }>owder is pro¬ 
bably an oxyiodide ut To; no nnalysos are 
given. 

Tellurium, salts of. No compounds have 
been prei)ared by directly l•l‘l>lllcing the H of 
oxyacids by Te. According to Divers a. Slumosd 
(0. J. 43, 319), Te(S04)o is formed by dissolving 
TeO in hot H,SO,Aq and cooling, but no analyses 
are given; Magnus {P. 10, 491) gavo the formula 
Tc(S 04), to the*product of the interaction of 
Te and hoW cono. ll.SO.. The ooiuponnds 
2Te0.j.SO,and2(4To0.i.N.,Oa5.3a«i are sometimes 
called basic tellurium sulphate and basic tellu^ 
rium nitrate respectively; the com,»>ound TeSO, 
(t). stipru,TKLLnKiDU tuio-oxidk) may perhaps be 
looked on as telhmum sulphite ; and a compound, 
probably TeO.^AgjO.(0*11,0,),. 2aq. is called teU 
lurium-silver tartar emetic {v. Tullujuum di¬ 
oxide ; lieactionSt Nos. 6, 6, and 7, supra). 

Tellurium silver tartar emetic v. TKiiLumcu 
DIOXIDE; licactionst No. 7, supra. 

Tellurium, sulphides of. Berzelius (P. 6, 
411) described two sulphides, TcHj and TcS„ 
corresponding with the oxides TcO, and TeO,. 
According to Becker {A. 180, 257), 08, removes 
almost all the S from these supposed ooinpounds. 

B. concludes that the substances described by 
Berzelius are not definite compounds ; bethinks 
that compounds of Te and 8 are probably formed * 
by passing H.S into TeO.^Aq and TcO,Aq. As 
the substances obtained by Berzelius seem to 
have very definite properties, they are shortly 
described here. 

Ticllukium DIR 0LPII1DB TeS,. A dark»brown 
pp. formed by passing Il.S into IKTeOsAq, or 
into nil acidified solution of an a])<ali tellurite; 
softens when heated and cools to a grey, 
somewhat lustrous mass; gives off S when 
strongly heated. TeS, reacts as an acidic sul¬ 
phide, forming compounds arMS.TcS.^, where M 
= (NH,).2, Cd, Li,, Fe, Mg, Fb, K„ Na,, Zn, <tc. 
The Ihiotellumtcs of the alkali mohils are best 
obtained by saturating aqueous solutions of the 
tellurites with H,S, and crystallising in vaetto; 
the thiotcllurites of alkaline earth metals are 
formed by boiling the sulphitlcs of these metals 
with ToS, and water; the thiotcllurites of the 
heavy metals are obtained by ppn. from solu¬ 
tions of the alkali salts (Berzelius, P. 8, 411). 

Telluuidm tmbulpuidb TeS,. A blackish 
grey, lustrous solid; formed by saturating 
H/re04Aq with H^S, and allowing to stand for 
some time in a closed vessel in a warm place. 
Thiotellurates of the alkali metals, sM^.TeSg 
are formed by saturating M2TeO,Aq with H,b 
( v. Oppenheim, J.pr. 71, 267). 

Telluriam, sul^ozide of, v. Tslldbiuic tbxo* 
OXIDE, supra. 

ToUvius, thiO'Ozide of, v. suprsh 
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TeUmrium, thio* salta of, o.TELLtjBiuu dzsux*' 
raiDic, p. 655; and TaLLtmiuu tbisulphios, p. 
655. M. M. P. M. 

TELEUROCYANIDES v. voL ii. p. 853. 

XEtlEEOUS ACID H,TcO,, 

F(ynnation.—l. By dissolving Tein IINOjAq, 
8.0. 1‘25, and at once i^g. by «\vater; if Iho 
Rolntion is left for some tinm before adding water 
tl>o pp. is TcOa.—2. By decomposing TeCl* by ! 
cold water. 

Prciwation, —TcO.^ is fused with an equal 
Weight of K^COg or NaXOg as long as COo is 
given off; the tellurite thus formed is dissolved 
in water, and UNO^Aq is added until the liquid 
1ms a very distinctly acid reaction; the iloccu* 
lent pp. thus produced is allowed to remain in 
contact with the Ih^uid for some hours, and is 
then thoroughly shaken up with the liquid, a 
little UNOgAq being added if the acid reaction 
disappears during this process ; the pp. is then 
washed with ice-cold water, and dried at tlio 
ordinary temperature (Bei/cliir., P. 28, ;}92; cf. 
Oppouheim, 71, 207). The aCdution of tlio, 
alkali tellurite in UNO^Aq may bo decornposod 
by adding water, but this must be done at onco, 
as after slamhng water ppta. TeO.^. 

Properties and licactions. —A white, light, 
amorphous solid, with a bitter, inctallie taste. 
Beddens litmus paper. Dissolves slightly in 
cold water; when the aqueous solution is heated 
to 0 . 40'^ TeO;. separates. When slightly heated 
gives TcO.^ anti Jl.p. II,dissolves in many 
acids; from the solution in IlGlAq, water or 
alkalis {/J)t 8 . lI.TeOs; the solution in HNOjAq 
gives a pp. of TeOo on addition of water after 
standing for some time. From the solution 
in H.SOiAq and llNOaAq the compounds 
2 Tc 0 ,j.S 08 and 2(4ToOo.N.Pj).3aq have been 
obtained (v. Telluiuuhi dioxide; Bcactionst 
No. 6 and 0, p. OoS). H/roO., forms tellurites 
{<}. u., p. G50). Thomsen {TJu 2, 278) gives 
[Te,0MI*0] = 77,180. M. M. P. M. 

TELLUEIUM, Organic Compounds of. 

Uethyl tellurido MeTo. (82^). Formed by 
distilling K^To with Ba(SO,Mo)... (Wohler a. 
Dean, .4. 03, 233; Heeren, Di 5 s<jr/a<ton, Gottin¬ 
gen, ISCl). Pale-yellow, mobile, heavy oil, with 
persistent alliaceous smell. Oxidised by HNO, 
to Ma/IoOIINOs, crystallising in prisms.— 
Me^TcUOAo. Transparent cubes, v. sol. water. 
Its solution gives with IIGl a pp. of Me.^TcClj 
which crystallises in long piisms [07*5*].— 
M 62 TeBr, [89®]. Prisms.—(MoTc)^U.^COj. Difli- 
cult to crystallise. -Formate «MejTeGHj.O.. 
Deliquescent needles.—Mo.^TeIj. Formed by 
heating To with Mol at 80® (Demar<;ay, Bl. [2] 
40,100).-(Me.;ro),HAO^.—Me.TeO. Got from 
Ma^TeCla and Agp. bcliqu«soent crystalline 
mass, alkaline to litmus.—Me/IeOCl^. Got from 
tlie chloride wid NH.,Aq. Short prisms (from 
alcohol). — (Me,Te),OBiv — (Me 8 Te).^ 8 SO^. 
Cubes, v. sol. water, iusoh alcohol. 

Methyl-iodide Me,Tel. CrystalUne, si. 
sol. water. Converted by moist Ag,0 into an 
alkaline base which yields (Me,ToCl) 8 rtCl 4 . 

Ethyl telluride v. vol. 11. p. 519. 

TEMFLIN OIL. An essential oil obtaiuod 
from fir cones (FKlokiger, J. 1855, G42; Bertholot, 
J. Ph, [3] 29, 38). Colourless, becoming green¬ 
ish-yellow in air. Boils at 156®>I77®. S.G. 
*062. Yields on rectification a Invorotatory 


terpene (172®) S.G. i *856. HNO, (Jvol.Undal- 
cohol (4 vol.) yield terpin hydrate 0,oH2oO,aq 
[118®] (250®) S. 9 at 100®. Alcohol and HCl 
yield crystalline OibH^HCI and 0,8H„2HCl 
[65®]. 

TEEACONIC ACID C,H,«04 t.e. 
CMe2:C(002H).CIlHC0,H. Pro 2 )ylide>ie‘Sttccinic 
acid. [163®]. Formed in small quantity by 
distilling the isomeric terebic acid (Goisler, A. 
208, 50). Na and NaOEt convert tereblo ether 
into sodium ethyl tcracouate (W. Boser, B. 15, 
2U3). ii'ormod also by treatment of the ether 
C 02 Et.CBrPr.Cn 2 .C 0 .,.Et with alcoholic potash 
(Schleicher, A. 2o7, 130). Crystals, sol.alcohol 
and ether, v. sol. cold water. Above 103® it 
yields ll.G and an anhydrido. Cone. llBrAq 
at 0® forms lerobio acid. 

Salts. —BaA".—CaA". rp.,v.sl. sol.water. 
—AgoA". Ncodlos, m. sol. water. 

Mono-ethyl cfAcrEtHA". OH. Decom¬ 
poses NaaCO,, forming crystalline NaElA", a 
solution of which gives with AgNO, a pp. of the 
unstable AgEtA". 

Di-ethyl ether ELA". (255 i.V.). Oil. 

TEEACRYLIC ACID CjH.G,. (218® i.V.). 
A product of tho distillation of terpciiylio acid 
(Fittig a. KralTt, B. 10, 521, 1059, 1740; A. 208, 
70; Amthor, J.pr. [2] 42, 380). Liquid, smell¬ 
ing like valeric acid, si. sol. and lighter than 
water. Yields acetic acid'^)n fusion with potash. 
Fuming IIBr forms C-IIjjlBrOj, which gradually 
splits up into IIBr and licptolactono C,H„0,.- 
CaA'ooaq, Prisms or needles.—AgA': needles. 

Ethyl ether'KiM. (191®). Fruity oil. 

TERBIUM. Tr. At.w.'not determined with 
certainty; probably c. 162 (v. infra). 

The examination of gadolinite, a rare Swedish 
mineral, by Mosander, Clevo, and others made 
probable the existence therein of at least seven 
earths, to one of which tho name terbia was 
given (v. Euiuum, vol. ii. p. 4.56, where tho his¬ 
tory of these earths is stated more fully, with 
nderences to original memoirs). It is still very 
doubtful whether tho substance culled terbia is 
a homogeneous body or a mixture of more than 
one compound {cf. Metai.s, n\uE,vol. iii. p. 242). 
Dclafontaino (/I. Ch. [5] 14, 238) prepared 
an orange-yellow, earthy compound, which he 
regarded as pure terbia, from satnarskitCt 
by a long process of fractional ppn., first by 
K^SO^Aq, ther by oxalic acid, and finally by 
furmic acid {cf, Marignac, A. Oh. [5] 14, 247; 
Cleve, Bl. [2] 31,197). 

Terbia is described as on orange-yellow 
amorphous solid; when heated in H for some 
time it becomes white. Tr G, dissolves in acids, 
forming salts of the type Tr.Xa, where X=> 
SO,, GO,, 2NO„ &o. The emission spectrum of 
terbia has boon mapped by Boscoe a. Schuster 
(0. /. 41, 283). The at. w. of Xr—the supposed 
element has not been isolated—was determined 
by Delafontaine to be 113‘o ; Marignac found the 
value 148*5; Lecoq deDolsbaudran found 163*1, 
161*4, and by later work 159 5 (C. B. 102, 895 1 
111, 474). ^ M. M. P. M. 

lEBEBENE v. TeheIkxs. 

lEBEBENTHENE v. TxKfEHES. 

LITEBEBENTHYI. V.D. 4-6. (846'% 

S.G. “ -9688. [a]n=69°. A product ot distilla¬ 
tion of oolophonj (Benaid, C. B. 106, 865; 106, 
S66). Oil, resiiwsd b; air. EUnO, oxidise, it 
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lo proplonio, aoetie, and fonnie acids and CO,. 
Cold fuming HNO, forms ^ JcHow 

powder, sol. alcohol and ether. Br In GS, at 
~ 10 ° forms G^H^Br,, which on heating yields 
diterebenthylene (347°) 8.0. A* ‘9821, 

whence Br forms Ca*H„Br,. HNO, produces 
OaILi(NOJ„ and H^SO, forms C.^H„SO.H, all 
amorpnous solids. Bromine-water gives rise to 
a brown, amorphous solid. Gaseous 
HCl passed into the ethereal solution forms 
C^H^^HCl. H,SO^ yields Ca,H,«SOj,H, which 
is sol. water, alcohol, and ether, fornting 
fluomscent solutions. Diterebcothyl passed 

through a red-hot tube forms H, 0 ;^ 4 , 0 , 11 ^, 
pentane, hexane, hexylene, hexineno, heptineno, 
oymenh, and other hydrocarbons. 

TEEEBENTILIC ACID C,H„0,. [90°]. (250°). 
Got by passing the vapour of the hydrate of oil 
of turpeotine C,(,H,«2H^O over soda-lime at 400° 
(Personne, A. 100, 253; cf. HempelhA.180, BO). 
Crystalline powder, sol. hot water, v. sol. alcohol 
and other. May bo sublimed.—AgA.', Crystalline. 

TEBEBENTIO ACID C^H.A. Got by di¬ 
gesting oil of turpentine with oxide of lead 
(Weppen, A, 41, 294). Crystals (from alcohol). 

TEEEBIC ACID i.e. 

CM«, Mol. w. 15S. [170“]. 

H.C.v. 700, 042 (Ossipofl, G. n. 108, 812). S. 
(ether) 2*856 at 35° (Amtflor, J.pr. [2] 42, .385). 
Formed by the action of nitric acid on oil of 
turpentine (Bronteis, A. 37, 297 ; llabourdin, 
J. Ph. [3] 6 , 185; Cailliot, A. Ch. [3] 21, 27; 
Svanberg a. Eckmann, J, 7 >r. 6 G, 220; Miolck, .1. 
180, 47 ; Bredt, A. 208, 37; Erdmann. .1. 228, 
179). Fornunl also by oxidising pinol (Wallach, 
,/4.253, 256; 250,317). Terebio acid is porha|i 3 
identical witli oxyhcxic acid (GorbolT, J. It, 
1887, 605). Monoclinic crystals (from alcohol), 
si. sol. cold, Y. sol. hot water. V. sol. alcoliol 
and ether. Not attacked by fuming IINOa. Spilt 
up by water at 150° into CO, and pyroterobic 
acid. On boiling with Il^SOf (2 pts.) and water 
(1 pt.) it is converted into the lactone of oxy- 

isohexoic acid CO^ being 

evolved. On distillation it yields pyro- 
terebio (hexenoic) acid, oxy-isohexoic l.actono, 
and a little teraconic acid. On heating for 15 
hours at 160° with excess of a saturated solution of 
baryta it is converted into acetone and succinic 
acid (Frost, A. 226, 36.3). Fuming HIAq yicM.-j 
CHJ'r.CH„.CO.^H. Alkalis form salts of dia- 
terebic acid, of which terebio acid is the lactone. 

Salts.—NH 4 A'; very soluble prisms.— 
KA'^,aq. —NaA'^aq.—BaA'j2aq: amorphous. — 
AgA% Prisms, v. soL water. 

Ethyl ethtr EtA. (274° I.V.). S.G. 

AA I'lll. Formed from terebio acid, alcohol, and 
HCl. Dilute NaOH dissolves it, forming mono- 
ethyl diaterebate; on cautious acidification the 
ether separates again, but only after warming 
(Kkmann). Sodium dissolves in its ethereal 
solution, giving off hydrogen and forming the 
sodium salt of acid ether of teraconic acid ( 9 . v.). 
Acoholio NaOEt acta in ^he same way, excess 
forming a white pp. of disodic teraoonate. 

Dlaterebie acid • 

OMe,(OH).CH(CO,H}.OH,.CO^ The salt 

BaA" 8 aq is form^ oy boiling terebio acid with 
excess of baryta-water. It erysiallisea from 
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alcohol, but on acidification at once yields the 
lactone, terebio acid. AgNO, added to a sola* 
tion of the Ba^lt ppta. Ag^A'*.—CaA"3a(i.— 
CaA'.-PbA'* 8 aq.—Pb,A",(OH), aq. 

Ethyl ether EtgA". formed from Ag^A^' 
and EtI. Oil. Converted by acetyl chloride into 
CMo,(OAc).CH{CO,Et).Cfla.CO,Et, an unstable 
oii. 

fi-Bromo.terebio acid 0,n„BrO, i.e. 

[151°], Formed by 
I adding Br (1 mol.) to powdered teraconic acid 
(1 mol.) covered with water (Frost, A. 226, 363). 
Largo crystals, m. sol. CS;, v. si. sol. chloroform 
and benzene. Decomposed by boiling with water 
into IIBr and torebilio acid lloduced 

by sodium-amalgam to tcrobic acid. 

References.- CiiLono- and Oxt-tkbkdio 

ACID. 

TEEEBILENIC ACID CJT.O* i.e, 

(7) [Ki'J ]. Formed by 

heating a-chloilf-terebio acid at 200° (Uosor, 23. 
15, 296 ; A. 220, 261) and by ova])oraling j 8 - 
chloro-torebio acid with water (Frost, A. 226, 
370). Small prisma or needles (front water), v. 
sol. alcohol and ether. Crystallisos Irum alcohol 
or cono. HlJrAq in tiimetrio forms; a:h:c=» 
*800:1; *858. Maybe sublimed. Excess of KOH 
forms the diaterebilenato K^C; 11 ^ 0 ,, but this 
splits up on wanning with water into KOH and 
poUissium terebilenate. Does not comiiine with 
BrorllBr. Sodium-uinalgum reduces it to terebio 
acid.—CaA'j.—Ag.V'. Prisms. •• 

CitiiOBo-TKiiKiJiiiKsia Aorn. 

TERECHEYSIC ACID C,lld)v A product 
of the action of HNOj (S.<r. 1*2) on turpentine 
(CiiillLot, A. 64, 376). Orange red crystals, v. 0 . 
sol. water, alcohol, and ether.--P1)A": crystals. 

TEEELACTONE OJI.O, i.e. [12°]. 

(210° i.Y.). Formed by the action of boiling 
water on di-bromo-isohexoic acicl derlve«l from 
pyroterebic acid and Br (Gcislcr, A. 208, 47). 
Mobile li(iuid, sol. water. Boiling baryta-water 
converts it into amorphous Ba(Cgll„ 0 ;,) 2 i which 
is sol. water and deposits BaCO, on boiling. 

TEREPHTHALIO ACID 0,11,0, i.e. 
C,jH,(00,11)-,. p-Vhthalic acul. Mol. w. 106. 
H.O.p. 770,900. lI.C.v. 771.200. U.F. 188,100 
(Stohmann, J. pr. [2] 40, IJJ9). . 

Formation. —1. By the action of UNO, on 
j oil of turpentine (Cailliot, A. Ch. [3] 21, 28; De 
la Hue a. Hugo Muller, A. 121, 86 ; Sehreder, D. 

7, 704 ; cf. W. (J. Williams, U. 6 , 1091).—2. By 
the oxidising action of chromic acid mixture on 
p-xy\(ino (Boilstein, A. Idit, 32; 1.37, 301), 
cuminio acid, cumirio ald<-liydo, cymeno (Hof¬ 
mann, A. 97, 197), p-toluic acid (Ueilstcin a. 
Yssel, A. 1.37, 308), di-ethyl*benzeijo, and amyl- 
I toluene (Fittig, A. 141, 167). — 8 . By the 
action of boiling dilute HNOjOn cymone and on 
terpenes (Schwanert, A. 132, 2.57; llomeyer, 
i Ar. Ph. [3] 5, 326).—4. By oxidation of o-ethyl- 
toluene by aqueous KMnO, (Claus a. Pieszcok, D. 
19, 3083).—5. By fusing potassium jo-sulpbo- 
benzoate with sodium formate [itemsen, B. 6 , 
379).— 6 . From its nitrile, which is obtained by 
distilling K^FcCy, with potassium benzene p* 
disulphonato (Garrick. 1869, 561), p-ohloro* 
benzene sulphonato (NuUiog, B. 8,111^» or p- 
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bromo-betizene eulpbonate (Irelan, Z. 1869,164; 
Barth a. Benbofor, A. 174, 242; Limprioht, A* 
180, 88).—7. The semi«nithle also formed by 
(he action of a hot solution of cuprous potassium 
cyanide upon p>diazobonzoio acid (Sandmeyer, 
B. 18,1497). - 8. By heating j)-dl-bromo-benzene 
with ohlorofonnio eth^r and* 1 p.c. sodium* 
amalgam at 110® and saponifying the product 
(Bonz, B, 18, 2305).—9. By the action of 6 p.o. 
KMn04 on an oil (268°-263®) which remains as 
a residue in the manufacture of aniline and 
toluidino (Uell a. Bockenbach, B. 22, 505). 

Breparalion. — \. Br (2 mols.) is added to 
boiling p-xylene (100 g.), and the resulting 
CyH4(Cn.;Bry^ decomposed by alcoholic KOAc on 
the water bath. Alter evaporating the alcohol 
the CfH^iOAc), is extracted with ether, and 
oxidised by adding 4*5 litres of 10 p.c. KMn04 
to its solution in water (1 litre) and NaOH (5U0 g. 
oi B.G. 1*22). Finally more KMnOf is added 
till the solution remains violet, the solution kept 
at 100® for 3 hours, liltoied, and ppd. by HCl 
(Baeyet, A. 245, 139).—2. By oxvlising 7J-xyl(jne 
with chromic acid mixture (Beilsteln, A. 133, 11). 
3. From p-toluidinc by Sandmeycr’s reaction, 
the resulting p-toluic acid being oxidised by 
KMn04 (taeyer a. Herb, A. 258,1).. 

Properties. —White crystalline powder, nearly 
ineol. water, alcohol, ether, chloroform, and 
HOAc. Sublimes without previous fusion. Does 
not yield an anilide on boiling with aniline 
(Michael a. Palmer, B. 19, 1370). It is ppd. 
from 'its ealts by phthulic Scid. Yields benzeno 
whei^ dli’tilled witli slaked lime. Beduced by 
sodiuni-aniulgam in a current of CO.^ to the 
A*-* or (1,4)- dihydride. If CO._. bo not used the 
product is the or (3, 0)- dihydridc, which is 
also get by boiling the (l,4)-dihydrido with 
NaOHAq (Bncycr, A. 209,153; cf. Moha, Z. [2] 
8, 68). Tlie (l,4).dihydride gives benzoic acid 
on oxidation by MnO.^ and dilute H.^SO,, while 
the (3,6)*dihydride forms terephthalic acid 
(Baeyer, A. 209, 182). By heating its alkaline 
solution with sodium-amalgam terephthalic acici 
is reduced to a tetrahydruio, and this is further 
reduced by HIAq at 240® to a hexahydrido 
(Boeyor, B. 19, 1805). 

Salts. — (N1I,),A". Small crystals. — 
CaA"8aq. S. *08 at C®.—BaA" 4aq. S. *28 at 
5®.-SrA". a. *10 at 17®.—Ag,A". Curdy pp. 

Mono-me,thyl ether MeHA", [c. 230®]. 
Formed by tlie action of cone. or alcoholic 
potash on the di*mothyl ether (Baeyer, A. 246, 
141). Needles, sol. Na.^CO^Aq and hot water. 

Di-^methyl ether Mo;A'" [140®}. S. ‘3 
at 100®. H.F. 172,300 (Stohmann, J.vr. [2] 43, 
2). Formed by heating the acid witli PGIa on 
the water.bath and pouring the product into 
methyl alcohol. Trimotrio plates; a:bic - 
*843;l:d*083. Insol. cold water, si. sol. hot 
MeOH, m. sbl. EtOH. 

Di’Othyl ether [44®]. Prisms. 

Propyl ether [31°]. Needles. 

Isopropyl ether [66"]. Plates, 

sf Asr (C4H^).A". Liquid. 

Isobutyl ether (CHd*r)A". [62*6®]. 
Needles, v, sol. other (Berger, B. iO, 1742). 

Isoamyl ether (C.H,,)^". Pearly scales. 

Phenyl sther PhjfA". [194®] (Baeyer, 
.4. 268, 44). Formed from the chloride and 
phenol. lioaflets. 


Chloride OA(COCl),. [78®]. (269*). 
Amio acid [214®]. 

Formed from p*diazo>benzoio acid by Sand- 
meyer’B reaction (Sandmeyer, B. 18, 1498). 
Minute plates (from water), m. sol. cold water. 

Amide C,iH4(CONH2)9. Formed from the 
chloride and NHgAq. Amorphous. 

Nitrile C«H4(CN)j. [220®] (Luckenbach, B. 
17,1428). Formed from the amide and P^Ot. 
Got also by distilling calcium bromo^benzene* 
/)-6ulphonat0 with K4FeCy4. Cone. HIAq 
forms 04H4(CI,.NH2), (Biltz, B. 25, 2543). 
r cistrans A* ® or (1,4)- Dihydride ^ 

CO,H.CH<§JJ:^^>CH.CO,H. S. *8 in the 

cold. H.F. 182,600 (Stohmann, J. pr, [^] 43, 
.538). Formed by reducing terephthalic acid in 
a current of CO.^ by sodium-amalgam (Baeyer, 
A. 251, 257 ; 209, 153). Munoclinic prisms (from 
; EtOAc); aib:c *982:1:1*010 ; 0 --- 78® 2'. M. sol. 
ether. Not attacked by sodium-amalgam in the 
cold. Unites with bromine (4 atoms). Trans» 
formed into the A'.® isomerido by boiling with 
water, and into the A^-* acid by boiling with 
NaOHAq. Alkaline KMnO, rc-oxidiscs the acid 
to terephthalic acid. A warm solution of the 
acid readily reduces AgNO;,. On warming with 
aqueous cupric acetate it gives off CO, and 
forms a white pp. which, on adding HOAc and 
warming, yields Cu^O, the liquid then contain¬ 
ing benzoic acid. The (3,6), (3,4), and (2,8) 
isomerides do not reduce AgNO, and cupric 
acetate. The Ba salt crystallises in plates, and 
is V. sol. water. 

Methyl ether Me.^A". [77®]. Yields a di- 
and a tetra-bromide. Br in CHCl, forms a di¬ 
bromide [170°] and a tetrabromide [98®]. 

Di-pkenyl ether PhjfA". [146®]. Formed 
from the chloride and phenol at 100®. Small 
crystals, si. sol. alcohol, ether, and ligroin. 
rc4S A*'® or (1,4)- Dihydride 

CO,H.CH<^py;®”>C(CO,H)H. Extracted by 

ether from the mother-liquor from which the 
preceding isomeride has separated. Closely re¬ 
sembles its cistrans isomeride, but the cis acid 
and its salts are the more soluble. 

A'>® or (3,4)- Dihydride 

CO,H.CH<^^ ;™>O.CO,H. S. -042 in th. 

cold. H.F. 185,300. Formed by boiling the 
(1,4)-dihydride with water, and obtained, there¬ 
fore, by reducing terephthalic acid with sodium- 
amalgam (Baeyer, A. 245, 142; 251, 257; 269, 
148). Converted into the (3,6)- acid by NaOHAq. 
Sodium-amalgam in the eifld reduces it to the 
A* tetraiiydride.—BaA'' 4aq. Trimetric crystals \ 
a:h:c »*319:1: *352 (Baeyer a. Herb, A. 258, 22). 
Methyl ether [40®]. 

A^'^ or (3,6)-Dihydride 

>C.COJH. S. -0059 in the 

cold. H.F. 191,900. Formed by reduction of 
terephthalic acid in alkaline solution by sodium- 
amalgam (Baeyer, A. 245, 142). Got also 
boillng^tho (1,4)-dihydride with NaOHAq. Slen¬ 
der needles (from water), almost insol. ether. 
Much resembles terephthalio acid. On mb- 
liination itis partially converted into terephthalio 





TEREPHTHALIO ACID. 


9 » 


•eid. Immediately oxidised by KMnO«. Forms 
CH(CO,H)<g^,;g^'>OH.OO^ by uniting 
•with HBr. Sodium-amalgam in the cold re¬ 
duces it to a slight extent, forming the two 
isomerio h’ tetrahydrides.—BaA"4aq. Crystals, 
resembling its A*'* and aW isomerides. 

Mono-methyl ether MeHA". [225°]. 
Got from Me.A" and alooholio potash. Needles 
* (from hoVwater). 

Di-methyl ether [130°]. II.F. 

172,700. Formed from the dihydride hy-suc- 
cessive treatment with PCI. (2 mols.) and 
MeOH. Monoolinio plates (from KtO.Vo); 
<i;6;c = l-62;l:2-70; 0 = 0.74°. SI. sol. water, 
m. sol. hot alcohol, v. e. sol. ether, ilr in 
ClICl, yields a dibromide C.U.Br,(CO,Mc), 
[90°] and a tetrabromide [150’]. Excess of Br 

yields CO,Mo.C.H.Br<^® [188°]. HBr forms 

OttH«Br;,(COan)2 which yields 0„HaBr.^(CO;iMo)i 
riG6®j. 

Di-phenyl ether V)iA". [191°]. Formed 
by treating the chloride with phenol (Baeycr a. 
Herb. A. 258, 31). Small scales (from hot 
MeOH), si. sol. ether. 

A*'" or (5,G)- Dihydride 

CO.H.C<g[['^^>C.CO.H. 8. -0053 in the 

cold. Formcil by the adlion of alcoholic potash 
on the dibromido of the A* tetrahydride and on 
the tetrahydride of di-broino-terophthalic acid 
got by broniination of the hexahydride. Unites 
with hydrogen bromide (2 mols.) forming 

CO,H.CH<g“i„,;^{^|j,>ClI.CO,H. Easily re- 

duced by Zn and HO Ac and by aodium-amalgam 
to the two A'* tetrahydrides. Boiling water cun- 
verts it into the (3,4)- isomcride. Boiling 
Na01I.\q forma the (3,0)- isouiorido.—BaA" 4aq. 
Needles (from hot water). 

Methyl ether Me.^'. [85'^]. Monoclinio 
plates; a:6:c »2*211:l:3-6Ul; 0-87'" 13'. Slowly 
converted by HBr into (2,3)-di-bromo-te.re- 
phthalio acid hexahydride, which is reduced by 
zinc-dust and acetic acid to the A* tetrahydride 
of tcrephthalic acid. Yields a dibromide [01°]. 

Di-phenyl ether BKA". [175°]. Largo 
needles (from MeOll), si. sol. cold alcohol. 

A' or (3,4,5,0)- Tetrahydride. 

CH(CO,,n)<^J|-;^y^C.CO„H. [above 300°]. 

S.-102 at 10°; -83 at 100°. H.F. 214,200 (Stoh- 
mann, tT.pr. [2] 43, 6). Formed by boiling a 
solution of tereplithalic acid (1 pt.) in NaOJIAq 
for twenty hours with grailual addition of 4 p.c. 
s^ium-amalgam ^ (100 pts.) (Baoyer, B. 19, 
1805 ; A. 245, IGO; 258, 321. Prisms, more sol. 
water than terophthalic acid or its dihydrides. 
Combines with HBr and with Br (1 mol.). Im¬ 
mediately reduces alkaline KMnO^tyieldingoxalifl 
acid.—BaA"8.]aq. M. sol. cold water, llcduced 
by HIAq at 240° to the hexahydride.—Ag;fA". 
Amorphous. 

Methyl ether [39°]. H.F. 196,200. 
Plates. Its ethereal soldtion shows blue fluor¬ 
escence and gives a fugitive rose-red pp. with 
NaOEt HBr gives G,H^r(CO.(H)y whence 
[95°]. Bromine forms C,H«Br2(CO^e), 

^ Tii’ph4nyl'4th»r [146°]. Formed 


from the aoid by snooesaWe treatment with 
PCI, and phenol. Monoclinio crystals; a:&:o •» 
2‘824:1:2‘470, tp. sol. cold alcohol and ether, 
r cistrans or (1.4,6,6)* Tetrahydride 

OH(CO,H)<pJJ':°^'>OH.CO,H. [o. 220°]. 

8. *17. FormoiL by rodpeiug A**® dihydride and 
also the dibromide of the A^>® dihydride. Ozi- 
aised by KMnO, in the cold to succinio aoid and 
a soluble acid [150°]. Alkaline K,FeOy, gives 
I torephlhalio acid. Yields three dibromidea 

; cu(co ji)<g|[ij^;g;}i,^>CH.co,E[. [nn. 

! [51°j, and [94°]. The Baand Cd salts are more 
' sol. water than those of the A‘ Uomurido. 
Methyl ether Mo.^A". [o. 3'-’]. 

Amide. Dimctric needles ; (r:c «1:2*151. 
Diphenyl ether PhA". Formed, in two 
modifications [107°] and [c. 190‘^J by the siieoes- 
: sive action of PCI, and plionul (Jiueyer a. Herb, 
A. 258, 39). The modification [c. 190'"] proba¬ 
bly is a niixlnre containing the isomcride. 
Dibcmy^etkcr (C,H,)3A". [48°J. From 
i Ag^A" and benzyl chloride. 

I r cw A’* or (1,4,5,0)-Tetrahydride. [160°- 
155°]. 8. 2*7 in the cold. Formed, together 
with the isomcride, by reducing the A*-® 

dihydrido by sodium-amalgaiu in tlie cold. The 
Ba. Cd, and Ag salts are amorphous. This aoid 
and the cidrans Lsomeridc are converted into 
the A^ isomcride by boiling with NuOHAq. 

. r cistrans Hexahydride 

COJI.CH<^{[^-^[[^Cir.CO,n. Fumarotd or 

stable motUlicaiion. [300'"]. 8. *080 at 16°; 1*3 
at 100". li.F. 230,500 (Htohnittiin, J.pr. [2] 48, 
7). Fornie<l by heating the tetrahydride with 
HIAq for 0 hours at about 240' (Baeyor, B, 19, 
i80(i; 245, 170; 251, 257). Formed also by 
healing ethyl butane tetracarboxylato with 
t NaOKt and ethylene bromide at 100*; the pro- 
i duct l>eing hydrolysed and heated at 220° till 
I evolution of CO.^ ceases (Mackenzie a. Perkin, 

I jun., C. J. 01,174). Prepared by reducing the 
I hexahydride of bromo-terephthalio acid with 
j zinc-dust and HOAc. Small prisms, sol. hot 
water. May bo sublimed. Not oxidised by cold 
alkaline KMnO,. Br (2 mols. at 100°) forms 
C„H3Br(CO:,H)2 [71°J, and a maleio isomeride 
[205°]. Treatment with PCI, followed by Br at 
150° forms C„HHBr^(COJ£)3 in a fumaroidmodi¬ 
fication which yields Me.A" [150°] and a maleic 
modification which yields Mo.^A" [08°J and an 
anilide [200"J. The K and Ba salts are v. soL 
water; the Caffaltis si. sol. water. 

Methyl ether Me.A". [71°]. 8. *6 at. 

100^ H.F. 218,100, Exhibits no fluorescence. 
Volatile with steaqi. 

Diphenyl ether V\x^k", [161®]» Needles, 
r cis Hexahydride 

CO.H.CH<^[[^^{['>C(CO,H)n. Maleie at 

labile modification, [102°]. H.F. 237,400. 
Formed by reducing the very soluble hex,, 
hydride ol liromo-terephthalio acid with xino- 
dust and HOAc. Plates (from water), v. wl. 
alcohol and ether. Changes on heating with 
UClAq at 180° into its isomeride. Itl Ba lalt 
and methyl ether do not cryetallisa. 

Beferences. —Baouo-, Chloiio-, Nmm- and 
OXT- TEBErBTllU.10 ACtO. 
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TBB2PBTHALIC ALDEHYDE 
O.H,(CHO),[1:4J. [110®]- (247®). 8 . 1-7 at 
100°. Formed by boiling C;H 4 (CH 5 , 01 ), or 
C«H 4 ( 6 H 2 Br).^ (1 pt.) with nitrate (1 pU and 
water (20 pts.) (Cirimaux, C. B. 83» 825; Ldw, 
A. 2S1, 368). Formed also by the action ol 
fuming HNOa on di-af^Dromo-jAxylene (Ldw, B, 
18, 2072), and by boiling CyH,(CHCLJi with 
water (Colson a. Gautier, Bl. [2] 45, 0, 508). 
Obtained from CHj{(OH).C„H,.CH;jOEt by suc¬ 
cessive treatment with PC1| and water (Colson, 
BL \2] 42.152). 

Preparation.—p-Xylene (1 pt.) is heated with 
Br (6 pts.) at 140° to 200° with inverted con¬ 
denser. The crystalline totra-w-bromo.xylene 
[160°] thus obtained is heated with three timesits 
weight of ( 8 .G. 1-825 at 120°-130°), the 

product poured into water, and the needles that 
separate rocrystallised from water (llonig, AT. 9, 
1163). 

Properties. —Long needles, v. si. sol. hot 
water and cold ether, v. solf alcohol. Slightly 
volatile with stoatn. Dissolvcs%a 25 pts. of 
saturated aqueous NaUSOg at 45°. 

Reactions. —1, Oxidised by chromic acid 
mixturs tOrp-aldehydo-bcnr.oic acid and then to 
terephthalio acid.—2. Cone. NaOilAq forms 
terepbthalio acid, A’-oxy-toIuic acid, aud di-w 
oxy-xyleno.—3. KNO, and excess of HjSO, at 
110° form nitro-tercphtlialio aldehyde.*—4. Cold 
cono. Nn,,Aq forms tri-p-aldehydo-hydrobenx* 
amide (CaH,(CUO).Cn)jN 2 , a crystalliuo powder, 
insol. water, alcohol, and ether, yielding on oxida¬ 
tion By KMnO^ crystalline N 2 (CII.CJI,.CO,H), 
(Opponhciinor, B. 10, 574).—5. Dry or alcoholic 
NHaforms crystalline 0„H,(CH:NIl)a.— 6 .NaOAo 
and Ac.jO give p-aldchydo-ciimamic acid.— 
7. Acetone and dilute NaOH give a white pp. of 
CaH 4 (CH;CH.CO.CHa) 2 , which crystallises from 
ether-acctone in matted needles [156°], insol. 
water and alcohol, and gives a deep-rod solu¬ 
tion in oono. H .SO,. An intermediate body is 
0 „H,(CH( 0 H).CH...C 0 .CH,) 2 .— 8 . NPhMej and 
ZnCl 2 fonnC«HdOHO).CH(C„H,NMe 2 )„theIouco 
derivative of the aldehyde of malachite green.— 
9. Cold cono. aqueous EOy added to acold saturate*^ 
aloohollo solution of the aldehyde ppts. amor¬ 
phous which probably has the formula 

C,HdCHO).CD(OH).CO.C,H,(CHO) [170°-174"]. 
ThU^ body reduces cold ammoniooal AgNO,, 
forming a mirror. It also reduces worm Fehling's 
solution and combines with phenyl-hydrazine. 
KMDO 4 oxidises it to benzoin di-p-oarboxylio 
acid. KaOHAq dissolves it, fv'rming benzoin 
di-p'Carboxyiio acid, di-w-oxy-p-xyleue, and other 
bodies (Oppenheimer, B. 19, 1814). 

Phenyl-^hydraaide [230°]. 

Oxim C,H 4 (CH:NOH) 2 f [200°]. Formed 
from the aldehyde and an alkaline solution of 
hydroxvlomiq* (Westenberger, B. 16, 2994). 
CrystaUioe, v. sol. alcohol and ether, si. sol. 
water. Yields O.HdCHjNOEt). [ 66 °] and 
0,H.(0H:N0 Ac)2 [166°]. 

Reference. —Nrnio-TRRr.pHTHAi.io aldehydb. 

TEBKPHTHALIC AMILINE C,H..N, i.e. 
04 H 4 |C(NH).NH,) 2 . The salt B"2HC1. formed 
by digging teraphthalio imido-ethyl ether 
with siooholio NHa, is orystalUne, and yields 
B"H,PtCll, (Luckenbaoh, B. 17, I486}. 

TEasPKTHALOFflSirONS Fhthalo- 
nmtoBB. 


TEHPENES OjjH,,; also Sesqnlisrpaiies C, .fl 
and Polyierpeaes (C,oH,*)„. The greater number 
of these hydrocarbons exist ready formed as 
constituents of essential oils secreted by plants. 
Others are produced from the natural terpenes 
by the action of heat or of chemical agents. A 
dihydrocymene isomeric with thenaturalferpenes 
has been obtained synthetically from methyl- 
isopropyl succino-succinio ester and the homo- * 
logous dihydroparaxylene and dihydrobenzeue 
by corresponding processes (Boeyer, 13.25, 1840, 
2122; 26, 2.32). The natural terpenes are gene¬ 
rally optically active liquids, with right- or teft- 
handed rotatory power. The only exception is 
the racemic compound dipentene (j. v.). The fol¬ 
lowing isomoridcs are known 

•1. Finene. This includes two varieties, 
australeno or dextropineiie and terebentbene or 
iffivopinene. American spirit of turpentine con¬ 
sists chiefly of dextropinene. (156°). [a]j=s-p21*5 
(Berthclot, A. 83, 105 ; 88 , 345, 110,307, Suppl. 
ii. 22 C). S.G. ; = -87C5i |; = -858G; Jg = -8278 
(Tildcn, unpubl. expls.). French turpentine oil 
consists almost wholly of ItoYopinene. (156*5°). 
[a]j = - 40-32. S.G. i => -8707 i - -8619 (Riban, 
C. 22, 78, 788; 79, 314). It is also present in 
oil of rosemary (Bruylants, J. 1879, 944), oil of 
lemon (Tildon, Ph, [3] 9, <>54), sage and juniper 
(C. J. 31, 554), thyme and anise (BruUl, B, 21, 
156), and other essential oils. 

For production and properties of turpentine 
oils V , Oils, essential, Thorpe’s Dictionaky of 
Al’miED ClIEOTSTUY. 

Di^crent specimens of the pinenes, both 
dextro- and Itevo-, obtained by fractional distilla¬ 
tion from turpentine exhibit considerable varia¬ 
tions in their rotatory power. An optically in¬ 
active liquid has been obtained by Wallach {A. 
258, 343) from pinene nitrosochloride by treat¬ 
ment with aniline, whereby a diazo- compound is 
formed, which with t!ie neighbouring chlorine 
atom gives rise to diazobouzoncchloride and re¬ 
generates the hydrocarbon 
- Ca - C.NO - + H..NC JI, 

«_CCUC{N:NC 4 n,)-+H ,0 and 
-CC1-C(N:NC,I1,)- = -C-C-.-i-C 1N,C4H,. 
The hydrocarbon thus obtained boils at 155°- 
156°, has a density *858 at 20°, a refractive 
index for D 1*46553 at 21°, and is supposed to 
be identical in constitution with the pinenes. It is 
apparently not resolvable into a mixture of 
dextro- and Imvo- pinenes, but with nitrosyl 
chloride and other reagents it behaves in the 
same manner as pinene. 

Dry pinene Unites with one molecule of 
dry hydrogen chloride, forming a oryatalline com 
pound formerly called artificial camphor [125°)» 
which appears quite saturated, as it is unacted 
upon either by excess of hydrogen chloride or 
bromine. The hydrochloride prepared from dex- 
tropinene is dextrorotatory, while that from lievo- 
pinene is lavorotatory. The compound is very 
stable; it may be distilled almost without change, 
mere traces of hydroge^ chloride being evolved ; 
and it is unacted upon by aqueous solutions ol the 
alkalis, except at high temperatures under pres¬ 
sure. Hbated with sodium stearate, benzoate, 
or acetate, or with alcoholic potash, it loses the 
elements of hydrogen chloride and pelds solid 
oamphene(o.CAicpa»rB, In the presence 
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of wateit alooholt other, or aoeiio aoid, pinene 
takes ap two mols. of hydrogen chloride, pro> 
ducing a compound of different character [50°], 
which on the application of heat Is readily split up 
into hydrogen chloride and a mixture of liquid 
hydrocarbons iv. Dipentekjs, infra). Nitrosyl 
chloride passed into a solution of pinene in 
chloroform at 10 ^ yields a compound 
C,gH„NOCl [103®], which is ppd. as a white 
crystalline powder on the addition of alcohol 
(Tildcn, C. J.t June 1875). The same com* 
pound is formed by adding hydrochloric acid to 
a pooled mixture of the terijene with amyl 
nitrite and glacial occtio acid (Wallach, A. 215, 
245). The nitrosochloride gently heated with 
alcoholic potash yields a nitroso- compound, 
C,oH,jNO [12a®] (Tilden). For crystallography 
V . Story*MaskclyDC (C. «r., June 1875, and Fkil. 
*Mag.). Kitrosopineno unites with two atoms of 
bromine, forming a crystalline dibromide, which 
decomposes on luelting [132®]. Mixed with al¬ 
cohol and nitric acid both pinoncs form crystal¬ 
lised terpin hydrate 0,^11,.,(011)2.0H3 (Wiggers, 
A. 33, 358; 57, 247; Tildcn, 0. J, 83, 217; 
Hempel, A. 180,71). Pinene dissolved in carbon 
tetrachloride and mixed with bromine yields a 
mixture of products, from which a wcll-dclincd 
crystalline dibromido 0,gU,gBra [10a®-170'’] 
may bo isolated. On heating this with aniline 
it gives up hydrogen t)roinide, and ordinary 
cymene is produced. The yield, however, 
amounts only to about 10 p.c. of the bromide 
employed (Wallach, .4. 204, 1). Exposed to the 
action of air or oxygen, in sunlight, tho pinenes 
produce a crystalJii^e compound C,,,11,^0^. 
(Sobroro, C. H. 33, 00) wliich when distilled 
with dilute acid yields a compound called by 
Armstrong ‘ Sobrerouo * (Armstrong a. Pope, C. J. 
50, 311), which is identical with one of the pro¬ 
ducts of tho action of nitrous acid on pinene, 
isolated by Wallach a. Otto, and called by them 
‘Pinol* (A. 253, 240). Pinene distilled with 
bleaching powder and water yields a largo 
quantity of cliloroform. Picrio acid has no 
action upon pinenes in the cold, but at the b.p. 
of the latter a brisk reaction sets in, and if the 
liquid is afterwards allowed to cool a compound 
is deposited in colourless scales, which on boiling 
with alkali yield borncol (Lextreit, G. li. 102, 
555 ; Tilden a. Forster, 0. J. 03, l.'lSs). 

2. Limonene. This comimund, liko pinene, 
occurs in two optically active varieties. l)cxtro- 
Umonene (175®-176®), S.G. *840, ra]u ~ + 100*8 
(Wallach, A. 252, 145) occurs in oils of tho fruit 
of oranges and lemons, also in caraway and dill, 
<ko. The most convenient source is the essential 
oil of sweet orange, Citr 2 is aurantium. Liovo- 
limonene is obtained from the oil distilled from 
the leaves of Pintis sylvestris and P. picea. 
This oil occurs in the drug houses as *P'ir-WooI 
oil,’ but is now much adulterated with common 
turpentine, and the commercial oil seldom yields 


more than a small percentage of limonene. 
(175®-176°), S.O. y « *840, [a],, - -105® (Wal- 
laeb, A. 227, 287, 246, 221). The Umonenes, 
treated with perfectly dry hydrogen chloride, 
yield a liquid monochlorido. In the presence of 
alcohol they give, with excess of hydroggn chlor¬ 
ide, a quantitative yield of a dlhydrochlorida 
[50^, identical with the compound obtained 
Ir^ ^e pinenes. By the action of niiroeyl 


chloride (Tilden a. Shenttone, O. /. May, 1877), 
or by the use of amyl or ethyl nitrite and hydro¬ 
gen ohloride (Wallach), they yield a orystaUine 
nitrosochloride, which, whether formed from 
dextro- or hevo-limonene, is always a mixture 
of two isomoridcs separable from each other 
by cold chloroform or ether. There are there- 
^re four isomeric limonene nitroso-ohlorides, as 
follows: 

Fuoxi d. LIMONKNK t 

a compound [103®-104®] oo— +813® 

0 „ [105®-100®] au=*+240® 

Fnoxi 1. MMONKNE : 

a compound [103®-101®j ao= —314® 

0 „ [100] So =-242® 

From the nitroso-chloridcs by the action of 
beat (Tildcn a. Shenstonc), or by boiling with 
alcohol [Goldschmidt a. Zilrrcr, B. 18, 2220), is 
produced an isonitrosodimoueno, which when 
made from lovo-limoncne is identical in every 
respect with carvow'm C,gH,,N.OH, from carvol, 
e;!^tractod frow oil of caraway (Goldschmidt a. 
Ziirror, B. 18, 1732). For a comparison of the 
rotatory powers of tho two limonenes and their 
derivatives, see Wallach {A. 252, 141). The 
limoiioncs arc further cliaracterised oy the for¬ 
mation of a crystalline telrabroinido [104®-l(l5°] 
bv direct addition of bromine (Wullucli, A. 227, 
277). 

By mixing together equal quantities of dextro- 
and lu}vo- limonenes an optically inactive mix¬ 
ture is obtained, which behaves in many respects 
as a distinct hydrocarbon, and appear»#to be 
identical with dipenteno ( 7 . v.). Strong sul¬ 
phuric acid acting upon citreno (d-limonoue), 
causes polymerisation, tho chief product being a 
colophcnu (310 -320®) (Boiicliurdat a. Lafout, 
C. li. 115, 1083). 

The oil of Ijicari kaiuilieoutiuns a compound, 
licareol 0 ,^ 11 ,^ 0 , from which a liydrocarbon, 
licarene G,olI,g, is obtainal)le by tho action of 
acetic anhydride at 150® (Barbier, O. H. 114, 
G74, and 0. It. 110,003, and 1002 ). Tina terpeno 
appears to consist of impure ^-limonene, as it 
boils at 170®-178 ', gives a tetrabromide [103®- 
104®], forms a nitrosochloride, from which carv- 
oxim [72‘'j Is formed by alcoholic potash; but 
its specilic rotatory power is low, [a]o = 7*6l®. 

3. Sylvestreae occurs in Swedish turpentine 

(Atterbcrg, B. 10, 1200) and in Russian turpen- 
tine (Wallach, A. 230, 245), in company with 
australene and other liydrocarbons of higher 
boiling-point. (170®-177°). S.G. 5 

VH = *8470. [a]?» 4 00*32 (Wallach, A. 245,107). 
The odour of sylvestrene differs from that of 
pinene and lijiionenc, and rcscmblca the odour 
of fresh firwood. Jt forma a liquid monobydro- 
chloride, and a crystalline diliydroohloride [72®], 
from which the hydrocarbon may be recovered 
unchanged by heating with aniline. Sylvea- 
trene also gives a nitrosochloride [106°-107®], 
which, by treatment with alcoholic potash,yieldb 
only oily products. The tetrabromide crystallise® 
in monoclinic tables [136®] (Wallach, A. 289,29). 

4. Phellandrene. The seeds of Phellandrium 
aquaticum were found by Pesci {O. 16, 226) to 
yield about 2 .^ p.c. of a volatile oil, consisting 
chiefly of a dextrorotatory terpene (17l®-172®). 
The same hydrocarbon is contained tn the oU ol 
bitter fennel, Fcnniculwn vulgar$ (Wallach, 
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239, 40), and in iha oil of elemi. Ltevo<pbol« 
Uindrene is found, according to Wallaoh {A. 246, 
232), in the oil. of Eucalyptua amygdalina. 
Phelldndrene is characterised by the formation 
of a nitroso-nitrite 0,oH,«N,0,. Pesci obtains it 
by the action of a nitrite and dilute sulphurio 
acid upon the hydrocarbon. <lt crystallises in 
needles [94^], and although obtained from tl^ 
dextrorotatory hydrocarbon it rotates the plane 
of polarisation to the left. [aj„ »183*5^ 
(Pesci). By reducing agents this compound is 
converted into a base C,pH,8(NH;^).. (209*^-214®). 
Ammonia converts it into nitrophellandrcne 
0|ftH|5N0.j and an acid. 

6. Blpentene, formerly called terpilene or 
terpinylene. As already stated, this compound 
is produced when equal quantities of dextro- 
and itevo- limonencs aro mixed together (see 
PentyUnea). It is formed by heating isoprene 
to a temperature of about 300®. It is also the 
chief constituent of * isotorebenthene,* formed 
by the notion of heat on Iteve^pinene. It occurs 
among the products of the destKictive distilia* ' 
tion of caoutchouc. Dipentene is also produced, 
together with terpinone, terpinolerie, and ter* 
pineol, by^he action of sulphuric acid or phos¬ 
phoric acid on torpin, or by the action of sui- 
pburio acid on tho pinencs under certain condi¬ 
tions (Armstrong a. Tilden, C. J. November, 1879), 
It is also formed from tho dihydrochloride [50®J, 
whether made from pineno or limonene, either 
by the action of heat upon the chloride alone 
(Tilden, J3. 12, 1133) or by boiling it with a 
mixt\s>?e of sodium acetato and acetic acid, or 
with alcohol and aniline (Wallach). The pro¬ 
ducts thus obtained were formerly supposed to 
consist of a single hydrocarbon, to which the 
name * terpilene ’ was given. The hydrocarbons 
known as cinene and cajoputene formed from 
cineol and cajeputol respectively also consist of 
dipentene. Dipentene occurs ready formed in 
the volatile oil of the camphor tree, also in oil 
of elemi and in UusKian and Swedish turpen¬ 
tines {Wall acb, A. 227, 29G, t^c.). 

Dipentene boils at about 176®, and has a 
leasunt smell of lemons. It combines with 
romine forming a tetrabromido [124^], and { 
unites with 21101 forming a chloride [60®], from j 
which it may be regenerated by methods given | 
above. It is to bo noted, however, that in all 
cases more or less isomeric change occurs, and 
the hydrocarbon, whether reproduced by heat 
alone or by the action of aniline, always contains 
terpinene and torpinolene, bes^e cymene and a 
small quantity of a parallinoid hydrocarbon 
(Tilden a. Williamson, C. J. 63, 292). The 
nitrosochloride C,„H,„NOCl yields an inactive 
carvoxim C„H„NOH [98°,;; (A, 245, 267). A 
mixture of equal volnmes of doxtro- and laavo- 
limonene behaves in many respects as though 
it were a distinct hydrocarbon, as it was sup¬ 
posed to be previously to Wallach*s researches. 
Thus the tetrabromido melts at 124®, while the 
limonene compound melts at 104®. The inactive 
isonitrosodipentene or carvoxim, melting at 98*. 
is formed by mixing together equal quantities 
of lievo-oarvoxim [72®] from dextro-limonene and 
dextso-oarvoxim [72®] from Isvo-limonene. The 
resulting compound ^ves, by Baonlt's fmezing- 
point method, a moleouhir weight corresponding 
to the simple formula CjpH.jNO (Wallaoh, A. 
« 46 , 280 ). w \ 


Certain derivatives of dipentene. exist in two 
optically inactive forms. When d-Umonene- 
nitrosochloride, prepared from either dextro- or 
Iffivo-Umonene, is warmed with an alcoholic solu¬ 
tion of piperidine, a mixture of two crystallisable 
nitrolamines is formed in each case, as follows: 

NlTBOLWPBKiniNKS 0,oH„NONO,H,„ FROM 
liieVOLIHONEKi! : 

(«) [93®-94®] Rhombic, from alcohol., 
[a]n =. — 67*60®. Hydrochloride 
dextrorotatory. 

{$) [110®-111®J. Monoclinic. 

[«]i> =• + 60*18®. Hydrochloride 
almost inactive. 

From dbxtrolimokkne : 

(a) [93®-94®]. Rhombic, [ajo- -I-67*95®. 
Hydrochloride bevorotatory. 

{$) .[110®-111®J. Monoolinio. 

C»]d“ -60*48®. Hydrochloride (?). 
When the two o-piperidine bases [93®-94®] are 
dissolved in petroleum-spirit, and the solutions 
mixed, an inactive nitrolamine [154®] is at onco 
precipitated. A second inactive compound [152®] 
is formed by mixing the 3'piperidino bases 
(Wallach, A. 25*2, 123). Similar results have 
been obtained by the employment of aniline and 
benzylaminc. Tho sails of the bases thus pro¬ 
duced possess a rotatory power opposite in di¬ 
rection to that of the free base. No method is 
at present known of (Producing from limonene 
active addition-compounds with two molecules of 
hydracid. With excess of hydrogen chloride tho 
same inactive dipentene dihydroclilorido [50®] is 
always obtained. Tho conospoiiding dihydrio* 
dido scorns to crystallise in two forms differing 
slightly in melting-point (Wallach, A. 239,13). 

6. Terpinene. (180® about). Tills compound 
is formed, together with dipentene, by the action 
of acids upon pineno and terpin, ifcc. It is said 
to occur in oil of cardamoms (Kv. Weber, A» 
238, 98). Terpinene has not been obtained in 
an absolutely pure state, but is characterised by 
forming a nitrosunitrite C,oH,aN.p, [166®] 
(Wallach, A. 239, 33). The tetrabromido is 
fluid, and it yields no crystallisable hydro¬ 
chloride. Tho nitrosonitrite by the action of 

bases yields nitrolamines 

[H(i»-113’], JJ [130»-131»]. &0. 

(.1. 2il, 316). ' * 

7. Terpinoiene. (185® about). This hydro¬ 
carbon is formed along with dipentene and ter¬ 
pinene by the action of adds upon pineno, <feo. 

With hydrogen chloride and hydrogen bro¬ 
mide terpinoiene unites to form the dipentene 
dihydroohloride [50®] and dihydrobromide [64®]. 
It forms an optically inactive tetrabromido which 
crystallises in monoolinio tables [116®] but is 
gradually converted at ordinary temperatures 
into a porcolain-Uko mass. 

8. Fenohene. A liquid isomeride of camphor 
(190®-193®), obtained from oil of fennel, is 
treated with alcohol and sodium, by which it is 
reduced to the alcohol C,oH,;OH, a colourless 
crystalline oompoun(f. By treating this with 
phosphoric chloride the chloride 0,oH|y01 is 
formed,lAnd from this, by heating with aniline, 
fenchene 0,,H„ (158®>1G0®) may be obtained. 
Fenohene is optically inactive. It differs from 
other terpenes in resisting the action of aitriio 
aoid unless heated (Wallach, A. 268,149). 
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Isoterpencs. 

Camplieaes 0,oU,g. Pinene monoliydrochlor* 
ide [125®] was formerly described under the 
name * artiticial camphor,' from its rcsomblauco 
to camphor ia appeartAice and to a certain ex¬ 
tent in odour. This compound is remarkably 
stable, but may be decomposed by heating witli i 
sodium stearate or benzoate, with potassium 
acetate, with alcoholic potash, or, belter, will) ' 
a mixture of sodium acetate and alcoholic soda 
(Briihl, li. 25,117). The resulting hydrocarbon 
ia a camphene [51®-52®] (IbO^), dextro- or la)vo- 
rotatory or inactive according to the nature of 
the hydrochloride used ami the reagent em¬ 
ployed, though the exact conditions which deter- 
tnino the production of one or other are scarcely > 
known (Riban, A. Ch. [5] 0, 353). 

Campbece is also formed fromhornylchloride 
by the action of alcoholic potash (liihan), by tlie 
action of water and magnesia (Kachlcr, A. Ih7, 
80), or by healing with aniline to tlie boiling- 
point of the latter (Wallach, A. 230, 231); it is 
also formed from caniphor chloride and from 
pinene hydrochloride by the action of sodium 
(Montgolfier, C, It. 89,102). In the last cas‘; it 
ia accompanied by a liquid liydrocarbon (170 ), 
which behaves like a paraffin, and is 
probably identical with a liquid obtained by the 
action of hydrogen iodide on turpentine (Bcithc- 
lot), also by the action of iodine (Armstrong a. 
Gaskell, B. 12,1756) and by the action of sul¬ 
phuric acid on turpentine (Armstrong, B. 12, 
1769). 

Camphene is also formed by the action of 
strong sulphurio aoid on turpentine, and consti¬ 
tutes the characteristic ingredient in the liquid 
formerly known as * terebene ’ (Armstrong a. 
TUden, 0. J, 1879, 733). 

Camphene closely resembles camphor in 
appearance and even somewhat in odour. It ia 
soluble in alcohol, ethA:, and benzene, and crys¬ 
tallises in leaflets from a concentrated solution. 
It is incapable of combining with limine, but 
it fonns a compound [157®] with hydrogen 
ehloride, which is distinguished from pinene 
liydroofaloride by its instabilityt being rapidly 


decomposed by water with reproduction of cam¬ 
phene (Hiban, C. It. 80,1330). It h also disso¬ 
ciated into caniplmne and hydrogen chloride 
when volatilised (Ehrhardt, C, N. 5f, 239). 
Camphene hydrochloride is said to be identical 
witli hornyl chloride (Kaclilcr a. Hpitzer, A. 200, 
3i0 ; V . also Brilhl, Ji. 25, 160). Camphene 
docs nut combine with nitrosyl chloride. In 
contact with bromine it is slowly attacked, form¬ 
ing an oily moiiobvomo- <lorivativo (230*4240®). 

Oxidised by chromic liquor, camphene yields 
camphor, dextro-, liuvorotatory or inactive ac¬ 
cording to tlio character of the camphene. 

By the action of phosphorus i>entuchloride 
on campiicne, and subHoquent treatment of the 
mass with an alkaline Bolution, salU of two phos- 
phonic acids are formed (Marsli a. Gardner, C. J. • 
65, 3.51. 

When camphene is heated to about 300® it is 
converted into liquid products whicli seem to in¬ 
clude dipentene, but have not been aulllcienUy 
investigated. 

Ilomologues of ca7npliene. 

Etbyl-campbene obtained by the conjoint 
action of so<Uum and ethyl iodide upon cam¬ 
phor monochlorido C,^H,2,CI, is a colourless 
mobile liquid having a stucll like turpentine 
{197-9®-199-9®, bar. 7121 ram.). Isobutyl- 
camphene is also a liquid (228®>229®9 bar. 750*4 
mm.) (SpiUef, B. 11,1817). 

SesquitcrjTeties C,aH^4. 

Oils of clove, calamus, cascarille, patohonli, 
and cubchs contain a hydrocarbon of this com¬ 
position (Gladstone, C. J. 1872), as also do the 
oils of galbanum, and savin and^ huile de cade,* 
a kind of tar made by distillation of the wood 
of Jumperus oxycedrus (Wallach, A. 238, 81). 
The hydrocarbon obtained from cadeoreubeM 
{274®-275®) (S.G. |;* = *921) forms the following 
crystalline compounds: C,4H,,2HC1 [117®-118®}, 
C„Hj,2UBr [124®-125®], C„H,,2HI [106®-106®]. 
The hydrocarbon, especially when partially 
resinified by exposure to the air, gives the fol¬ 
lowing characterisiio colour reaction: dissolved 
in Microform or glacial aoetio acid and then 
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shaken up with a few drops of strong salphurio 
acid, the liqoid assumes an intense green and 
then bine colour, which, when heated, passes into 
red (Vi^allach). An attempt to prepare from iso* 
prene a poljmeride of the composition OiiEIm 
proved unsuccessful (Wallach). 

Conimene a liquid f264®) having a 

pleasant odour, is obtained from the incense 
resin {Icica Jieptaphylla) of British Ouian& 
(Stenhouse a. Groves, C, J. 1871, i. 175). 

Polyterpenes CajHjj, dc. 

This group includes (1) the constituents of 
certain natural essential oils; (2) products 
of artificial polymerisation of terpenes; and 
(8) caoutchouc and guttapercha. 

^ 1. Oleo-resin or so-called * balsam * of co¬ 
paiba {Copaifera hangsdorffii and other species) 
is a mixture of a resin with an oil (250^-260®). 
The latter unites with water and absorbs 
hydrogen chloride, with production of a deep 
violet colour but no crystalline hydrochloride. 
A similar hydrocarbon is obtSinet^from Gurjun 
balsam or ‘wood oil,’ the product of varioifs 
species of Dipterocarj^ia growing in the East, 
and from other essential oils. 

2. Whea turpentine oil and other terpenes 
are heated for some time to about 300 ^ or 
treated with concentrated sulphurio or phos- 
phorie acid or other agents, a largo part of the 
hydrocarbon undergoes polymerisation. The 
name ‘ oolophene ’ was given by Deville to the 
loss volatile portions of the product obtained in 
this manner from French turpentine, apparently 
under the impression that it was closely related 
to too ^ oil obtained by distillation of rosin, 
liosin-oil, however, contains oxygen, and ex¬ 
hibits quite dilTerent characters. 

Colophene is a yellowish viscid fluid, usually 


fluorescent, which begins to boil at about 300% 
but toe distillation even under reduced pres¬ 
sure is attended by decomposition. The boiling- 
point continually rises, and even at a tempera¬ 
ture approaching dull redness a viscid residue is 
left whioh on cooling becomes nearly solid 
(Armstrong a. Tilden, C. J. Nov. 1879). The 
portions which distil at 300*^ and upwards ap¬ 
pear to consist of saturated compounds, for 
they absorb mere traces of hydrogen chloride. 
By the action of antimony trichloride upon tur¬ 
pentine a solid, is formed. This com¬ 

bines with hydrogen chloride to form two com¬ 
pounds 0,oH«,HCl, and C;oH«,2HCl (Riban, 
C. n. 1874, 389). 

3. Caodtchouo V. voL i. p. 677. For farther 
information concerning toe produots of its de¬ 
composition by heat v. Pbntxnenbs (voL iii. p. 
807) and Dipentrnb (supra). 

Gdttatebcha, V. vol. ii. p. 668. 

Caoutchouc is formed from isoprene by poly¬ 
merisation, which sometimes occurs spon¬ 
taneously under circumstances not fully under¬ 
stood (Xllden, C. N.t May 1892). 

Oxidised compounds connected with terpenes. 

A considerable number of oxidised compounds 
I are known which are evidently closely connected 
I with the terpenes, and in many cases directly 
! derivable from them. Oome of these, as, for 
example, borneol and camphor, occur as natural 
products inessential oils ; others, such asterpin, 
are the products of the addition of water to a 
terpene, or, like camphor and some of its iso- 
meridos, may bo formed fr,om tei-penes by oxida¬ 
tion. These compounds are enumerated in the 
following table, together with the hydrocarbons 
with which they are presumably immediately 
connected. 


Uydrooarbous 


Cymene 0„II„ (U. 361) 

Pinene OibH,. (v. supra) 

Dipentene OjbHjb (u. 
supra) 


Fenchene C,oH„ (o. 
supra) 

Camphene C,„H„ (v. 
supra) 


Alcoliola 


Carvcol C„U„OII (i. 
711) 

Myristicol and ab- 
sinthol (». infra) 

Torpinool C,.H,,OH 
(v. infra) 

Cineol C„H„OII (ii. 
187). Syn. Euca- 
lyptol. cajeputol 

Fenoheol C,.H„OH 
(v. infra) 

Dorneol C,oH„OH 
(i. bi-2) 

Geraniol C„H„OH 

(ii. 009) 

Liijalool 0„H,,OH 
(iu. 14G) 


Glycols 


Sobrorol C|„H|,(OH)j 
(a, infra) 

Tcipin C„H,.(OH), 
(». infra) 


Camphene glycol 
C„H„(OH), (».in/ra) 


Kutonos (?) 


Carvol C„H„0 (i. 

711) 

Sobrerone (pinol) 
CioH„0 (o. infra) 


Fenohona 0,,H,.0 

(v. infra) 

Camphor 0,,H„0 

(i. 669) 

Putegone (r. 

infra) 

Paleone C,.^„0 (». 
infra) 

Tanaoetone or Tha- 


Menthene 0„H,, (iii. 
202 ) 

Dihyaiocamphene 

(t). DueniaHB, 

ii. 867) 

retrahydrooamphene 
(w. Daoittjtjii, 
ii. 869, at infra) 


Menthol 

Ui.203) 




jone 0„H„0 (o. 
infra) 

Menthone 0,,H,,0 
(iii. 204) 
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Oymeso Oi^Hh (176°); ii. 361. * alcohol and snlphario acid oineol la oonvertad 

Bipantenc Oi«H,« (176°); v. supra* into terplnene and terpinolcne: also that tar* 

Feuehana 0,^,« (160°); v. supra, pineol, and therefore also terpin» are partly con* 

Camphena CjoHj, (160°); v. supra, verted into cineol prolonged heating with 

Xenthane (167°); iii. 202. phosphoric acid. Cineol oxidised by permao* 

Dihydrooamphene v. Decikene, ii. 367. ganate of potassium yields the potassium salts 
The liquid produced, together with the solid of carbonic, oxalic, fyid cineoUc acids, with a 
moDobydrocbloride,bypassinghydrogenchlorido small quantity of acetic acid. Oineol yidlds 
into pinone, yields when treated with sodium a ' 45 p.c. of its weight of ciucolio acid. This com* 
mixture from which a liquid hydrocarbon C,oH|h pound forms welhdcfinod anhydrous crystals. 


(148°-149°). having a smell of oranges, may bo i 
separated by fractionation, d'c. (Bouveault. 0. B, 
116,1067). I 

• Tetrahydrocamphsne C,oHao (Decylene, ii. i 
367). A liquid obtained by the action of hydro- ! 
gen iodide and phosphorus upon oil of turpen- ' 
tine (Berthelot) and another (160”) by action of ; 
phosphonium iodide on turpentine (Baeyer) have | 
this composition. The same formula is ascribed | 
by Annstrong {B. 12,1758) to a liquid (160°* 
170°) obtained by the action of iodine upon oil 
of turpentine and upon camphor, also by the 
action of sulphuric acid upon tuipentine. All ' 
these products are insoluble in strong sulphuric j 
acid, and resemble tlie parafhus in chemical i 
characters. 

Carveol C,„H,.,On (210°) ; i. 711. 

Terpineol [35’]. (215°. 218°). 

Wiggers. A. 33, 358; 57. 217 ; J.ist, A. (‘*7, 362; 
Tilden, O, J. 33, 247. :»nd 35, 286 ; Wallacli, B. 
18,618, Kef.; KannonikolT a. Klawitzky, J. pr. [2] 
32, 407; Bouchardat a. Voiry, C. /<. 104, 036. 
Bextro- and lajvo-terpineol arc obtained by the 
action of alcoholic sulphuric acid upon d- and 
f-pinen^ respectively, or inactive by distilling 
terpiu witli very dilute Buli)huric or hydro¬ 
chloric acid. Ter])ineol as thus obtained is a 
viscous liquid, having an odour of white lilac. 
By fractional distillation under reduced pressure 
a portion is obtuiued (130°-135'’ at 40 m.m.), 
which may be crystallised by cooling to —50°, or 
by the introduction of a crystal of the sumo, i 
Those crystals melt at 30'-32°, anil boil undecom- j 
posed at 218° (Bouchardat a. Voiry, C. li. 101, 
096). Terpineol treated with sodium evolves 
hydrogen, but in consequence of its viscosity Die 
action soon ceases. Contact with dilute acids 
converts terpineol into terpin hydrate. Hydrogcij 
chloride and iodide react to form C,oIl,„Cl2 [^0°] 
and 0 ,oH,hI^ [77°] respectively. Potassium hy¬ 
drogen sulphate at 200° produces dipentene. 
Terpineol unites with two atoms of bromine, but 
excess of bromine gives rise to dipentene tetra- 
bromide. With phenyl oyanate it yields phenyl- 
terpinyl-urethane OgHj.NH.CO.OOjoII,, [110°]. 
These and other reactions have been repeated 
by Wallach, using crystallised terpineol (A. ; 
275.108). Terpineol oxidised by permanganate t 
yields a substance 0,(,H.joOs [121°-122°], which 
probably has the constitution of an oxytorpin 
C,0H,.(OH},. Further oxidised by moans of 
chromic acid this yields a crystalline compound 
[62°-63°] (Wallach, A. 275, 146). 

Cineol C„H„0 (176°); ii. 187. Cineol appears 
• to contain no hydroxyl, since it is not acted 
upon by metallic sodium nor by benzoyl 
chloride at 120°. It is also unaffected by 
hydroxylamine and byphenylhydrazine. Hence 
it appears to be neither an alcoflol nor a 
betone. Its relation to terpineol {infra) is 
shown bj the fact that when heated with 


which dissolve in 70 pts. of water at 15°, and in 
1.5 pts. at 100°. They melt with decomposition 
at 106^-107 

Calcium cineolate C,ull, ,CaOj.4]l,0 is soluble 
in cold water, but is completely precipitated by 
boiling the aqueous solution. Silver cineolate 
C„Il,^Ag..Oi.ll.p is soluble in both water and ol- 
coiiol, but cannot be crystallised. ICthyl cineolate 
C,oIIn(C,,II.,).i04, obtained by passing hydrogen 
chlorido gas into an alcoholic solution of the acid, 
is a colourless liquid (155° under 11-12 mm.). 
By dry distillation cincolic acid yields cineolio 
anhydride, ^ator, carbon dioxide, and a liquid 
which appears to consist of a monobasic acid 
{A. 246, 265). 

Fencheol C,oil,,.(OH). Fcnchvl alcohol 
[40°-41°]. (201°). (Wallacli, A. 2o3, 143 ; 272. 
03-125). S.G.?'i*033 (W.). (a]„ . x 10-36 (W.). 
Dextro- and lievo-fonohyl alcohols arc obtained 
by the reduction with sodium ahd alcohol of 
lievo- and dexlro-fenchonos respectively, Con¬ 
centrated UNO, oxidises f-fenuhyl alcohol to d- 
fenchone. I’Cl^ gives rise to fenchyl chloride 
C„lf„Cl (84°. 86° at M nirn.). ^ 

Borneol C,„H„.OU, i. 522. 

Oeraniol C,ull,,.01I, ii. 600. 

Liiialool C,„I1„.01I, iii. 146. Jjiimtool issaid 
to be convertible into the isomeric goraulol by 
treatment with acetic anhydride, and saponify¬ 
ing the resulting cstcu' with alcoholic potash 
(Bouchardat, C- H. 116, 1253). 

Menthol C„ll,„(OH), iii. 203. 

Terpin C.on.^OU), [104°-105°]. (258°) 

(Wiggers, A, 33, 358; .57,247 ; Tilden, 0. J. 33, 
247 ; 35,286; Wallach, A. 230, 225-272). Ter¬ 
pin is best known in the form of its hydrate 
[116-117°], a beautifully crystal¬ 
line compound which on heating to 100° loses 
water and leaves terpin as a vitreous mass. Ter¬ 
pin hydrate is readily obtained by shaking tur- 
pontine oil with alcohol aci<lificd with sulphuric 
or nitric acid (Fiawit/ky, B. 12, 1022; Tilden, 
0, J. 33, 247 ; 35, 286), and leaving the liquid 
to evaporate. It is an optically inactive, satu¬ 
rated compcAind, slightly soluble in boiling 
water, soluble in alcohol and crystallising in 
rhombic prisms (Kumniolsbcrg, P, 03, 570; 
Maskelyne,Af. 1870). It possesses the charac¬ 
ters of a glycoI*and with hydrogen chloride 
yields dipentene dibydrochlorido [50°]. Boiled 
with water containing a mere trace of mineral 
acid, terpin dissolves with production of ter¬ 
pineol and water. * 

Camphena glycol 0„H„(On)y (Cl* 

Wagner, B. 23, 2311). 

Fortnaiion .—By the oxidation of camphese 
in benzene solution with a I p.e. solution of 
KMnO, (f.c.). 

Colourless prismatic needles 
(from benzene) very readily soluble in ether, 
alcohol, CSf, and chloroform. Exhibits tbs 
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8am« phenomeoon m camphor when thcown oo 
wftfcer. Sablimes when heated aboTe 100°. 
Melts when warmed with water,, bat onlydia* 
soWes h) it with ditBculty. Heated with acetic 
anhydride in a closed tube at 120°, the greater 
part loses water, only a small portion being con* 
verted into the acetic ertcr. Treatment with 
diTnte HCl results in the loss o( 1 mol. of H.p,, 
giving rise to a solid body, C,»H,hO, isomeric j 
with camphor, which reducesammoniacal AgNO^ ; 
and reacts With hydroxylamiiie. j 

Carvol C,„n„0 (228°), v. i. 711. I 

Feachone C,„H,„0. [5®-G°]. (192'’-193°) 

Wallaoh,i4,263,130; 272.102). S.G. ^ *9465 
W.). Ba 44-23 (W.). [a]„ + 71-70 and -66-94. 

OccurreTice. —Deztro-fenchono is present in 
fennel oil, the fraction boiling between 190° and 
195° consisting almost exclusively of the ketone, . 
together with traces of anothol; derived from 
Thuja oil, fenchone possesses Imvorotatory op* 
tical properties. D- and Z-fcnchone form a 
series of derivatives which boar to one another 
a relation similar to that subsii^ing botwcci\ 
the two tartaric acids, and the analogy extends 
to the formation of racemic modifications when 
^ual propoj^tions of the two classes of deriva¬ 
tives are mixed together. 

Preparation.—Tho fraction of fennel oil 
boiling between 190° and 195° is treated with 
concentrated HNO„ the ketone remaining un- 
attockod. After being freed from acid and dis¬ 
tilled inaourrontof steam, the dry oil is cooled, 
and the fenchone crystallises out. 

PeoAiions. —With bromine in the cold, an 
addition compound is formed, substitution 
taking place if the mixture becomes heated. 
P*Oa, P,8j, and PClj have the same action upon 
fenchone as upon camphor. Fenchone is dis¬ 
solved by cold concentrated HCl, being thrown 
out of solution on warming. HNO^ has but 
little action in the cold, but in a sealed tube at 
120° UCN is formed {A. 263, 134). KMnO, , 
oxidises fenchone to a mixture of oxalic, acetic, 
and dimethyl-malonic acids. i>-and Z-fenchone 
yield d- and Z-fonchyl alcohols respectively on | 
reduction with Na and alcohol (v. h'cnchcol). On >• 
heating d- and Z-fenchono with ammonium | 
formate, {• and <Z-fcnchylamines respectively 
are formed. Fenchone does not react with 
pbenyl-bydrazlne or with alkaline sulphites, 
but both varieties form oxims [161^ with : 
hydroxylamine. i 

(Z-Feuohon-oxim C,oH,„NOH [101°] (240°) [ 
loses water on treatment with dilute H..SO,, an I 
unsaturated dextrorotatory nitrilb (218°) being 
formed. 

Z-Fenohon-oxim Cion^nNOIl [161°] behaves 
in a similar manner on treatment with dilute 
HjHQ,. The resulting nitrile yields with potash ! 
a hevoroftatory^ a-isoxim C^Hu.CONH, [114°. | 
116°] which is readily converted by dilate ! 

into the ^-iaoxim [136“ 137'’]. ! 

CMnpIiorC„H„0 (i. 663). 

Kenthone G„U„0 (366°) (iii. 204). 

Fnlegone 0|,H„0. (130‘’-131'’under60 mm.), i 
(Beckmann a. Ploiasncr, A. 262, 1; Wallaoh, A. < 
472, 122; Semmler, B. 25, 3516). S.O. ^ \ 
■9323 (B. a. P.); K. 46-55 (B. a. P.); Wo 22-89 | 
a. r.)» Fulegone is the chief constituent of i 
Bluish oil of pennyroyal {Mentha p^legium). | 
U ia a dextrorotatory colourless liquid, having 


an odoiik of peppermint, and rapidly becoming 
yellow on exposure to the air. . • 

Reactiems *—With HBr it oombinea forming a 
l»vorotatory ([o]o»—33*8) addition compound 
0,oH,,O.HBr [40*5°]. When heated with am- 
monium formate, Wallach {A. 272, 123) failed 
to obtain a base isomeric with fenchylamine 
and thujonamine, a mixture of bases being 
formed. Slow oxidation with KMnO, gives rise 
to acetone and ^-methyl-adipic acid [84-5°J. 
Bapid oxidation with the same reagent yields a 
7-vaIero-lacton-7-acetio acid (Semmler, B. 25, 
3516). Fulegone combines with hydroxylamiqe 
to form pulegonoxim 0,«H,pNO.^ [167°]. The 
oxim contains one molecule of H.^0 moro than 
camphoroxim. It is Imvorotatory ([a]D~S3*4) 
and forms a hydrochloride [117°-118°], a 
benzoyl ester [137°-138°], and an acetyl ester 
[149°]. On heating its bydriodide pulegonamina 
C,*H,„O.NH is formed. 

Fulegone hydrobromide Cj^HmO.HBr [40-5°] 
is lievorotatory; it forms an oxim [38°] which 
becomes converted on standing into normal 
pulegonoxim [l.')7°]. Fulegone bydrobromide, 
on treatment with moist silver or lead oxide, 
loses HBr, pulogone being regenerated. Distil¬ 
lation with zinc dust gives rise to an oil which 
resembles menthone in every respect but the 
melting-point of its oxim f85° instead of 59°). 

Constitution. - From tne results of oxidation 
experiments carried on under various conditions 
with KMnOf Semmler {B.2o, 3519) attributes to 
pulegone the constitution; 

Pr 

/\ 

II .Mo 

Puleone is the name given to a compound 
isomeric with camphor, obtained by Barbier (B. 
25, 110c), from pennyroyal oil, described as 
boiling at 222°-223°, and possessing the follow¬ 
ing physical properties; S.G. -9482; M *9293; 
fa]„-h29-15. Its oxim C,„H,b.NOH is an oil 
(170° uniler 48 ram.) yielding a liquid anhydride 
CioHj^N on treatment with dilute H^SO,. Chromic 
acid mixture oxidises it to carbonic, acetic, 
and propyl-succinic [89°-91°] acids. 

Tanacetone C,oH,„0 (195°-196°; 84-6 at 13 
ram.), identical with the thujone of Wallach 
(i4. 272, 109; Bruylants, D. 11, 450; Semmler, 
B. 25, 3343, 3519 ; Wallach, Z.c.). S.G. -9126 
(8.). B* 44-64 (S.). 

Tanacetone occurs in tansy, sage, wormwood, 
and thuja oils. It has ketonic properties, and 
p(»ses6es an optical rotatory power amounting, 
to + 38° 30' in a 2-dcm. column. 

BeoeZio^ts.—Sodium in alcoholic solution re¬ 
duces it to tanacetyl alcohol (92*5° at 13 mm.)« 
With alkaline hypobromite it yields bromoforis 
and tanacetogen-dicarboxylio acid (113*5° at 15 
mm.). Oxidised with RMnO^ it yields tanaceto- 
carboxylic acid, which exists in two modifica¬ 
tions, the a and /3 thujaLetonic acids of Wallach 
(Z.C.), [75°-76°] and [78°-79°] respectively. 
Heated w|th ammonium formate, it ^ves tan- 
acetylomine (198°-199°), the same b^y being 
formed when tanacetoxim (see below) is reduced 
witili eodium and alcohol. The hydrochloride of 
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ihii bM0 on dry distlUation ;^elds taaacetene 
(172^-175'’), a hydrocarbon of the formula 0,oH„, 
id^ntioal with Waliaoh’a thujene. Tanaoetono 
reacts with hydroxylamine to form tanacetoxim 
0,^„.NOH [61-6«] (186®-186° at 22 mm.J, which 
yields tanacetylamine on redaction, while treat* 
ment with dilute alcoholic H^SO^ converts it Into 
a oymidine (Pr:NH./.M6:l:3:4), which gives carva^ 
crol with nitrous acid. Tauaoetophorone 
C,U„0 (89°-90® at 13 mm.). U* 37*6. Wlien 
tanacetogen-dicarboxylic acid (produced by tlio 
action of NaBrO upon tanaceto-carboxylio acid) 

heated with sodadime, tanacetophorone is 
formed. It has ketonio properties, and combines 
with hydroxylamine. 

Comtitution .—Soinmler {B. 26, 3519) sug- 
gests for tanacetone and tanacotogcn.dicarboxylio 
acid the formulie 


\cu,- 


CH, 


/ 


CUj—UC.COOH. 

Tauacetoiic. Tuuiuretoi^uii- 

tliearboxylic ucW. 

BobreroneC,„H„0. Piml (18;t'"-184®) (Wal- 
lach, A', 253, 254 ; Armstrong, 0. J. Proc, 1890, 
100). 8.0. ^ -953 (W.); a‘i> I dOl) (W.), So- 
brerone is obtained from the motberdiquors accu¬ 
mulated in the preparation of pinene nitrosu. 
chloride; also by lA>iliDg sobrerol with dilute 
U-^SO^ (Armstrong, i.c.). 

Reactions.—It combines readily with Hr to 
form a dibromido [94^}, from which, on treat¬ 
ment with alcoholic potash, aobrerone is regene¬ 
rated. Sobrorope and its dibromido yield Icrc- 
bic acid [175'^-17C'^] on oxidation with K.MnU4. 
HNO, produces the same result. It forms a 
nitroso'oliloride [103'^] which, by the action of 
bases, is readily converted into nitrolamincs, <».£/. 
sobrerono.nitrol-piperidino [154*^] ami sobreronc- 
nitrol-benzyl-amiue [133^-131'^]. Tho<libroiuulo 
C,,H„O.Br2 [yl'^j (113^-144“ ai 11 mm.) yields 
on treatment with alcoholic poiasli, in addition 
to sobrerone, its glycol-ether C,„lI,^0{0C.^H 
[62^-53*']. Sobrerouc-glycol-diacetute is easily 
obtained by heating the dibromide to 150' wi'.h 
lead acetate in glacial acetic acid solution. When 
heated at 100° for three hours with formic acid, 
sobrerone dibromule is converted into pinene. 

C<mstitulio7t. —Us behaviour towards bromine 
and nitrosyl chloride and its molecular refrac¬ 
tion indicate the existence of one ethylene 
linking, while its indillerence towards acid chlor¬ 
ides, hydroxylamine, pbenylhydrazine and 1L8 
render it probable that the O- atom is united to 
two different C- atoms. From these facts, and 
from its behaviour on oxidation, Wallaoh (.1. 
263,269) assumes the constitution 
Pr H 



Bohrarol [160°] (Sqjsrero, C. H. 

$8, 66; Armstrong, C. /. Prof. 1890, 100; 
0. /. 59, 316). Bobrerol is obtained by oxi- 
4^ng F^eh and American turpentines in 


sunlight. It occurs In two optically activo 
forms, both melting at 160°, and on allowing a 
mixed soh^tion to crystallise inactive sobrerol. 
[181°] separates out. When boiled vritB dilute 
HjSO, it loses 1 mol. of H»0, sobrerone—iden¬ 
tical with Wallach's pinol—being formed. 

Eucalypti C,.U„0 (170°) (Jahns, B. 17, 
2941; Bouchardat a. Voiry, C. U. 106, *^63). 
Identical with ciueol, spicol, cajeputol, and ter- 
pan (B. a. V.). 

Myristicpl 0,oH,..0 .(22t°) (Wright, B. 6, 
1320; (lladstoue, C. J. 23,117; 25.1; Brtthl, B. 
21, 471). 8.0. “li -OHO (G.). R* 40-42 (G.). 
Myristicol is a dextrorotatory alcohol, obtained 
from the ethereal oil of nutmeg, Mtjristica aro- 
vuitica. It yi(dds a cliloride with PCI.,, and hi 
converted into cymene by the action of ZnOl.^ 

Absinthol C,aii, O (217°) (IhVilstein a. Kupf- 
fer, B. 0, 1183; Wright, l.c. 1320; Gladstone, 
C.J. 45,241; Briihl, Ji. 21,471). 8.0. j;}-9128 
(G.). R* 44-02 (G.). Absinthol is obtained 
from oil of wormwood, and is dextrorotatory. 
It is converted hy /nCl.^ and into cymene. 
Ill what form the oxygen exists is at present 
unknown. 

Constitution of the teriKncs. 

I. Pinene. The following facts must be iakeur 
into consideration: 

1. Dry pinene combines with one molecule ‘ 

of hy<irogeu chloride to form a saturated com- 
pound, from which hyilrogcn clibirido is with*« 
drawn with dilHcuIty, the icsiilting l^drocarbon 
being a solid camphene. Moist pineno combines 
with 2I1C1, yielding dipcnteno-diliydrochloride. 
This also is saturated. The foniiuti-m of both 
these compounds is undoubtedly attended by 
isomeric change, inasmuch as pinene cannot be 
recovered from either of tliem ; but on removal 
of the elements of hydrogen chlorido a new 
hydrocarbon results. * 

2. Pinene seems to combine witli two atoms 
or with four atoms of broinim;, according to the 
method of operating. By adding bromine to a 
cooled solution of pinene in carbon tetrachloride, 
Walluch has obtained a crystalline dibromide 
C|„H„Brj [170°J. The yield is, however, very 
small, about 7 p c. of tho hydrocarbon employed 
(/U204.1). By shaking up a solution of pinene 
in chloroform', with an excess of sodium hypo- 
broniitc, acidilicd with hydrochloric acid, so as 
to liberate tho bromine, and immediately after¬ 
wards dtdermining tho uiiahsork-d excess of 
bromine, I’llden obtained results which pointed 
to the union of tlio tcrpcnc with four atoms of 
bromine. Tlio combination is, however, very 
unstable, and hydrogen bromide is soon evolved 
(C. J. 53, 88^. Scldschukaroff finds that a 
chloroform solution of pinene takes up, t»i tho 
darkf four atoms of brorniiKfi but tbe bromlda- 
formed is unstable, and quickly gives off liydro- 
geu bromide, thus 0,^11,..B**! •* HBr + CjaHjsBrj. 
(B. 23, 432, Ref.; J. yr. 47, 191- 0). 

8. Pineno combines with NOCl to form a 
saturated compound which is not an oxim but 
a nitroso- compound, and yields up the NO.Clby 
the action of aniline, with liberation of an 
optically inactive pinene. 

4. By addition of two atoms of bromine to 
pinene, and subsequently heating tbe product 
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«loxi6, otp better, with aniline (Oppenheim, B* 
629), cymene ifl formed. 

6. Id contact with slightly dilu^d mineral 
acids, or »when heated above its boiling-point, 
pinene is gradually converted into an optically 
inactive mixture of dipentene with terpinene, 
Cerpinoiene, and polymerj^ed tei;pen6 ('colo* 
phene ’). 

6. When heated to a temperature short of 
visible redness, pinene yields a considerable 
quantity of isoprene C^Hh. together with a 
notable amount of metd-xylene. * 

7. Pinene submitted to oxidation yields about 
1 p.c. of its weight of p-toluio or terephthalio 
acid. This is perhaps duo to the presence of a 
little cymeno. It must, however, be remembered 
that the oxidising agent usually employed is 
either nitric acid or acidified chromic liquor, 
and hence that the pinene is first changed into 
dipentene or one of the other hydrocarbons re¬ 
ferred to above (5). When nitric acid is used 
oxalic acid is the mostabundant^roduct.accom- 

(CHJ^C.CH(OOOH).Gn, 
panied by terebic acid | I 

O-CO 


and dimethylfumario acid 


CILC.COOH 


(Otto a. 


CH,C.COOH 
Beokui'ts, J3. 18, 82G). By treatment with 
' chromate and sulphuric acid pinene yields much 
acetic acid, together with some terebic acid and 
C^,.CU.CH(COOU).CHa 
terpenylic^cid 1 | 

6-CO 

8. Natural pinene rotates the plane of 
polarisation to the right or to tbo left. It 
therefore must be supposed to contain an 
asymmetric atom of carbon. 

In order to epitomise these facts many for- 

S ul® have been proposed. The most important 
U under two classes—namely, those in which 
pinene is represented as a dihydrooyinene, and 
those in which across- orpara-Iinkage is assumed. 

Of the former class, the first example is the 
formula given many years ago by Oppenheim 
(B. 6, U8)— 

CH 

cii,/Nch 

Q 

CH, 

This kind of formula is now attributed with 
greater probability to limonene, and it must be 
remarked that of the possible lormul® of this 
type there are only four which contain &a asym¬ 
metric carbon atom and tso-propyl. 


L 

CH 

c 

OH, 


II. 

w 

0 

CH^^CH 

chIi^'ch, 

CH, 


IIL 

P.H. 


CH„/^0 


CH,' / 

PH 

CH, 


CH 


IV. 

CH./\CH 

CH,I^O 

P 

CH, 


It has beeo shown that cumene, with wdich 
pinene is closely connected, contains iso- and not 
normal propyl (Widmon, B. 24, 439). Hence 
pinene and its isomeridcs are believed also to 
isopropyl compounds. 

Formula) containing cross- or para- linkages 
have been proposed os iollows:— 

Eannonikofl 


(d.pr.32,617) 

V. 

PA 

c 


CII 

CH 


/I 


1 \| 


Wallach (.d. 239, 49) 
Collio (B. 25,1108) 
VI. 

P.H, 

C 


CH, 


C 

CH, 


JCH, 


CHj^CH 


CU. 


CH 


PH 

CH, 


Wallach 

Wagner 

IB. 24,1539) 

, US. 24, 2187) 

VII. 

VIII. 

P.H, 

C.H, 

CH 

CH 

CH/^jCH, 

CH /\CH 

CiH^^'cH 

Cl//ICH, 

P 

P 

OH, 

CH, 


II. Limonene.—1. Dry limonene combine 
with one molecule of hydrogen chloride, but 
unlike the hydrochloride derived from pinene 
: the resulting compound is optically active and 
. is not saturated, as it combines with halogens, 
with nitrosyl chloride, and, in the presence of 
m^oisture, with a second molecule of hydrogen 
chloride (Wallach, A. 270, 188). Limonene in 
the presence of water or alcohol readily yields 
dipentene dihydrochloride [50°J, identical with 
tho product formed from pinene. The dihydro¬ 
chloride is optically inactive. 

2. Limonene unites with four atoms of 
bromine, forming a (^stalline tetrabromide. 

8. Limonene unites with one molecule of 
nitrosyl chloride. The product, of which two 
(stereo?) isomerides occur, gives the reactions of 
an oxim. 

4. Limonene readily yields abundance of 
cymene identical with that which is obtained 
from pinene (Oppenheim, B. 5, 628). 

6. Limonene is polymerised by heat much 
less readily than pinene, and is not convertible 
into camphene. 

C. Limonene vapour at a low red heat yields 
isoprene in the same way as pinene. 

7. Limonene oxidised by nitrio acid or by 
chromate yields oxalic, acetic, terebic or ter- 
penylic acids accqrding to circumstances, usually 
without any** trace of toluio or terephthalio 
acid. 

8. Limonene is deztro- of l«vo-rotatoiy. A 
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miziara ol equal volumea of the active hydro¬ 
carbons constitutes dipentene, which, on account 
of its peculiarities, quite different from those of 
its components, was long regarded as a distinct 
hydrocarbon. 

The formula which agrees best with the 
characters of limonene Is either 1. or II. given 
above {see JPinenc). , 

In both of these there is an asymmotrio 
carbon atom, and as the mono-hydrochloride is 
optically active while the dihydrochloride is in¬ 
active, these compounds will probably bo re- 


tirntmeoe 

MonohydrooIilorI<le 

1} 

It 

CH 

CH 

cn.,/\cH 

CH,/\CU 

CH':(^'CH 

ClCH^s^JcH 

V 

HQ 

B' 

li' 


> DihydroRhIoriile 

It 
CH 

cn»/\ciiii 

cicn'^^'ciici 

no 

R' 

Limonene nitrodochloride deprived of the 
elements of hydrogen chloride yields a compound 
which has been identided with carvoxiin. If 
the following formuhe bo assumed for carvacrol 
and carvol, the interrelation of these compounds 
is obvious. 


Carvarrol 

0 

cri<^cu 


CH 


.// 

0 

CH, 


0.011 


Carvc»l 

C.n, 

c 

cui^Jco 


011 
CH, 


Oarvoxim 

0,H, 

0 

cii<^cn 

CIll .C;N.0II 

CH, 

The corresponding formula for limonene 
shonld be No. II., but if tlmt correctly repre sents 
the constitution of the hydrocarbon, the pro¬ 
duction of the nitrosochloride, or of the o&im 
from it, must be attended by isomeric change 
involving a ro-distribution of the hydrogen and 
of the double linkages. Thus:— 


limonone 

P,H, 

C 

CH^CH 

OH, 


CH 


Nltroaochlorlile 

P,H, 

C 

CICH./'^CH 
NOHC'- ' 




Ozira 

P.H, 
0 


CH/\cn 

icl 


NOHcl, i'en 

CH 
CH, 

The ozim is optically active. 

The very ready conversion of pinene Into 
dipentene (=*liinonene) Is* a point of considerable 
importance, and it appears probable tliat the 
products formed by the action of heat and acid 
oxidising agents are in reality derived, not 
directly from pineno, but from the iaomcrio 
hydrocarbon into which it is hrst converted. 
The splitting up of pineno by heat into iso- 
preno has l)ccn regarded (Wallach, A, ‘J31), 48 ; 
Collie, U. 2t>, 1111) us supporting the £orniul» 
already given VI. and VII., in which a para- or 
cross linkage is adopted.. But ri'incmbering that 
isoprenois^onverted by polymerisation, not back 
again into pinene, but into diperitcnu, this evi¬ 
dence is of little importunoo. On the othsr 
hand, the diniculties invoheil in the assumption 
of a cross link in a cycloid of six carbon atoms 
are very considerable. In any closed ring of 
carbon atoms, the stability of tho ring Is easily 
accounted for upon simple mechanical princi])Ies. 
For if we consider six carlion atoms situated at 
the angles of a regular hexagon, and each at¬ 
tracted to its two noighhoura on either side, 
whatever bo tho forces of attractiotL between 
them tho resultant of timso forces wil^ave the 
effect of urging cacli carbon atom toward the 
centre of the (ignre. Thus, if tho carbvm atom 
a is attracted towards tho carbon atom 6 with a 
force reprcsentc^l by p, and towards c with a force 
represented by p', in the ligure, the resultant of 
these two pressures will be r, which acts towards 
tlio centre; and so with each of the ffve othei* 
atoms. 



. This conception ia, (A eourae, independent of 
any hypotliesis^concerning the fourth unit of 
valency, and the formula has no reference to the 
well-known ‘centric’ formula. The modem 
hypothesis accor<Hng to whlcirthc carbon atom 
is supposed to be situated at the centre of a 
regular tetrahedron while the radicles with 
which it is unitc«i are placed at the angles of 
the same supplir^s no distinction betw'cen the 
force and the direction of the unit of affinity. 
The difference of specific volume observed 
betw'ccn carbon compounds of the aromatic and 
fatty series seems to indicate that carbon atoms 
In the former are more closely united toother, 
but it appears that no compounds are known in 
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‘Which the specific Tolume of carbon dififers veiy 
greatly from its normal value. Hence it ap¬ 
pears probable that the carbon atorp, in uniting 
with other atoms, preserves a nearly constant 
distance from them, and in the figure above to 
suppose that a is combined with d as firmly as 
with d or c requires the asfmmptiqn that a car¬ 
bon atom is capable of acting through a distance 
twice as great in one case as in another. If this 
is possible, and we imagine the force of attrao- 
don between a and d to bo as great as between 
a and 6 or c» then, unless c adts upon c and b 
acta upon / at the same time with the same force 
the figure will be changed from the hexagon to a 
doable square. 


6 a 

c 

e cf 

y 


A compound of this'kind w(vild bo incapable 
*of many of the changes wliich are clfi’.racteristio 
of pinene, and a second cross linkage between c 
and c, or between b and /, would bo impossible. 
Hence the fojlowing forniulfo, which are attri¬ 
buted by Wallaoh to nilrosopinene and pinyl- 
amine cannot bo accepted even if a single 
■diagonal is allowed in the formula of pinene. 


CH 


Pin^no 

Kitrosopinciic liytlro- 
cliloritle 


Q,H, 

CII 

CH 


ciciil Non 



g 

CH, 


NOC 

CII, 



NO.g 

CH, 


PlnytatniDe 

c,U, 

ClI 

C1I<>0H 

CllK^CU 

'cu. 


Formula) III. and IV. now remain to bo con¬ 
sidered. So far as the writer is aware, formula) 
of this type have not been proposed for any of 
the torpenes. Nevertheless there is much to be 
said in favour of an expression of this kind for 
a compound so unstable as pinepe, which ap¬ 
pears to bo incapable of withstanding the action 
of beat or of contact with any reagent without 
isomerio change. For example, the conversiou 
of pinene into dipentene, torp'nene, and terpi- 
oolene may be explained with the minimum 
amount of hypothesis by the following formulte, 
in which the tendency towards the conversion of 
an uusymraetrical into a symmetrical molecule 
is clearly shown. The question as to tlie relative 
positions of the methyl and propyl groups is 
■left open. 

m Ternineue Terpliiolcae or 

Pinw. Dlpcntwi. Ter,.lnolone Tiriitaoiia 

0 0 0 0 


Thfl oonvenion of pinene into dipentene 
through the dihydrochioride is readily shown. 


Ploene 

B 

CH 

Dtpeutene 

dibydroehlonde 

B 

CH 

i 1 

CH,/\,CHH 

chJ^'o 

c 

B' 

cnjs.lcHoi 

cig 

B' 

Dlpcnteae 


H 


CH 

CH,/N,CH 


U 

g 


Such a formula for pinene also explains the 
extreme instability of its tetrabromide. * 

111. CAMimiiNK. Camphene behaves towards 
all reagents—such as bromine and nitrosyl 
chloride—as a saturated compound, but with 
hydrogen chloride it unites, forming a com¬ 
pound which in external appearance resembles 
pinene monochloride, but ditfers from that com¬ 
pound by its instability.' When camphene is 
oxidised by chromic acid it yields camphor, but 
when treated with permanganate a glycol is 
formed. This compound crystallises in odour¬ 
less small moDoclinio prisms, which sublime at 
temperatures above 100** (i02° ca.). Its most 
oharaoteristio property is seen in its reaction 
with dilute acids, whereby water is separated and 
a compound isomeric with camphor formed. 
This reaction appears to indicate the existence 
of one ethylenio bond in camphene (O. Wagner, 
B, 23, 2307). BrUhl (B. 25, ICO) also finds, as 
the result of bis latest determinations of the 
molecular refraction and dispersion of camphene, 
that this hydrocarbon contains one ethylenio 
linkage. Wallach (B. 24, 1555) upon other 
grounds appears to nold the same view. Cam¬ 
phene is, however, so closely connected with 
camphor that the constitution of the latter 
compound when settled may serve as a guide in 
determining the constitution of the former. The 
formula for camphor given by Eeku)6 (B. 6,031) 
was based upon the supposed intimacy of its 
relation to oymene and carvacroh 



CH, 

CH 


/\ 


V 


CH, 

CO 


CH, 


There can be no serious doubt of Its character 
as a ketone, inasmuch as it yields an ozim, 
though it gives no compound with NaHSO,; but 
the action of dehydrating, agents upon camphor 
is very oompUcated, and there can be no doubt that 
the production of cymene is attended by iso¬ 
merio change. Armstrong a. Kipping (O. Jan. 
1803) have shown that among the products of 
the action of strong sulphurio acid upon camphor 
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then ii > oonsiderable qnantit; of aoetyU 
orthoxylene {0«HjMe.Ue.Aa, Me:Me:Ao-u 1:2:4). 
From observation of its mo\ecalar refraotion 
BrOhl (B, 21,467) suggests a formula containing 
a para- linkage, either 
C.H, 


CH,, 

CH, 


/|\ 


\l/ 

P 

CH, 


'OH, 

jeo 


CH, 

CH 


C,H, 

CH 

/^CH 

'</CO 

CH 

CH3 


The former of these two formula^ has also been 
used by Wallaoli (B. 24, 1555). These expres¬ 
sions are equivalent to representing camphor as 
a derivative of tetramethylene. 

A formula of a different character has been 
suggested by Armstrong a. Miller {D. IG, 22G0) 
(v. voL i. p. 670), and another of somewhat 
similar type by Collie (B. 25,1114): 

• Annstroug 

CH, 

CH,/\CH-CH, 

' I 

C[I,.CHI^^ C.CH,—CO 
CH, 

Collls 

CH, 

CHj.CH'^^CH-CH, 

i ' I • 

CO ,^^CH -CH.cn, 

CH, 

Camphor by oxidation with nitric acid yields 
camphoric acid in large quantity, and as the 
charoctcristio and chief product. Camphoric 
acid U therefore probably derived from camphor 
by an operation of a simple kind without con- 
etituticnal di.sturbance. The folh}wing formula 
proposed by Collie {B. 25, lllG) has been shown 
to possess a very high degree of probability 
<Walker, C. April 18y3): 

CH, 

OH 


CH,,/\CH.C00H 


OTT J ( 

'^“^\/C.(CH,)COOH 

CH, 

This formula sulhciently accounts for the 
chief facts conceruing camphoric acid, viz. that ! 
it is a saturated dibasic acid, which readily j 
yields the anhydride by heating; that it is ' 
optically active, and when treated with hydro¬ 
gen iodide yields tetrahydro- and hexahydro- 
m-xylene. 

From this formula are deducible the following 
formula for camphor and camphene: 


Camphor 

CH. 

CH 


CH,, 


/Noh.ch, 
CH,'^C{CHi^CO 


CampheM 

CH, 

OH 

OH/^CH . CH 

1 ^ « 

CH,l^C(CH,)eH 


This formula for oamphene explains pretty 
well all its relations, except its derivation from 
pinene, if either of the formula containing a 
para- linkage be adopted. The chief objeetiom to 
sucli fonnulte are stated above. 

J. Brcdt {B. 26, 3047) has recently proposed 
formuliD for cMuphoiy), camphor, and oampborio 
acid, which are derived from a peutamethylene 
ring. 

Synthcfiis of Terrenes. 

Von llaeycr in* a series of papers has shown 
that various dihydro* derivatives of benzene and 
its liomologues may bo synthetically produced. 
Starting with succiiio-snccintc ester, this com- 
]jound, by treatment with dilute sulphuric acid, 
yields dikoto-hexainethylone, atnl this, by reduc¬ 
tion with sodium-amitlgam, gives thecorresi)ond- 
ing glycol. This glycol possi-sses tlie chanLCters 
of a sugar, and has been nanud ohinite or 
quinito (B. 25, 1037). It occurs in two isomeric 
forms, which by t' eatmonVwith hy(ln>gen bromide 
yield two rl'J»romoliexairiethylones. Both of thoKe 
• by heating with quinoline yield dihydrobenzeria 
(B. 25,1840), a licpiid which ha:^nearly the same 
boiling-point ns bonzime, but combines with 
lIBr and with Br,. Jt also rothicos perman¬ 
ganate. Ity .a coiTe.sponding series of processes 
diliydro-7)-xylcno was obtained from dimethyl- 
snccino-succinic ester (//. 25, 2122). Dihydro- 
/)-xyIeno (134® circa) smellp of turpentine, uiiitos 
wilii hydrogen bnmiidc, but forms uo crystnllis- 
able niU'osite. 

In order to produce n dihydrocyi^mo it ii 
nrcfHsary to start from tlic methyl-propyl com¬ 
pound of suecino-suceinic ester. This com- 
poun<l was obtained by heating the sodium 
compound of the monopropyl ether with methyl 
iodide (B. 26, 233). Mi thyl-isopropyl-ilibydro- 
benzeno boils at about 171 It smells like tur¬ 
pentine and resinil’n^s in the air. It decolourises 
ponnanganato and unites with bromine, forming* 
an uncrystallisablc bromide.. Althougli closely 
ri’sembling a terpcnc, however, it is obvious that 
this hydrocarbon is • not identical witli any 
natural terpone known, containing, as it does, no 
asymmetric carbon. It may ho identical with 
torpineno. The relations of the paradibromo- 
hoxamethylehe, or of its alkyl derivatives, to the 
corres))ondlng hydrocarl>on is shown in the 
following formulw {B. 25, 1840, 2122) : 

U Br it R 

Y , ^ i, 

CH^/^CH, CH,,/^,CH CH,|/*^,CH 




A 


CH. „CU 

• 0 

I 

B' 


CU'^yCH, 


C 

I 

B' 

W. A. T. 

TERPENYLIC AGIDC,H„0,. [72°j (Pittig) ', 
[.78°] (Wallach). Fonn.'(i, tot:.;tlier with terebio 
ocid. by oxidising oil ot turiicntinB and oUiet 
terponea with oliromicaoid mixturo (Hempol. B. 
8, :do71 A. 180. 77 ; Fitlig a. Krafll, A. 208, 71). 
Foraod also by oxidising pinol hydrate [181°) 
with KMnO, (Wallach, A. 268, 318). Monoolinia 
prisms (containing aq). 

Beactiom.- 1. Yield* occtio acid and CO, on 
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farther oxidation by chromit acid. —2. On dry 
dMtillatwn it yields teracrylio acid (218®), a very 
little oxy^heptoio lactone (212®)^ and other 
bodies (Amtbor, J. ff. [2] 42,388).—8. Bedaced 
by HI and P to iB-iaopropyUglutario acid 
(^hryver, 0. J> 03, 1344). 

Salts. — I3aA',. Amorphous,powder, ▼. e. 
sol. water. Converted by boiling with baryta 
into barium diatorpenylate Ba{0BTI„04),,aq, 
which separates in needles on beating the cold 
saturated solution and is v. si. sol. water. On 
adding an acid the liberated diaterpcnylio acid 
at once changes to its lactone, terpenylio acid.— 
0^', aaq.~-AgA'. Crystalline mass. Silver 
diatorpenylate AgCHHiaOj is ppd. by adding 
AgNO, to a solution of barium diatorpenylate. 

Eihyl ether EtA'. [38®]. (305° i.V.). 

Bfonoelinio crystals; (x:6:c-1051:1: *381; 
0 = 60° 58'. V. sol. alcohol and ether, si. sol. 
cold water. Sodium converts it into (a)< and 
(0)-diterpodilactone 0,^I1 kj0j. 

(a).Diterpodilactoii»i * [154°]! 

Formed as above (Fittig, A. 250, 413). Long 
needles (from water), m. sol. alcohol. Yields 
OaOjiiHjfO, Oaq, ft^d BaCjjH^O, Oaq 

crystallising in inonoclintc prisms ; a:b:c = 
•935:1: *696; ^ => G5® 54', which, wliendecomposcd 
by HCl and immediately extracted with ether 
yields fahditcrpoinctonio acid [100°]. 

This acid decomposes above ICO® into water and 
its lactone. 

(0).Diterpodilactone [135®]. A 

product of the action of Na on terpenylio ether 
(Fittig, A- 256, 122). Needles, in. sol. alcohol. 
Converted by baryta into (0)-ditorpolactonio 
acid [187°] and (0)-diterpoxylic acid C,^H,..„0,. 
(3)-diterpolactonic acid forma trimotrlcciystals ; 
a:6:c = '732;l:'259 and is ro-convcrted by heat 
into the lactone. (0)-Ditcrpoxylic acid forms the 
salts BaA"8^aq, CaA", and AgA". 

(a)-DiterpyUc acid C,uII.j.jO’,. {ayDiterpodU 
lactone carboxylic acid. [210°]. An inter¬ 
mediate product of the action of Na on terpcnyl ic 
ether. Needles, m. sol. alcohol. Converted by 
boiling HGIAq or by heating above 210® into 
(a)-diterpodllactono. 

TKBPILKNE v. TRnrnxKs. 

TKRPItENOL 0 ,JI,hO. [o. 32®]. (o. 180° 
atSOmml). S.G-.o.‘95. II.C. (inactive) 113,318 ; 
(active) 102,923 (Louguinino, 0. R. 107, 1105). 
Got by saponification of the torpiteno acetates 
G,,H,„UOAo or tcipilono formates 0,„H,,CH,(), 
by alcoholio potash (Lafont, A. Ch. [0] 15, 205). 
Crystals, insol. water, v. sol. oil of turpentine, 
alcohol, and ether. Boils with decomposition at 
220°. Oocurs in several forms varying in their 
action on polarised light. 

Reactions. —1. HCl forms C[,9H,a2HOl [48°], 
which is inactive even it the torpilonol were 
active.—2. Alcohpl and UNO, give C,oH.^^O, 
[104°}.’»3. Phtndlic anhydride forma terpilene 
OioHj,.—4. Ao,0 at 100® forms the acetyl de¬ 
rivative or terpilene acetate. 

Acetyl derivative C,„H„OAo or 
0,<,H,«HOAo. (220°). S.O. « -971. V.D. 6*0. 
Obtained by beating terpilene with HOAc at 
150®. Liquid (Bouchardat a. Lafont, 0. R» 102, 
156^. 

P'ormyl derivative 0,*H„O.OHO. 
[«}«= —69® 25'. S.G. ® *999. Formed from oil 
of turpentine and cold formic acid (Lafont, R* 


106,140). By heating with water at 100® 65 p.& 
of ^e ether is saponified. 

TEBFIN V. Txbpbnss. 

TERPINEOL V. Tbrvsnks. 

TERPYLONIC ACID C,H,,0«. [135®]. A 

product of the oxidation of turpentine byobromio 
acid mixture (Schryver, 0. J. 63,1328). Needles, 

, ▼. e. sol. water, m. sol. ether. Differs from 
camphoronio acid in electrical conductivity. 

TETAKINE v. Ptomaines. 

TETRADECANAPHTHENE CmH.,. (241® 
cor.). S.O. 2 *839. Occurs in petroleum from 
Baku (Markownikoff a. Ogloblin, J. Ti. 15, 339), 

n-TETRADECANE OhH,„. Diheptyl. [4-67. 
(253®). S.G.5-775; ^ *768. Formed by heat- 
irtyristio acid with HI and P (Krafit, B. 15, 
1700). Got also by the action of Na on n-heptyl 
iodide (Krafft, B, 19, 2223; Sorabii, O. 47, 
37). 

Reference. —Di-dromo-tethadecane. 

TETBADECENOIC ACID C,jr,,0, i.e. 
CaH,3.CII:C(C^H„).CO^H. Amylhe-rylacrylic 
acid. Forme<l by the action of alcoliolio pota.sh 
on oonanthol (Perkin, B. 15, 2803; 16, 211). 
Liquid, boiling in vaciio at 275® to 280°. 

TETBADECENOIC ALDEHYDE C, .H^^O U. 
CH,[CH3],ClI:C(CHO)[Cnj],CIT,. (278°). S.G. 
Js ’SIO. Formed by the action of alcoholic 
potash or of ZnClj on mnanthol (Perkin, G. J. 
43, 47). Oil, not solid at —20°. Ij’orms 
crystalline C,,H,„ONanS03. Yields hexuio 
and heptoic acids on oxidation. 

TETEADECENYL ALCOHOL 
(282°). S.O. *852. Formed by reducing tho 
preceding aldehyde witti sodium-amalgam 
(Perkin, B. 15, 2808). It is also a product of 
the action of aodimn-amalgain on a solution of 
cenanlhol in nOAo (Perkin, C. J. 43, 68). Oil. 
May be reduced to 0,,II;,„0. 

Acetyl derivative C,.H.^.OAo. (286°- 

200°). S.G. *868. Combines with Br (2 
atoms). 

TETRADECINENE C„H.^ i.e. OMeiO.O,,!!..,. 
[6-5°J. (134° at 15 mm.). S.G. ^ *8064; 
•,8000. Formed from tetradecyleno bromide and 
alcoholic potash at 160° (KralTt, B. 17,1372; 25, 
2249). 

TETRADECOIC ACID C„H..,0., i.e. 
C,H„.CH{C,H,3).C0,H. (300®-310®). Got by 

tho action of moist AgG on tho corresponding 
aldehyde (Perkin, C. J. 43, 74). Liquid, not solid 
at -10®. 

Tetradecoio aoid v. Myristio agio. 

Reference *— Oxytbtiiadkcoic acid. 

TETRADECOIC ALDEHYDE 0,,HaO U* 
03H„.CH(0,H,3).CH0. [30°]. (267°). S.G. 

*827. A product of the action of Na on an 
ethereal solution of oiinauthol (Perkin, C. J. 43, 
71). Tables, v. sol. alcohol. Reduces am- 
moniaoal AgNO,. Yields heptoic, hezoio, and 
acetic acids on oxidation. 

Isomerida v. Mtiustic aldehyde. 

n-TETEADECYL ALCOHOL 0„H„0. [88°J. 
(167° at 16 mm.). S.G. *8163. Formed by 
reducing myristio aldehyde (Krafft, B. 16, 1720). . 

Acetyl derivative Ci.H^OAo. [18°]. 
(176° at 15-mm.). 

Tetradeoyl alcohol 0,H„.CH(0,H,J.0H,0H. 
(270®-276®). S.O. M -8368. Formed by re- 
auoing the corresponding aldehyde or tho aide- 
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hjd* 0„H«0 (Perkin, B. IB, 2811; O. /. 43.76). 

Iiiqmd, eoUdi^ng at —10”. 

Acelyl dsrivativ* 0„Ha,OAe. (o. 278°). 
8.G. H '666. Oil, not solid at -10°. 

n-IETBASEDTIEirE C„H.„ t.e. 
CH,:CH.O„aa' [-12°]- (127° at 15 mm.) 

S.O. 3 -7852; -7745. Formed by distilling 

tetradeoyl palmitate at 600 mm. (Krafft, B. 16, 
3021). Liquid. 

, Bromide v. Di-nnouo-TBTRACECANE. 

TETBADEOYLENE GLYCOL v. Di-iso-mm 
riNAOONB. 

TETKADEOYL-MALONIC ACID C,.H,.0, 
C„H„C1I(C0,H).. [11«“]. Formed by I 

boiling its nitrilo with alcoholic potash (Hell a. 
Jordanoff, B. 24, 0H8). White powder (from 
HOAc), insol. water, v. si. sol. etlnT, si. sol. 
cold alcohol. At 150°-170° it is split up into 
CO., and palmitic acid. Ag.A" : white pp. 

Amide C„II.,,.ClI(CO.il)(CONHj). Pearly 
scales. At 0. 140^ it yields palmitic amide. 

Nitrile C,.H.a.CH(CO.H).CN. [76°1. 
Formed by heating p-bromo palmitio ether with 
alcoholic KCy. Silky plates (from HO.Vc). 

n-TErEA-IC08ANE C..,n,.. [51°]. (213° at 
15 mm.). S.O. ’» -703 ; -748. Formed hy the 

action of III and P on C,;lI,yCCl.j.C,H,, made 
from the ketone obtained by distilling barium 
stearate with barium heptoate (KraOt, B, 15, 
1718). . 

TETRA.ICOSOIC AC1*D C23n,:.CO.,H. [72 1 

Occurs in the soap Rot by heating oaruaiiini ' 
wax witH aqueous NaOII (Stiircke, .^'1. 223, 307). . 
Crystalline powiler, v. sol. hot alcohol.—I'bA'j. ; 

Sol. toluene anfl hot IIOAc. I 

TETHAZOLE [1.55°]. Formed : 

by treating araido-phenyl-tetrazolo carboxylic 
acid with alkaline KMnO, followed hy UNO., 
(Bladin, iA 2't, 1M2). Tlutcs (from toluene), 
llcdtlens blue litmus. 

TETBAZYL.HYDEAZINENH..Nrr.C<^,7]^. 

[199®]. Formed from amido-tctra/.otic acitl by 
dia^otisation ami reduction by SnCl^ (Thiele, A. 
273, 155). Yellowish crystalline aggregates, 
V. sol. hot water.— B"21iCl. [170'^j. * Acoto- 

acetic ether [215®] 

crystallising in needles. 

TETBIC ACID i.«. 

CII.,:C(OH).CMe<°Q;o^>CMe.C(On);CII, 

(Ncf, A. 266, 92) or Cn,.CO.C(CO,,H):CII,. 
Acetyl-acrylic acid. [IBO®]. (252 ’)• S- l'^ 
14®. Electrical conductivity : Walden, If. 21, 
2027. Got by heating CHj.CO.CMeBr.CO;jEt at 
100®, but not by heating the isomerici aei*l 
CH^r.C0.CnMc.C02Et (Ncf; c/. Pawloff, If. 10, 
4b6). Formed by successive action of bromine 
and alcoholic potash onmethyl-acetoacetic ether 
(Dernsr^ay, 0. ii. B7, 351; 88,120). Triclinio 
prisms (from water), v. sol. hot water, alcohol, 
and ether. Gives a violet-red colour with 
FeCl). PCI, gives rise to several compounds 
boiling between 169® and 185® which take up 
chlorine forming 0,H,C(J0 (Pawloff, Bl. [2] 45, 
181; C. R. 97, 99). Demar^ay obtained oily 
C.HaCLO (?) which united with Cl and*Br form¬ 
ing 04H,C1,0 C^8®] and O^H^Cl^Br^O [67®]. 
Ritftiniflftil by dilute HClAq at 160®. Potash- 

ymu nr . 


fusion gives formio and propionio acids. Dis¬ 
tillation with lime forms methyl ethyl ketone, 
Sodium-amalgam has no action. 

Salts.—(NH,)^'', Crystals, v. sol. water. 
—Na.A'' 6aq.—K,A".--B bA" 8aq. Needida, v.e. 
sol. water.-BaA"2aq.—Ba,(OU),A" SI. sol. 
water. — CaA" 2aq. — MgA" lOaq. — ZnA" aq.— 
CuA".—AgjA". f Noodh'#, si. sol. water. 

• JE17(yf [30°]. 

(180° at 70 mm.) (Mosch.'h-a, 7). 21. 21107). 

.IjKidc Cjll.NO.^. [212’J. Ootbylmating 
the acid with aholiolic Nil,, 
i TETROLE CYANURAMIDE v. Nitnle of 

PyKROLB CAUnOXYI.IC ACID. 

TETROLIC ACID 0*11,0, i.c, Cir,.C:C.CO.,H. 
Butyrolic acid. Mol. w. 81. f77®J. (20.3“). 

Formed by boiling 0-chloro-crotouio acid or 8- 
chloro-iso-crotonio achl wdth dihUo potash 
(Geuthor, 1871, 215 ; Friedrich, .1. ‘Jill, 318 ; 
Kahlbauiu, B. 12, 2338). FornuMl also hy the 
action of Na and COjonallylonc chloride (Pinner, 
B. 14, lOsl). * • 

. I'n-paralii^t.— Vrom aeetoacetic ether and 
PClj, the product being freed from POCl;, by 
lioating to 115 ’,mixefl with water, and freed from 
chloro-crotonic acifl by di.stiliution v’ith steam. 

I The residue is treated witli aN^oholic potash 
I (Fittig a. Cluttcrbuck, A. 208,1)0 ; cf. l‘’riodrich, 

I a. 21'.), .322). 

I Plates (from ligroVn). May be 

' sublimed. V. e. .soi. water, abtoliol, and ether. 

. Not reduced by sodium-amalgam to erotouio 
‘ acid (F. a. C.; cf. Amnstein, B. 22, 1181). 

I Slightly volatile with steam. *• 

H&ictions. ■ 1. Ur forms di-bromo-crotonic 
! acid [120'^J, which is reduced hy sodimn-anialgam 
' to Ictrolio acid. Bromine also yirlds C*ll,Ur.20._,. 

' [97^J (Pinner).--2. HUr forms Immio-oroionio 
acid [OP ].—3. Healed with eoiie. KOHAq it 
forms acetone.—4. Fuming IIOIAq at 15’ in a 
few weeks converts it inb) /i-cliloro-crotonic acid 
iOl o®].—5. Boiling with Na ami MeOH yields 
imtyric acid (A.).- (>. Chlorine, forms (’*11,01,0.^. 

■ 7. On heating with tof/im? in CIICI, in sealcMi tubes 
! it yields di-iodo-crotonic acid (/). 20, 843).— 
i 8. Split up at 211® into CO* and allyleno.—9. 

j KMnO, forms acetic acid. 

Salts,—NaA'. Crystalline.—KA' (dried at 
100'). Prisms (from alcohol). - Nil,A'. - 
LiA' aq. — MgA'.* 3aq. BaA', 3aq. — CaA\ 3aq. 
Small noodles.-- ZnA'i2aq (Lagermark, J. It. 
12, 200). - -/nA'./2a<t (Fittig). Oronpa of 
prisms.--C<1A'.*4ac|.- PbA.',aq. 8. 1*5 inl)2p.o. 
alcohol at 20®.. 

Chloride C,n,OCI. Fuming liquid, car¬ 
bonised by heat. Quickly fleconiposed by water 
(Lilgermark, Bl. [2\ 3.5, 171). 

DI-TETROLDBEA v. CAJiBOKYii-PTBiioL, 
TETBOLE-URETHANE v. Ethyl ethyl of 

PtRROLR CAKBOXTIilO ACID. • 

TEUCRIN Cj,II...O„ or C,,H.*„0„. [2.30®]. A 
glucoside occurring in Tencrium fnicticans, A 
! plant used in Sicily as febrifuge. Extracted by 
i alcohol (Oglialoro, 0.9,440; 13. 498). Slender 
I yellow prisms. Boiling dilute nitric acid forma 
anisic, tartaric, and oxalic acids. Boiling diluto 
HjSO, yields glucoso and a yellow insoluble 
residue. 

TEWPIKOSE. [a]»=*63'l®. Aaugaroceur. 
ring in the milk of the Egyptian buffalo {Boi 
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bubalut). Yields glucose on iiydrolysis (Pnppel 
«. Kiobmond, C. J. Bit 759)» v. Suoabs. 

THALICTBINE. Macrocarpine. Ocoars in 
Thalietrum macrocarpum (Hanriot a. Boassans, 
Bl. [2} 84» 83). Yellow needles, insol. water, 
aol. alcohol and ether. Besembles aconitine, 
but is less poisonous. 

THALhIN V- OxT-QDfNOLINS.*' 

THALLIUM. Tl. At. w. 203-64. Mol. w. 
407*28 as gas at o. 1700^ (v. infra). Melts at 
29.3-9'’ (Crookes, C. J. 17, 12.3; cf. Lamy, il. Ch. 
[3] C7, 385). Boils at full red heat. S.G. pressed 
11*88, cast 11*81, in wire 11-01 (Crookes, l.c. ; cf. 
Baray, l.c .; Werther, J. pr. 91, 385 ; do la Rive, 
C. R. 66. 588). V.D. 2.32-7 at 1G36'’, 203*7 at 
1728® (Biltz a. V. Meyer, D. 22, 725). S.H. 
•03*25 (Lamy, l.c.); *0335 (17®-.100®) (Uegnault, 
A. Ch. [3] 67, 437). C.E. (linear) *00003021 at 
40®, -00003135 at 60® (Fizeau, C. It. 68.1125). 
E.C. 6*225 at 0® (Ilg at 0®« 1) (Benoit, P. M. [4] 
46, 314; cf. Matthiossen, P. 118, 431). H.O. 
[TB,0] = 42,240 {Tk. 3. 3^4). Latent heat 
of fusion 0 . lOiO for 203*6 g.«j(Heycock a. 
Neville, O. J. 65, 35). The characteristic 
green line of the emission spectrum has tlie 
wave-length 6347 according to Huggins (P. 1864. 
139), 634(/*6 according to Mascart (Ann. de 
Vdcol. norm., 4, 7 [18C7]), and 6349*5 according 
to Thal5n {DClcrmin. des long, d'onde des raics 
in^talliqnts [Upsala, 1808]). Concerning tlie 
emission spectrum of Tl v. also Crookes, Pr. 12, 
530; Nicklds, C. R. 68, 132 ; KirchoiT a. Bunsen, 
A. 166, 230, 306; Lockyer a. Roberts, Pr. 23, 
344; I*ivcing a. Dewar, Pr. 27, 132; Hartley a. 
Adeney, T. 1884.104 ; Becquerel, 0. Pi 99, 376; 
Wilde, Pr. 63, 869. 

Historical. —In 1861 Crookes was preparing 
Se from the due-dust of a sulphuric acid manu¬ 
factory at Tinkelrode in the Harz mountains, 
when on distilling the impure ISe he obtained a 
residue which showed a marked single green 
line in the spectrum; this line was not known to 
belong to the spectrum of any element, hence 
Crookes supposed that the impure So contained 
a new element. Crookes isolated the element 
towards the cud of 1861, and called it thallium, 
(from « a groon bud) (v. C. N. 3,193,303). 

Lamy (A. Ch. [3] 67, 385) noticed a now green 
line in the spectrum of a leaden chamber deposit 
about the same lime as Crookes was investigating 
the cause of the lino he had observed; in 1802 
Lamy isolated a specimen of the metal which 
Crookes had obtained a few months before. 

Occurrence. — Never uncombined. Com¬ 
pounds of Tl are widely distribuVed, but only in 
very small quantities. The sulphide occurs in 
minute quantities in many specimens of cen\'>er 
p!/ntea and iron pyrites (v.„ Crookes, C. /. 17, 
112; Lamy, l.c.\ WOblor, A. 142, 263; Car- 
stanjen, J. pr. 102, 65 ; Gunning, Ar. N. 3, 86); 
also in native Sulphur from Lipari and Spain. 
Compounds of Tl are found in small quantities 
in many ores of As, Bi and Hg, and in prepara¬ 
tions from these ores; also in commercial Se 
and Te, probably as selenide and tclloride (v. 
Crookes, lx. ; Rdppler, Am. S. [2] 35, 420; Hera- 
path, Ph. 4, 802; Werther, J. pr. 89, 129). 
Some speoimons of lepidolite contain small 
quantities of Tl compounds (u. Schrotter, 
W. A. B. 48 (U.) 734 ; 50 (ii.) 268). A Swedish 


mineral called erookesiU was found bj Korden- 
skyold to contain from 16*8 to 18*55 p.e. Tl at 
selenide, along with selenides of Cu and kg {Bl. 
[2] 7, 409). Small quantities of TlGl are found 
in some mineral springs and in the saline de¬ 
posits from such springs (v. BSttger, /. pr. 89, 
378; 90, 22; 96, 294). Traces of Tl alum have 
been found accompanying the double sulphates 
of Cs, Li, and Rb in alumite from the island of 
Volcano (Cossa, Acad, dei Lincei [3] 2). Small 
quantities of Tl compounds have been noticed in 
camallit6t sylvine, and kainite (Schramm, A. 
219, 374). Many specimens of commercial sul¬ 
phuric and hydrochloric acids contain tracea of 
Tl compounds {v. Crookes, l,c.). 

Formation. —(Crookes, l.c. ; or T. 1872.)—1. 
By reducing TL^CO, by fusion with KCN.—2. By 
electrolysis of TLCO, covered with water.- 3. 
By electrolysis of Tl^^SO,. — 4. By heating 
TIjC^O, in a covered crucible.—5. By ppg. by 
zinc from solution of a thallous salt to which 
excess of NH^Aq or NaOHAq has been added. 

Preparation.—T\\o most economical source 
is the duo-dust from sulphuric acid manufac¬ 
tories where pyrites or sulphur containing ^ 
compounds has been used. Many specimens of 
Hue-dust contain no Tl compounds ; in some 
specimens 8 p.c. Tl has been found, but only in 
a very few docs the quantity amount to *25 p.o. 
Tl (Crookes). After having been heated to dull 
redness, to remove arty HCl, the dust is well 
stirred in wooden tubs with its own weight of 
boiling water and allowed to settle for 12 hours; 
the liquid is siphoned oU, and the residue is 
again stirred with boiling water and let settle; 
the mixed liquids are pi)d. by a considerable 
excess of cone. HClAq; the pp., which is crude 
TIOl, is well washed on a calico filter and 
squeozeddry. AboutCS lbs. crude TlCl were thus 
obtained from 3 tons flue-dust (Crookes, T. 
1872). The crude TIC! is heated with its own 
weight of pure cone. H.SO, in a Pt dish till all 
HCl and most of the IlaSO, are removed; tho 
TIHSO, is dissolved in c. 20 times its weight of 
water, the solution is nearly neutralised by 
CaCOj, filtered, ppd. by cone. HClAq, and the 
TlCl sq obtained is well washed, and is then 
boiled for a few minutes with fNH,),, 8 Aq; the 
pp. of TI.^S is filtered off, well washed with 
water containing H^^S, and dissolved in dilute 
H.^SO,Aq; the solution is boiled to remove 
H^S, ammonia is added in slight excess, and 
after boiling the solution is filtered and crys¬ 
tallised ; (NIl 4 ).^S 04 , being muchmore soluble in 
water than TI 3 SO 4 , remains in solution when 
TLSO 4 crystallises out. 

If small quantities of Tl are to be prepared 
from TI.4SO4, the salt is dissolved in c. 20 times 
its weight of water, the solution is ocldulat^ 
with H.SO4, and electrolysed, Pt electrodes being 
used. If large quantities of Tl are to be pre¬ 
pared, TI 3 SO 4 is placed in a deep porcelain aish 
(holding about 4 J litres) and covered with water 
( 0 . 3 kilos TI 2 SO 4 are used at a time) and plates 
of pure zinc are arranged vertically around the 
sides of the vessel; heat is applied, and the 
whole of the Tl separates in a few hours as a 
spon^ mass easily detached from the sine by 
shaking... The spongy Tl is washed sevenu 
times, pressed by the fingers, and then fused 
with ECy in a porcelain crucible to get it into % 
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lamp (for detail! v. Crookes, ; o« also Gan* 
fling, J.Wt 105, 843). 

Grooke! (f.e.) gives several methods for pre* 
paring pure Tl. If the starting-point is com* 
meroial Tl-tSO,, he recommends to dissolve this 
salt in vfater, to saturate the cold solution with 
pure H,8, filter, heat to boiling, and pour into 
bailing, dilate, pure HGIAq; to filter while hot, 
and allow to cool; to wash the TlCl that crystal- 
• iises out, by decantation, till the washings are 
free from liLSO,, and to purify by re-crystalliaing 
twice from water. The TlCl thus obtained is 
dried, mixed with pure NsjCO,, and projected, in 
bdaII successive portions, into molten pure KGy 
in an unglazed porcelain crucible; reduction to 
metal is rapid. After cooling, the contents of 
the crucible are treated with water, the ingot of 
Tl is boiled for some time in water, dried, and 
fused over a spirit lamp (coal-gas should not bo 
used on account of the S compounds in it) in an 
unglazed porcelain crucible, with free access of 
air and frequent stirring with a piece of ungla/cd 
porcelain, to facilitate oxidation, and the metal 
is poured into a porcelain mould. 

Properties, —A white metal without any tinge 
of blue; when fused under coal-gas, liquid Tl is 
exactly like Ilg ; may bo highly polished by 
rubbing under water; very soft, may be cut with 
the nail, or scratched hy lead. Less tenacious 
than lead; does not (become brittle between 
— 18® and Us m.p.; very malleable, Lnmy (.I. 
Ch. [3] 07, 385) says that plates mm. thick 

can be obtained; can be squeezed, but not drawn, 
into wire; very inelastic. Tl crystallises very 
easily in octahedral forms ; it cracUlc-s like 
tin when bent; a wire of Tl scorns amorphous 
when prepared, but under Nvater it soon becomes 
crystalline. Tl quickly tarnishes in air; the film 
of oxide formed prelects the mass of metal. The 
metal may be kept unchanged for years under 
water that has boon deprived of air {v. Bottger, 
D. P. J. 197, 374). Tl melts easily (at ‘29-1®) 
without first becoming pasty; it expands con¬ 
siderably before molting is complete, and con¬ 
tracts much on cooling. Tl boils below white 
beat; it may be distilled in a current of H. 
Pieces of the metal may bo welded together by 
pressure at the ordinary temperature. Tl is 
nearly as diamagnetic as bismuth. Tl gives an 
intense green colour to a non-luminous flame 
{v. infra, Detection). Heated in air, Tl readily 
burns to Tl^O; it combines with S, Se, 1*, Cl, 
Br, I, &c., when heated with these elements ; it 
dissolves in solutions of most acids (v. Iteac- 
tiom). The compounds of Tl are very poi-'on- 
ous, producing symptoms like those of lead 
poisoning. 

The at. w. of Tl has been determined (1) by 
ppg. Cl as AgCl from TlCl by AgNO^q (Laniy, 
A. Ch, [3] 67, 386 [18G2]; Hebberling, A. 134, 
11 [1865]); (2) by ppg. I from Til by AgNO, 
(Wertber, J. pr, 92, 136 [1864]); (3) by con¬ 
verting TlySO, into BaSO, (Lamy, l.c. ; Hebbcr- 
ling, 2.C.) ; (4) by converting Tl into TINO, 
iCrookes, T, 1873.277) ;_(5) by determining S.H. 
of Tl (Lamy. U,; Regnault, A, Ch. [3] 07, 437 
[1862]); (6) by determining V.D. of TlCl (Roscoe, 
Pr. 27, 426). • 

The moL w. of Tl in the gaseous state is 
•donble the at. w.; in other word!, the gasaooe 


molecule is diatomic (BUts a. Meyer, B, 32, 725). 
Ramsay (C. J. 55, 521) determined the depres* 
sion produced in the vapour pressure of Hg by 
dissolving Tl in that solvent; assuming that 
equal volumes of dilute solutions oontaih equal 
numbers of molecules, and that the mol. w. of 
liquid Hg is 200, the results obtained by R. indi¬ 
cated the molei^ulo of Tl dissolved in Hg to be 
cuonatomio. 

Tl is distinctly a inctalHo clement; no com¬ 
pounds have been isolated wherein Tl certainly 
forms part of the negative radicle, although there 
are indications of the existence of such componnde 
(f. That.udm dioxide, p. 680); the compounds 
which TlBr,, TlCl,, and Til, form with alkali 
halides nuiy contain Tl in the negative radioles. 
Tl is the last element in the odd-serics family of 
Group III.; this family comprises Al, Ga, In, 
and Tl. The element Tl also shows marked re¬ 
semblances to the alkali motals; and in its 
physical properties it is more like lead than any 
other element. The position assigned to Tl by 
the periodic classilb^ation iff the elomenls clearly 
i'elicatos th^elations between this olemont and 
other elements. The relations of Tl (TIl.-ll) to 
Al (III.-B) should bo similar to those of Hg (IL- 
11) to Mg (1I.-3), and also simil'ir to those 
between I’b (IV.-ll) and Si (1V.-3). The re¬ 
semblances between tlio eomj)ositibus and pro¬ 
perties of the oxides of Hg and Mg pn the one 
hand, and of the oxides of Pb and Si on the 
other hand, arc sliown only in the higliest oxides 
of these elements: there is Hg.O but no MgaO, 
there is PbO but no SiO; IJgb and MgO are 
basic, PbO^ and SiO, are feebly acidic. •Never¬ 
theless Hg and Pb form lower oxides than HgO 
and PbO,; tiioso lower oxides, Hg.^0 nod FbO, 
are basic ; J Ig.O feebly, and PbO strongly, baslo. 
Hence it is likely that the resemblances between 
the uxieJes of Tl and Al will bo shown in the 
highest oxides. This supposition is confirmed; 
TlGj and Al/), are ba'^ic, forming salts MjX,, , 
where X » the radicle of a dibasic acid; these 
oxides are more basic than PbO,, and SiO,, but 
less basic than HgO and MgO. As Hg and Pb 
form lower oxides than HgO and PbO^, and those 
lower oxides are more basic than HgO and PbO, 
so Tl will likely form an oxide lower than '11,0, 
and this oxide will bo more basio than Tl,0,; 

Tl forms the strongly basio oxide Tl,0. Then 
consider the position of Tl in series 11. Con¬ 
sider the oxides of the members of this series: 
the lower oxides Hg/), PbO, and Bi^O, are b^ic ; 
the higher oxi<lcs *HgO, PbO,, and iji,0, pass 
from basic (llgO) to feebly acidic (PbO, and 
Bi..OJ ; theremre it is probable tliat the higher 
oxblo of Tl will be less basic than HgO, but that 
it'will not bo acidic; Tl/), is a feebly basio 
oxide. • 

If the chlorides of series 11 are considered, 
the position of Tl in 1IL>11 is^eou to bo justi¬ 
fied : IlgO gives HgCl„ which can bo gasified 
unchanged, PbO, gives PbCI,, which is verj 
easily decomposed by heat, no chloride oorra- 
sponding with Bi,0, has been isolated; therefore 
T1,0, will probably give a chloride more Biable 
towards heat than PbCl,, but less stable than 
UgCL. TlCl, is decomposed by heating to o. 
80® into TlCl and Cl. Hg,0 gives HgUl, PbO 
gives PbCl„ and Bi,0, gives Bid,, and these 
ehlorides can all be gasified unchanged; thert- 
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| 0 T« the chloride of T1 corresponding with T1,0 
Will probebly not be decomposed by heat * TlGl 
l^s been gasified unchanged. The relations 
between the elements Hg, Tl, Po, Bi, and Mg, 
Al, Si may be summarised in the expressions 
Tl: Hg: PI) - A1J Mg : Si; and Tl: Hg =i Pb: Tl 
»Bi; Pb. (For a further working out of the 
relations of Tl, v. Menddleeflf, (f. N. 1880. 2; v. 
also Alkalis, jiktals or tite, voJ. i. p. 114; and* 
JEiAIlTllS, METALS OF TJIB, Vol. 11 . p. 424.) Tho 
atom of Tl is monovalent in the gaseous mole¬ 
cule TICl; the V.D. of no other compound of Tl 
has boon determined. 

Reactions and Cornbinations. —1. Exposed 
to air or oxygen, a film of Tl^O is at once formed; 
when heated in air or O to somewhat below red* 
ncBS (o. 300°) Tl burns to TLO:,, and at a higher 
temperature this gives Tl^O and 0 (tjamy, A. Ch. 
[ 8 ] 67, 385). Moist ozone acts on Tl giving 
TIO 3 H 3 .— 2. A compact piece of Tl does not de¬ 
compose boiling water, dcconiposition begins at a 
red heat; hut spongy Th as pp^. by zinc, dissolves 
m water forming TlOHAq.- 3. Ti dissolves in 
Mlutlons of most acids, forming thullous salts 
Tl*X, where X -201, 2 NO 3 , SO,, Ac.—4. Tl com- 
bines with s«l/» 7 i 7 fr and selenion (v. sulphides and 
eelenides).~^‘b. Forms alloys with many vietals 
{v. alloys). — 6 . Forms compounds with antimony 
and arsenic (o. antimonide and arsenide). — 
7. A phosphide is formed by heating Tl in vapour 
oi ptiosphorus (v.ptliosphide). — 8 . Combines with 
chlorine, bromine, and iodine, when heated with 
these elements (v. chloHdcs, bromides, and 
ioduUsi^ — 9 . Tl ppts. the noble metals, also copper, 
lead, and mercury from solutions of salts of 
those metals (Uoid, (7. N. 12, 242). 

Detection and Estimation. —Tl is best de¬ 
tected by tho intense green colour which tho 
metal and its compounds give to tho non-lunii- 
lious fiamo of the Bunsen lamp; according to 
Lainy (l.c.) mgm. can bo detected by tho 
Use of the spectroscope; if induction sparks are 
used it is said that detected 

(Cappcl, P. 139,628). Tl is generally estimated 
as TTI or Tl^SO,; it can also be determined 
volumetrically by KMii 04 Aq (Willm, i5. 1803. 
479). 

Thallium, alloys of. Several alloys of Tl 
were prepared by Carstanjen in 1867 {J. pr. 102, 
62) by healing the metals together. Many of the 
alloys are soft, and most of them readily tarnish in 
the air; the alloywithjpt.Sb is fairly hard; and 
those with Bi and l*b, Bi and Cd, and Bi and Sn 
are hard and brittle. Alloys arehlcscribcd with 
.Al, Sb, Cd, Cu, Pb, Mg (v. also Mollor, G. N. 19, 
246), Hg (v. also Crookes, l.c., and Begnauld, 
C. P. 64, 60), K, Na, and Zn,; also with Bi and 
Od, Bi and Pb, and Bi and Sh. 

Thallium, autimonide of. A hard, groy, crys¬ 
talline solid was obtained by fusing together 
Tl and Sb in the ratio Tl: Sb; with cold dilute 
H^SO^Aq the substance gave off SbH, (Carstan- 
ien» I.C.). , 

Thallium, arsenide of. Carstanjen (l.e.) ob¬ 
tained a white, crystalline, soft substance by 
lusing Tl and As in the ratio Tl: As; with cold 
• acids AsHt formed. 

. ThalUam, bromides of. The compounds 
TlBc und TlBri have been isolated, and also two 
compounds the simplest tormulie of which ate 


T^Br, and TlBr^ As none of tho bromides hns 
been gasified, the formulra are not neccssariiv 
molecular; but from the analogy of TlCl, tlio 
formula TlBr probably represents the composi. 
tion of the gaseous molecule of this compound. 

Thallous drouide TlBr. {Thallium mono, 
bromide.) Tl reacts very slowly with Br. 
Thollous bromide is obtained, as a wUte pp., 
by adding HBrAq or solution of a bromide to 
solution of a thallous salt; almost insoluble in * 
water {Willm, A, Ch. [4] 5, 28). TlBr melts at 
458° to a brownish-yellow liquid, which solidifies 
to a yellow solid (Carnelley, G. J. 33, 278). 
Thomsen gives H.F. [Tl,Br] = 41,290 {Th. 3,3^4). 

TnAT.i.io nnoJiiDR TlBr,. {TltalHum iri- 
bromide.) Prepared by adding Br to TlBr sus¬ 
pended in water until solution is effected, and 
evaporating in va<yuo. TlBr, forms a yellow, 
crystalline solid; it is very deliquescent, becom¬ 
ing gradually brown and giving off Br. Very 
soluble in water, also in alcohol. Reduced to 
TlBr by SOjAq and other reducing agents (Willm, 
l.e.). Thomsen gives II.F. [Tl,Br’,Aq] = 56,45(> 
{Th. 3, 354). TlBr, combines with NH, to form 
TlBr3.3NH,; a white solid that gives off NHjand 
Br at 100°, and when more strongly heated 
leaves TlBr (W., l.c). Also combines with NH,Br 
and KBr, forming Tl Bfa-N 11 ,Br and TIBr 3 ,KBr. 2a(i 
(W., l.c. ; Nicklis, C. Ji. 58, 537). Rammclsberg 
(P. 140, 507) described QTinr,.3 KBr. 3aq, 

Thalmum DinK05UDE TlBr, (or T^r.TlBr, 
-»TlBr,). Obtained in long, yellow, noodles 
by adding TlBr to boiling TlBr,,Aq, in tho 
ratio TlBriTlBr^, and cooling. Not decom¬ 
posed at 100° ; water forms TlJb’aAq and TLBr, 
(v. infra) (W., l.c). 

Thallium 8 ns<ioniuoMiDR TljBr,, or 
TlBr3.3TIBr —Tl,Bry. {Thallo-thalUc bromide.) 
Orangc-rod hexagonal leaflets; obtained by 
adding IIBrAq to a mixture of a thallous and a 
tballic salt in solution; also by adding TlBr to 
TlBi;,Aq, or by adding a little water to TlBr^ 
(3TlBr, + A(i« Tl.^>r, + TlBraAq) (W., Iw). 

Thallium, chlorides of. TT and Cl combine 
to form at least four compounds: TlCl, TL^Cl,, 
TlCl,and TlCl,. 

Thali.ous ciiLORiPR TICl. Mol. w. 230'01. 
Melts at 427° (Carnelley, C. J. 33, 277). Bella 
at 708°-719° (C. a. Williams. O. J. 33, 284). 
S.G. 7*02, after fusion (Lamy, J. 15, 184). V.D. 
at 830° to 1025° = 117*8 (Roscoe, Pr. 27, 426). 

S. *19 at 0°. *27 at 16°, *28 at 16*5°, 1*6 at 63° 
Hebberling, A. 134, 15). H.F. [Tl.Cl]« 48,580 ; 
[Tl,Cl,Aq] = 38,480 {Th. 3, 354). 

Formation. —1. By heating Tl in Cl, keeping 
the Tl in excess.—2. By boiling powdered Tl in 
HClAq, and dissolving the film of TICl that 
forms in much boiling water.—8. By adding 
SO^AqtoTlCljAq. 

Preparation. — HClAq, or solution of a 
chloride, is added to the solution of a thallous 
salt; the white curdy pp. that forma is washed 
with cold water, dissolved in a large quantity of 
boiling water, and the salt that separates as tho 
solution cools is purified by two or three re- 
crystallisations from boiliDg water (Crookes, C. 

17.112). 

Propiprties and Reactions. —A white, crystal¬ 
line solid; resembling PbCl,, but separating 
from solution in hot water In smaller and lew 
shining crystals than PbCl,. Becomes slowly 
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\iobt coloured when exposed to light (Hebber- Cotnbinations^X* With ammonia to tonn 
ling, 134,15). Melts at 427“ to a clear yeUow T1C1,.3NH, (WiUm, A. Ch, [41 5. 28). A white, 
liquid, which solidi&os to a white crystalline crystallino pt^der. Obtained by passing NH| 
mass. Very slightly soluble in water (v. supra); over TlCl,; by adding an alcoholic solution of 
less soluble in water containing a little HCl; in- to TlClg suspended in absolute alcohol; or 
soluble in alcohol; insoluble in ammonia; by boiling TIO^H, with coho. KHiClAq, ppg. by 
soluble in hot Na^COgAq, KOHAq, or Ka.S 04 Aq. KH,Aq, washiijg withjalooholio ammonia, then 
Hot cone. acid forms ThSO, and HGl; /vitli absolute alcohol, and drying t» vacuo* 

• oxidisers such as ClAq, aqua regia^ KMn 04 Aq The compound is /Qnchanged in air; water 
and HClAq, form TlClj, TI 2 CI 3 , or TIClj {i\ these forms NH 4 ClAq ana TLO,; when healed NH^ 
chlorides). TlCl is reduced to T1 by zitic and NH 4 CI, and N are given oil and TlCl remains. 
sulphuric acid, also by adding alutniniwn to Dissolves in HClAq, forming TICt 2 . 3 NU 4 Cl.—- 
Ti^^lAq at 90^ (Cossa, AcoaU dci Lined [3] 2). 2. With avimomum chloride to form 
Fusion with sodiuwt/iydropm produces TlClj-SNIIiCl; obtained by adding N 114 C 1 to a 

Tl^SO, (Krause, D* P. J. 217, 323; Nietzki, solution of in UClAq, und evaporating tn 

Z>. P. «r. 219, 262). vacuo large, white, quadratic crystals, pro- 

Coinbinatio7is, —1. With platinic chloride bably with 2II,.0 {Itaminolsborg, i', MO, 097; V* 
to form 2 TlCl.rtCl 4 ( = TljjPtClJ ; obtained, as a alsoNickli8,tr.2Vt.[4j 1,25).—3. Coinj>oundswith 
|)ale.ycllow, crystalline powder, by mixing potassium chloride, dcsium and rttW- 

solutions of TlCl and PtGl,; this salt is cx> dium chloride, xmi, have boon ob- 

tremely insoluble in water, one part dissolving in ’tained (v. llammclsbcrg, l.c., also \V, 10, 709; 
10,0ti0 parts water at 15^, and in 1948 parts Godetfroy, S^eit. (k'.s allg^ucin. listen'. Apothe~ 
boiling water (Crookes, With mercuric ^arvtr.lBSOiKo.O; Neumann,/1.244,348; Willni, 

chloride, to form TlGl.HgCl^; white lustrous l.c.). Neumann (/.c.) also describes a compound 
needles, separating from a hot solution of TlCl of TlCl, with Orr.vZ/m/ncA/ortdc’.—4. Willm (f.c.) 
in HgCl^Aq; all llgOl, is removed at describes a compound with cupfic chloridCf 

(Corsiaiijen, J. pr. 102, 141; Jorgensen, J.jir. 2 TICI 3 .CUCI 2 .—5. According to NicklAa {C. li, 
[2] 0, 82).—3. With ferric chloride to form 68 , .537) TlCl, forms a compound with 
UTlCl.FeCl,; small red prisms; obtained by hydrochloric acid, to whicli lie gives the corn- 
adding TlCl to a hot solution of FeCl, in lIClAq, position TlClj.ELO.HCl.li^O; it is described as a 
and crystallising the red pp. from hot cono. yellow fuming liquid. 

HClAq ; decomposed to its constituent salts by Tiiaulium inciiLoitiim TICI^ (or TICl.TlCIg 
water (Wohler, .4. 144, 350).—4. With chromic —ThCi,)* Lamy (.4. Ch. [3] 67,402) obtained a 
chloride, to form BTlCl.CrCl, (v. Neumann, A, yellow, slightly liydroscopic, easily fusibifi solid, 
244, 328).—5. According to JiCpierre a. Lachaud to which he assigned the compositiun TICK, by 
{C. It. 113, 196), a cone, solution of chromium \ heating T1 and TlCl in a stream of Cl so that 
trioxide reacts with TlCl to form small red ' the product always remained liipiid, and allow 
prisms of CrOa.TlCl [CrO.;(OTl)Cl], which are] ing to coolwlionsaturated; thosubstuncogaveofl 
decomposed by water to TlCl and CrO,Aq. j Ci, and Tl,jCl, remained. 

Tiiali.ic cHLouioE TlCl,. Mol. w. not ccr- i Tiialmdm SKsguiciiuoaiDK Ti.^Cl, ; or 
tainlyknown; from analogy of AlCI„GaCl,, and . TlCla.3TlCi = Tl,Cl,,. {ThnllothalUc chloride.) , 
InCl,, the formula TlCl, is probably molecular. ; Formed by heating dry TlCl, sumowhut above 
Pormation. —1. By heating TlCl with liot ; 100*^ ns long as Cl is given olT ; the brown liquid 
aqua regia and evaporating the solution in Cl , cools to a clear yellow, crystalline mass (Lamy, 
(Willm, A. Ch. [4] 5,28).—2. By dissolving /.c., p. 403). Also formed by the direct combina- 
freshly ppd. TiO^U, in HClAq. adding HNOaAq, tion of Cl with molten Tl (L., l.c.) ; also by ppg, 
and evaporating in Ch -3. By heating TlCl at its a solution containing a thallous and a tballio 
melting-point in Cl; it is doubtful whether the salt by UGlAq (Willm, l.c.). Also obtained by 
product is pure TlCl,, or contains also TlCl, or dissolving Tl or TlCl inaf/ua regia, evaporating, 
T1,CI, (Lamy, l.c.). heating till Cl ceases to be given oil, and crystaU 

Preparation. —Cl is passed into water con- Using from water slightly acidified with aqua 
taining TlCl in suspension until a little of the regia{lia.uiy,l.c.; Crookes a. Church, C. Ah 8,1). 
solution ceases to give a turbidity with PlChAq; According to Wcrtlier {J. pr. 91,396) the product 
excess of Cl is removed by a stream of CO.^, and of this reaction,dried atlOO'-',is amixturoof oom- 
the solution is evaporated in vacuo. Crystals of pounds of TlcA and TlCl,, besides TlX),. Tl^Cl^ 
TlCVHjO separate, which lose water at 0 . 40^ 1 crystalUses in yellow, liexugonal leaflets; un* 
(Werner, J.pr, 91, 385). 1 changed in air; melting between 400® end 5(X>“ 

Properties and Heaciions. — The hydrate I to a dark-brown Uijuid that solidifies with much 
forms large colourless prisms; the dehydrated | contraction, forming a yellowish mass with S.G« 
salt is a white crystalline solid. W^ertber (he.) 5*9 (Lamy, l.c.). Very slightly soluble in water; 
also obtained a hydrate 2T1C1,.15H20 from a ! S. *26 at 15', *29 at 17'', 1*9 at 100’ (Crookes; 
solution of TlCl, prepared as described. Cl ! Hebberling, A. 134, 21). The solution is said to 
begins to be given off at 0 . 50^ to 60'^; at 100® show the reactions both of thallous.and tballio 
a mixture of TlCl and chlorides intermediate compounds. Heated above 50(P' Cl is given off; 
^tween TlCl and TICL remains (Werther, he.; heating in produces T1,S, B, and HOI 
2.iamy,hc.). TlCl, is very deliquescent ;itdis8olves (Hebberling, /.c.). Heating in Nil, produoei 
tery easily in water. Thomsen gives [Tl,Cl*,Aq} TlCl, NH,C1, and N (Crookes a. Church, C. N. 8, 
*89,250 {Th, 3, 354). On diluting a cone. 1). Tl,Cl, reacts with KOHAq to form T10,H^ 
aqueous solution considerable quantities of TlCl, and KCl. 

and HCLAq are formed. Beducing agents, Otbeu tuaixo-tualuc ennoKtOBS. Aooord* 
Moh as SO„ form TlCl. iBg to Werther (/. pr. 91, 390), two compounds 
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iMfldei T1|C!| ftra obtained by eraporating TlOl 
in aqua regia, beating till Cl ceases to be giTen 
off, orystaflising from water slightly aoi^fied 
with a^ua regia, and drying at To these 

oompounds W. gives the formulas dTlGlATlClj 
-T1,C1,4 and T1C1.16T1C1,-T1,.C1„. 

Thalliam, cyanide oi; v. voV i. p. 347. 

Thallinm, ferrocyanide of; v. vol. ii. p. 337« 

Thallium, fluorides of. \ Only one fluoride of 
T1 has been isolated with certainty; there are 
indications of the existence of another. 

Thallous fluokiub TIF. Formula probably 
molecular, from analogy of TICK Prepared by 
dissolving Tl^CO, in IlFAq, evaporating to dry¬ 
ness, heating gently to remove UF, and crystal¬ 
lising from water; forms white, lustrous, regular 
octahedra (Buchner, J, pr. 96, 404). TIF is also 
said to be formed as a white sublimate by heating 
TLO in HF gas (Kuhlmann, C. H. 58, 1037). 
Sol. in water; S. «= 80 at 15°, and increases with 
increase of temperature; solution in water has 
alkaline reaction ; sofncwhat^sol. in alcohol. A 
hydrate T1F.H;,0 forms in monodlinic crystak 
by evaporating a solution of Tl.^0 or TJ.,COa in 
IlFAq; it is deliquescent, and acts on glass 
(Kuhlmannib f.c.; Willm, A. Ch. [4) 6, 6). A 
C(niti)oui%dwithJluorhydricacid,'£\BAl^-‘T\\lF^, 
is obtained by evaporating a solution of TIF in 
HFAq over HjSO^. Decomposed above 100^ to 
TIF and HF, V. sol. water; S. —100 at ordinary 
temperature; the solution he^ an acid reaction 
(Buchner, l.c.). 

Thallio FLUoiiioB. By digesting, TIOJl^ 
with RFAq, and also by adding IlFAq to 
Tl(NO,),Aq, Willm {A, Ch. [4j 5, 5) obtained a 
dark otive-green solid, becoming brown wlioii 
heated, and melting to an orange-yellow liquid 
that became white on cooling, insoluble in 
water and in cold IlCIAq. This substance was 
probably th'allic fluoride, or perhaps a thaUo- 
thalHo fluoride; no analyses are given. 

Thallium, hydride of. Ilorapath (PA. 4, 
802) supposed that a compound of T1 and H | 
existed; but Crookes (C. /. 17, 132) failed to i 
obtain any compound either by the interaction 
of an acid with TUZu alloy, or by heating T1 in 
a stream of H ; the escaping 11 burnt with a 
green flume, but this was found to be due to 
particles of Tl carried by the stream of H. 

Thallium, hydroxides of. Tl forms three 
compounds with 0 and H, namely, TlOH, TlO.il 
(or TIO.OH), and TlO,H,. 

Ti!Ai.L 0 U 8 HTDnoxiuE TlOH. [Uydratcd 
thallous oxide TlgO.lL^O.) Mol. £r. not known 
with 'certainty. Thomsen {Th. .3, 354) gives 
H.F. [TI,0,H]» 50,915; rTl%0,H-01 = 45,470; 
[TFO.H-O]» 3,230. 

Formation .—1. By dissolving Tl in water 
containing air, and evaporating.—2. By decom¬ 
posing TlySO^Aq by BaOAq, Altering, and eva¬ 
porating.—3. By the interaction of GaOAq and 
TL^O, 04 Aq.—4. By dissolving TIjfO in water and 
evaporating. 

Preparation. —1. Tl ppd. by zino is allowed 
to oxidise in warm, moist air, and the oxide is 
dissolved in boiling water; these operations are 
repeated till a saturated hot solution is obtained, 
and this solution is evaporated a little, filtered 
from any TlgCO, that may have separated, and 
allowed to oryst^lise (Crookes, 0. J. 17,132). — 
6, TlgS 04 Aq is mixed with the proper quantity 


of BaOAq, and the solation, filtered from BaSO, 
is crystallised in vacuo ; this method is tedious’ 
and there is much difficulty in getting rid of all 
BaO.-—8. Thin plates of Tl ore suspended over 

shallow dish containing absolute alcohol, 
within a bell-jar from which air has been ex¬ 
hausted, and pure O is passed into the jar, ilie 
temperature being kept at 20°-.26°; after seve- 
ral hours or days, C^jTlO is formed as an oil 
in the dish; excess of alcohol is removed by 
heating to 100 °; a little water is added, whereby 
TlOH is ppd.; the pp. is drained, and exposed 
to warm dry air till all water and alcohol ftre 
removed (Laray, A. Ch. [3J 67,385). 

^ Projycrties and Peaclions. — Pale-yellow, 
prismatic crystals. At 100° in air, or in vacua 
over H^SO* at the ordinary temperature, tli« 
crystals become black from formation of TL^O^ 
without altering their crystalline form. Easily 
soluble in water; Thomsen {Th. 3, 354) gives 
[TlOH,Aq] =-3,155. The solution in water 
resembles KOHAq and NaOHAq in its proper¬ 
ties ; it is strongly alkaline, absorbs COj, ppts. 
heavy metals as hydroxides or oxides, feels 
soapy to the touch, stains the skin, neutralises 
acids, (Sro. The solution absorbs a little 0 on 
heating; when evaporated to dryness and the 
residue re-dissolved, a little Tip, generally re¬ 
mains. ^ 

Thaluc hydroxides. Two thallio hydroxides 
are known, TIO.OH and TIO 3 H 3 . 

I. Monohydrated thallio oxide, TIO.OH =» 
TlgOa.H.p. Mol. w. not known with certainty. 

Formation.—1. By pp^. TlClyAq by alkali 
and drying at 100*° (Laniy, A. Ch. [3J67,385).— 
2. By passing ozonised air through TlOHAq 
(Schonbein, J.pr. 93, 35).—3. By the action of 
HyOgAq on Tl; according to Weltzicn {A. 138> 
129) a mixture of TIOII and TIO.OH is thus ob¬ 
tained.—4. Various oxidtsers— c.g. KMn 04 Aq, 
hypochlorite solutions, &o.—convert TlOH into 
TIO.OH (Schonbein,/.c.).—5. By electrolysing a 
neutral or ammoniacal solution of Tl 3 (S 04 )g 
or Tl(NOj),; the hydroxide separates on the posi¬ 
tive (Pt) electrode (Flemming, J. Z. 1869. 292). 

Preparation.—T\Q\.jS.(\ isppd. by a slight ex¬ 
cess of KOHAq or NHjAq, the pp. is tlioroughly 
washed, and dried at 100° (Lamy.X. Ch. [3)67,. 
397; Crookes, C. J. 17,132 ; Werther, J. pr, 91,. 
388). The air-dried pp. lias the composition 
TIO.OH (CarncHoy a. Walker, G. J. 53. 88 ). 

Properties aiid Reactions, —A brown powder ; 
insoluble in water and dilute alkali solutions* 
Heated to c, 60° begins to lose water; completely 
dehydrated at 115°, according to Werther {J. pr.. 
91, 385), but the residue contains some Tl^O,. 
as well as TL^O, (c/. Birnbaum, A, 138, 133)«. 
According to Carnoliey a. Walker (C. J. 63, 88)4 
dehydration is complete at 230°, and the residua 
is TL^Og, which is stable to 360°. Dissolves in 
HClAq, forming TlCl,; in cone, acid Cl is given 
off and someTlCl is produced. Dissolves in dilute 
H 2 S 04 Aq ; with cono. acid some 0 is given off. 
Dissolves in SOgAq, ASgOgAq, hot tartaric acid 
solution, and boiling oxaljc acid solution, in each 
case forming a salt of TlgO. TIO.OH dissolvea 
in warm cono. NH 4 ClAq, giving off NHg and 
forfning TVCla.3NHg; on adding water TlgO, ia 
ppd. as a black powder (Willm, A. Ch. [4] 6 , 6 )« 

U. Trihydrated thailic oxide, TIOA* 
TlgOfSHgO. Formed, at ligbt-hrown, loatroiit^ 
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mIoroMopie, hexagonal platee, by dissolving 
TIO.OH m molten KOH, fusing for some time, 
cooling, washing with hot water, then with 
alcohol, and drying at 100^. Insoluble in water. 
Not decomposed at 340*^; soluble in dilute acids 
(Carnegie, C. N. 60,113). 

Thallinm, iodides of. T1 combines directly 
with I. At least two compounds are known: 

• 711 and T 4 I 9 % TII 3 , and probably one, or perhaps 
more than one, otW compound of TU and TII,, 
seem also to exist. 

ThaUiOOS looiDB TU. {Thalliwn vyym- 
io(hde») Mol. w. not known with certainty, but 
formula TU is probably molecular from analogy 
of TlCl. 

Formation. — 1. By heating together Tl 
and I in the ratio T1:I.—2. By ^ding KIAq to 
solution of a thallous salt. 

Preparation. —KIAq is added to a dilute 
solution of a thallous salt, and the yellow pp. is 
thoroughly washed with water and dried at 100 '^ 
(Lamy, A. Ch. [3] 67, 405; Crookes, C. /. 17, 
137). 

Properties and Reactions. —A citron-yellow 
powder; melts at 439® (Carnelley, G. J. 33, 27S), 
and boils at 800®-800® (C. a. Williams, C. J. 33, 
284). S.G. 7-072 at 15-5®, after fusion 7 0975 
at 14*7® (Twitchell, Clarke's Table of Spec. \ 
Qrav, [2na edit.] 35). ^cry slightly soluble in i 
water. Determinations of solubility vary eon- ! 
siderably ; Werther (J. pr. 92, 130) says that i 
Ipt. requires 20,000 pts. water to dissolve it at j 
16®, and Crookes (Ic.) gives solubility as 1 in 1 
4450 of water at 15® (v. also llcbberling, A. 184, | 
16). Crookes says TU is somewhat more soluble, 
Hebberling says it is decidedly less soluble, in , 
KIAq thEUi in water. , 

When heated to 0 . 100® TU becomes red, and , 
when it melts a red liquid is formed which 1 
solidifies to a red crystalline mass having tiie | 
composition Til (Hebberling, l.c., p. 18); the j 
red variety is also obtained by orystalUsmg from ! 
hot KOHAq (WiUra, A. iBh. [4J 6, 28) ; also by i 
crystallising from hot KC,Hj0.^q (Werther, l.c.). 
The red form of TU is produced by adding 
KIAq to a warm cone, solution of a thallous 
salt (Hebberling, lx., p. IG). Bed TU crystallises 
in octahedral forms (W., l.c.). The red variety 
alowly changes on keeping to the yellow form. 

When freshly ppd. yellow TU is exposed to 
the sun’s rays it becomes green and crystalline 
without any change in composition. The green 
variety of TU is somewhat more soluble in liot : 
water than the yellow form; it crystallises from 
hot water in green micruscopio crystals that arc 
very refractive. The green variety changes 
alowly to the yellow on keeping; the change is 
hastened by heating in water containing I or KI, 
but not by heating with pure water. When 
BtroDgly heated, green TU becomes red (v. Knusel, 
B. 7, 676, 893). 

TU is decomposed by warm HNO,Aq, with 
separation of I. It is dissolved, without 1 being 
separated, by ClAq or atjua regia ; Willm (l.c.) 
supposes that an i^oc^^ride is formed. Fusion 
with EON produces Tl ^erther, l.c.). 

Thitj.to loninx Tll^. This compound has 
not been isolated with certainty. treating 
Tl with an ethereal solution of I, Nicklds {C. li, 
58, 637) obtained a brown liquid from which 
hcown needles gradually separated. These crys¬ 


tals may have been TU|; no analysea are 
given. 

Double salts of Tllj with alkali iodides have 
been prepared by digesting TU with aolufions of 
I and alkali iodides in ether; these salts have 
the composition TU,.MLxU 30 , where M - NH, 
and K (V. llickWs, J.ePh. [4] 1, 26; Willm, 
A. Ch. [4] 6, 5; Rammelaberg, P. 146, 697). A 
compound TUj.CuIa/NII, is described by J5r- 
gensen {J.pr. [21 6, 82). 

Tjoallium 8 EHQD 1 - 10 DIDE Tljl, or TII,.3TU — 

I TI 4 I,,. {Thallothallic ioiUde.) Black, lustrous 
I needles; insoluble in water, slightly soluble cold 
. alcohol, decomposed by boiling alcohol; docom- 
j posed slowly at ordinary temperature, quickly 
I on heating; obtained by long-continued heating 
yellow TU with excess of lAq (Knusel, B. 7,676, 

, 893). 

i OrnEa TnALLo-TiULLic iodides. By evapora¬ 
ting a solution of TU in llIAq, in presence of I, 

, at 70^, small, brown, rhombic, crystals w'ore ob- 
^ tained by JurgensAi The ooiuposition of 

, *he crystals ft represented by J. as OTlI.Tllg, or 
perhaps 5T11.TU,. The same compound is said 
to be obtained by digesting TU with an ethereal 
solution of 1. Heating to c. 100®.drives off I, 
and loaves yellow TU ; boiling alcohol, and also 
KIAq, withdraws I, forming TU. 

Thallium, oxides of. Two oxide^ have been 
isolated, Tl^O and T1.D,: there is evidence in 
favour of the existence of a third ox (do, probably 
TIO,. 

TiiALBOcs OXIDE T1,0. {TluilUuui monoxide.) 
Mol. w. not known with certainty, 

42,240 (Th. 3, 354). Prepared by heating Tl in 
air to not above 100 ® (to prevent formation of 
TljO,); also byliealingTlOII to 100"^ cut of con¬ 
tact with air; also by heating Tl^O, to full red¬ 
ness. A black powder; melting at 0 . .300® to a 
dark-yellow litpiid, which acts on glass, forming 
a silicate of Tl. Tl.^0 absorbs moisture from the ^ 
air, fonuing TlOH; it dissolves easily in water, 
forming a strongly alkaline solution of TlOH (v. 
Tiullocs iiXDKOXiDE, p. G78). Soluble in abso- .. 
lute alcohol, forming 0 , 11 ^ 0 X 1 , a colourless, 
heavy oil (S.G. 3'55); this oil is decomposed 
by a little water with separation of TIOII (v. 
Tjjallocs htduoxide, Pnparaium, No, 3, p. C78). 
i (Crookes, C. J. 17, 128; Jjamy, A. Ch. [ 8 ] <*7, 
385). T).^0 is reduced to Tl by licating to red¬ 
ness in IX, or in CO, or with Mg (Winkler, B. 
23, 788). 

Tham.ic oxide T1,Oj. Mol. w. not known 
with certaint'^ Prepared by ppg. a thallio salt 
with KOHAq or NII,Aq, washing the pp. 
thoroughly, drying, and heating it to 0 . 260® 
(Crookes, l.c., p. 132). Also formed by burning 
Tl in air to a little below redness; at a lower 
tori)[>erature the product Is chiefly Tl^O, and at 
a full red heat Tl-^O, is dccoinppscd to Tl^O and 
0 (Lamy, l.c.). Tl/lj is also formed by passing 
an electric current (from a couple of Grove cells) 
through neutral Tli-SO^Aq, using l\elcctrodes; 

Tl deposits on the negative electrode, and TLO, 
forms, as abrowa cake, ou the positive electrode; 
the H.^S 04 Aq formed should be neutralised from 
time to time by NH^Aq (Crookes, I. 0 X For 
other methods of formation v» Wohler [A, 146, 
263, 375), and Willm {A. Ch. [4] 6,19). T1,0, 
is a brownish-black solid; insoluble in water 
Melts at 0 .760® (?) (Carnelley a. O’Shea, 0. 
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45) 409). Gives off 0 at a full red heat, forming 
T1,0. Dissolves in hot H^SO^Aq, forming 
Tl,60«Aq and giving off 0. Soluble oold HClAq, 
formi^ TlCljAq, and some TlCl with evolution 
of CJ. Takes Ore in dry H^S, forming Tl,Sj 
(Garstanjen, J. pr. 102, 65). A mixture of 
TI^O, and S takes hre^.when rtr.tck (Bdttger, 
J.pr. 90, 27). lieduoed by heating in H or CO 
to T1...0, and then to Tl. TI^O, absorbs NH, 
when heated in that gas; no definite compound 
has been isolated. I'or compounds with H^O v. 
Tuaujio iirnuoxiDEs, p. G78). 

TnxLLiuu DIOXIDE (?T102). When a rapid 
stream of Cl is passed mto cono. KOHAq, hold* 
ing freshly ppd. TIO.OH in suspension, a violet- 
coloured solution is obtained; mineraW-acids 
added to this solution form thallous salts, and 
give off O, or Cl with HClAq. Carstanjen {J.pr. 
101, 55) supposed the violet solution to contain a 
thallate of potassium. Piccini {0. 17, 450) ob¬ 
tained a violet pp. by adding Ba(NOa)jAq to the 
violet solution; ana^scs of*'this pp. were not 
satisfactory, but the results indiAitcd that an 
oxide of Tl of the composition TIO.^ is formed by 
the method described. Piccini says that the 
same violet solution is obtained by electrolysing 
30 p.c. KOIJAq, using a plate of Tl as anode; 
also by digesting 1 pt. KOH with 4 pts. EClO, 
in water, and adding Tl^^SO^. 

ThalUozn, phosphide of. No compound of Tl 
and P has been isolated with certainty. According 
to Crookes (<7. J. 17, 135), the black substance 
formed by passing P hydride into anrmonlacal 
Tl.^SOfi;iq is a phosphide of Tl. Carstanjen 
(t/. pr. 102, 80) failed to obtain a phosphide by 
reducing Tl^PO) by C or II, or by heating the 
elements together. Flemming (Bl. [2] 10, 35) 
noticed that a thin, black coating formed on 
molten Tl when pieces of P were thrown on to 
it; by heating solution of a thallous salt with P 
in a scaled lube, lie obtained a black solid, 
perhaps a phosphide, and also a phosphite and 
hydride of P {cf. Willm, A. Gh. [4] 5, 6). 

Thalliaxn, platino-cyanide of; v. vol. ii. p. 
346. 

Thalliam, salts of. Two series of salts are 
formed by replacing the II of acids by Tl; 
thallous salts, T1..X, and tliallio salts, TLX,, 
where X = SO,, CO„ 2NO„ 2 IOh. § PO^, Ac. The 
chief thallous salts of oxyacids are arsenates, 
carbonates, chlorate and perchlorate, chrotnate, 
dichromate and trichroniate, dithionate and 
trithionate, hypophosphite, iodate and period^ 
ate, molybdates, nitrate, phospl^tes, selenite 
and selenates, silicates, sulphates and sulphite, 
tellurate, thiosulphate. The principal thallio 
salts are arsenate, iodate and periodate, nitraie, 
^vosphates, sulphates (t>. Garvonates, Nitrates, 
Sulphates, Ac.). Several double salts of both 
series are also k,nown. 

Thallium, salts of oxyacids of. No com¬ 
pounds of this kind have been isolated with 
oei^inty, but there is evidence in favour of the 
existence of salts of the hypothetical thallio acid, 
probably analogous to plumbates (v. Thallium 
DioxiDa, supra). 

Thallium, selenides of. Tl..Se has been 
isolated ; another selenide, perhaps TLSe„ pro- 
bab^ exists. 

Thallous sxlxnidb Tl^Se. Mol. w. not 
known. Obtained by fusing tbs dements toge¬ 


ther in the ratio SThSe (Willm, JL. OK f4J 5,5 • 
Carstanjen, J, pr. 102, 79); also, bv ppg; 
TJ,GO,Aq by HjSe (Kuhlmann, .fff. [9j I,. 830). 
A grey, lustrous, cryatalHne solid; melting at c. 
840® (Kuhlmann, f.c.). Dissolves in H^J04Aq 
and HClAq, giving off H^Se. 

Thallio selenide (?Ti,Se,). By fusing the 
elements together in the ratio 2Tl:3Se, Garstan¬ 
jen (^.c.) obtained greyish-black prismatic crys- < 
lals) resembling Sb; not acted on by dilute 
H.SO^Aq ; decomposed by hot conc.HBO^, with 
separation of Se and evolution of SO,. The 
composition of this substance has not been deter¬ 
mined. 

Thallium, silicofluoride of, Tl.,SiF,. Ob¬ 
tained by dissolving TI,CO, in H,SiF,Aq, and 
evaporating. Colourless, regular, ootahedra 
(Werther,pr. 91, 385). According to Euhl- 
mann{Bl. [2J 1,330),thecrystaUare TlaSiP^.HD. 
Easily soluble in water. Volatile without decom¬ 
position, according to Kuhlmann (f.c.). 

Xhallium, sulphides of. T1,S andTL^S, have 
been isolated, and also probably more than one 
compound of these two sulphides. 

Thallous sulphide TIB. Mol. w.”^ not 
known. 

Formation, —1. By fusing the elements toge 
ther in the ratio 2T1:S (Carstanjen, «r. pr. 102, 
76).—2. By ppg. an alk,aline solution of a thal- 
lous salt by H.S.—3. By ppg. slightly acidihed 
TI,SO,Aq by H,S (llebberling. A, 134, 11).— 

4. By heating an alkaline solution of a thallous 
salt with (C., f.c.). 

Preparation. —A cold,^ fairly cono., aqueous 
solution of Tl,SO^ is acidulated with a trace of 
IfaS04Aq, and saturated with H,S, and the 
bluish-block pp., consisting of microscopic crys¬ 
tals, is waslu d with HBAq and dried over HBO. 
(Hcbbcrling, l.c.). 

Proj^rties and Iteactions. —Prepared by ppn, 
from slightly acidulated TLSO^Aq, Tl.,8 forms 
very minute, blue-black, lustrous tetrahedra; 
prepared by heating together Tl and S it is a 
black, crystalline, brittle solid; prepared by 
ppn. from alkaline solutions it is a black amor¬ 
phous solid. When the amorphous solid is 
dried, and strongly heated, it molts, and 
solidifies on cooling to a black crystalline mass. 
After melting. S.G. is 8-0 (Lainy, J. 16, 185). 
H.F. [T1-,S]« 21,660 {Th. 3, 354). Moist ppd. 
TL^S oxidises in air to TL^SO^. On long con¬ 
tinued heating T1,S is completely decomposed 
(Lamy, l.c.). Tl^S is insoluble in solutions of 
alkalis, alkali sulphides, oarbonatos, and cyanides; 
it dissolves readily in HaS04Aq and HNO^q, and 
less readily in HClAq. By ppg. from a very 
dilute solution of a thallous salt, and dialysing, 
Winssinger {Bl. [2] 49, 452) obtained a reddish- 
brown aqueous solution of colloidal Tl^S. 

Combination.-^By passing HB into Tl^S04Aq 
containing AsPjAq, and acidulated with dilate 
HBOjAq, Gunning {Ar. N. 3, 86) obtained a red 
pp. of Tl^S.Aa^S,; the same compound was ob¬ 
tained by mixing a solution of As^S, in NH,Aq 
with an ammoniacal so^tion of a thallous salt. 
Heat decomposes the compound into its consti¬ 
tuent sulphides; alkali solutions ^ssolva out 
Aa^Sj,, leaving Tl^S. 

Thallio sulphide T1,S,. Obtained m 4 
black, amorphous, easily fusible, solid, by mel^ 
ing Tl with excess of S, and removing anoomp 





bined S by beating out ot contact wltH air (Car- 
ctanjen, X02»^65)» Below 12°T4S«i8nard 
and brittle; above 12° it is so soft that it may 
be drawn out like pitch. It dissolves in warm 
dilute H,S04Aq without separation of S. Strccker 
(/. pr. [2j 2, 162) obtained a lustrous* brown- 
blacK pp. bj passing H^S into a solution of a 
tballic salt mixed with sodium tartrate and ex-, 
> cess of NH^Aq, followed by boiling; this pp. was 
Tl^S, according to Strccker. When I1..S is passed | 
into an aqueous solution of a thalHc salt, the j 
pp. is a mixture of Tl^S and S. TI,.S, cimibines \ 
imth jwtassium and sodiiun sulphides, forming ; 
Tl;iSs.K,S and TLS^.Na^S. These compounds | 
are obtained by fusing together 1 pt. Tl^SO,, I 
6 pis. S, and 9 pis. K.^CO, or Na^CO,, and ! 
washing the fused mass with water. The K | 
compound is more stable than the compound of | 
Na; when heated it luelts, and then gives oS S, j 
leaving K.S and Tl-^S ; it is not changed by i 
water or alkali solutions, but is decomposed by | 
mineral acids (u. Schneider, A. 135, 215; cf. : 
Krilss, B. 19, 273B). These compounds may be 
regarded as KTIS^ and KaTlS.^, that is, as salts \ 
of a hypothetical thio-thallic acid. | 

Thallo-thallic bulfiiidks. By adding | 
<NH4);,SAq to a solution of Tl-^Cl,, a black pp. ' 
is obtained which is more fusible than Tl^S, and ; 
after melting soliditi^ to large grcyisli-black 
prisms. This pp. contains T1 and S. Similar ! 
substances are formed by heating together T1.^S i 
and TlgS;,, and by molting T1 with more S than j 
2T1:S, and less than 2T1:3S; Carstanjen (J.pr. 
102, 65) gave the fonnuhe 5TI..S.3Tl.,Sa'-Tl,,iS,4, | 
and T4S.Tl.Sj, = TlS* to compounds obtained 
in this way. By heating Tl.^S.,.Na._.S (e. supra) 
witli water, Schneider {A. 135, 215) obtained 
a compound to which he gave the formula 
Tl,S.2Tl2Ss«Tl„S,. 

Thallium, sulphocyanlde of; v. vol. ii. p. 352. 

Thallium, thiosalts of. The compounds of 
TI B, with K,S and KaB may be regarded as K 
and Ma tbiothailates (v. TnxLLto sulphide, 
tupra). M. M. P. M. 

THALLITJX ETHIBE TIEt. Has not been 
obtained in the free state. 

Ethylo»chloride TIEt,Cl. S. 2*76 in the 
cold; 3*37 at 92\ S. (alcohol) -33 at 78^ 
Formed from TlCl, and ZnEt, in ether (Hart- 
wig, A» 17C, 257). Scales (from water), explodes 
ieebiy at 190°, yielding TlCl. Reacts with silver 
salts forming: TIEt,NO,, S. 5-67 at 70\ ex¬ 
ploding at 236°. ~ (TlEtjl^SO,, S. 65*4 in the cold; 
87*3 at 90°; exploding at 205° and converted by 
Bal, into TlEt,l, 8. *1, exploding at 195°.— 
<TlEt,),P04, 8. 23*7 in the cold; 20*7 at 76°. 
exploding at 189°.—TlEtjOAo crystallising in 
needles [212°] (245°),exploding if rapidly heated. I 

EthylO’hydroxide TlEt^OH. 8. 151 in I 
the cold; 8 at 88°. Formed from (TIEt,).^S04 ! 
and baryta. Silky needles (from water). More < 
sol. cold than hot water, forming an alkaline | 
aoluiion. Does not nnite with CO„ but forms 
the above salts with other acids. 

THAFSIO AaB C„^04. [124°]. Obtained 
from the root-bark of Thamia garganica. The 
iark is extracted with ether, which leaves on 
•evaporation an amber-colour^ resin.* The resin 
dissolves in potash with evolntion of heat, and 
the solnUon, on acidification, yields a neutral 
seein, n-ootoio acid and thapaie acid. The 


alkaline solution on standi!^ deposits i^iassiam 
thapsate (Canzoneri, (?. 13, 514). White Scales 
(from aloohol), nearly insol. water and benzene, 
sol. alcohol and ether. * 

Salts.—K A" *aq. Prisms.—BoA'' (dried 
at 120°). Crystalline pp.—Ag,A'': amorphous. 

Anhyd^lde C.Mjdr [71®]. Crystalline 
, powder (from uenzoue). 

Anilide C,JI./)..(NHPh),. [1G3°J. 

THEBAlNE C'H,,NO,. [193°]. 8.0. 1*8. 

[a]j a. -219° in 97 p.c. alcohol at 15°; «• —230® 
in ClICl,; 8. (ether) *7 at 10°; 8.(isoamyl aloo- 
bul) 1*67 in the cold; 8. (benzene) 5*27 in the 
cold (Kubly, J. 18(^6, 823). Occurs in opium to 
the extent of about‘C p.c. (rcl)cticr, J. Ph. 21, 
569;-Coucrbe, A. Ch. [2] 59. 165; Kano, A. 19. 
9; Anderson, A. 86, 179 ; Hesse, B. 3,307 ; A. 
153, 47; 176, 196). Prepared by treating the 
aqueous extract of opium with Nu,CO, or lime, 
exhausting tbc filtrate with ctlier, agitating the 
ether with dilute acetic acid, and pouring the 
acid liquid into dilute KAHAq. The pp. is col¬ 
lected aftci^il hours, warmed with dilute alcohol 
and dilute HOAc is added till just acid. The 
alcohol is evaporated olT at 50°, papaverine and 
narootine removed by filtration, and thebaine 
acid tartrate ppd. by adding powderad tartaric 
acid to the filtrate. The tartrate is re-crystallised 
from water (Hesse, A. Suppl. 8, 2621. Thobame 
may also bo obtained by adding NaOAo to a 
solution of the hydrochlorides of tho opium al¬ 
kaloids, allowing to stand, filtering, evaporating, 
again filtering, and adding sodium salicylate. 
After 24 hours thebiune salicylate Oj^talliiet 
(Pluggo, Ar. Ph. [3] 24, 993 ; 25, 343). 

Properties. —Colourless leaflets (from dilute 
alcohol) or prisms (from cone, alcohol). Tasteless. 

' Alkaline in rc.'iction. Very poisonous. Begins to 
sublime at 135° ; at 160° tho eubiimate contains 
needles, cubes, and prisms (Blyth). V. sol. 
alcohol and cliloroform. Ppd. by alkalis and^ 
alkaline carbonates, the pp. being slightly soluble 
in NH,Aq and lime-water. Gone. IIBO4 gives a 
deep-red solution. Boiling dilute H^HO, converts 
it into thebenino and thebuVeino. Hot cone. 
HClAq at 90° yields MeCl and morphothobafne 
(Howard, B. 17, 527). HI \q gives Mel (2 mols.) 
(Howard a. Uoser, B. 19, 1597). Bromine-water 
forms C,»Ha,BrNOj, a flocculent pp. converted by 
excess of Br into C,„H.^Br,,NOj, a yellow pp. 
Solutions of its nails give a pp. of the diciiromate 
on adding KCrC,. 

Balts. —li'HClaq. Largo trimetrio prisms. 

S. 6*3 at ^10°. [a]. = -168*32-►2*33p. — 

B'sHJ’tCl,2aq. Amorphous pp., quickly chan¬ 
ging to orange prisms. Decomposed by boiling 
Neater (O. De Coninck, HI. [2] 45, 131).— 
B'.,HAO,.6aq. 2. 1 03 at 10". - BlLAO^aq. S. 
2*3 at 20^.—B'CJIuOsaq. Prisms, very soluble 
in hot alcohol. B. *77 at 2f)°. — Meconate 
6aq. White prisms (from alcohol).-* 
B'4H.FeCy, (Pluggo, Ar. Ph. [3] 25, 793). 

Methylo‘iodide B'Mel. Crysi^llises from 
alcohol in prisms (containing KlOH), m. sol* 
water. 

Elhylo ’Chloride B'RtCl. Keodles. 

EthylO’iodide B'KtI. Needles (from al¬ 
cohol) (Howard, B. 17, 527). 

Benzylo-chloride B'O.H.Cl. Orysials. 

Xorpho-thebafBsC,,Il„0,K [191®]. Obt^nod 
by heating tbebaine with strong aqueous HCl or 
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BBr, MeOl (or EtCl) baing split off ; the yield 
being 60 p.o. of the tbebi^e. Yellowish orystals. 
Soluble in aloohol, ether* and ben^ne, sparingly 
in water. It dissolves in H^SO^ to a colourless 
solution. 

Salt8.<->B'HC1. Small glistening crystals, 
soL water, insol. alcohol.—One silky 
needles.—B'HNO,2aq: snrall white crystals, v.< 
sol. water and alcohol.—h'.jH.^S0.7aq: small 
crystals, v. sol. water, insol. alcohol. The 
oxalate is a sparingly soluble amorphous pp. 
The picrate is a yellow pp. which melts under 
water. Insoluble pps. are produced with 
potassium ferrocyanide, ammonium molybdate, 
HgCltKylp KyCr^Oy, and bismuth-potassium 
iodide. 

Acetyl derivative C„H,,AcOaN. [183^]: 
glistening plates ^Howard, B. 17, 529). 

EthylO’iod%de ’^B'Etl. Crystallises from 
aoetio acid. 

Methylo-iodide’R’^Acl, Dimutrio tables, 
insol. alcohol, sol. lIO^c. * 


Benzylo^chloride *B'C,n,Cl.'Ncodles, m.* 
sol. water, si. sol. alcohol (Howard a. Roscr, B. 19, 
1696). 

Tnebenin^ Formed by boiling 

thebai'ne with HClAq (S.U. 1*04) (Hesse, 153, 
69). Amorphous. Insol. benzene and ether, si. 
sol. boiling alcohol. Cone. H.^SO| forms a blue 
solution. V. sol. KOHAq.—B'HCl 3aq. S. 1. 
Plates.—B'.^H.^HgCh 2aq. Very long eiUorescoiit 
prisms. - Byi^SO^ 2aq. Plates, insol. cold water. 

B'HjCyO^ aq. Prisms, si. sol. hot water. 

Thebo'ici&e. Formed by boiling thebaine or 
thebenino with cone. IIClAq (Hesse). Yellow 
amorphous pp., insol. ether, benzene, and water, 
si. sol. hot alcohol, v. sol. KOHAq. Cone. II^SO^ 
forms a dark-blue solution. Tlie salts arc resin* 


Theine v. Caffkink. 

, THEOBROMINE C,H,N,Oa i,e, 

—rt/NMo.C:CH.NMo > ,o,\ n- 

CO<Ng_^.NH.CO • 


I 


methyUxanthine. S. 062 at 17*^; *7 at 100'*. 
S. (alcohol) *02 at 17^ ; *2 at 78°. S. (ether) 
•006 in the cold ; *17 at 35°. S. (boiling CIlClJ 
1« Occurs in the seeds of Theobroma cacao to 


the extent of 1*3 to 4*6 p.o. (Woskresensky, A. \ 
41, 125 ; Glasson, A. 61, 335 ; Keller, A. 92, 71; 1 
Roohleder, A. 71, 9; 79, 124 ; Strccker, A. 118. 
15f). Formed by heating the lead salt of 
zx jhine 05 H.,PbN 40 .^ (4 pts.) w*ith Mol (5 pts.) 
for twelve hours at 130° (Fischer, B. 15, 454; 
A. 215. 311). Prepared by ppg^ the aqueous 
extract of the seeds with lead acetate, filtering, 
removing excess of lead by ILSO^, adding MgCO,, 
evaporating to diyness, and extracting with alc6* 
hoi (Bragondorff, Ar. Ph. [3J 18,1). Got also by 
freeing cacao from oil by pressure, adding slaked 
lime, and extracting with 80 p.c. alcohol (Schmidt 
a. Pressler, A. 217, 287). 

Properties.—Minute trimetrio crystals, si. 
sol. hot wa(/)r, alcohol, and ether. Tastes bitter. 
At 134° it begins to sublime ; at 170° (Blyth) or 
290° (S. a. P.) it yields a crystalline sublimate. 
Very slowly attacked by pure HNO, (Franchi* 
mont, P. T. C. 6,223). Not attacked by boiling 
KOHAq.’ Its salts are more or less easily de- 
oompo^ by water. Ammoniacol AgNO, gives 
a geiatlnouB pp. which dissolves on warming, 
and deposits, on boiling, crystalline OyH^N^O, 


(Streoker). ^eobromine is ppd. by eodluna 
phosphotungstate (Wolfram, 0. /. 36,406; JV. 
18, 346). 

Reactione .—1. Yields methyl-parabanio acid 
on oxidation by CrOg.—2. KCIO, and HClAq 
at 60° yield methyPalloxan and methyl-urea 
(Fischer, A. 216, 304). Chlorine-water yields 
amaiic acid.—8. Will not combine with Mel to 
form a methyloiodide. But in presence of dilute 
alcoholic KOH it reacts with Mel, forming 
caffeine, even in the cold; better at 100°. But 
the reaction is never complete, some theo¬ 
bromine being decomposed.—4. Gone. HCl has 
no action below 200°. At 250° it decomposes it, 
producing formic acid, carbonic acid, ammonia, 
mctbylamino and sarcosino, C,HaN,0,*f 6H,0 
= 2CO., + NMeH.,-H2NH,+CgH,NOg+CHA;the 
NHj and NMeH.^ occur in the proportion in¬ 
dicated by the formula (Schmidt, A. 217, 293). 
Boiling aqueous Ba(OH).^ effects in 40 hours the 
same decomposition.—5. HNO, forma COj, 
methyl-parabanic acid and methylamine, but no 
ammonia. 

Salts.—B'HCl aq. Rosettes of needles.— 
B'HBraq. Tables. — B'.,U,PlCl, 4aq. — 
B'.HjPtCl.Saq. - B'HAuCl,. — B',HNO,. — 
B'HOAc. —B'.jHJh- Nearly black prisms, de¬ 
composed by alcohol (Jorgenssen, Z. [2] 6, 
675).—B'H Ag(NOa).{. Sijvery needles, v. si. sol. 
water. - CjHjAgN^O.^lJaq.—Ba(C,lI.N 40 .J.j(driod 
at 105°). Got by adding theobromine to baryta- 
water (Maly a. Andrcasch, AT. 4,379). Needles 
(from hot water). 

Bromo-theobromine C,H;N 402 Br. From theo- 
bromino and bromine (I'lscher, A. 215, 305). 
Crystalline powder. SI. sol. hot water. Sol. 
HCl, but reppd. by water. Sol. aqueous NaOH, 
not in NHa. Docs not give an ethoxy- derivative 
with alcoholic KOH (unlike brumo-oaffeine). 
After warming with ammonia it gives with am- 
moniacal AgNO, a silver salt that can bo con¬ 
verted by Ktl into bromo-ethyl-theobromine 
C,n,EtN 40 .{Br, whence alcoholic KOH forms 
eth • oxy - ethyl - theobromine C,HsEtN 40 i,(OEt) 
[153°] as needles. Boiling HCl converts this 
'into PltCl and oxy • ethyl • theobromine 
C,HaEtN 40 ^(OH), whence bromino and alcohol 
form the di-ethyl derivative of tri-oxy-di-hydro- 
ethyl.theobromineO,II,EtN,0,(On){OEt),[162°]. 
This body on treatment with hot dilute HCl 
gives methylauilne and apo-cthyl-tbeobro- 
mine (?); and with chlorine at —10° forma hypo- 
ethyl-theobromine CJlyN^O, [142°]. 

Methyl-theobromine is Caffxins. 

Ethyl-theobr'omine C,H,EtN 40 a. [above 270°]. 
Formed from C,H,AgN 40 , and EtI (Philips, B. 9,. 
1308). Small crystals, m. sol. hot water. Wei^ 
base. 

THEOPHYLLIN C,ngN40, i.s. 

°0<N=C.NUo.Co“- Ooours in aloo- 

bolic extract of tea, from which it may be 
separated by means of its Ag salt (Kossel, B. 21,. 
2164). Monoclinio tables (containing v. s» 
sol. warm water and very dilute ammonia. May 
be sublimed. When evaporated with chlorine- 
water it wields a scarlet residue, which i» 
coloured violet by NH,Aq. Mel converts its Ag: 
salt into caffeine. KClOg and HClAq yield di¬ 
methyl-alloxan. 




THIENYL ETHYL KETONE. 


8»It.—AgO,H,N,0,Iaq. Amorphous pp., 
which may be orjatsllUea from NH^q. 

THXTIHX8. A name given by Crum. 
Brown and Letts to compounds ol the form 
COjH.CHj.SR,.OH or their anliydridos 

where B is a hydrocarbon radicle; «. 

Di-*tbti.-thktis« and Di-UETBvi..aBBTiN*. 

THBVETIN C.,H,A 4 3aq. [170“]. S.-8 at 
14“. a_—A poisonous glacoaide occur¬ 

ring in the kernels of Tlicvctia ticrcifolui (Bias, 
/. 1808, 768 : Be Vrij, if. T. G. 3,167 : Warden, 
Wi. (3j 12, 417). Crystalline powder, v. sol. hot 
water and alcohol, insol. ether. Sol. acids and 
alkalis. Loivorotatory. Cone. HjSOj gives a 
dirty-brown colour. Decomposed by boiling 
dilute HClAq into glucose and thevoresin | 
C„H,,0„2aq, a white powder (IIC^], v. si. sol. 
cold water, sol. alkalis. 

THIACETIC ACID o. Thio.aoetio acid. 
XHIALDINE C.H„NS, i.e. 
NH<°|^®;|>CHMe. Mol. w. 163. [430]. 

Formed by passing H-S for four hours into a solu¬ 
tion of aldehyde-ainnionia (1 pt.) in water (lo 
pts.), and a little NH,Aq (Wohler a. Liobig, A. 61, 
2; Hotman, A. 103,03 ; Brusewitz a. Cathaudi r, 
/. pr. 98,315). Monoclinic crystals (from ether- 
alcohol). May be distilled with steam. V. si. 
sol. water, v. sol. alcoflol, v. e. sol. ether. Boil¬ 
ing dilute HjSO, forms thio acetio aldehyde. 
KMnO, forma CH,.CH(SO,,K) . (Guareschi, IS. 11, 
1384, 1092). Boiling .\gNO,,.\ii forma aldehyde. 
Mol in ether forms crystalline C„lI|,MoN8.jI 
(Hofmann, A. 103, 93). I in KI forms amor¬ 
phous (CaMo),S, (i'assbendor, G. 20, 460). 

Salts.— B'llOl. Prisms, v. sol. water.— 
B'UBr.-B'HI.— B'ilNOj.-B'ILSO,. I’risms.— 
B’Hjl'O.aq. Needles, v. sol. water. 

THIAZOLE (110-8’cor.). S.G. 

*J 1-1979 : t? 1'1998. Formed by the action of 
Ijoiling alcohol on the diazo- compound of amido- 
thiazole, obtained from di-chloro-di-cthyl oxide 
and thio-urca (Hantzsch a. I’opp, B. 21, 2582 ; 

A. 230, 274). Formed al.so from 


and the corresponding a-bromo-thia/.olo by re¬ 
duction with zinc-dust and llOAc (Sehatzmaun, 
A. 261,12). Mobile liquid, very vohatile, hygro¬ 
scopic, and highly retractive. Miscible with 
water, alcohol, and ether. Insol. KOllAq. 
Smells like pyridine. Neutral in reaction. -- 
Salts.—B'.aPtC1.2aq. - B lIAuCl,. fl.-.O’j.— 
B'C,H,N,0,. [151°]. — B'llUgCI,. [101 J. — 

B'HgCly [204°]. Crystalline jip., si. sol. water. 
/t-Amido-thiazole 77im.ro- 

Akc. rhiazylamine. [90°]. Formed by the 
action of chloro-acetic aldehyde on thio-nrea 
(Traumann, A. 249, 36). Prepared by boiling 
CH.,Cl.CHC1.0Et (1 pt.) with thio-urea (1 pt.) and 
water (5 pts.). Yellowish plates, si. sol. water, 
aloobol, and ether. Strong base.-B'lICl aq. 
Needles.—B',Il,rtCl.. Yellow tables. 

Acityl derivative. [203"*]. Needles. 
THIAZOLE.TKIAZOLE (so called) 


Formed by tl!e action of 

BClAq on methyl-nitroso-imido-thiazoline (Niif, 
A. 265,123). Liquid, V. sol. water. Alkaline; 


« 8 » 


reduces Fehling’s solution. Nitrous acid repro¬ 
duces nitroso • methyl - imido - thiazoliue. — 
B'HCl 2aq. {220°]. Needles.—B'HBr 2aq. 

TBIENORE is Di-thiemyl ketohe. * 

DITHIEH YL C.H.S,«... C.H,S.C,H,8. [83°]. 
(266° cor.). Formed on passing thiophone- 
through a Icd-hot tube (Nannson, B. 17, 789, 
2197). Plates (froip alcohol). Cone. H.BO,. 
gives a reddish-brdwn solution with deep-gt-een. 
duoroscence. Otr warming with isatiu and. 
HjSO, it gives a violot.blue colour. 

Sulphonic acid 0^11^8.(80,11). Got by 
hcating with II.,SO, (20 pts.) at 100°. Yields a 
crystalline BaA', aq. 

Be/creiicc.—HE.VA-BBOMo-DiTmKNVi.. 

THIENYL ACETIC ACID C,1I,8.CH,.C0H. 
[76°]. Formed from C,H,S.CII(011).CO,U [115°], 
IIIAq, and 1* (llrnst, B. 19, 32.81). Crystalline, 
sol. hot water, alcohol and etlier.—Ba'A, (dried 
at 130°). Crystals.-AgA': pp. 

ile/e«n«.—Oxt-TUIENYt-ACETIO ACID. 

THIENYL-ACaYLICsACID 0,H.S0, U. 
,0,H,8.CH;«H.CO.,H. [138°]. Formed by 

boiling thiophcnic aldehyde with NaOAo and 
Ao.,0 (Biodermann.iJ. 19, 1855). Needles (from 
water), sol. hot water and alcohol^ FeCl, gives 
an amorphous orange pp. —AgA': white pp. 

THIENYLAMINE v. AMino riiioruENE. 

THIENYt-BROMO-ETHANE y. Bitoao- 

THIKNVL-ETILANE. 

THIENyi-BE0M0.ETHYl.EKE v. Baouo- 


TBIKSVL-K-rnVLKNE. 

THIflNYL BROMO METHYL KETONE 
C,H-,S.C0.C1I .Br. .,-Biomo-acctciltienotte. 

Formed by adding Br (2 at.) to tliionyl methyl 
ketone (1 mol.) dissolved in C8, (Brunavvig, B. 
19, 2891). Pungent yellow oil, may bo distilled 
fa I’oeno. V, sol. alcohol and ether. Solidilied 
by cold. Alcoholic Nil, forms a deep-blue colour. 
0.vidi.scd to (a).tliiophenic acid 112G-5°]. Aniline 
yields C,ll,S.CO.Cll,Nlirh (HI) ']. ^ 

Thienyl di-bromo-niethyl ketone 
C.H.S.CO.ClIBr.,. [c. 0°J. Formed from thienyl 
melliyl ketone and Br. Pnngent oil, almost 
insol. litfvoin. 

(/3).THIENYL-CARBIN0L 0,n,a.CU,OH. 
(207° cor.). Formed by shaking (fl)-thiophemo 
aldehyde with aqueous pota.sli (Bie.lcrmann, B, 
19, 639). Liiiuid. HCI forms C,11,8.CII.,C1, a 
pungent oil boiling with partial decomposition 

^’THIENYL CHLORO-ETHANE o. CuLOBO- 


TIUKNYL-nXilANli. 

THIENYL-CHLORO-ETHYLENE ». Cirnono- 

^'tal'lHIENYi. CHLORO-METHYL KETONE 
e.H.S.CO.CIICI. [47-J. (259’cor.). Foracd 
by chlorination of thienyl methyl ketone 

B. 18, 539). Pungent while crystals. Yields 

(a)-thiophenic acid on oxidation. 

' ^ THIENYL-ETHYL AMINfi C.U,ba 

C, H.S.CUMo.NII,. (186 ). Got by reducing 
the oxim of tliicuyl metliyl ketone in Moohoho 
solution by adding sodium anmlgani and HGAO 
(Goldschmidt a. .Schulthcss, B. 20, 1700). 
Liquid, sol. water. Absorbs CO, from the air.— 

B'HOAc. Needles. V. c. sol. water 

Benzoyl derivative- [‘J5 ]. N^les. 
THIENW ethyl KETOHE Cja,B.CO.O,H.. 
Propiothienone. (228° cor.). Form^ from pro- 
pionyl chloride, tbiopheno, and AlCl, (Krekelet, 



THIENYL ETHYL KETONE. 


B, 19, 677). Liquid. Hot cone. H^SO^ forms 
l>ropiomo and thiophene (a).8olpbonio acids 
*Ohroiiiio acid mixture yields (a)>tbiophenic acid 

Oa;t*» 0,H,S.CEt:N0H. [ 66 ®]. 

THIENYL DIETHYL PHOSPHINE 
^OH,S)PEt,j. (226®). Formed from thienyl- 
xshloro'phosphinc and ZnEt, in cthe( (Sachs, B, 
26.1517). \ 

Eihylo^iodide (C,H, 8 ^PEt;,L 

Methylo-iodide (O^H,S))PEt,MeI. [122®]. 
White powder, v. sol. water iusol. ether. 

THIENYLOLYCOLLIC ACID v, Oxx-thienil- 

aCETIO ACID. 

(a).TKIENYL-OLYOXYLIC ACID 

C, n,S0,aqi.«.0,HaS.C0.C0.,H. [91f]. Formed 
by oxidising thienyl methyl ketone with alkaline 
KMnO, (Peter, B. 18, 587 ; Bicdcrmann, B. rj, I 
687; Bradley, B. 19, 2115). Formed also, to- i 
gethor with thiophene (a)-carboxylio acid, by : 
oxidation of (a)-cthyl-thiopheno by alkaline I 
KMnO,. Crystals (containing aq, possibly as I 
C,H,S.C(OII),.CO.iII),NaBol. waumwator. Melts at j 
69® when hydrated. May bo cxtrac>id by other,^ 
from its aqueous solution. If a drop of crude ; 
benzene, followed bylL^SO^bo added to its solu- ! 
tion in HOAcy a brown colour is formed, which on | 
addition of more H^SO, passes through blue-green, | 
green, violet, red, and bluish-violet, to blue. j 

Beactions. —1. On heating it splits up into j 
COj and thiophenic aldehyde.—2. On heating j 
with di-mothyl-aniline and ZnCl,. it yields tho I 
leuco-base of a green dyoCfH:,S.Cil(C,,H 4 NMej 2 * \ 
— 8 . PCl^ forms thiophenic chloride, if { 

Saltb. — BaA'saq. Slender efflorescent, 
needles, v. sol. water.—CaA '2 2 aq.—CuA'a 2 aq.— 
ZnA '2 2aq.—AgA'aq: amorphous pp., probably 
C4H,S.C(OH)j.CO..AR- 

Methyl ether UaM. [28-5®J. 

Ethyl ether ElA'. (2(55® uncor.). Oil. 

0,HaS.C0.C0.NH,. [ 88 ®]. Needles, 
.almost insol. water, v. sol. alcohol and other. 

Oxtm 0,ILS.C(N0II).C0,H. [1-lG®]. 

i llantzscb, B. 24, 48). Slender white needles. 
Exhibits Liebermann's reaction (Bradley, B. 19, 
2119).—BaA'jliaq.—AgA': amoiq^hous pp.— 
MeA [106®]. Converted by NaOMe and Mel 
into liquid C,H,S.C(N 0 Me).C 02 Me. — EtA\ 
(123®]. Needles. 

Acetyl derivative of the oxim. [87°]. 
Phenyl’hydra side 

C,H,S.C(N,lIPh).CO,U. [106®]. Deep-yellow 
needles (from ether). 

Reference. —Nmio-TniENYL-OLYOXYUo acid. 
THIENYL HEXYL KETONE C„U„SO t.e. 
C,H,S.CO.O.H„. (304® cor.). Formed from 
thiophene, heptoyl chloride, and AlCl, in ligroin 
(Schleicher, B. 19, CGI). Yellow oil, yieldin); 
(a)-thioph 6 mo acid on oxidation. Cone. H.EO 4 
€orm 8 thiophene (a)- 8 ulphomoand heptbio acids. 
Oxitn [49®]. Crystals (from alcohol). 
THIENYL.INDOLE C.^H^NS ».d. 

C,H,<^5^0.0.H,S. [162°]. Formed by heat¬ 
ing the phenyl-hydrazide oi thienyl methyl ! 
ketone with ZnCl, (Branch, A. 272,201). Light- \ 
yellow needles, insol. water, v. sol. ether, m. sol. ; 
aloohdl. Colours pine-wood, moistened with i 
HCl, Uuieh-idolet. Yields C,^,Br,NS [278°] 
and O^.OH(C,ANS), [245°]. — 

(187°). Dark rrf plates, T. sol. alcohol. 
Eitroeamine C,A(NO)NS« [241^ 


DLTHIENTL KETONE (OM^SS/X). [ 88 ®]. 
(826® nnoor.). Formed from tniopnene, C001„ 
and AlCl,. Obtained also by distilling calcium 
a.thiophenate (Qattermann, B, 18, 8012). 
Needles or plates, sol. alcohol. 

PhenyUhydraMide[XZl^. 

THIENYL M£BCAFTAN(C,H,S).SH. (166®). 
Got bv reducing thiophene (a)- 8 ulphinio acid 
with zinc and HClAq (Biedermann, B. 19,1616). 
Got also in small quantity from succinic acid 
and (V. Moyer a. Ncuro, B. 20, 1757). 
Stinking oil, volatile with steam.—AgS.GgHyS. 

Acetyl derivative (C,HgS).SAc. (281®)^ 

Methyl etAer (C,HaS)SMe. (186®). 

Dl-THIENYL METHANE C^H^S, i.e. 
CH,(0,^S)a. (267®). Got by adding H^SO, to 
a solution of thiophene and mothylal in HOAo 
(Peter, B. 17,1315). Oil, smelling like oranges. 
Volatile with steam. Gives a red colour with 
isatin and H^SO,. 

(a).THIENYL METHYL KETONE C„H,SO 
i.e. C^HjS.CO.CIIs. Acetothienone. (213° cor.). 
S.G. 1*1G7. Formed from thiophene, AcCl, 
and AlGly (Peter, B. 17, 2043; Biedormonn, B. 
19, C36; Bradley, B. 19, *2116). Formed also 
from C,H,(HgCl)S and AcCl (Volhard, A. 2G7, 
178). Liquid, smelling like acetophenone. Gives 
a blue colour with isatin and H^jSO,. Oxidised 
by KMnOfto («)-thicnyl-glyoxylic and thiophenic 
acids. Mercuric chloride and NaOAc form the 
compound (CHa.CO.C^H,S)IlgCl;, crystallising 
in white needles. Oxalic ether (1 mol.) and 
NaOEt give C,H,S.CO.CIl,.CO.CO,Et [42®J, 
which forms large yellow crystals, converted by 
boiling alcoholic hydroxytamine hydrochloride 

into the compound 0 , 11 , 8 . 0 *^^^^ or 

crystallising in colour- 

less needles [48°] (Aiigeli, B. 24, 232). 

Oxim C„H«S(NOH). [112®]. 

Phenyl-hydrazide OBHrtS(N.^IIPh), [96°]. 

Reference .— Biiomo-, Oiilobo-, Iooo-, and 
Nitbo-tuienyl methyl ketone. 

THIENYL PHENYL - AMIDO • METHYL 
KETONE C^H 3 S.CO.CII.,.NHPh. [80®]. Formed 
by mixing C 4 H 3 S.CO.CH;.Br with aniline in al¬ 
cohol (Brunswig, B. 19, 2892). Plates. Yields a 
nilrosamine C,U 3 S.CO.CHi.NPh(NO) [81®], and 
acetyl derivative C,II,S.CO.CH.,.NPhAc [142®]. 

THIENYL PHENYL KETONE 
C.H^.CO.C^Hj. [65®J. (o. 300®). Formed by 
the action of AlCl, on a mixture of thiophene 
and BzCl (Comey, B. 17, 790). Formed also by 
heating C,H,{HgCl)S with BzC! at 100® (Volhard, 
A. 267,179). Long needles (from dilute alcohol), 
iusol. wat^. Gives a blue colour on beating 
with isatin and H^SO,. Yields thiophene and 
benzoic acid on heating with soda-lime. 

0«tms C,H,S.CPh:NOH. Hydroxylamine 
forms two stereo-isomeric (?) oiims [93®] and 
[114®] (Hantzsch, B. 23, 2332; 24, 69). 

THIENYL.PHENYL.METHANE 
CHjPh.CgHjS. (2G5®). Formed by the action 
of H 3 SO 4 on a mixture of thiophene and benzyl 
alcohol dissolved in HOko (Peter, B. 17,1346). 
Liquid with fruity smell, volatile with steam. 
Gives a red* colour with isatin'and 

Thlenyl-di-phenyl-metbane CHPh^C,HaS. 
[ 68 ®]. (S30°-340°). Formed from thiophene, 
di-phenyl-carbinol, and P,0, (Xievi, B. 19,1624). 



Tmo-ACETio Aem 


Hflies (from tlcohol) or needles (from ligroSn), 
T. sol. HOAo, aleobol) and ether. GryBtallises 
from cold benzene in needles Oi^HwSO.IL [48^1. 

THIENYL I80FR0F7L KETONE 
CtHsS.CO.CHMe.^. (232® cor.). Formed from 
isobotyryl chloride, thiophene, and Aid, 
(Krekder, £. 19, G75). Liquid. Yields (a)* 
thiophenio acid on oxidation. Fuming H,S 04 


THIOACEtAMIDB OHrCS.NHr [Wl.- , 
Formed from acetonitrile and H^S (Bernthsen, it. **' 
192,46), and from acetamide ana (Hofmann^ 

B. 11,340). *MonocliQio plates, v. sol. x^ater and 
alcohol, m. sol. ether. HgO forms HgS. AgNO, 
gives AgjS. CuSOi and Pb(OAo)} give, on boUing, 
CuS and PhS. forms a crystaliine com* 

pound, of. itromo/acetoacctic ether forma • 


reacts with formation of tho suiphonio acid* CHa.C(NII).S.CH...Q6.Cn...C0..Et [94®], and 

/I Ti/or» tivo .u- ._ii . CMe*N# * 

finally ;^,cH,.CO,Et (239»), the other 

I of rnethyl-thiazyl-jicciic acid [121^] (Stoude, A» 

I 261, 86). The eihcr ineHing at 94® is converted 
' by warming with water into tho compound 
I CH,.CO.S.CH,.CO.CIIj.CO,Kt (ir>5® at 16 mm.),. 
I whence UjSO, forms an acid C.UhSO.. [168®]. 

THIO-ACETIC ACID C Lc. CH,.CO.SH. 
;Mo1.w. 76. (93°). S.U. ^5 1 074. Prepared by 
, distilling acetio acid witli P.H;, (Rckiil6, .4. 90, 

I 311; Ulrich, A. 109, 272;‘Kekul6 a. Linno- 
tiiann, A. 123, 273). Obtained also from AcCl 
' and KSll (Jacqqpinin iw Vossoliuann, J. 1859^ 

! 354), by imating lcad*acotate with Na^S.^0, 
* (Frohde, Z. 1866, 643), and by tho action of 
^ KSH on an alcoholic solution of PhSAo (Kekul4, 
j Z» (2J 3, X96). Colourless liquid, turning yellow 
' on keeping. Smells like acetio A^id and HgS. 
Not solid at —17®. M. sol. warm water, v. sol. al* 
cohol and ether. Violently attaokod by fuming 
; HNO,. rclj yields AcCl, I’SCI* and HCI. 

' Its neutral solutions give pps. wttli AgNO, and 
; UgCi.;, which quickly turn black. Molten ZnCI, 
forms CMe:S,:CMe [225 '], which may bo crystal- 


C 4 H,(SOaH)S.CO.GHMe.., which yields the salts 
BaA'jjPbA'^aq, andis converted by phenyl-hydra¬ 
zine into C 4 H,(SO,N.,H 4 Ph)S.C{N,iiPh).CliMe„ 
crystallising from hot water in plates. 

Oxim C4H,S.C(N01I).CHMeg. [108®]. Pearly 
plates (from dilute alcohol). 

THIENYL 8TYRYL KETONE v. Stybyl 

tniKNTI, KETONE. 

THIENYL DISULPHIDE (C4H,S),Sg. [56®]. 
Formed by atmospheric oxidationpf a solution of 
thienyl mercaptan in alcoholic NH, (Meyer a. 
Neure, B. 20,1767). Needles. 

THIENYL SULPHOCYANO - METHYL 
KETONE CH,(SCy).CO.C,HgS. [88®]. Formed 
from CH^r.CO.OjHsS and KSCy in alcohol 
(Brunswig, B. 19,2893). Plates (from ether), si. 
sol. water and ligroin, m. sol. alcohol. 

DI.THIENYL-THIOPHENE C^SIIglC^Sn,).. 
[147®]. (357°). V.D. 8-6. Ono of tho products 
of the passage of benzene and sulphur-vapour 
through a red-hot tuba (Kcnard, (7. li. 112, 49). 
Yellowish needles (from alcohol), m.sol. benzene. 
H 2 S 04 forms a rose-coloured solution, turned 
violet and finally blue on heating. B'umingllgSO, 


at 120° forms a trisulphonio acid, whicli yields ‘ lised frSm hot alcoliol (Bongart/., B. IQ, 2182).. 


(C, 3 HaS 3 (S 0 ,)a)gCa, a« an amorphous powder, v. 
sol.* water. Fuming UNO., at 160° forms 
CunHS-^O, [313®], crystallising in while plates, v. 
el. sol. benzene. Br forms C,.Jl-Br,S, [282 }, and 
amorplious CjjH^Br.-Sg. 

THIENYL TOLYL KETONE C^H.^SO Le, 
C 4 H 4 Me.CO.C 4 H,S. Formed from o - trvluio 
chloride, thiophene, and AlGl, (Ernst, B. 19, 
3279). Oil. Yields an oily oxim. 

THI0>. This preilx is employed to denote 
the replacement of O by S. Must inorganic salts 
of thio- acids are described under the heading of 
the oxy- salts; thus Ihio-carbonates are described 
under Caioiokates. In some cases thio- salts are 
described under tho heading of the characteristic 
element of the salts: thio-arsenates are to bo found 
under Absenic. Certain thio -salts are described 
under headings placed in their strictly alpha¬ 
betical position ; for instance, Tiiiosumuiates. 
Thiocyanides are described as Sui.pnocYANimcs. 

The following addition should be made to the 
sub-article THio-oxyoBTuopnosi’HATK.s (p. 147). 
By heating metallic chlorides or sulphides with 
excess of PgS^ Glatzel has prepared a number of 
tetrathio • oxyorthoph^phates, i.e. salts of tho 
hypothetical acid B.^V^^{ZeiL fUTanorg. Chemie, 
4, 186). These salts are crystalline-generally 
green to black in colour; they are burnt in air, 
giving off SOg; some are decomposed to sulphides 
aftd PgSj,, but tbe mercuric and arsenic salts dis¬ 
til unchanged when heated out of contaotwith air. 
These salts are insol.4n dilute acids; they are 
decomposed by strong acids. G. isolated tlio 
^ophosphates of Sb.Aa, Bi, Cd,Cu(ou8),Fe(ous), 
Pb, Mo, Hg(lo), Ni, Ag, Tl, Sn(ou^, and Zn; he 
•ould not obtain the of Ca, E, Na. or Sr. 

M. M. P. M. 


UCi passed into a mixture of thio-acetio acid 
and benzoic aldehyde forma (CII,.CO.S)gCHPh 
[148®], crystallising from hot ether in slender 
needles. 

Salts.—KA'. Crystals, v. sol. water and 
alcohol.—NaA' -laq.- BaA'.^ 3aq. — SrA', 2Bq.-- 
CaA'j 2aq.—I’bVj. Silky needles (from hot 
water or alcohol). (Quickly decomposes, with* 
separation of TbS. 

Methyl ether McA'. (90°). Formed by 
heating AcBr with Mo.S at 100° (Gahours, BU 
26, 662; Wallach a. Bl(.i))tron, B, 12, 1062). 
Formed al.so from AcCl and rb(8Mo)a (Ober- 
moyor, B. 20, 2920). 

Ethyl ether F.tA'. (116® i.V.). Former 
from AcCl and NaSEt (Saytzoff, Z. [2] 4, 642 j 
Beckmann, J.jtr, [2J17,46J). Formed also fron> 
PhOAc and NaSEt (Seiffort, J. pr. [2] 31,468). 
Colourless liquid, with alliaceous odour. Oxt« 
dised by AgMnO, to acetio acid and ethane sul> 
phonic acid.« 

n-Propyl ether PrA'. (136°). 

, Isopropyl ether 4’rA'. (126®). 

Isobutyl ether CfM’rA'. (149°), 

Anhydridd V. AcF/iYr, KonrinuB. 

Thio-acetic acid GH^.CS.OH. 

Amide v, TiiiOAcrTAMiniiT 

Anilide CH,.CS.NIll*h. [75®]. Formed 
from CH,.CCl:NPh and 1I,S (Leo, B. 10, 2134). 
Prepared by heating acetanilide With P^^ at 
100° (Hofmann, B. 11, 339 ; Jacobsen, a. 19, 
1071). Yellowish needles (from water). Sol. 
NaOHAq and reppd. by acids. On oxidatimi 
with alkaline K,FeCyfl it yields ethenyl-amido* 
phenyl mercaptan. Mel forms C.HgNSMel or 
(CH,.CS.NPhMc)UI [139°], which yields ao 
aqueous solution from which AgNO, ut onoe 
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DDl*. AfflrWia whiish is ooorertei b 7 AgOl mto 
0,H^SMeCI, whence (0,H,N8MeCl),P4Cl4 majr 
ibe got (Bemtheen, A. 193, 66). NftOEt forme 
CH,.C(SNsj:NPh, whence Mel yields the ether 
c£.C{SMe):NPh (245°) (Wallach a. Bleibtren, 
& 12, 1061 : 13, 529), which is decomposed by 
Mel at 100° into methyl thioacetate and methyl- 
aniline. NaOEt and EtBiyyield tlfel:orrespond- 
ing CH,.C(SEt):NPh, a he^ oil, insol, alkalis, 
split up by warm HClAq ij^fo thioacetio ether 
and aniline. ‘ Ethyl-iso-thioacetanilide * yields 
iO,„H„NS).,H,PtCl,. 

Methyl anilide CIl..CS.NMePh. [39°). 
^290°). Formed from AcNMePh and P-^S^ (Wal¬ 
lach, B. 13, 623). Monoclinio tables, T. sol. 
alcohol. 

o-Toluide CH,.C3.NH0,H,. (68°). Yields 
•CH,.C(SBt);HC,H,Me (202°), an oil which reacts 
with bases forming amidines and EtSH. 

p-Toluide [132“]. Yields oily 
CH,.C(SEt):NO,U,. (273°) (Wallach a. Wusten, 
B. 16,147). 

Xylidide CH,.CaNHC,H,Mo,. [80°] (O.); 
[96°] (.Tacobsen). Formed by heoflng acetyl-’ 
lylidine with P,S, on the water-bath (Gudeman, 
B. 21, 2651). 

^■CumUide CH,.CS.NHC„H,Me,. [114°]. 
Prisms (Jacobsen a. Eliey, B. 22, 907). 

U)-Naphthalide CU,.08.NHC,.n,. [90°]. 
Tables. Formed from uaphthybacetamiiline 
•and OS, (Bernthsen a. Trompetter, B. 11,1700). 

{6)-Naphthalidc. [140 ]. Needles or plates , 
(Jacobsen, B. 21, 2027). Oxidised by K4.^eCy, | 

toO.,Hj<|>CMe [81°]. 


Tri-thio-ortho-aoetio acid CIIj.C(SH),. 
Ethyl ether CH:,.C(SEt),. Formed from 
mercaptan, CllClg, and NaOH at 100° (Laves, 

B. 25, 864). Brownish litpud. Oxidised by 

KMnOa and to tlie trisulphono. 

Benzyl ethcf CH,.C(SC,n,),. [46°]. 

Formed from benzyl mercaptan, CIlClj, and 
(2 p.o.) NaOHAq (Laves). Crystals, y, sol. 
CHOig, m. sol. alcohol. 

THIO-ACETIC ALDEHYDE. On passing 
H.^S into on aqueous solution of aldehyde, crude 
thioacetio aldehyde separates as an oil, which 
solidifies at —8°, and then melts at —2°. This 
oil [V.D. 60 (U «1)] is a mixture of thioacetio 
aldehyde and its polymeridea, and may be repre* 
seated, in a state of vapour, as CallgS + 0„n,.^S, 
(Pinner, B. 4, 258; Klinger, B. 9, 1898; 10, 
1877; 11,1028). On distillation, or on passing 
HCl through the liquid, it is converted into the 
polymeric tri-thio tri-acctio aldehyde. 

TrlwthiO'tri-aoetlo aldehyde CgH,..Sg. MoL 
w. 180. [46°]. V.D. 89’7 (calc. 9*0) (Hoi- 
mann, B. 8, 589; Z. [2] 6, G‘)9). Formed by 
passing H.^S into an acid solution of aldehyde 
(Klinger; c/. Woidenbusch, A. 66, 152; Crafts, 

C, Be 64,1279). Formed also from paraldehyde 
and HgS. White needles, sol. alcohol and ether. 
Smells likf garlic. AgNO, added to its alco¬ 
holic solution forms crystalline C«U,gS 32 AgNO*. 
ClUorine forms othylidene chloride (Pinner, A. 
179,21). KMnOg oxidises it to CHg.CH(SOJI)* 
and oxysuiphides, including C^HigSgOt [217°], 
which crystallises from hot water in needles 
(Ouaresohi, A. 222, 801). Zinc permanganate 

^produces CcHuSgOp which does not melt below 


246°, 0AS,0. [lir-mv, end O.H.AO. 
[228°-231‘5 (e/. Baamena, B. 26, 2074). ' 

(a).TH-tbi«-tri.seetlo aldebyds {.«. 

CHMo<|-®™®>a [102°]. (247°). V.D. 6 


(&ir«l). Formed by the long-continued action 
of BjS on a mixture of equal parts of water, cone. 
HClAq'and aldehyde. Long prisms (from acetone), 
lleduced by HI to Et^S,. Oxidised by KMaO, 
to C.H,.,S,0, [284°] (S. 1 at 100°; -116 at 

20°), and C.H.AO. or OA<|o;;c'h;>SO» 


which softens at 340° and is converted by 
Mel into CgH,«S,Og [802°]. Yields crystalline 
CgH^SgAgNOj and C«H„Sg8AgNOg. 

(/3)-Tri>thio>tri'acetic aldehyde 0„H„Sg. 
[126°]. (247°). V.D. 6*0. Formed by the ac¬ 
tion of AcCI or H^SO^ on its (a)- isomeride. Pre* 
pared by passing H^S into a mixture of aldehyde 
(1 pt.) and alcohol previously saturated with 
HCl (8 pts^ (Baumann a. Fromm, B. 22, 2600; 
26,2074). Long needles (from alcohol). Oxidised 
by KMnO, to the same sulphones as the (a)- 
isomeride. Keacts with Mel, yielding SMe,i. 
Distillation with Cu forms iff-butylene. Forms 
crystalline C^H^SjAgNOs and C^Hj^SaSAgNO,. 

( 7 ).Tri.thio-acetic aldehyde C,H,.jS,. [76°]. 
(212°). Formed, together with CaH„NSa, by 
boiling thialdinc sulphocyanido with water 
(Marckwald, B. 19, 182]; 20. 2817). Needles 
(from alcohol), insol. water, v. sol. ether and 
CS.. Volatile with steam. Sol. cone, H^S 04 
und reppd. by water. When mixed with EtI 
(4 pts.) and left for some weeks it suddenly 
cluinges to a crystalline mass of the (3)-i80- 
meride. C^H.^SaUAgNOa. Plates, v. sol. water. 
Yields Ag.^S on boiling with alcohol. 

« Di • thialdehyde thiocarbimide * 
CjHgNSa. [188°]. Formed as above. Needles, 
111 . sol. ether. Yields CgHgNSaAgNO, v. sol. 
water, and (CaHgNSa)alHCl,. 

Di-thio-acetlc orthoaldehyde. Ethyl 
ciAer CIIa-CH(SEt)g. Formed by passing HCl 
into a mixture of acetic aldehyde and EtSH 
(Baumann, B. 18,884). Mobile oil. 

THIOACETIO ANHYDEIDE v. Acetyl svh- 


THIO-ACETONE ‘CHa.CS.CHj. A product 
of the action of H^S on acetone, and formed also 
when CMo-^(SEt).^ is heated above 160’ (Bau¬ 
mann a. Fromm, B. 22, 2592). Volatile oil, 
with very persistent and disagreeable smell. 
Unstable. 

Duplo-thioacetone C^HjaSa i.e. 

V.D. 6*08 (calc. 6'11). (184° cor.). Formed by 
healing acetone with P..Sa at 125° (Wislioenus, Z. 
[2] 5, 324; Autenrieth, D. 20, 876). Formed 
also by beating tri-thio-tri-acetone at 200° for 
some time (Fromm a. Baumann, B. 22, 1043). 
Oil. Its alcoholic solution gives a white pp. 
with HgClj. Iteduced by sodium-amalgam to 
isopropyl mercaptan (Spring, Bl. [2] 40, 69). 
Oxidised by ti 5 p.c. solution of EMnO^ to tha 

disulphone [220°-225°]. 

Trl-thio-tri-acetone O^HigSg {.e. 

S<cM5;g>CMer [21°]- (130° 

Formed,* together with CuHjgS, [171°], by pass¬ 
ing H;tS into a cooled mixture of acetone and 
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eono. BOlAq (Fromm a. Baumann, B. 93, 1037, 
2597). Needles (from aloohol); tosol. water, v. 
eol. alcohol and ether. Boils, with much de¬ 
composition, at 225°-2S0°. Gives a white pp. 
with HgCl, and a yellow pp. with lead acetate. 
Potassium permanganate and HjSO, yield the 

trisulphone SO,<g^^'|^“>CMe, (SOO”] and 

DuplO'di'thiO'&cetone (Mo^GS,),. [98^]. 

<c. 243*^). Formed from acetone and yellow 
ammonium sulphide in the cold (Willgerodt, B. 
2 (^ 24C7). Dimetrio crystals, arc » 1 : * 868 . insol. 
water. Partially decomposed on distillation. 

bi-thio-orthacetone. Di-ethyl ether 
CMe^SEtjj. Aceto7ie’Ctkyl-mercapfol. (191®). 
Formed by passing dry HCl into a mixture of 
acetone (1 pt.) and mercaptan (2 pts.) (CaumanUp 
B. 18, 887). Liquid. 

Di’phenyl ether CMej(SPh) 2 ; v. Di- 

PIIBNTL-PBOPYUDENB m9DI.PUII>E. 

THIOACETOHUBAltlC ACID v. Acetonyl 

TmOOAKBAUATB. 

THIO . ACETOPHENONE C^Hj.CS.Cn,. 
[U9 5’]. Formed by the action of alcoholic 
arnmoniam aul£)hide on acetophenone (Engler, ‘ 

B. 11, 930). Colourless Icallcts or needles, 
insol. water, si. sol. alcohol, v. sol. other. May 
be sublimed. 

THIO-ACETYt-TOLtriDINE v. Toluide of 
Thio-acetio acid. j 

THIO-ALLOPHANIC ACID. Ethyl ether 

C. H,N,SOa i.e. NH.,.CO.NH.CO.SEt. [180’]. I 
Formed by heating urea with Cl.CO.SEt at 
«0®-90® (Peitzsch a. Salomon, J.pr. [2] 7,477). ' 
Pearly needles (from water), v. si. sol. cold 
water and alcohol. Aqueous NIL at 100 ’ forms ' 
biuret and mercaptan. Boiling baryta-water 
gives allophanic acid and mercaptan. Aniline 
yields di-phcnyl>biuret and mercax>taD. 

lioamyl ether NH;..CO.NH.CO.SC;,TTn. 
{17G®}. Needles (Schbne, j. pr. [2] 32, 251). 
AcCl yields an acetyl derivative [85®3* 

Phenyl ether [218®] (Gattcrmann, A, 
244, 43). 

Isothio-allophanio ether NlL.GS.NII.CO^Et.* 
(170®-175®]. Formed by the action of thio-nreaon 
COCLCOjEt (Peitzscb, B. 7,890). Prisms (from 
alcohol). 

Di-thio-allophanic ether NII^.CS.NII.GO.SEt. 
Formed from KSCy, alcohol, and HCl (Blan* 
feenhom, J. pr. [2] 10, 358). Pearly prisms, 
insol. cold water, sol. hot ether. Alcoholic Nil, 
at 150® forms thio-urea. Baryta-water yields 
mercaptan, CO;^, and thio-urea. 

DI-THIO-AMMELIDE C,H,N,S, U. 
C,N,(NHA(SH),. S. *3 at 100®. Formed by boil- 
ing psoadoBulpbocyanogen C,HN,S, with KSIl or 
ammonium sulphide solution (Jamieson, i4. 59, 
339 ; Ponomareff, J. R. 8 , 222). Small needles, | 
nearly insol. cold water, alcohol and ether, v. sol. ' 
aqueous ammonium sulphocyanide. Acid in re- I 
action, decomposing carbonates. j 

Beactions. —1. Yields cyanmio acid when | 
heated with HClAq.~2. NIl,Aq forms melamine | 
by heating in a fcaled tube. | 

5a2fs.—NaHA"l|aq. Tables.—EHA"2aq. 
*White prisms, v. e. sol. water and»alcohoL— I 
MgH^", 6 aq. — CaH|A",2aq. —BaH^", 6 aq.— I 
8 aH^'i 8 aq. Monoclinio erystals, sf. soL eold ' 


wAter.—SrH|A".4aq.~>AgHA^'. Flooonlehi pA,. 
insol. water. 

Methyl ether C,N,(NHJ(SMe)r [200^. 
Formed by l^ating 0^,(SMe]| with aloohoUe 
NH, for live hours at 100® (Hofmann, B. 
18, 2756). TrimetHo tables, y. si. sol. water, v. 
sol. alcohol. Boiling cone. HClAq forms MeSH, 
cyanuric acii, and NH..—B'HAuCl^. Needles. 

^ Ethyl aftier ^A". [112^. Formed by 
heating tri-thio-oyararic other with alcohol Nl^ 
at 180® (Klason, J. pr. [2] 33, 298). Trimetrie 
; prisms. Converted by acids into ammelide. 

Isoainyl ether (CjH„).A". [82®]. 

Di - thio * methyl- ammelide di • methyl 
ether Cy,(NnMe)(S^re),. [175®]. Formed by 
heating Cy,(SMe), witli aqueous NMoH, (Hof¬ 
mann, B. i 8 , 2701). Needles or prisms (from 
dilute alcohol). 

THIO-AMMELINE CsH.NjS i.e. 

Formed by adding HCl to an aqueous solution 
of (licvan-diamidcandampionium sulphocyanide 

100° (Riethke, B. 18, 3106; 20. 1059; 23. 

' 1G75). Formed also from C,N,(NIL),Cl and KSH 
(Klason, J. pr. [2] 33, 29G) and by heating 
'4-sulphocyanogeu with cone NlLAq at 100® 
(I’onomareff, C. B. 80, 1381;. Nci^les, si. sol. 
hot water, y. sol. acids and alkalis. Yields a 
canary-yellow pp. on boiling with ammoniacal 
(.’uS(L. Cone. HClAq at 130® yields oyimuric acid, 
H.^ 8 , andNH,. Ethylcncbromideforms crystalline 
C^H.K^SIIBr. Cone. NIIjAq at 200® forms 
inelamin^. Boiling NaOUAq yields ammoline. 
Ammoniacal silver nitrate pptg. CalLNj,{i^g and 
C;,HaNsSAg 2 . Bromine added to a solution of 
thio-aramcline in HlJrAq forms 8 i.(CaN 3 (NH^j),, 
which dissolves in alkalis, and is split up by 
boiling with acids into atnmolitio, thio-ammeline, 

I and S. 

j Salts. -B’lINO,. Needles.-B'jTLS 043 aq. 
--B'dI,.CxO,aq. Needles, v. si. sol. cold water. 

Methyl ether MeA'. [208°]. Formed by"* 
healing tri-methyl Iri-lhiocyanurato for five 
hours with cone.alcoholic NILatl00®(lIofmenij, 

B. 18, 2757). Tables (from water).—B',U,PtGL« 

Ethyl etherVAk'. [105®], 

leoamyl ether C..TI„A', [178®]. 

Reference. - TBi-i'ui';NYL-THio-AMMRT.nfa. 

THIO-ANILINE v. Di-amido-di-iuibnyi. sul¬ 
phide. 

THI0ANI80IC ACID (so called) C,«H, 4804 . 
Got by boiling anethol with HNOj (S.0.1*1), dis¬ 
til ling the product and shalcingtho fraction 215®- 
245® with cone. Nall.SO.Aq and some alcohol 
(Stiideler a. Wachter, A. IIG, 103). Crystalline 
(containing 2 aq), v. e. sol. water, alcohol, and 
elhcr.—NH.A'aq.—NuA' aq. 8.15 in the oold.r— 
BaA'jBaq. 8 . ^^•5 in the cold.- CaA'^2aq.— 
MgA', Sal.—AgA'. Plates, m. sol. water. 

THIOBENZAUIDE v. Ami4e of TiiiooBSZOto 

ACID. 

(a).THI0-BENZ0IC ACID CJL CO.SH. Mot 
w. 1.38. [c. 24®]. 

Formalion.^1. From BzCl ana alcoholio 
KjS (Engelbardt a. Latschinofl, Z. [2] 4, 863).— 

2. By boiling EtOBz, PhOBz, and Bz,0 wdtll 
alcoholic KSH. 

Properties.—YeWovr oil or white orystallino 
mass with unpleasant smell, volatile with steam. 
Decomposed by distillation. Y. sol. alcohol and 
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Itg’ floftiiions, wben exposed to air, de> 
poait orystals of Bz,^. Nitric acid also oxidises 
it to benzoyl disalpnide. A neniral solution 
gives with CuSO^ a greenish-yellow pp., turning 
bright rid; the pp. then containing BZjS,. 

Salts.—EA^ Large prisms ^rom alcohol), 
V. sol. water.—NaA'.—BaA'^iraq. Liaminse (from 
alcohol).—PbAV“AgA', * Yellowislo-white pp. 

Methyl ether C,*3j.COSMe. (232^.. 
Formed from Pb(8Me)j and BzCl (Obermeyer, B. 
20, 2922). 

Ethyl ether “EtM, (243®). Formed by the 
action of BzCl on Pb(SEt )3 in presence of ether 
(Tiitscheff, Petersb^ Acad. Bull. 6,295), and got 
also by boiling AgA' and £tl, and from PhOBz 
and NaSEt (Seiffert, J. pr. [2] 31, 471). OU, 
with unpleasant smell, sol. alcohol and ether. 
Boiling alcoholic KOll forms KOBz and KSKt. 
Alcoholic KSH yields KSBz and KSEt. Oxidised 
by AgMnO, to benzoic and ethane sulphonic acids 
(Beckmann, J. •pr. [2] 17, 4Gi), 

Isoamyl ether CjH,,A'. (271®). 

Phenyl ether <t'hS.Bzl [66®]. Formed 
from phenyl mercaptan and BzCl'xSchillcr a. 
Otto, B.9,1635). Needles (from benzene). 

Di-nitro-phenyl ether C,jH 3 (N 03 ) 3 A'. 
[118®]. Foamed from (a)-chloro-wi.-di*nitvo- 
benzene, alcoholic KSH, and BzCi (Wiilge« 
r<^t, B. 18, 328). Needles (from alcohol). 

Benzyl ether C,n,A\ [39'5®]. Formed 
from benzyl mercaptan and BzCl (Otto a. Liiders, 
B. 13, 1285). Triclinic crystals, yielding 

PhCH.,.SOaH on oxidation. 

p- 'Tolyl ether C,H,A'. [75®] (S. a. 0.). 

Anhydride v. Bknzotl soiirmpB. 

(8)-Tliio-benzoio acid C„II,,.CS.OH. Formed 
by boiling thiobenzoio aldehyde with nitrio acid 
(S.G. 1-3) (Fleischer, A. 140, 234). Needles 
(containing r^aq), sol. alcohol and benzene. More 
Bol. hot water tlian benzoic acid. When heated 
strongly it blackens without melting.—BaA',4a(i. 

•"Small nodules, v. sol. water and ppd. by alcohol. 

Amide Callj.CS.NHn. Thiobenzamide. [116®]. 
Formed by passing into an alcoholic solution 
of benzonitrile containing a little Nil,, and 
heating on a water-bath (Cahours, G. It. 27,329 ; 
Bernthsen, B. 10, 1241; A. 192, 49; Gabriel a. 
Heymnnn, B. 23,157). Formed also by heating 
benzylamine (2 mols.) with S (1 mol.) at 180'' 
(Wallach, A. 259, 304). Ijong needles (from hot 
water), decomposed by HgO, yielding IlgS and 
benzonitrile. Sodium-amalgam acting on its 
alcoholic solution forms amorphous thiobenzoio 
aldehyde, benzonitrile, benzylamine, and benzoic 
aldehyde. Iodine added to its alccholio solution 
reacts with formation of di-benzenyl-azo-sulphim 

crystallising in long 

colourless needles [90®] converted by boiling 
^80, into a ba«» 0„H„N, [71®], which yields 
B',H,PtCl, (Hofmann, B. 2, 645 ; B. 25,1587 ; 
Wanstrat, B. 6, 335). Zinc and HCl reduce thio¬ 
benzamide in alcoholic solution to benzylamine. 
Hydroxylamine forms C6Hs.C(NOH).NH,. 
Ethylene bromide at 100® forms the compound 
0 jH,(S.C(NH)C,H,). 32 HBr [233®] decomposed by 
boiling water into 0,H,(SBz)3 (Gabriel a. Hey- 
maun, B. 24, 783). Chloral (1 mol.) forms, on 
warming, a compound CAGl^NSO or 
ll,H^CS.NH.CH(OH).CCU (t) orystaUising in 


siUcy plates [104®], si. sol. water, ▼. sol. alcohol 
(Spica, 0. 16,182). 

A«tZ<d«O.H3.CS.KHPhorO,H3.C(SH):NPh. 
Thiobeneanilide, [102®]. Formed by the aotiou 
of Pp3^ (Ipt-) on benzanilide (2pts.), and by 
heating phenyl-benzamidine or s-di-phenyl- 
benzamidine CPh(NPh)(NPhH) with H^S or with 
eSa (Bernthsen, B. 11,603; A. 192,31). Formed 
also by passing H^S into a solution of 
CA.CCliNPh in benzene (Leo,B. 10, 2133), and 
from benzophenone oxim and P^S^ (Dodge, A. 
264, 184). Obtained by beating benzyl-aniline 
(1 mol.) with S (2 at.) at 220® as long as H^S 
escapes (Wallach, A. 259, 301). Thin prisms 
(from EtOAc), nearly insol. boiling water, v. sol. 
alcohol and ether. V. sol. KOHAq. Converted 
into benzanilide by beating with dry PbO or 
with alcoholic potash at 150®. Yields benzenyl- 
o-amido-phenyl-mcrcaptan on dry distillation, on 
heating with S, and also on treatment in alkaline 
solution with KaFeCy, (Jacobsen, B. 19, 1068). 
Hydroxylamine yields CJI,.C(NOH).NHPh. 

o-Toluide OA.CS.NUO„n,Me[l:2]. [86®]. 
Formed by melting BzNHCoII^Mo with PjS* 
(Stieglitz, B. 22, 3160). Yellow, six-sided prisms 
(from benzene). Hydroxylamine inalcohol forms, 
on heating, C,H,.C(NOH).NHC,H, [147®], orys¬ 
taUising in needles. 

p-Toluide. [129®]. Formed in like manner 
(Muller, B. 22, 2405), and also by the action of 
H,S on CA.CCliNC,!!, (Leo, B. 10, 2134; 
Pfitzinger a. Gattermann, B. 22, 1005), and by 
heating p-tolyl-beiizamidinc with CS., (Bernth¬ 
sen a. Trompetter, B. 11, 1759). Long yellow 
needles, insol. water, v. sol. alcohol, ether, and 
NaOHAq. 

Xylide CA.CS.NHC„H<,^ro,. [90°]. Formed 
by heating the benzoyl derivative of (4,2,1)- 
xylidine with P^Sj (Gudeman, B. 21, 2552). 
Small needles (from alcohol). Oxidised by 

K,FoCy. to oily O.H,Mo,<g^CPh. 

Di‘phenyl-amide CsHj.CS.NPhj. [151®]. 
Triclinic crystals (Bernthsen, A. 192, 37). 

(o) Naphthalide v. vol. iii. p. 474. 

* Bi-thio-benzoic Acid C^H^.CS.SH. Formed 
by adding an alcoholic solution of E^S ta 
C^n^.CClj (Engclhardt a. Latschinoff, E. [2], 
4, 455; Klinger, B. 16, 862). Heavy, red oil, v. 
sol. alcohol and ether. Its dilute ethereal solu¬ 
tion is crimson. licsinifies when exposed to air. 
—PbA',. Thin orange-red needles (from alcohol 
or xylene).—HgA',. Golden plates (from alcohol). 
—AgA'. Brown pp., insol. water and benzene. 

licferences. — Oxy-tuio-dbnzoio acid and 
Auxdo-tixio-dbnzamidb. 

(a)-THX0-B£NZ01C ALDEHYDE 0«H,.CH3. 
Bensylidene sulphide. Formed by paasing- 
HjS into an alcoholic solution of benzoio 
aldehyde (Laurent, A. Ch. [3] 1, 292; Klinger, 
B. 9, 1895; 16, 863; BSttinger, B. 12, 1056), 
or of hydrobenzamido (Cahours, C. R. 26, 457). 
T^ite amorphous powder, softening at 86®, de¬ 
composed at a higher temperature, lusoi. water 
and cold alcohol, v. e. e^l. benzene and chloro* 
form. Does not combine with KHSO, or HCy. 
Potash-fusion yields benzyl mercaptan. On. 
heating with copper it forms CuS and «-di-phenyl- 
ethylene. Alcoholic KSH on heating form* 
Ph.CS.SE and di-benzyl disulphide. Thiogly- 
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oollio acid forma 0«H..CH(S.0Ht.C0aH), [134^1 
(Bongarto, B. 21, 479)! 

(3)-Thlo-bei«oio aldehyde (0,Hj.0HS);r. 
[226®]. Formed from the (a), isomeride oy 
treatment with AcCl, EtI, or a little iodine in 
benzene (Klinger, B. 10, 1877). Prepared by 
passing HjS into a mixture of benzoic aldehyde 
and alcoholic HCl (Baumann a. Fromm, B. 22, 
2604). Needles. Crystaliises from benzene as 
(C,H,S)yC«H„, and gives off its benzene at 130‘^- 
140®. V. sol. hot HOAc, m. sol. alcohol. On 
heating with copper-powder it yields CuS and 
di-t>henyl-ethylene. An oily compound 
(C,H*SLH.^S is formed, together with benzyl di¬ 
sulphide and di-thio-benzoic acid.by the action 
of alcoholic KSH on benzylidene chloride 
(Klinger, B. 15, 864). This conipound yields 
benzoic acid on treatment with dilute HNO^. 

( 7 ).Thio-beiizoic aldehyde C,11,CHS. [167°], 
Occurs in the benzene mother-liiiuor in the pre¬ 
paration of the (j3)- isomeride (B. a. F.). Small 
pointed needles, mucli more sol. benzene and 
chloroform than the (i3)-mo(Ulication, si. sol. 
alcohol and ether. Its crystals do not contain 
benzene of crystallisation. By adding iodine to 
its solution in benzene it is changed to the 
( 8 )- isomeride. 

Thio-benzoio orthaldehydo C,jll 4 .CIi(SII).. 

Methyl C„H*CH(SMo) 2 . Formed by 

passing HCl into a mixture of benzoic aldehyde 
and MeSH (Bongartz, B. 21, 487). Oil. Oxi¬ 
dised by KMnO, to C,H..CH(SO.CHa), [163°]. 

Ethyl ether CA.CH{SEt)a. Oil (Bau¬ 
mann, B. 18, 885). ^ 

p’Bromophnnyl ether 
OA.CH(SC„lI,Br),. [80®]. Silky needles (Bau- 
manu, B. 18, 885). 

Reference. —NiTno-Tnio-BKSzoic at-okuydr. 

THIO-BENZOPHENONE CJI,.CS.CJ I,. 
Formed by heating CSCl^ (5g.) with benzene 
(25 g.) and AlCl^ (9 g.) (Bergreen, Ji. 21, 337). 
Keddish-brown oil, v. sol. e^lier, bonzciio, and 
hot alcohol. Decomposed by distillation. Itc- 
acts with hydroxylamine, forming Ph.^C:N01I 
and with phenyl-hydrazine, with production of 
CPh„:N.,HPh. 

Thio - benzopheaone (CSPhJx- [146 5®]. 
Formed from CCl,Ph^ and K^S (Englcr, B. li, 
922). Small white needles. Convertefd by CrO., 
and HOAo into benzophenone. Does not react 
with hydroxylamine or phenyl-hydrazine. 

THIO-BENZOYL.(o).NAPHTHYtAMINE v. 
voL iii. p. 474. 

THIOBENZPINACONE C,«H*,S, U. 
CPh.,( 8 H).CPh.,(SH) or CPh^l.S.S.CPh.U. 
[151®]. Formed from benzophenone by the 
action of alcoholic ammonium sulphide (Engler, 
B. U, 922) or (Japp a. Roseben, C. J. 49, 
479), and, together with thiobenzophenonc, by 
the action of KSH on CbHj.CC 12 .CbIIj (Bchr, B. 
5, 970). Formed also by the action of alcoholic 
KSH on (CgHJaCHCl, and of P,S» on di-phcnyl- 
carbinol. Slender needles (from alcohol), v. sol. 
CS,. In idcoholic solution it is converted by 
finely-divided copper into tetra-phenyl - ethane 
CHPh,.CHPh,. 

THIO-BIUBET C^jN.OS. Formed by boil¬ 
ing oarbimido-urea (‘ amidodicyanic acid *) 
tdth ammonium sulphide (Wunderlich, B. 19, 
462). .Needles (containing aq). SoL hot water 
tad alhaUs, t. bL soh ether. Oives a white pp 

Vou XY* 


with copper salts. By ammonlaoat AgNO, it is 
converted back into carbimido*urea. 

TRIO-BTJTTBIC ACID 0«H.SO U, 
CH,.Cfl,.CHj.CO.SH. (180®). Formed hy dls- 
tilling butyric acid with P.^S, (Ulrich, A, 109, 
280). Liquid with disgusting smell, v. si. sol. 
water, v. so] alcohol^PbAV Small crystals 
i(from hot watery / 

Thio-isobutyric %:id. Methyl ether 
CjH.oSO i.e. Pr.CO^Me. (c. 142°). V.D. 67-5. 
Formed from rb(SMc), and isobutyryl chloride 
(ObermoycT, Ji. 20, 2922). Oil. 

THlO-ISOBUTYRIt: ALDEHYDE PrCHS. 
(70®-y0°). A product of the action of B on 
isobutyric aldehyde at 180° (Barbaglia, Q. 18, 
85). Oil. 

(a).THIO-CAKBAMIC ACID NH,.CO.SH. 
Tills acid, set free by adding acids to a solu¬ 
tion of its ammonium salt, splits up at once into 
COS and ammonia. The ammonium salt 
Nir^.CO.SNH, is prepared by passing gaseous 
COS iuto alcoholic^ll, (lArthelot, J. 1868,160) 
®r into Nll?\(i at 0® (Sehmidt, B. 10, 191; 
Kretzsclimar, J.pr. [2J 7, 474). It forms colour¬ 
less crystals, v. o. sol. water, m. sol. alcohol, 
insol. ether. The dry suit becomes jiollow in air, 
forming ammonium sulphocyanido. The dry 
salt forms tliio-urca when lioalcd in a sealed 
tube at 135®. Thio-urca is also fonmod when 
Pb(OH )2 is added to its cold aqueous solution. 
HgO forms, in the cold, ammonium oyanate 
(Fleischer, B. 0, 438). Water at 100® forms 
NHjSH *nd (NlDllCO,. FcCl, gives a rod 
li<|iiid, and Anally a red pp. (Mnblcr, A, 168, 
228 ). 

Methyl ether NlI,.CO.SMo. [o 98®]. 
Formed, together with a small quantity of the {&)• 
isomeride, by adding II Cl to a solution of potas¬ 
sium sulphocyauide in i>oiling MeOH (Blanken- 
horn, J. pr. [2] 10, 375). Monoclinio prisms 
(from ether). Decomposed by alcoholic Nil, 
into McSIl and urea. Aniline at 100® forms 
McSlI, s-di-phenyl-urca and NH,. 

Ethyl ct/rer NII,j.CO.SEt. [102®] (Pinner, 
B. 14, 1083); [108®] (F.). Formed in like 
manner (B.) and also by passing NH, into 
Cl.CO.SEt (Salomon, J. pr. | 2] 7, 266) and by 
the action of EtBr on NII^.CO.SNH, (Fleischer, 
B. 9, 991). Plates, v. sol. hot water, alcohol, 
and etiicr. Decomposed at 150® into mercaptan 
and cyanuric acid. P-^O, converts it into ethyl 
Bulphocyanidc. 

Isoaviyl ether CO(NIL).SO,H„. [107®]. 
From CO(SC^U,,)Cl and NH, (SchOue, J.pr. [2] 
32, 247). Glittering plates (from ether). Sol. 
hq). water, but decomposed by boiling water. 
Gives amorphous pps., insol. water, alcohol, and 
ether witlkAgNOa, UgCl, and PtCl^. 

Bcflcftoils.—Alcoholic NH, forms urea and 
amyl mercaptan. — 2. Alcohulio KOH forms 
K,CO„ NH, and amyl mercaptan.— 8 . Heated 
with aniline it forms NH„ HSC,H,i, and di- 
phonyl-urca. 

( 0 ).Tliio-carbamic acid NH,.CS.OH. 

Methyl stiisrNH,.C8.0Me. [43®].Formed 
by the action of alcoholic NH, on MeO.CS.8Me 
or on MeO.es.S£t (Salomon, J.pr. [2] 8,115). 

Ethyl sf AsrNH-^.CS.OEt. XantkogmaiMde, 
[38®]. Formed by tbe action of NH,on zimtho- 
genic ether EtS.CS.OEt, on MeS.CS.O£t, and on 
(BtO.CS)A (Debus. A. 73,1 ; 76, 131 ; 82^26$; 
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Clianoel, /. 1851, 513; Salomon a. Maintz, 
/. pr, [2] 8, 114). MonocUnio prisms, si. sol. 
water, miscible with alcohol an^ ether. De> 
oompoBod on distillation into mercaptan and 
cyanic acid. Bolling EOllAq resolves It into 
alcohol and potassium sulphoemnide. 
forms ethyl sulphocyanvle (Co|^rsrl, pr. [2] | 
10, 34). Nitrous acid psjsed into water con-#' 
tuining xanthogenamido yin solution forms 
crystalline C.,H,„N,SO.^ OuSO, followed by 
HClAq ppts. C.,IIjNOSCiiCI as a while crystalline 
powder, nearly insol. water, sol. hot aloohol. 
Compounds of CuCl wilii 2, 3, and 4 mols. of 
xanthogenumide may be obtained. Kl a<ldcd to i 
a boiling alcoholic solution of (C.,HjN 0 S) 3 CuCl ' 
forms crystals of (C,ll 7 NOS)..Cul and 1 
(C,H,NOH):,CuI. Compounds (C,lI;NdS),3CaSCy ' 
andC,H;NOSCuSCymay also bepreparod (Debus). 
Isovaleric aldehyde in presence of llCl and alco- 
hoi forms C,H„.CH(NU.CH.OKt)J108^’l (HischolT, 
J3. 7, 10B3). ^ - lodo • prr>i)ionio acid forma 

NHj.CO.S.ClI,.ClI,.Cfe,lI fH7 r>°j, which yields 
CaA',3aq, BaA'j'iaq, and Aj'.A" (T.^nglot, Zl. 2-lf, 
3849). iS'Iodopropionio acid and Ao^O yield 

sinapano juoplonio acid :co'>cn. 

[169®], V. sol. hot water, converted by ITgO into 
the mercaptido of /3>thiolactic acid. 

Isobii^yl ether NU..CS.OCH 2 pr. [30°], 
Tables (from alcohol or other) (Mylius, B. 5, 
976; Blankonhorn, J.pr. [2] 16, 380). 

Isoamyl ether Nli 2 .CS.OC 4 lI,,. Oil 
(Johnson, C. «r. 6.242). *• 

Di’bhiO'Carbamio acid NIL.CS.SII. Mol. w. 
98. The ammonium salt NH,.CS.SNII. is 


cold forms mercaptan and ammonfom snipluv 
cyanide. 

Isopropyl ether NH 2 .CS.SPr. [97®]. 
Trimetrio plates (Oerlich, A. 178, 82). 

Acetyl derivative of the ethyl ether 
NHAc.CS.SEt. [123®]. Formed by heating 
tbiO'Scetic acid with ethyl surphocyanide (Chan- 
laroff, B. 15,1987). Yellow needles (from alco¬ 
hol), V. sol. hot water. Decomposed by distilla¬ 
tion into thio>acetic acid and ethyl sulpho- 
cyanide. Boiling baryta-water forms mercaptan 
and acetic acid. Hot dilute HClAq forma 
NH2.CS.SEt. • 

Isothiocarbamic ether v, Di-ETBTL-(a)-TQX(>« 

CAUBONATE. Auiid C, 

THIO-CAEBAMIOE v. Tnio-UREA. 

THIOC ARB AMYL SULPHIDE 02n,N2S,t.e. 
(NH.mCS)._.S (?) Very unstable oil, got by adding 
HGl to its ammonium salt. Quickly decom¬ 
poses into sulphur, H^S, and ammonium 
sulphocyantdc. The ammonium salt 
Ci£ 2 (NII,) 2 N 2 S 2 is a product of the action of 
CS. on alnolioiio Nil, in the cold (Zeise, D. J. 4, 
98; Illasiwot/. a. Kachler, A. 106, 137). It 
: forms colourless prisms, y. boI. water, m. sol. 
alcohol, si. sol. ether. The moist salt slowly 
decomposes into H^S and ammonium sulpho- 
cyanide. The cupric salt CuC^n^N^S, is 
I canary-yellow. 

. Thiocarbamyl disulphide C.^H^N-B, <•«. 
(NII_..CS) 2 S,. Formed by the action of Cl on a 
solution of the ammonium salt of the preceding 
body, and on ammonium di-tbio-carbamate 
(Debus, A. 73, 27). I’edrly plates, v. sol. hot 


formed by passing Nil, (from ISO pts. Nil,Cl) alcohol, insol. water. Decomposed by boiling 
into 05 p.o. alcohol (GOO pts.) containing CS.. water into CS„ ammonium sulpliooyanide, 
(06 pts.) (Mulder n. lleltinlc, J. pr, 103, 176 ; and H. 

c/. Zeiso, A. 48, 95 ; Debus, A. 73, 26). It is j TIII0CARBIMIDE8. Micstard oils. Cora- 
also formed by heating (NII,). 2 CS,. On gradii- pounds RN:CS. Essential oil of mustard is 
* ally adding HClAq to a cooled cone, solution of allyl thiocarbimide. They are formed by the 
the ammonium salt the free acid separates as ' action of CSCl^ on primary amines (itatbke, 
colourless needles, v. sol. water, alcohol, and ; A. 167, 218), and by the action of aqueous 
ether; acid in reaction. An alcohoUe solution of ; IlgCl, on the dithiocarbamates 11NH.CS.SNH,R 
the acid gradually decomposes into CS^ and the ^ obtained by heating primaryamines with CS^and 
NH,, salt. An aqueous solution of the acid de-' alcohol or ether (Hofmann, B. 1, 171; 2,452; 
composes on healing into II.S and HCyS. The 7, 811; 8, lOG; Rudneff, J. It. 10, 188). 
di-tbio-carbamates also split at 100® into ILS • Methyl sulphocyanido is partially converted into 
and fiulpbocyanides. An alcoholic solution of ; methyl tltiocarbimide by heating at ISO®. Allyl 
iodine decomposes NIL-CS-SNU,, forming ^ sulphocyanido changes to the mustard oil on 
KINGS and EtNU, (Hofmann, Z. [2] 6, G71). ! boiling. Thiocarbimidcs are also got by distil- 
Ammonio di-thio-carbamato treated with HCl , ling alkyl cyanates with P,Sj (Michael a. Palmer, 
and solution of 1 gives crystals of the bisulphide i Am. C, 258). The thiocarbimidcs ate pungent 
SslCS.NHf), (IClason, J. pr. [2] 02). FoCl, [ oils. They are reduced by Zn and HClAq to 

added to a solution of the NH^ salt gives a black ; aminos and CH^S, whereas sulphocyanides yield 
pp. turned white by excess. AgNOa gives a | HCy, mercaptans, and other products. Amines 
vellow pp., turning black. A solution of al^e- | convert thiocarbimides into thio-ureas; thus 
hyde forms carbothialdine 17Ha.CS.SN(CaHj2. I aniline combines with phenyl thiooarbimide. 
l^nzoic aldehyde, isovaleric aldehyde, and forming s-di-phenyl-thio-urea. Alcoholic potash, 
acrolein form amrlogous bodies. or alcohol nt 100® forms thio-oarbamio ethers 

Salts.—NH.A'. Deliquescent lemon-yellow NIIR.CS.OFit (Hofmann, D. 2, 117; Schiff, B. 
prisms. On heatmg with KOHAq it forms KjS, 9, 131G). Water at 200®, or HClAq at 100®, 
KSCy, and NH^.—CuA',. Yellow powder, insol. forms amine, COj, and ILS, while with sulpho- 
water.—PbA'^. White pp., blackening on boiling cyanides it yields EtgS, CO„ and NH,. C^no. 
with water.—ZnA*,: white pp. H.SO^ forms amino end COS. HNO, forms 

Ethyl ether NH.^GS.SEt. Mol. w. 121. amine and CO,; whereas wi& the isomeric 
[42®]. Formed by passing H,S under pressure sulphocyanides it forms a sulphonio acid. Hy- 
Into ethyl sulphooyanide at 100° (Jeanjean, J, droxylaoAnemiites with thiocarbimides, forming 
1866,601; Salomon a. Conrad, J.pr. [2] 10,29). oxy-thio-ureas NHB.CO.NH.OH (Tiemaan, B, 
Trimetric crystals (from ether), insol. water, v. e. 22,1939). Chlorine unites with PhN:OS, form- 
■ol. aloohol. Alcobo^o NH, or KOHAq in tbo ing unstable (PbNOS},Ol|, whence boiling water 
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forms (Pli!T08),0 erTstalUaing ia jallov 

needles (Helmers, B. 20, 786). 

TElOCABBimDO-ACETIO ACID 0,H,NS0, 
ie. OH,(K:CS}.COyH. Formed by boiling ^io- 
hydantoln wito HClAq (Volliard, J. pr. [2] 0, 6), 
and by boiling isoamyl sulpbocyano-aoetate-vrith 
faming HOlAq (GlaSsson, B. 10, 1352 \ Heintz, 
A. 136, 232). Trimetrio plates, t. e. sol. hoi 
•water. Oxidised by HNOj to K.SO, and oxalic 
acid. Weak acid.—J3aA',aq. Four-sided prisms, 
si. sol, cold water. Benzoic aldcliydo an<l 
NnOHAq (I mol.) react, fonning the compound 
CHPh:C(CO,Na).S.CO.NIL, which crystallises 
with l^aq and is converted by HCl into 

[242'’] (Andreasch, Jlf. 10,73). 

THIOCABBIHIBO BENZOIC AGIO t>. m- 
Auido>bbnzoio xcn>. 

THIOCARSONIC ACID. 

Thiocarbonates v. vol. i. p. 703. The thio- 
earbonic ethers that have not been treated of in 
former articles are described below. 

Hethyl thiocarbonates v. vol. iii. p. 300. 

Methyl i 80 >dithiocarbottate CO(SMe).,. 
(160*^). Formed by warming methyl snlplio*. 
cyanide with H.SO. (Bchmitt a. Glutz, JJ. 1, 
1G6). 

Ethyl thiocarbonato!^ v, vol. ii. p. 520. 

Ethylene thiocarbonates v. vol. ii. p. 403. 

Ethylene dimethyl di<thio-di>carbonato* 
C.H 4 (S.CO,^Et).. Formed by heating CJI,Br. 
with KS.CO-d'U in alcohol {Weddo, J. 2)r. [2] 15’ 
62). Thick oil, converted by alcoholio potash 
into 02 Hj(SH) 2 and KO.CO.Kt. 

Isobntyl di-thio-carbonio acid Cll.Pr.O.OS IT. ; 

Salts.—NaA'. Formed from C/H,,()Na and ■ 
CS.^ Yellowish white needles, v. e. sol. water 
and alcohol.—KA'. Needles (from alcohol). 
S.a 1-371 (Clarke, B. 11, 1.505). Chlorine 
gas passed into its aqueous solution forms oily 
(OHjFrO.CSl.S^ (Mylius, B. 5, 070). 

Ethyl ether KtA'. (228°). 

Isobutyl ether CfLPr.O.CS.SCII.l’r. 

(249®). S.G. 13 1-000 (Mylius, B. 5. 075), ' 

Isoamyl ether OH..l*r.O.CS.SCJI,.. 

(265®-270®) (Mylius). 

Isoamyl di-thio-carbonio acid 
OjHij.O.CS.SH. Oil, with unpleasant smell. 

Balts.—KA^ Formed from fusel oil, KOIT, 
and CSj (Balard, A. Ch. [3] 12, 307; Krdinaun, 
J.pr. 31, 4 ; Dosains, A. Ch. [3] 20, 605; Jolm- 
Bon, O. J. 6, 142). Gives a lemon-yellow pp. 
with CuSO^.—PbA'j. Plates. Iodine form.s oily 
(04H„0.CS)2S2. 

Bi-isoamyl s-di-thio-esrbonate CO(SCJI„) 2 . 
(281°) (Sohzn.itt a. Glutz). 

Oetyl dl-thiocarbonate v. vol. i. p. 728. 

Iso-batyl-tri-thio'oarbonio acid GfHnS.CBJI. 
Formed from C^H^SNa and CS* (Mylius, B. 6, 
316). TbeNa salt crystallises in yellow needles, v. 
Bol. alcohol and ether. 

Isohutyl ether (C,H,SLCS. (287°). Got 
by heating aqueous K^CS, wi^ isobutyl iodide. 
Yellow oil with faint odotv. 

ZH-iaoamyl-tri-thiocaroonata (C»H,, S),CS. 
(247®), S.G. -88 (Husemann, A. 126,297). Oil, 
with unpleasant smelL * 

Bl-allyl tri-thio-earbonaU (<1H.S).,CS. 
a70®-176®). S.O. -Od. Ponnod from allyl 
Iodide and Rfa^OS, io the eold {Hasemaim, 4. 


126, 269). Pangent yellow oil, with offensive 
odour. 

TEIOCAEBOITTZ. - AOETOAOSTZC ETHSB 
CS.-CAc-CO^Kt ri66®-162®J. Formed frorf thio- 
carbonyl chloride and acetoacotio ether (Bor- 
green, B. 21, 1^7). Yellow needles, si. sol. ether 
and ligroin. . 

• THlO - C ABBONYL/BIAMIBO-DI-BSHZOIO 
ACID V. »n-AMiDO-nK\zoio acid. 

THIOCABBONYL'- BENZOYL - ACETIC 
ETHEB CS:CBz.C() 2 Et. [164®]. Formed from 
CSCL and bonzoylacetio ether (Borgreen, B. 21, 
351). Yellow noodles, sol. alcohol-chloroform. 

THIO-CARBONYL CHLORIDE b. Sulpha- 

chloride of Cakuon. 

Thio-carbonyl tetrachloride v. PKn-ciiLOBo- 

METIIYI,- MKUCAPTAM. 

THIO - CARBONYL - ETHYL - o . AMIDO- 
PHENOL [U2’]. (abova 

300°). Formed from ethyl-o-ami<l() ]»licnol and 
CSCI 2 (Seidel, J. pr. ( 2 ) .#2, 410, 457). Insol. 
witer and dilute NaOlIAq, m. sol. cold alcohol. 
liGlAq at 170® forms ethyl-amido-pheuol, CO,, 

and I’CI, yiolda 

THIO - CARBONYL . METHYL - AMIDO- 

PHENOL [128'’). (abOTO 

300°). Formed by the action of CSCI.^ on methyl- 
o-jimido plienol (Seidel, J. pr. [2J 42, 462). 
Needles, insol. water, si. sol. coM alcohol. 

THIO >CARBONYL - DI - {/3) - NAPHTHYL- 

THIO-UREA C..1I.-N<C(NC„TI.)>^- 11®^°]. 
Formed from di- (fl) -naplithyl-iliio-uroa and 
CSOI.^ in bonzejio (Freund a. Wolf, B. 25, 1466). 
Slollato groups of noeiiles, in. sol. hoi honzone. 
Melts at 152Mvith evolution of gas, forming a 
solid melting at 224®. 

THIO-CARBONYL-DI-p-TOLYL-THIO-DBEA 

C,U,.N:C<^(2^)>CS. [103'’]. Formed Irom 

di p-tolyl-thio-urea [172®] and CBCI, in ether 
(Freund a. Wolf, B. 25,1K)5). Yellowish needles, 
V. sol. hot alcoliol and ether. Converted by HgO 
into ciirljonyl-di-tolyl-thio-uroa 1112°]. 

THIOCHRONIC ACID CJ1„S 0„ U. 
C„(OH){»SO,H)(SOjII),. Formed by adding tetra- 
cbloro-quiiiono to a cone, solution of K^SO, 
(llc.sse, 4.111, 313; Graeho, A. 146, 40). Yellow 
trimetric prism ;, v. sol. hot water, insol. alcohol. 
Coloured browjii.-jh-Tod by Fc^’I,. ReducesAgNO,. 
Converted into#hydroquini)no disuipbonio acid 
by heating with water at 135', or by boiling with 
llCIA,i. 

Enthiochronic acid ic. 

C„(0JI)^0.^(T40all)j. • IH-oTif-tiuinone disulphonio 
acid. Formed by boiling thiochronio acid with 
KOHAq. Beliqucsccnt yellow Ticodles, v. sol. 
water and alcoliol. lleduced by tin and HClAo 
to C,iI,S;jO,j, w'liich yields Na^A"2aq and 
K;;A''2aq, which are rc-oxidised in oquPbus solu¬ 
tion by air to outbiochronatos.—Na,A''aq (dried 
at 150°).—K,A''^2aq. Minute lemon <■ yellow 
prisms, v. sol. water.—KJlA 'aq. Small orange- 
red four-sided prisms. ~Ba^'''4aq. Oohre> 
yellow pp.—AgjA'* : amorphous pp. 

(a) . THIO - CINNAMIC ACID 0^80 U. 
0«]^CH:CH.CO.SH. Formed from oinnamoyl 
ehloride and Pb(SEt)^ the resulting oilr ethei 
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being boiled with elcoholio ESH (Engelh&rdt, 
[234, 859).—KA'. Crystalline. 

(M-Thio-oinnamie acid. Amide CgH^S.KH,. 
{112®J. Formed by passing H^S into a solution 
of cinnamic nitrile in alcoholic NH, (Rossum,^. 
1860, 302: Kriiss, B. 17, 1768). <^lden plates. 

(a).TflIO.CINNAMld ALDiyaTDE (OgHnS),. 
giOV'-^J. Formed by p^ing H,S into oil ot 
cinnamon dissolved in alc<^olio HCl (Baumann 
a Fromm, B. 24, 1452). Crystalline, v. e. sol. 
benzene, si. sol. alcohol. 

(3).Thio-ciniiamlc aldehyde (CgH^S);,. [218'’]. 
Formed at the same tirae as the (a)-isomerido. 
Frisnis, v. si. sol. cold benzene and alcohol. 

Thio . cinnamic orthaldehyde. Phenyl 
ether 0„n,CII:C]I.CH{SPh)j. [8P]. Formed 
by passing dry HCl into a mixture of cinnamic 
aldehyde and phenyl mercaptan (Baumann, B. 
18, 885). Needles (from iigroin). 

j)-BroviO‘phcttyl ether 
CHPh:CH.CM(S.CgH'Br),. ^07®]. Needles (from 
alcohol or ether). * ^ 

Olycollyl ether * 

CHrh:‘CII.Cri(H.ClI,.COJI).M [143®]. Formed 
from cinnamic aldehyde and tliioglycolUc acid 
(Borigartz,*'ii. 21, 481). Plates (from water), 
/inc-dust in alkaline solution converts it into 
CfIPh:CII.C14S.CH,.C0,H [77®J, crystallising 
from dihye alcohol in plates. 

TRI.THIO-CITRIC ETHER 0sH,0(C0.SEt)3. 
Formed from tri-phenyl citrate and NaSEt in 
presence of ether (SeilTort, J. pr. [2] 31, 470). 
Oil, spelling like mercaptan. * 

THIO-COUMARIN CJI,<^ *1 . [101^]. 

No .CS 

Formed by heating equal parts of coumarin and 
P.,.Sj at 120°; the yield is 50 p.c. Also by heating 
o-coumavic acid with P-S^. T<ong yellow ncedlos, 
V. sol. alcohol, ether, an<l benzene; insol. water. 
Bublimablo. By heating with aqueous alcoholic 
KOH it is reconverted into coumarin. Unlike 
coumarin it readily reacts with hydroxylamino 
and with phenyl-hydrazine (Tiemann, B, 10, 
1601). 

THIO-CBESOL tJ. Toi^vl murcaptan. 

THIO-CROCONIC ACID C,Il.p,S, probably 

^^'CejoH) CO ' saturating a warm 

solution of potassium croconato treated with 2 
mola. of HCl, with ILS.—BaA" 2aq : brownish- 
yellow amorphous pp., v. sol. dilute IICl, which 
after some time changes to reddish-brown 
crystals with violet rctlex, inrol. dilute HCl 
(Nietzki a. Bonkiser, B. 10, 299). 

THIO-CDMINIC ACID. Amide 0,gH,.NS 

C,H,.CeH3.CS.NH3. Formed by passing H..S 
into a solution of cuminio i^itrile m alcoholic 
NH, (Czumpelik. B. 2, 185). Needles, v. sol. 
hot alcohol. Cbnvcrted in alcoholic solution by 
iodine into C.j«H3.3N..S [45®] crystallising in 
prisms fWanstrat, B. 6, 822). 

THIODICYANDIAMIDIHE v. Guanyl thio- 

OKSA. 

TKIOCTAKIC ACID 1;. Sulfhocyanic acid. 

THIOCYAHO- V. Sulphocyano-. 

DI-THIO CTANDBIC ACID Cy3(SH)3(OH)aq. 

Preparation. —An alcoholic solution of KCyS 
Is mixed with the calculated quantity of HCl, 
filtered from KCl, and evaporated at 40®. The 
residue is extracted with strong NH^Aq and 


BaOij is added to the filtrate. The barium salt 
gradually separates in globular crystals (Klason, 
P.pr. [2] 33,121). Yield, very small. 

Properties. —White scales (from hot water). 
Sol. NaOHAq. A solution of tne potassium salt 
gives pps. with AgNO„ HgCl^, and Pb(OAc)2. 

Beactions. —1. Cone. HCl at 130® gives cyan- 
uric acid and H^S.—2. Cold KMnO^Aq and hot 
HNOjAq form cyanuric acid.—3. Iodine forma* 
(HOCy3)3S4 as a white crystalline powder. 

Salt’s.—KH3A'". Silvery mass of micro¬ 
scopic prisms.—BaHA'"2aq. 

Tri-thio-cyanurio acid Cy3(SH)a. Foilned 
by warming powdered CjN^Cl, (1 mol.) with cone, 
aqueous KSH (4 mols.) (Hofmann, B. 18, 2196; 
Klason, J. pr. [2] 33,116). Minute prisms, when 
ppd. from dilute solutions; amorphous, from 
cunc. solutions. Ncorfy insol. hot water, alcohol 
and ether. Not decomposed at 200°. P’oCl, 
gives no colour in solutions of the acid, but in 
cone, solutions of the K salt it gives a white pp. 
and a yellow solution. 

llcactiotis.—l. HClAq at 180® gives cyanuric 
acid and ILS. 2. Alkaline KMnO^ at 20® gives 
cyanuric acid.—3. Warm UNO, forms cyanuric 
aoid.—4. At 360° it gives off CS^ and some 
HCyS and leaves melein 0^11,.N,o. 

Salts.—K,A'"3aq.—K,a.A"\6aq.—NaH3A'". 
Crystals, v. sol. wat<v.—BaHA"'3aq. Yellow 
crystals, ppd. by addition of BaCU and NII;,Aq.— 
•13aH4A%2aq. Prisms.m. sol. water.—SrHA'"5aq. 
—CaHA"'5aq. Prisms, m. sol. water. 

Methyl ether Mo^A'". [189®]. Got by 

heating methyl sulphocyaiiide with a few drops 
of nClAq at 100® (Hofmann, B. 13,1351; 18,2197, 
2755,2774; 19,2005). Hexagonal crystals. An 
alcoholic solution of othylaminc at 100® forms 
Cy3(NIIEt)(SMe),, [114®] while at 140° it yields 
Cya^NHEtj^SMo [84®]. Alcoholic Nil, forms, in 
like manner, Cy3(NH.,)(SMe).^and Cys(NH3).3SMe. 

Ethyl ether [27®]. (350°). Formed 

from CyjCl, and NaSEt. Colourless tablets (from 
IIOAc) converted by alcoholic NH, at 180® into 
Cy;,(NH3)(SEt).3 [112®] (crystallising in trimetrio 
forms ; fi:6:c = *669:1: *391, v. pol. ether), accom¬ 
panied by Cy3(Nn3)3(SEt) [165®], which is insol. 
ether (Klason, J. [2] 83, 298). 

Amyl ether (CiH,,)3A'". Oil. Yields 
Cy:.(NH.,)(SC,H„)3 [82®] and Cy3(NH3).,SCaH„ 
[178®]. 

Phenyl ether [97®]. Prisms (from 

HOAc). 

p^Tolyl ether [114®]. 

' THIO-DI-ETHYL-ANILINE v. Tetra-etbyl- 


DI-AMIDO-DI-PUEHYL SULPHIDE. 

THIO-ETHYL-COnUABIN 


^ „ /CH:gEt 

[94°]. Formed by heating (a)-ethyl-coumarin 
with PjSg at 120® (Aldringcu, B. 24, 8462). 
Yellowish-red plates, sol. alcohol. May be sub¬ 
limed. 

THIO-ETETLENE GLYCOL v. Ethylekb 

MERCAPTAN. 

THIO-FORMIC ACID H.CO,SH(?) [120°]. 
Formed by the actioorof H^S on lead formate 
(Wohler, A. 91, 125; Limpricht, A. 97, 861), 
but not from and formic acid (Hurst, A, 
126, CS). Small transparent crystals (^m 
alcohol) with alliaceous odour, insol. water. 
May be sublimed. According to Niool {Pr. B, 
10, 425) a solution of ^iofonmo add, got horn 




^bAy tnd figS, rapidlj decomposes, yielding 
lormio acid. 

Salts.—H.CASE. Formed from OHCl, and 
alcoboUe K,S (Kicol, T, E. 29, 631). Needles, 
sol. water and alcohol, nearly insol. dilute alco* 
hoi. AgNO, added to its aqueous solution forms 
a white pp., turning black on staudiug. UNO, 
yields S and formic acid. HgO also gives formic 
.acid.-(H.CO.S}3Pb. 

Anilide H.CS.NHPh, Thiofonnanilide* 
[137^]. Formed from dry phenyl carbamine and 
HjS (Hofmann, B. 10, 1096,1238). Formed also 
by passing dry H..S over di-phcnyl-formamidine 
NPhrCH.NHFh at 150® (Bernthsen, A. 192, 36). 
Prepared by warming formamidine (6 pts.) with 
PySj (3i)ts.), the yield being GO p.c.-of the theo¬ 
retical (Hofmann, B, 11, 338). Thin plates 
(from water), partially decomposed on distilla¬ 
tion into H.^S and phenyl carb<amine. Its solu¬ 
tion tastes bitter. Decomposed by hot KOHAq 
into aniline, HoS, and formic acid. Heated in a 
sealed tube at iSO® it yields Cj4H,.^N.S [110-^] v. 
sol. alcohol (Nicol, B. 16, 211). NaOliit and KtBr 
yield oily CH{SEt):NPh (o. 235®) (WaUach a. 
Wiisten, B. IG, 145). 

o-Toluide H.CS.NHC,H, [9C®]. Got by 
heating formyl-toluide with P^Sj (Senier, C. J. 
47, 762). 

P‘Toluide. Yellow needles. 

Xylide UCS.NHO.fijMo.. [105°]. Small 
needles (from alcohol) (Gudeman, B. 21,2549). . 

Thio-orthoformic acid. Ethyl ether 
OIl(SEt)|. Formed by boiling chloroform with 
aqueous NaSEt (Gabriel, i^. 10, 18G; Clacsson, 
/._pr. [2] 15,174). Oil^, with nasty smell, i)uitly 
decomposed on boiling. Oxidised by UNO., to 
ethane sulphonic acid. Fuming llOLVq yields 
formic acid and mercaptan 

Benzyl ether [08®J. Formed 

from NaSCjH, and chloroform (Donnstedt, B. 
11,2265). White crystals. 

Bhenyl ether CU(SPh),. [39-5®]. Tri- 
metric tables. Oxidised by potassium ponuan- 
ganate to PhS.CH(SO.jPh)2 [176®J (Laves, B. 23, 
1416: 25, 847). 

Reference .— Cxiloboformio acid. 

THIO-FOBMIC ALDEHYDES 

Tbio-formio paraldehyde (CfLS)j. Methyl¬ 
ene sulphide. Mol. w. 138. [216®J. Y.D. 5*08 


Eortnation, —1. Byheating Na^S with incthyl- 
eno iodide (Husetnann, A. 126, 293). —2. By re¬ 
ducing CS, with Zn aird HClA.q (Girard, A. 100, 
806).—8. By the action of on formic alde¬ 
hyde or trioxymelhylenc. 

Preparation.—By saturating a mixture of 
formic aldehyde (2 vols.) and cone. HClAq 
(4 vols.) with H.jS (Baumann, B. 28, 67). 

Properties, —Prisms, sniclling like onions. 
InsoL cold water, si. sol. alcohol and ether, m. 
sol. benzene and CSj. May be sublimed. Oxi¬ 
dised by KMnOf to a trisulpbone and also 
CsHfSiO, crystallising in colourless needles.— 
Forms: 0,H28,2AgN0,. - C^H^SaAgNO, ^aq. — 
OAS^HgOl,.- (C,H,8J,2i>tCl2. -(C^H.S^jPtCl. 
(Hofxnann, B, 2| 152; 8, w4 i Girard, 0, it. 70, 
626). 

Thio-formio orthaidehyde. * 

Ethyl ether CH2(S£t)2. (184®) (0.); 

(180®) <F.). B.O. >2*987. Formed from CH-X 
Auil KiiAKt (Claaasoo, £2J 16,176). Liquid 


i 


with unpleasant smell. Oxidised by HNOs to 
ethane sulphonio acid. KMuO, and 
yield CH.^(S020(HJ3 (Fromm, A. 253,155). 

Tbio-formio metaldehydo (GHa8)„. 1176®]. 
Formed, as a white amorphous substance, on 
warming an ^queous or alcoholio solution of 
hexamethylc»|e-^iuino saturated with IIjS (Wohl, 
li, 19, 2341). Insol./uost solvents. DecoOl* 
posed wlien lieated above its melting-point. 

Di-thio-formio jAraldehyde (CalLS^O), aq. 
Dithioijlyceric aldehyde. [82°]. (180®-185®). 

Formed by passing II,S into a solution obtained 
by electrolysis of dilute glyooriii (Uonard, A. Ch. 
[6J 17, 307). Amorplmus waxy mass, sol. warm 
water, insol. alcohol and ether. 

(a)-THIO.FURFURALDEHYDE (CJI,SO),. 
[128'^j. Formed, together with tlm (/i)-iHornovide, 
by passing 11.8 into a aolulion of fin funildehydo 
(10 g.) in alcohol (100 c.c.) and IK'lAq (20 c.o.) 
at -5° (Baumann a. Fromm. B. 24, 3593). 
Crystals, v. o. sol. alcohol and chloroform, iusol. 
water. ® • 

., (0).Thio-ftrfuraldehyde (CJI,SO),,. [229®]. 
Needles, v. si. sol. alcohol, v. sol. chloroform. 

Xhio-furfuraldcbyde (C,irjSO)„ [?ii=20to 24J. 
Mol. w. (by Jlaoult’s method) 2182. •Fornied by 
mixing an alcoholic solution of furfuraldohydo 
with alcoholic ammonium sulphide (Cuhours,.d. 
09,86; B.a.F.). White crystalline imw^er,softens 
at 80® and is melted at 91®. I'liiofurfuraldehydo 
is dccomi)osed by warm aniline, yic-Ming furfural- 
dehydo and II.S (SchiJT, B. 19, 2153). 

THIO-BLY'CERIN v. Giackkin. 

THIO-OLYCOL v. K'ruvLU.NJS MKurAi’TAf. 

THIO.GLYCOLUC ACID Cii,(aH).COjH. 
Sitlphydro-acciic acid. 

Eonn/ition .—1. By reducing the compound 
CISO...C1IC1.COCI with tin and ilClA(] (.Siomens, 
li. G, 069). -2. By adding GlLCl.OOJl (1 mol.) 
to cone. KSliAq (2 mols.) ((Jlaesson, A. 187, 
113).—3. By the action of J1.8 on glyoxylio acid 
in presence of Ag./) (Bollinger, A. 198, 215).— 
4. By boiling thiohydanlom with baryta- 
water (Andi'casch, B. 12, 1386).—5. Together 
with HSGy, by tlio decomposition of rhodanio 
'acid OaUaNS^O with baryta-water (Ginsberg a. 
Boiid/ynski, B. 19, 113). 

Properties .—Oil,miscible with water, alcohol, 
and ether. Decomposes when quickly heated. 
Very dilute FcClj gives a fugitive indigo-bluo 
colour, changed by a few drops of NII,Aq to dark 
red and then to violet. lOxccss of FetJl, oxidises 
it to di-sulphido-di-acetic acid *S;;(CJl^CO.H)g, 
which is also Readily formed by atmosplierio 
oxidation of tbo alkaline Bolutiou. A solution of 
tlie K salt added to GuSO, gives a bluish-black 
pp.*roduced by further addition of the K salt to 
the white i^iproustfalt Cu2(S.ClT.,.002ll)^ HCl 
passed through a mixture of tliioglyeolHo acid 
and acetuacetio ether gives riA3 to crystalline 
COaEt.CH,.GMe(.S.CH,.CO,H),, [90®] (Bongartz. 
B. 21, 485). Acctyl-propioiiio acid forms, in 
like manner, CO.,H.CH,.CH,.CMe(S.CiCa,CO^), 
[151®]. Aldeliydes react, forming the compound 
CUH(S.CH2.G0.^)3, compounds which are pro¬ 
duced either on standing, on warming, or on treat¬ 
ment with ZnCljOrdryHGl (BoDgartz,B.19,1981: 
21, 479). Such compounds obtained by using 
acetic, benzoic, cinnamic, o-oxy-benzoio, and o*, 
m*, and p-nitro-benzoio aldehydes melt at 108®« 
124®, 146®, 149®, 123®, 130®, and 162® zespeo. 






THlO-GLlfOOLUO AOW. 


tively* Thioglycollio ftcid reacts with ketones 
in presence of ZnCl* or HC3, fomung acids 
0BB'(S.CH^.C0 jH )2 : each compounds obtained 
from hcetonCi acetophenone, and benzophenone 
melt at 136°, 139°, and 164° respectively. 

Salts.— KIIA"8q (from witer). — KHA" 
(from alcohol). Decomposes ,lqpO„ forming 
*HJSK).00.,K.—BaA" i\q: crystalline pp.-r 

BalljA",: gummy.—CdA".—Hg(b.CH3.CO.iH);. 

Needles or fiat prisms, v*. sol. hot water and 
alcohol.—Hg.,(S.CHj.CO.,),BaHj. Minute crys¬ 
tals.—Hg,(S.CH,.CO.,)„Ain,. — Hg,MnH.,A",. — 
HgVbA'V-HgA".—DbA*'.—Bi(HA"),. [c. 33']. 
Yellow pp.-Cn^HjAV White pp.—Ou,BaA°y— 
AgjA".—Ag,(NII.)A"(NO,).-Ag,IIgA'V 

Ethyl ether EtA'. Foriped by boiling 
thioglycollio acid with alcoliol and a little 
HjSO, (Claesson, A. 187, 11(1). Oil with nasty 
smell. Slowly decomposed by boiling into II,S 
and S(CH,.CO..Et),. Alcoholic llgClj ppts. 
ClHg.B.CH,'.CO.,'Et, converted by excess of the 
ether into IIg(S.Cll.,.CO,E'l), (Wislicenus, A. 
146,146). 

Ethyl derivative CH.,(SEt).CO.,II. 
Formed by mixing CII..Cl.CO.,l!lt with NaSEt 
and alcohol (Claesson, 11. 8, 120). Liquid, v. sol. 
alcohol and other, m. sol. water. Decomposed 
by heat, but may be distilled with steam. - 
KA'.—BaAV — CaA',.—MgA'., 3aq. — En A',, 2aq. 
—CdA'.aq. [85‘'].-CoA'.,2aq. (90°].-NiA',2.aq. 
—CuA',2aq. - AgA’aq. Crystalline pp. 

Ethyl ether of the ethyl derivative 

- -- :t. (188°). S.O. i 10169. Oil. 

crystalline 


hydantoln by warming with Ka^C0,Ag or 
HClAq, 

XHiOHYDAHIOlK C,H,NJ50 U. 

■ 

Formation,^!. By heating lhio*urea'with 
chloro-acetic acid or chloro^acetamide (Volhard, 
Ae 166, 383 ; Mulderf D, 8,1264 j Maly, A. 168, 
133; B. 10,1833; Claesson, If. 10, 1352).—2. By • 
heating thioglycoUic acid (2 mola.) with cyan* 
amide (1 mol.) in aqueous solution (Andreasch, 
B. 13, 1421; M. 1, 442). 

Preparatioiu —Thio-urea (50 g.) dissolved in 
water (500 c o.) is mixed with chdoro-acetic acid 
(G2 g.) in water (50c.c.), heated to 90°, cooled, 
and mixed with the calculated quantity of NaOH 
(Andreasch, M. 8, 414). 

Properties ,—Long needles (from hot water)^ 
insol. alcohol and ether. Decomposes about 
200°. Since it cannot be desulphurised by HgO, 
Liobermann {A. 207, 132) suggests that it does 
not contain the group CS. 

Ticactions. —1. C/JonMc passed into itscooled 
solution in IIClAq forms thio-oxy-hydantoin 
(Kraiiips, D. 13, 788).—2. I3r forms di-bromo* 
thio-hydanto'in. — 3. KCIO, and HCl yield 
OaH.,KN..SO-„ crystallising in moiioclinio tables, 
S. 1*7 at 22° ; 23 3 at 100°, converted by nitrous 


dcri- 
S.G. A 


CH..(SEt).CO.,Et. (188°). 

Converted by Eti at 120 
CH..(SEt.I).CO.,Et. 

‘Ethyl ether of the isoamyl 
vative CH.,(SCaH„).CO.,Et. (230°).. 

•9797. Oil. 

Phenyl derivative v. PuKXvn-Tnio-aLY- 

COLLIO ACID. 

Benzyl derivative CH.Pli.S.ClI.^.00.^11. 
[69°]. Formed from CH.,C1.C0,H and benzyl 
mercaptan (Gabriel, B. 12, 1041). Flat tables. 
Yields EtA' (275°-2‘.K)°) and the amide 
CH^h.S.OHa.CONH.j [97°] crystallising in flat 
plates. 

Phenylrphenyl derivative 
C.H,Ph.S.CH.,.CO.,U. [170°]. Crystals. 

Amide CH^(SII).C0.N14 A product of the 
passage of II.jS through an alcoholic solution of 
chloro-acetoinide . containing a little Nil, 
(Schulze, Z. 1865,73). Groups of small prisms. 

Ethyl der ivative of the amide 
CH,(SEt).CONHy [44°J. oFormed from 
CH,(SEt).COaEt and ammonia. Thin prisms. 
Reference. —Nitbobo-thio-olycollic ACiq. 
THIO aLYCOLLIC ORTHALDEHY DE. Ethyl 
derivative of f/ie efher CHa(SBC).CH(Oiiit).^ 
(169°). Fornv^d from CHaCl.CH(OEt)a and 
NaSEt (Autenrieth, B, 24, 162). Volatile in 
steam. 

Pheayl derivative of the ethyl ether 
CH,(SPh).OH(OEt),. (273°). Got in like manner. 

THIO-HYDAHTOlO ACID CJH.N,SO, i.e. 
NH..CS.NH.CH^CO.Hot , . , 

NttrC(NH).S.CHrCO.,H. Formed by heating 
Bodium ohloro-acetata in aqueous solution with 
thio-urea (Maly, A. 189, 380). Crystalline 
powder, ai. sol. water, v. sol. acids and alkalis. 
Jlaooinposed by baat. Converted into (hio- 


acid into SO,II.CH.,.CQ,l 
into sulpho.acetic acid a 


I JI, and by baryta-water 
and urea (Andreasch, B. 
13,1423“; M. 4,131). -4. liaiyta-wator forms thio¬ 
glycollio acid and dicyandiaiuide. — 5. Boiling 
lIClAq forms thiocarbimido-acetic acid. 

Salts.—Ag,C,HjN..SO.-B'-H,SO,. Plates. 
—B'iINO,.- B’ilCl.- B'lIAO.aq. Prisms.— 
B'A,PtCl„.—B'C„lI,N-,0,. Minute yellow needles. 

llefcrences. —Di-Buoaio- and Nitboso-thio. 
nVUANTOlN. 

DI-THIO-HYDSOOWINONE C.H,(SH),. [98°]. 
Formed by reducing benzene p-disuliihonio 
cliloride with tin and llClAq (Korncr a. Mon. 
sclise, O. 6, 142). Formed also from 

(C,H,(NII.,)).,S., by diazotisation, treatment with 
potassium xanthato, and saponification of the 
product with alcoholic xiotash (Leuckart, d. pr, 
[2] 41,206). Six-sided plates, slowly oxidised by 
air. 

THIO-ISATYDE v. Is-wtoe. 

THIO-LACXIO ACID CH,.Cn(SH).CO,H. 
a-Salyhydro-yroinoiiic acid. 

Forviation.—X. From a-chloro-propionic acid 
and KII3 (Scliaolit, A. 129,1; Lov6n, d. pr. [2] 
29, 303).—2. By the action of H,S on silver o- 
ohloro-propionate or silver pyruvate (Bottinger, 
A. 188, 320: 11. 9, 404,804,1061; 11,1661; 18, 
480). ' . 

Preparation .—By saturating a solution of 
pyruvic acid with HjS, and adding oonc. HClAq 
and zinc (Lov6n). 

Properties. —Syrup, miscible with water, alco¬ 
hol, and ether. May be distilled in vacuo. ^ Its 
odour is unpleasant. FeCl, gives a transient 
indigo colour, aud then oxidises it to sulphido- 
dipropionio acid. CuSO, gives a violet aolution J 
a smaller quantity oi CuSO, ppts. the cuprous 
salt. Cobalt acetate and air gives a brown 
colour. ‘ 

Salts.—BaA', (at 180°). Gummy massv— 
Hg(S.CHMe.CO,m,- — Hg(S.CHMe.CO,K)^. 
Bg(S.CHM8.COJ^Sia4. — AgS.CHM8.00,EU 



THIONATfiS. 


-.a(fl.OaM®.OOa^r Pt(S.CHMe.CO,H)^ — 
OqS.OHM«.CO^. Yellow pp.—PbCjH.OvS, 
Ethyl ether EtA'. Oil. Yields 
GaS.CHMe.COfEt as a yellowish powder. 

TfilO-BILACXYLIC ACID v» SulpiuoO'Di- 

PBOPIONZO A.OID. 

THIO.MAHO ACID C,n„SO,. Formed from 
bromo-succinio acid ant^ aciueous KSH at 110^ 
(Oarius, A. 129, 6). Deliquescent mass, oxidised 
by*dilute HNO, to sulpho-succinie acid. -BatV". 
—Ag.A". Bulky pp., readily blackening. 

THI0«2(£SIX0L v. Ttti-MEXiiYL-riiK.SYL mer* 

CAPTAN. 

THIO-DI-METHYL-ANIUNE v. Ti:tua. 

MKTHYn-DI-AMino-I)I-PHENYL SUM'IIIDR. 

THIO-METHYL-CODMARILIC ETHER 

0„H,jSOj U. C.H,<‘^^^‘^^C.CO.SEt. [01"]. 

Formed from methyl-counmrilic ether and 
(Hantz.sch, B, 19, 2400). Yellow needles (from 
alcohol), V. sol. ether. 

THIO-{a)-METHYL.CO0MARIN C,„U,SO i.e. 

[122°]. I'orincd by healing 

(a).mcthyl-coumann with P^Sj at 120° (Aldrin* 
gen, jB. 24, 3400). Yellow needles, ijisol. water, 
V. Bol. alcohol. Converted by alcoholic potash 
into (a)-methyl*coumarin. 

THIO - METHYL - DI - PHENYL - AMINE v. 
MeTHYL-IMIDO-DI-PIIKIA’L SULPHIOK. 

THIO-METHYL-URACIL C,Il„N,SO i.e, 

(?). S. -Oal at 21“ Fomioil 

by tlie action of alcoholic polash on the needles 
which separate aftci some days from a .solution 
of thio-urea (1 mol.) and acctoacetic ether (1 mol.) 
in alcohol to which a llttlo IJCl has been added 
(Nenoki a. Sieber, J,2^' 9o,72 ; List,.-!. 230, 

1; Bchrend, B. J9, 219). Plates, v. si. sol. other. 
Decomposed at 280°. 

Rcactions.—l. The K salt reacts with Ftt 
forming C.,n 5 N._,SOEt and with Mel 

forming CjHjN.SOMe [220°], which yields 
C^HjAgN^SO. — 2, Chloro-acctic ether forms 
C,H,N..SO(CH,.CO,Kt) [143°], whicli yields 
04H5N,80(CH,.C0,1I) [204°]. — 2. Br form« 
methyl-uracil, andfinallydi-oxy-methyl-uracil. Cl 
actsinlikemannor,formiugC:ilJ„CLN':,0,. -3. On 
warming with load hydrate in strongly alkalino 
solution it is converted into methyl-uracil. 
Cone. HClAq at 150°, cone. NH,Aq at i50°, and 
AOjO at 185° also form methyl-uracil. 

Salts. — CjH,AgjN,SO. — CJI.CuN.SO. 
— (C,HjN.,SO),lIg. — C*H,N,NaS0 2aq. - 
C,H,N,KSOiaq. 

THiONAMiC ACID. H. Bose (B. 33, 235 ; ^ 
42, 415) found that SO, and NH;, combined in 
equal volumes, when dry Nil, was mixed with 
excess of dry SO,, to form a yellowish white 
solid, which quickly decomposed in solution, or 
moist air, giving (NHJ^SOi and ammonium salts : 
of other sulphur oxyacids. Rose concluded that ; 
the substance was SO^NH, from the fact that . 
it was formed by combining equal volumes of the : 
two gases; if this empirical formula is accepted j 
theoompouud maybe ^ 3 .NU,.H orSO.OH.NH,. 
When dry SO, was mixed with excess of dry 
NH,, Hose found that 1 vol. SO, ooegbined with | 
2 voIb. Nil, ; the product—an amorphous, white I 
^olid-may be SO,.NH,.NH 4 or SO.ONH,.NII,. 

IC IL P. M. » 


TBIOKAHIDE. By passing NH, into cooled 
S.^CI, Schifif 102, 111) obtained a white solid 
which was ^decomposed by warm water to 
(NIIJ.SOjAq. The solid contained* NH^Gl; 
Schilf regarded it as a mixture of this salt 
with SO(Niy..; ho did not attempt to separate 
the supposeU thionainido from NH^Ol. 

* J M. M. P. M. 

(a)-THIO-NAPHrHOIC ACID. 

Aviidc 0„.H,#CS.Nir,. [I2()°J. Formed 

from (n)-nfiphthoie nilrilo and alcoholio ammo- 
ninm sulphide at 30°-;>">' (Hufmaim. B, 1, 40; 
Bumb(U'gtr, B. 21, 54). Crystals, v. sol. alcohol, 
Te f. ra hydride of the amide 

Funmd by digesting 

; a solution of totrahydrid(5 of (<d-uapljthonitrile 
in alcoludic ummonia Katvinitcd with II.^S for 
some days at 3(1'-10° (Bumhoiger a. Bordt, B. 
22 , 029). Dark-yollow oil. 

f/l)-Thio-naphthoic acid. A mide 
\ C,„U;.CSNiF. from (/b)-naph- 

' tlionitrilo and ammoninin .sulpliido at 35°-40° 
(fJamlMager a. Bockrn.ann,/A 20, 1115). Needles, 

■ V. sol. ah'ohol. Diiisolvo.s in liot water, being 
' slowly convortod into tho nitrile. 

THIO-NAPHTHOL v. NAi‘nrii\T. mercaptan. 
THIO-DI-NAPHTHYL-AMINE v. Imido-di. 

KAniTlIYL RUr,Pillow. 

XHIONATES. Salts of tho i^ivnic acide 
{q. u., p. 098). Four scricK of thionates are 
known; a fifth probably e.xist.s: M.^S,0„=:di- 
tliionaigs; M trithionates; «tetra- 

thiotialc.'^; Sl^S,()„ •pentathionatoH; p^id pro¬ 
bably hoxall)ionates. Tim thionates 

are formed by tho action of alkalis on tho liquid 
obtained by passing II.H into .saturated SO,Aq; 
also by the oxi»latiou of sulpititcs, tliiosulphates, 
and mixtures of llioso, and in other roaotionH 
[<■/. TnroNio ACIDS, p. 008). For general quali¬ 
tative reactions of thionates and thiosuiphates v. 
Debus ((/. J. 53, 29H). • 

DITIJIONATKS, M'.,S.D,., M"S.,0,„ and 
{JfiipoHvlphdtrii.) The alkali salts 
arc formed by the interaction of a dilute solu¬ 
tion of I in KIAq and dilute NuHSOjAq (Spring 
a. Bourgeois, Bl. [2] 4(5,151; Sokolofl a. Matt- 
scheiT.ski, IJ. 14, 2058); also by tlio reaction of 
KMnOjAq* on thiosulphates in acetic acid solu¬ 
tion, or on sulphites or Irithionates (HOnig a. 
Zatznk, M, 4, 738 ; Fordog a. Qi'ilis, J. Ph. [3] 
3G,«113). The Ba salt is h^rnied bypassing SO, 
into water holding MiiO.,, in suspension, ^Utering, 
and adding BaOAq (for more details v.Ditzuomio 
ACID, p. 098^; most of tlio other dithionates 
are obtained by tho interaction of BaS,0,Aq 
;#nd sulphates; soveral have been prepared by 
digesting H-_,S^(XAq with inctallio iiydroxides. 
The ditnionates are sol. water; tho salts of 
tho alkali and alkaline car|h metals are not 
readily decompose^ either in solution or as 
polids ; solutions of most of the other salts are 
decomposed by heat, giving off SO, (t». KiUsa, A. 
240, 179, 284 ; Geuther, A. 220, 232). 

Dithionates give off SO, when heated to red* 
ness, leaving normal sulphatos; thus 
«SO,+M.,SO,; this reaction is characterisuo; 
so also is the reaction of H,S04Aq or HOIAq 
with boiling solutions of dithionates, whereby 
H.,SO,Aq is formed and SO, ie given off, without 
separation of S. 



aM 


moKAt&s. 


Ammoidum ditliiooate ^ Ob- i 

tsined by dooomposing the Ba salt m eolation by 
(NHJaSO^Aq, filtering and crystq^Uslng. S.O. 
1-704 (TopeoS, C. C. 4, 76). Kluas (A. 246,179, 
2S4) gives formula 2AmaS20e.aq, and says the 
Balt crystallises in monoclinio needles. Very 
sol. water; insol. alcohol. Aqueous solution 
may be boiled without ohango. «FSrms double 
salts with AmGl (Fock a. Kluss, B. 24, 3017); 
also with the dithionates of «A1, Cd, Co, Gu, Fe, 
Mn, Ni, and Zn (K., l.c.). 

Barium dithionate B&SaOy. 2aq. Formed by 
passing SOjinto water at oaO” holding coarsely- 
powdered MnO, in suspension, till the MnO, is 
dissolved (Mn02 + S02+Aq = MnS0^Aq; and 
also Mn02+2S02+Aq = MnS20BAq), filtering if 
necessary, adding BaOAq to alkaline reaction 
(MnSjOjAq + Ba0.^.^q = BaS20«Aq + Mn02H2), 
filtering from MnOaH^, evaporating, and recrystal- 
lising from water (cf. Stas, GJiem. Proport. 117). 
White prisms; S. 24*75 at 18®, 90'9 at 100®, 
lOO’G at 102® = b.p. of |aturaWl solution; insol. 
alcohol. The crystals effioresce in# air, losing 
2H2O; a hydrate with 411.^0 is obtained by slow 
evaporation (v. Heoren, P.7,55; Gay-Lussac, 
A. Ch, [2] 10. 312; Baker, G. N, 36, 203 ; cf. 
Spring a. Bourgeois, BL [2J 46,151. For crys¬ 
talline form V. Senarmont, J. 1857.142; Kam- 
melsberg, P, 68, 295 ; von Lang, W. A. B. 45 
[2] 27). Sdhill (A. 105, 239) described double 
salts with MgS...Oj and Na^S^O,, {cf. Kraut, A. 
118, 96); Bodiiinder {Chem. Zeit. 14, 1110) 
described a double salt with Bb...S...Q«; and 
Kluss {A. 246,179,284) double salts with Ag^S^O, 
and TljSjO„. 

Many of the other dithionates are prepared 
from the Ba salt. 

Potaasiam dithionate Prepared 

from a solution of the Ba salt by adding an 
equivident quantity of K..SO^ in solution, warm¬ 
ing, filtering, and evaporating; also by boiling 
K^SOjAq with MnO, filtering, and separating 
from K2SO4 by fractional crystallisation (K.^SO, 
is much loss sol. water than KyS^OJ. Wlhte, 
hexagonal crystals; unchanged in air; decrepi¬ 
tates when heated and then gives off SO, and 
leaves K,SO,; S.G. 2-277 (Topsoe, Bl. [2] 19, 
246). The crystals rotate the plane of polarisa¬ 
tion of light; an aqueous solution is optically 
inactive (Pape, P. 139, 224). S. 0. 6 at ordinary 
temperature, 0. 60 at 100®; insol. alcohol 
(Heoren, P. 7, 66). 

Sodiam dithionate Na,S,0,. 2aq. Prepared 
similarly to the K salt. Also formed, accord¬ 
ing to Bunte (B. 7, 646), by heatirfg Ha.Et.S.jOj 
for some time at 100® (Et,S, distils off). Large, 
Instrous, rhombic prisms; unchanged in air*, 
S.O. 2-176 at 11® (Baker, C. 2V^.,36, 203]. S. 47*6 
at 16®; 90 9 at 100®; insol. alcohol. Solution 
is slowly reduced by sodium-amalgam to 
Ha^SO^Aq (Spring, B. 7, 1161). Kraut (A. 117, 
97) desoribed a hydrate with 6H.G. 

Dithion^s of the following metals have 
also been described (the figures indicate the 
references); A1 (1) (3); Be (3); Bi (3); Cd (1) 
(2) (4); Ca (1)(4) (5); Cr^3); Co (1)(2) (3) (4); 

_ , . (2) (4) (5): St (2) 
.r(3)i Zn(l)(2)(4). 

(1) Hoeron, P. 7* 72,171 i <2) Bammelsberg, 



P. 68, 298; (8) KlfisB. A. 246,1^9,284; (4) tofi- 
80S, 0* C. 4, 76; (6) Baker, 0. 86, 203 ; (6) 

Picoard, J. pr. 86,456. 

TRITHI0NATESM*,S,O,anaM«S,O,- The 

alkali salts are formed by digesting oono. 
MHSO,Aq with S at 60®-60® (6MHSO^q-f. 2S 
- 2M,SaO«Aq + M,S,0^q + 3H,0)(Pelouze,A.Ch. 
[3] 79, 85); also by hpating dilute MHSO,Aq, 
r or keeping the solution for a long time in a 
closed tube (Saint-Pierre, C. R. 62, 632); by 
passing SO, into M^SjOaAq (2M2S,OjAq 4-380, 
= 2M2S30,Aq + S); by passing SO, into M,SAq 
(Chancel a. Diacon, J. pr. 90, 35; Bathk^, 

J. pr. 95, 11); by the interaction of I and 
a mixture of M^SO, and M,S,0a*in solution 
(M-.SOaAq 4- M^SaO^Aq 4 I,« MaSaO^Aq + 2MIAq) 
(Spring, B. 7,1157); by the interaction of boil¬ 
ing water on AgKSaO, or HgNa,(S,03)„ whereby 
KaSaOsAq or Na,^S308Aq is formed, along with 
Ag,S or HgS (Spring, l.c .); by reacting on 
M,SOaAq with S.^Cl, (Spring, B. 6, 1108); by de¬ 
composing M,S,OaAq by a non-oxidising acid, 
e.g. by H,SO, (Spring a. Levy, Bull, de VAcad, 
roy. de Beige, 42, 108); by heating (NH,).,S04 
with P^S,, Spring {B. 7, 1158) obtained a little 
(NHJaSaO^, along with much (NH4),S,03, some 
KH, polysulphides, and P compounds ; EjSaOgis 
also obtained from Wackenroder’s solution. 

The trithionate.s arc soluble in water; they 
very readily decompose? heated with water 
they give off SO,, deposit S, and form sulphates 
; in solution. Addition of excess of CuSOfAq to 
' solution of a trithionate causes ppn. of CuS and 
i evolution of SO, (Spring, B. G, 1108). 

SEi.ENOTHiTUioN.vrKS M,GcS,0,i are described 
as dithio-iriselenates under Sblenates (p. 434). 

Potassium trithionate K^SaO*. A cone, solu¬ 
tion of K,S.,03 is formed by dissolving the salt 
in 8 pts, water and 1 pt. alcohol till the alcohol 
separates from the aqueous solution; SO, is 
passed into this solution at 25®-30®, solid 

K, S,Oa being added from time to time, till the 
j liquid is yellow and smells of SO,; the crystals 
: that separate are dissolved in water at 60®-70®, 

the solution is filtered from 8, mixed with eight 
times its volume of 84 p.o. alcohol, warmed 
gently, and allowed to crystallise (Plessy, A. Clu 
[3J 20, 102; for other methods of preparation 
I V. Langlois, A. Ch. [2J 79, 77; Bathko, J. 1864. 
164 ; Chancel a. Diacon, C. R. 66, 710). White 
rhombic needles (Baker, C. N. 36, 203). Very 
sol. water, insol. alcohol. Aqueous solution 
gives K,SO,Aq, SO„ and S when heated. Debus 
(C. J. 63,318) founa that K,SaOaAq slowly changes 
at the ordinary temperature, giving KaSO^Aq, 
K,S40»Aq, and KjSaOaAq without separation of 
S. According to 0. a. D. (f.c.), K,SjOaAq inter¬ 
acts with K,S.Aq to give only K,S,0,Aq ; with 
H,S the products are K,SO,Aq, KjSaOaAq, and S 
(Debus, C. J. 53,329). Sodium-amalgam reacts 
readily, producing KNaSaO, and ENaSOa (Spring, 
2?. 7,1161). 

The other triihionates that have been iso¬ 
lated are those of Ba (Kessler, P. 74, 253); 
Pb (K., I.C. ; Chancel a. Diacon, O. R. 66, 710); 
Na (K., U .; Eathke, /. |»r. 96, 13; Villiers, C. 
R. 106,1356); and Zn (Fordoa a. G^Us, A, Ch. 
[3] 22, 66).c 

TETltATHIONATES wid- 

The alkali salts are formed by tritarating 
with I, adding a little water and pouring into 
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ftt<x>l)oI (too ^obolcoff, 6 . l8f 1869 ; EHasberg, 
B. 19,' 822; Fook a. Kluss,' B. 28, 2429}; the 
Pb s^t is formed b; the {prolonged interaction of 
landFbS^O,, also by the interaction of £L^SO,Aq 
and a mixture of PhS^O^ with PbO^ (Chancel a. 
Diacon, /. pr. 90, 55); tetrathlonates arc also 
formed, according to Spring a. Levy {Bull, de 
VAcad. toy. de Beige. 42t 108), by the interaction, 
of thiosulphates and ferrous or cuprous salts, 
KMnO^Aq, hypochlorites, or KCIO, dissolved in 
ILSO*Aq. K.;S^O, is obtained by neutralising 
Wackcnroder’s solution by KC..II3O2 (t>. Debus, 
S. J. 58, 278 ; cf. Curtius a. Henkel, J. pr. [2J 
87, 137). The tetrathiouatea are 0. sol. water, 
but insol. alcohol; aqueous solutions are gene, 
rally decomposed on evaporation. 

Fotassinm tetrathionate K.StO,. Formed 
by adding I, little by little, to cone. K^S,OyAq till 
a permanent reddish-brown colour is produced, 
dissolving the crystals that separate in warm 
water, filtering from S, adding alcohol till the 
pp. that forms is re-dissolved, and allowing to 
crystallise (Kessler, P. 74, 258). 8(iontaneous 
decomposition of cone. K;iSj,OBAq gives 
and S (Debus, C. J. 53, 311). Perfectly dry j 
K2S4O, can be kept unchangccl in a dry atmo- j 
sphere; but in ordinary air, after a time, SO.; is | 
formed; an aqueous solution of ICS^O^ slowly j 
changes to K..S;,0«Aq, K.^SjO,Aq, K..,SO.,Aq, and i 
SO* (D., I.C.). BrA<i reacts to form HBO^Aq, S, | 
and KBr; but if the BrAq is added very gradu- | 
ally the S that is formed combines with residual ! 
K^8,0„ to form K^S^O,; similarly, if a little K^SO, j 
is added to K.;S.,O^Aq, and H^S is tlien p.assed ' 
in, KjSO. and S arc t'ormed, and the S combines 
with unchanged K.*S,Oa to form K*S,,Oa (D*. l>c. 
p. 815). Sodium-amalgam forms kNaS;;0*Aq 
(Spring, B. 7, llCl), 

The other tciralhlonates that have been iso¬ 
lated are those of Ba (Lewes, G. J. 89, C9; 
Fordos a. 06lis, A. Ch. [3] 22, 60; Curtius a. 
Henkel, J. pr. [2] 37, 137); Cd (Kessler, P. 74, 
263); Cu (Chancel a. Diacon, 0. li. 56, 510) ; 
Fe (F. a. G.); Pb (K.; C. a. D.); Na (K.; von 
Klobukoff, B. 18, 1869) ; Sr (K.); and Zn (P. 
a. G.). 

PENTATHIONATES M^.S^O, and M“SA- 
Waokenroder, in 1845 {A. CO, 189), asserted 
that the liquid formed by passing ILS *iiito 
SOjAq contained pentathionic acid ILS^O^; 
other chemists confirmed his results, and pre¬ 
pared a few salts of the acid (t>. Lenoir, A. C2, 
253; Fordos a. G61is, A. Ch^] 22,66; Kessler, 
P. 74, 257 J Ludwig, At, PAr[2j 85, 9 ; Chancel 
a. Diacon, C. R. 56, 710). At a later time the 
existence of pentatbionates was denied, nhiedy 
by Spring (B. 12. 2254; 18, 924; 15, 2618). but 
upheld by Kessler (B. 18, 424; v. also T^at- 
tnatsu a. Smith, B. 13, 1076). In 1881 Lewes 
(0. J. 89, 68) seemed to have isolated BaS;,0« 
and £28^00, but Spring failed to confirm his re¬ 
sults. Shaw, however (C. J. 43, 857), repeated 
Lewes’s experiments, and obtained KjS.O^. In 
1888 Debus (C. J. 53, 278) made an elaborate 
mvestigation of Wa<^enrc^er'B solution, and 
prepared KjS^O^ ther^rom. Curtius a. Henkel 
(tT. pr. [2] 37, 187) assert that Waokenroder's 
solution cont^s acid tetrathionatdb, in which 
the ratio of S to Ba is greater than 4S:Ba, and 
that those have been mistaken for pentathionates. 
JBot Debos’a eiperiments seem to have settled 


the dispute in favour of tho exUtence df penta¬ 
thionates. Ammoniocai AgNOtAq gives veiw dis- 
tinct brown oolouration, Mowed by a black pp. 
with pentathionates; this reaction diatinguisnes 
them from salts of other S oxyaoids (o. Debus, 

I. C., p. 207), 

Potassium pentathionate 2K2S^O«. 3aq. 
Debus (C. X'SS, 294) prepared this salt from 
U'ijcA.cnroJcr’s solution (i’. p. 698) by adding 
I 16 06 g. KCdIjO* ft)roviouRly fused) to 43 c.o. of 
' the solution of S.G. ^-343; tho KC*H,0, was 
dissolved in as little water iis possible acidu¬ 
lated with a few drof)s of iiuetio acid; the solu¬ 
tion was placed in a largo flat dish in a current 
of air until tho liquid had evaporated ; tho oiys- 
talliuo residue (weighing 26 g.) was repeatedly 
pressed between filter-paper, and then dissolved 
in 50 c.c. water -v 1 c.c. H.SO,, at 40 ^; tho minute 
quantity of 8 that separated (c. *005 g.) was 
filtered olT, and the fillrato was allowed to crys- 
tallifto in a flat. dish. The crystals that sepa¬ 
rated (18*75 g.) >.oro a enixturo of and 

Ks8;,0„; tfiey w(u*o dried by placing them on 
blotting paper, and the crystals of pentathionate 
wore picked out (6*75 g. wore obtained), crystal¬ 
lised twice from water acidulated witii a little 

II. SO,Aq, and dried over U^SO^. The crystals 

of pentatliionato form four-.sided rhombio plates, 
or six-sided star-like plates; those of totra- 
Ihionato form six-sided prisms, with pyramids 
only on one end, and with the side on which 
they rest much developed. Lewes {G. J. 89,75) 
doserib*<l throe salts: K.S.^Ou, ana 

K.SjOrt ’Jir.O ; Debus’s salt w'as 2K.;8j4)„.8H20. 
Accortling to Fock a. KUtss (B. 23, 2428), this is 
the only salt that exists (cf. U., l.c.. p. 297). The 
salt can also bo obtained by passing ILS into 

I K,S,0,,Aq acidulated with U*SO,Aq (D,, Z.c., p. 

! 31*5). 

I Crystals of 2K2SiOj.3Hp begin to dccom- 
j pose, when kept in a stoppered bottle, after 
I month or so, giving eventually a yellow, pulp^ 

I mass of K284O,,, S, and water; the decomposi- 
I lion is caused by water in the interstices of the 
I crystals. By powdering finely, washing with 
I dilute alcohol, and placing over HjSO^, Debus 
; (l.c. p. 295) kept the salt unchanged for two or 
! three years. 2K2S;iOa.8HyO dissolves in o» 2 
I parts water, forming a clear, neutral solution, 
which soon decomposes with separation of S 
; and formation of K^S.O^Aq (D., l.c., p. 811) ; 

^ addition of a drop of dilute KOHAq to the solu- 
; tion causes separation of S (p. 291); H^S ppts. 
j much H, anc^ K^S^O,, and are formed in 

: tho solution (p. 328); SO* produces K;8*OaAq 
and E2S*0*Aq (p. 832); tho salt is insoluble in 
; Ulcohol. 

Barium pen^thionate BaSftOs. 3aq; obtained 
by Lewes (C. J. 39, 68) by partially neutralising 
Wackenrodcr’s solution by BnOAq, orystallising 
over H^SOf, pouring off from BaSfO*, and again 
crystallising. 

Copper pentathionate CuSjO, 4a(>;obtain6d by 
Debus Ux., p. 300) in blue, prismatio crystals, 
by adding Cu(C2H30j2Aq to Wackenroder^s 
solution and allowing to evaporate. Debne 
probably obtained zinc pentathionate, bnt not 
in a pure state (l.c.. p. 299). 

HEXATHIONATES. By adding KOaH,0,Aq 
to the mother-liquor from and 

(9. iupra), evaporating in a ooivent of airi oia* 
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solving in water with a little HjSO^Aq, i^owing 
to evaporate in portions* and collecting the 
crystals separately, Debus (C. J, C8,^01) obtained* 
a salt in which the ratio of S to 0 was almost 
6S;60, as required by potassium hexathionate. 

M.^M. V, M. 

THIONESSAIi V» TETBa>PBSMY^»BIOPiJENB. 

TEIONIC ACIDS. The .acids JX^ixOo, where 
0 — 2, 3, 4, 5, and probably C, are generally 
called thionio adds, and are distinguished os 
^ri-, Ac., thionio acid. The acids are known only 
in aqueous solutions; most of these solutions 
readily oxidise to H-^SO^Aq* Dithionio acid is 
produced by the action of certain oxidlscrs on 
H^SOsAq ; dithionates are formed by oxidising 
sulphites and thiosnlphutes; trithionates are 
formed when mixtures of sulphites and thio¬ 
sulphates are oxidised, also when SOoAq intor- 
aots with alkali thiosulphates; tetrathionates 
result by the action of certain oxidisers on thio¬ 
sulphates. These processes may be represented 
diagraramatically as ^oIIowsk (the actual re- 
actions are much more complex) : • 

(1) 2a,80,Aq + 0 - H .8.0,Aq + ILO; 

(2) 2MnS0.,Aq + O = M,.S-.0«Aq 4- M.O; 

MaSAW 30 = M.S.AAq; 

(3) MjSOaAq + U.B-.OM + O - M.SA-^a + M.O; 

2 M..S. 03 Aq + 3S6..Aq 2M..SAAq + S; 

(4) 2MaS,0,Aq + 0 -'M,S,0„Aq + M.O. 

After passing H.S for a longtime into nearly 
saturated HaSO^Aq, the solution contains 
H,SA» mucli HaS^O.,, I^SA. and probiibly 
IlaSgOa, along with HaS04, dissolved colloidal 
S, and 9 little S in suspension. This solution is 
known as WacliC7iroder's solution (Wnckenroder, 
A, 60, 189 [1815]). It has been examined by 
many chemists; a very thorough investigation 
was made by Debus in 1888 (C. J. 53, 27B; 
where references will bo found to other memoirs). 
The solution examined by Debus was prepared 


by passing a slow cuxTcnt of 11.8 into 480 c.c. 
‘ nearly baturatod SOjAq at a little above 0° for 
two hours, keeping in a stoppered bottle for 
fort^-oigbt hours at the ordinary tempevaturo, 
passing in H^S for two hours, after forty-eight 
hours again passing in H..S, and repeating these 
treatments until the liquid no longer smelled of 
80^ after standing for a couplo of hours at the 
ordinary temperature (about two weeks were re- 
. quired before the action was comideted). Tho 
liquid thus obtained contains a largo quantity 
of S, partly as a hard brittle solid, i>artly as a 
soft and gummy mass, and partly in suspension 
in minute particles which pass Uirough filter 
paper; the liquid remains milky after filtration, 
and does not become clear on standing for two 


or three weeks (regarding tho variety of S ili 
solution, V. Sulphur, Allotrovic foi'jns of, p. 
608). Debus (f.c., p. 348) thinks that the pro¬ 
duct of the direct interaction of SOjAq and 
H.,SAq isH^SA (3S0.4Aq-f-H^SAq = H.,8 A^q); 
that part of this H^SA reacts with excess 
of SO«Aq to form HaS^O^Aq and IlaSPnAq 
(? HjS^O^Aq + H,SO^q = H,S,O.Aq + H,S,0^q), 
and that part of tho H^S^O^Aq reacting with 
H StO,Aq forms H,SsO«Aq 
f?‘Hl,S40Aq + H.S..O^q - H,SjO,Aq + HaSO,Aq) 
(D., lx,t p. S33); that the H^S reacts with 
HjS^O^Aq to form H,0 and S, part of the S com- 
^bining, as it is formed, with H^SjO^Aq to form 
^«0«Aq, and and part 


remaining in solution as colloidal S. H » 
passed into Waokenroder’s solution, more 
is formed; and if the passage of 
is continued until all reaction ceases the 
thionic acids are decomposed, and the final 
products are S and H.p, so that the equation 
80...Aq-i-2HgSAq—3S + 2H*OAq correctly repre¬ 
sents the interaction of . SO^^q with H^SAq bo 
far as the final products are concerned (v. D.,f.c., 
p. 351). 

Solutions of tho thionio acids more or loss 
rapidly decompose, the final products being 
H.SO^Aq, SO^Aq, and S; oxidisera such as 
Cl or IINO^Aq—in some cases air is suQicieut— 
convert them into ASO^Aq; reducers, such as 
Na amalgam, produce H^SAM* sometimes 
also H.SOjAq, and in some cases ASAq. 
None of tho acids has been isolated apart from 
water; salts of all are known (u. Thionates, 
p. 695). The acids are all dibasic. 

Kegarding tho constitution of the thionio 
acids V. Mendel6eff, B. 3,870; Michaelis, A. 170, 
31; Spring, D. 6, 1108; Debus, C. /. 53, 351. 

Ditjionio acij> II.SA^'q* (JTijiiosulphurie 
acid.) A solution of this acid is formed by 
suspending coarsely-powdered MnO. in water, 
and passing in 80.^ while the liquid is kept at 
, o. 0^; filtering, adding BaOAq to alkaline re¬ 
action, and filtering from BaSO^ and MnO^a; 
evaporating, crystal! isin«f out BaSA* ^^‘1* 
decomposing this salt in solution by tho equiva¬ 
lent quantity of ILSO.Aq ; filtering frotriBaSO,, 
and evaiiorating in vacuo till a liquid of S.G. 
1*347 is obtained (MnO.^ + 2SO.Aq - MnSA^fi* 
Mn0. + S0ji.q = MuS04Aq)*(Spring a. Bourgeois, 
Bl. [2J 40, 151). If evaporation is continued 
beyond this concentration, II..S04Aq and 80.j 
are formed ; tlie same decomposition occurs when 
ll.SaO„Aq is evaporated by heat. ASaO^Aq 
is reduced by Zn and HClAq to ASOjAq at 0® 
(Otto, A. 147, 187); it is oxidised to A904Aq 
by Cl, HNO„ KClOj and IICI <fcc.; it slowly 
oxidises in air (cA Dithionates, p. 695). Thom¬ 
sen {Th. 2, 259) gives tho following heats of 
formation of If.k^Oa.Aq ;—[S',0\A(i] -211,080; 
£2SOAO,Aq] * 68,920 ; [‘2SOMq,0]« 63,520 ; for 
the heat of oxidation of H^SA‘^1 A^AAq 
he gives (S.AM + ^^ = 2^AM) CS'C)'Aq,0] 

^7«.740. 

Tiutiiionio acid A^A^fi* ^ dilute solu¬ 
tion of. this acid is formed by decomposing 
K.SAA^fi * by tbe equivalent quantity of 
HCi04Aq or II-^ljilAAci, and filtering from 
KCIO, or K.SiBa iDanglois, G. It. 10; 461; 62, 
842 ; Kesslei^ P. 74, 250). Tho dilute solution 
cannot be evaporated, oven in vacuo , without 
partial decomposition, with formation of SO^ 
and S; when heated it rapidly changes to 
H.SO.Aq, SO. and S. The dilate solution is 
colourless and odourless, and has a sour and 
bitter taste (c/. Trithionates, p. 696). Tho K 
salt, from which the acid solution is obtained, 
may be prepared by dissolving in water 

containing one-eighth part of alcohol, imding the 
salt tin the alcohol separates from the aqueous 
solution, passing in SO,, With addition from time 
to time of a little K^Q^Ot, temperature being kept 
at 25°-30*’,<tiU the liquid is yellow and smells 
of SO„ setting aside till crystals separate, and 
re orysttjUsing from warm water (filtering froak 
separated 8) (Flesaj, A, OK £3J ii» 189)« 
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TxTAATntoMlo ACis HgS^OgAq. PbS40,Aq ia 
Aeeompoeed by the equivalent quantity ot 
H..SO|Aq (not by H,S, which reacts with 
11^,0,), ana the filtrate from rbS04 is concen¬ 
trated on the water'bath, and then in vacuo 
over H^SO^ (Fordos a. G6li8, C. R, 115, 920). 
PbSiO.may be prepared by pouring a solution of 
2 ptff. NaaStOrSHjO inenuch warm water into a 
dilute warm solution of 5 pis. lead acetate, and 
thoroughly washing the ppd. PbS.G, with warm 
water, adding water enough to paKially dissolve 
the PbSaO,, then adding 1 pt. I, and letting 
%tand for some days, with frequent shaking, 
filtering from Pbl.^, evaporating and crys- 
taUising (2PbS,0, + 21 + Aq = TbS^Aq t Pbl,). 

H^SiO^Aq is colourless and odourless; it has 
a soar taste. Dilute II;^S40sAq may be boiled 
without change, but the cone, solution decom¬ 
poses to II.SO^Aq, SOo, and S. Dilute IIClAq or 
lIjSOfAq does not interact with cold IPS^O^Aq ; 
on warming ILS is given off; HNOyAq or (J1 
rapidly oxidises II^S.OeAq to Il^SO^Aq {cf. 
Tetratuionatbs, p. 6%). Thomsen { Th . 2 
262) gives the following data for II.F.:— 
[S',OSAq3 = 192,430 ; [2S0^S%0,Aql = 50.270; 

[2SO*Aq,S-,0] = 34,870 ; [2S-0-Aq,OJ = 53,490. 

PENTATinoNic Acio HjSiO^Aq, and IIkxa- 
TiiiONio acio II^SuO^Aq. These acids very i)ro- 
bably exist in Wackenroder's solution {v. supra, 
p. 098), as salts of and probably also of 

lIjS.Oj, have been obtained from that solution; | 
solutions of tlie acids have not been isolated 
(tJ. PBNTATiHONAi'KS, p. C97| and IIexatiiionatks, 
p. 097)*. M. M. P. M. 

THIONINE. The aronp c^n 
t.<. (Boinlhaou a. 

Goske, B. 20. 031). 

THIONOL 

Formed by heating imido*di*phcnyl Bulphi<lo 
with dilute BL^SO* at 150°.100"^(Bernth8en. A. 
230, 188). Brownish-red powder," which acquires 
green lustre on rubbing. Insol. cold water, sol. 
acids and alkalis, forming a violet solution. YicKls . 
di'Oxy-imidO'diphenyl sulphide iq.v.) on reduo- j 
tion.—Greennccdles.—B'BaO(dnedat | 
100®). Plates with green lustre.—B'Ag;iO*(dried 
at 100°). Brown amorphous pp. • 

THIOKOLIKE v. Oxv AMino-iuinO'PiruE.Nrn 
•ulehide. 

THIONUKIC ACID i.fl. 

CO<^yQQ>CH.NH.SO,H. Formed by tho 

simultaneous action of NH, and SO.^ on alloxan ^ 
in aqueous solution (Liebig a. Wohler, A. 26, 
268, 314,331). Formed also by warming nitroso- 
barbiturio acid with ammonium sulphite (Baeyer, j 
A. 127» 210). Crystalline mass of needles, v. sol. ' 
water. Decomposed by boiling water into uranil 
and Induces ammoniacal AgKO, to a 

ittin‘Qr.~(NH4)jA”aq. Four-sidod tables, si. sol. 
oold water. At 2(^° it yields (Nii4),S04 and 
zanthinine (Finok,*A. 132, 298).—(NHJHA''. 
White needles. — CaA". Prisms.—PbA" aq. 

THlOirTL-m-AlUDO-BENZOIf ACID 
BO:N.O.H4.CO^. 

’ Miihyl 4th4rU6Af. [67°}. (212° at 100 
QBB.)* Fonnad lR»a meUiyl m^anudo-benaoate 


and SOCl, (MIchaelis, A. 274, 250). Tellow 
crystalline mass, v. sol. ether and benzene. 

Ethyl ither EtA'. Oil. 

THIONTL -DIAXIDO- DI-FSENTL-ETHTL- 
ENE 02H4{C,n4.N:S0),. [202°]. Formed from 
di-amidO'^ilbcMie and SOCL (Micbaelis, A. 274, 
205). Bed needles, m. sol. benzene and CHCl,. 

THIOAyL-AUXpO-PHENOL. Ethyl de- 
rivative CJI.(OEt).N:SO. [82°]. (220° at 

200 mm.). Forized from p aniido-phenotol and 
yoci^ (Michaelis, A. 271, 210). Light-yellow 
needles, v. 6oI. ether. (Slowly decomposed by 
water. « 

i THIONYL-AMYIAMINE RO:NC,n„. (87° at 
■ 60 mm.). Formed from oinjbiinino (103°) in 
ellier and BOCl, (Michaelis, A. 274, 191). OU, 
decomposed by water. 

j THIONYL-ANILINE CJI,N:SO. (200°). S.G. 

! 1-1’23C. Formedfiom aiiilincin benzene solution 
: andSOCL(Michaelis,B.23,34s0;24,745), Liquid 
with peculiar odour, sol. alcohol. Converted by 
; alkalis into anihne and^sul)>liite. Clilorine forms 
• tri-chlor(^anif!no [78^]. Cone. llClAq also forms 
I aniline and SO,. Tho compound C„lI,Br,N:SO 
! [75°J is formed from tri-bromo-anilinoinbenzone 
and SOCL. Tlic compounds [l:2jC4ll4Cl.N:SO 
[-8^1, [i:3] C.lI.Cl.N;SO (23.3^) and [1:4] 
C,Il 4 Ci.N:SO [30 •'J (237°) arc formed in like 
manner, o*, vi-, anti Tliionyl-bromo-anilines 
melt at 4°, 32 and 01° respectively (Michaelis,^ 
A. 274, 221). Thieiiyl-totrU'luomo-aniline molts 
at 78°. Thionyl j)-iodo-aniIino [51°j and [4:2:1] 
Coll Jf.N:SO [74''J arc also eiyslallino. 

Reference. —NiTKo-TmoNYn-ANlLiNri. 

THICK YL BROMIDE SOBr, v. Suu-uuaoxv- 
BnoMiDk;s, p. 017. 

THIONYL-ISOBUTYLAMINE C.U^NSO i.e. 
CHMo 2 .CrL.N:SO. (110°). Formed from SOCl, 
and isobutylamino in other (Micliuolis, A. 274, 
191). Liquid, with i)loasant smell. 

THIONYL CHLORIDE BOCl, V. Solpuur 
oxYCiiiiOUiDr.s, p. 017. 

THIONYL'CUMIDINE CJI,Pr.N:SO. (168°). 
Got froni SOCl.j and tlio cumidine obtained 
from isopropyl-bcnzcno by niliution and reduc¬ 
tion (Micliaolis, A. 274, 239). Oil, not decom¬ 
posed by boiling water. 

Thionyl-tf^-camidine C,H,MOj.N:SO. [ —10°]. 
(240°). Oil, V. sol. alcohol and other. 

THIONYL-EXHYIAMINE EtN:SO. (73°). 
Formed by adding 80CI, to an ethereal solution 
ot cthylainino cooled below 0° (Michaelis, B. 
24, 750). 

THIOM^L-MESIDINE . OAMei.NtSO. 
[-11°]. (241°). y.G. 1T21. Volatile with 
steam (Michaelis, A. 274, 240). 

THIONYL-METHYLAMINE MeNtSO. (69°). 
Liqui(>(Michtfblis, A. 274, 187). 

THIONyL-METKYL-ANILIHB 
SO{C*ll 4 .NHMe)j. Formed from SOCl, 

and methyLaniline in ethereal solution in pre¬ 
sence of AlClj (Michaelis a. Oodohaux, B. 23, 
3019). Colourless needles, v.° sol. aloohol. 
Yielaa anitrosamiaeSO(C„H 4 .NMe.NO)y [171°]. 

THIONYL.(a)'HAPHTHYLAllIHE 
C,eH,.N:SO. [33°]. (226* at 100 mm.). Formed 
from (a)-naphtbylamine in benzene and 8001, 
(Michaelis, A. 274,258). Beddish yellow needles, 
^owly converted by water into naphthylaiauM^ 
sulphite. 
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ThleByI-(0]>iup1itb7lamiBC [63°]. Needles. 
The thienyl aemative of bremo-(3)-naFhthyl- 
amine [ 68 ^ melts at 118°. > 

lHIOrn«)-HITEO-ANn.INE C.H.N,SO,t.e. 
CiHdNOJ.NiSO. [62°], the m- compound melts 
at 63°, while the p-isomeride mel^s at 70° 
(Michaelis, A. 274, 226). 

THIOHYL-NITEO-MESIDINB •• 
<.6.0„HMea(NOa).N:SOe [77°]. Got from nitro- 
mcsidioe [74°] (Michaelis, il. i674, 241). Light 
yellow needles, v. e. sol. benzene. 

Tbionyl*dl-nitro.ae 8 idme. [127°]. Formed 
from dimitro-mesidine [193°). 

THIONYL-NITKO-NAPHTHYLAMINE 
C,oH 0 (NO 2 ).N:SO. Nitro<napbtbylamine 3 [191°] 
and [119°] yield thionyl derivatives melting at 
89° and 136° respectively (Michaelis, A. 274,258). 

THIOKYIt-HlTBO-TOLUlDlNE C,H«N.,SO, 
i.6. 0^,Me(N0J.N:S0. The compounds from 

(2.1.4) >nitro*toluidine [75°] and {3,l,4)-nitro- 

toluidine [114°] melt at 44° and 39° respectively 
(Michaelis, A. 274, 232)^ • 

DI.THIONYL.PHENYLENE-IHAMINE 
C«H 4 (N:S 0 ),. The m- and jo- compounds melt at 
44° and 116° respectively (Michaelis, A. 274,261). 

THIONYI-PHENYLETHYL-AMJNE 
PhCH,.CH,.N:50. (172° at 26 mm.). Liquid, 
decomposed by water into SO.^ and base. SO, 
passed into its ethereal solution forms amorphous 
, l‘hCH«.OH.,.lTlI.SO..H, whence benzoic aldehyde 
yields rhOH.,.CH.;N(SO,H).CHPh.OU [114°] 
(Michaelis, B. 26, 2167). 

THIONYL.PHENYL-HYDBAZINE v. Action 
of SOCl, i>n PHL;NyT<-HYDR.^ziNi;. 

THIONYL.PHENYL.PBOPYLAMINE 
CH^h.CII«OHa.N:SO. Formed from phenyl- 
propylamine hydrochloride and SOCl.^ (Michaelis 
a. Jacobi, B. 26, 2161). SO^ passed into its 
ethereal solution forms theamorphous compound 
NH(S 02 lI).C,H 6 Ph, which reacts with lonzoic 
aldehyde forming SO,H.N(CHPh.OH).Cj,HaPh 
[106°]. 

THIOKYL-PBOPYLAMINE PrNiSO. (104°). 
Smells like bleoohing-powdor (Michaelis, A. 274, 
190). 

THIOHYL-TOLUIDINE CaH.Mc.N.SO. 
Formed from toluidine and SOCl.^. The o- com¬ 
pound is liquid (184° at 100 nmi.). The ?»> com¬ 
pound is liquid (220°). The p- isomerido [7°] 
(o.224°) may be crystallised by cooling (Michaelis 
a. Herz, B. 23, 8482; 24, 753; A, 274, 231). 
The thionyl derivatives of (9,1,4)- and (5,1,2)- 
bromo-toluidines melt at 47° and50° respectively. 

THIO-OBCIK C„H,Me(SU).^ [35°1. Formed 
by reducing Cjll 3 Me(SO^Cl)..with tin^andliClAq 
(Gabriel, B, 12, 1640).—rb6,H,S,. 

THIONYL-XYLIDINE CoH,Mc.,N:SO. The 

(1.2.4) -compound [—9°] (131° , at 20 mm.), 

(1.3.4) - compound (238°), and (1,4,2)- isdmeride 
[— 8 °] (119° ♦»» vaciw) are all oily (Miohaelis, A. 
274, 287). Thionyl-fluoro-zylidine (144° at 45 
torn.) is also an oil. 

THIO-OXALIO ACID. Ethyl ether 
C^.,SO, ♦.«. CO 3 Et.OO.SEt. (217° cor.). S.Q.a 
]l*146« Formed by the action of Cl.CO.CO^Et on 
mercaptan (Motley a. Saint, C. 43, 400). 
Colonriess liquid with faint odour like garlic. 
Decomposed by KOHAq into mercaptan, alcohol, 
and oxalate. AlcohoUo KOH (1 mol.) forms 
EtSH cmd CO^t.CO^E. Water slowly decom¬ 
poses ilf forming oxaUe acid, alcohol, and mer¬ 


captan. Dry NH. forms mercaptan an(( 
COgEt-CONH*. 

0).Tliio-oxaUe acid NH,.CS.C 03 H. The salt 
C 2 H 3 ENSO 3 is formed by the action of cold 
cono. EOHAq on the ethers. It crystallises in 
needles, v. sol. water and decomposed by evapo¬ 
rating. The free acid is unstable. 

Amide of the methyl ether, 
NH 2 .CS.CO. 3 Me. [ 86 °]. Formed bypassing dry 
; HyS into Cy.COaMe (Weddige, J. pr, [2] 7, 79; 

I 9, 133; 10, 193). Light-yellow crystals, soh 
water, alcohol, and ether. 

Amide of the ethyl ether Nn2.CS.C02Etjk 
Mol. w. 133. [64°]. Formed in like manner. 
Lemon-yellow crystals, lie-converted by boiling 
with alcohol and Pb(OH )2 into cyanoforniio 
ether. Mcthylamine and eUiylamine form Die 
crystalline compounds CO(NHMo).CS.NH 2 and 
CO{NHEt).CS.NH 2 respectively. 

Amide of the isobutyl ether 
NH 2 .CS.C 02 C*H,. [58°]. Lemon-yellow crys- 

tals, si. sol. water. 

, Di-amide CO(NH 2 ).CS.NH 2 . Formed from 
C 02 Et.CS.NH .3 and alcoholic ammonia (Weddige, 
J. iw. [2J 9,137). Lemon-yellow needles (from 
alcohol), b1 . sol. water. 

Di-thio-ozalio acid. Amide 
CS(NIl 2 ).CS(NII..). JTydrogenrubcaiiide. Mol.w. 
120. Formed, together with yellow Cy.CS.NH.^, 
by combination of cyanogen with ILS (Wohler, 
B. 3, 177; Volckel, A. 38, 315). Formed also by 
passing cyanogen into an alcoholic solution of 
NnSH and ppg. by HCl (Wollner, J. pr. [2] 29, 
129; Ephraim, B. 22, 2305). Prepared by 
passing H.,S into an amindliiacal solution of 
CuSO, whicli has been decolourised by KCy 
(I'ormanck, B. 22, 2655). Small yellowish-red 
crystals, si. sol. water, sol. alcohol and ether. 
Dilute KOHAq forms oxalic acid, cone. KOHAq 
forms KCy and KCyS. Boiling HClAq forms 
oxalic acid. Mel and MeOII at 150° form 
SMejI. Alcoholic hydroxylamine hydrochloride 
(2 mols.) forms C 2 (NH 2 ) 2 (NOH), and H^S. 
Benzoic aldoh^Ho, acting on a boiling solution, 
forms a compound [209°] which is apparently 

cflPli<^>C.C<^>CHPh (Epliraim, B. 24, 

1027)i*—PbOoH..N 2 S 2 : orange pp. (Wallach, J5. 
13, 528). Yields PbS on boiling with water. 

Anilide CS(NHPh).CS(NHPh). [133°]. 
Formed from oxanilide by successive treatment 
with PCI, and H^S (Wallach, B. 13,527). Golden 
plates. 

Di-methyl-di-amide • 

CS{NHMe).CS(NHMe). [140°]. Formed from 
*■ thiocyauio acid, alcohol, and mcthylamine 
(Wallach, A. 262, 360). Yellow crystals, si. soL 
alcohol. Converted by NaOEt and propyl 
chloride into C(NMe)(SC,H,).C(NMo)(SO,H,) 
(170°-176°). 

Di-ethyl-di-amide CS(NHEt).CS(NHBt). 
[58°]. Formed in like manner. Yellowish-red 
crystals, insol. water. Converted by NaOEt and 
EtI into C(NEt){SEt).C(NEt)(SEt) (126°-129°). 

Di-amyl^di-amide ^ 
CS(NHC^,„).CS(NHC 5 H,o). [60°]. Formed 
from thiocyfvnio acid, alcohol, and .amylamine 
(Wallach, A, 262,362). Bed prisma. 

Di-heneyl^diamide < 

CS(NHOHjPh).CB{NHCH,Pli). [116°]. Formed 
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from thiooyanio acid, rdcohol, and benzjUmine. 
YeUowi«h-red crystals, al. sol. warm alcohol. 

Heza-tUo-oitlia-ozalie acid. Ethyl ether 
C,(SEt),. Formed from 0,C1, and NaSEt 
(Claosson, J. pr. [2] 16, 212). Heavy oil. 

THIO-OXY- V. Bdlthvdko-. 

THIO-PAKABAHIO ACID. Methyl Aeri- 
vativev. MBTirn.-THia-PAiiABAMO acid. ^ 

Allyl derivative C.HjN-SOj i,e. 

Oxalyl ■ thio - sivaimtie. 

190°]. Formed by warmini? the dicyanido ot 
sallyl-thio-urea with dilute H.SO, (Maly, H. 180'.!, 
260). Lemon-yellow needles, m. sol. cold water. 

THIOPHENE C,H,S i.c. (84° 

cer.). V.D. 3-0 (calc. 2-9). S.O.' sa 1062; 

*10884; y 10705 (K. Schifl, B. 18, 1601). 

5. V. 84*9. Boo (Nasini a. Scala, O. 17, 70). 
H.C.p. 070,900 (Berthelot a. ^^atignon, C. It 111, 
10; JBl. [3] 4, 252). H.I\-14900. Critical 
temiKrature 317® (Pawlewski, B. 21, 2141). 
Critical pressure 47-7 atmospheres. Occurs in 
coal-tar boiizcn<i to tho extent of about *5 p.c. 
(V. Meyer, B. 16,1471). 

Fort>uUion.~l. In small quantity bypassing 
acetylene through boiling sulphur (V. Moyer a. j 
Sandmeyer, ]i. 16, 2170).—2. By heating sue- ! 
cinic anhydride with —3. By heating sodium 
succinato with P.^S* the yield being 50 jj.c. of 
the theoretical. amount (Volhard a. Erdmann, 
B. 18, 454). It is not formed by lieating 
g-di-bromo-succinic acid with P^Sa or P-S^ 
(Ossipoff, J. It 20, 245). -4. By heating cry- , 
thrite with P,Bj iViiiii a. Tafcl, B. 18, 088).— , 

6. i’rom its (o)-caiboxylic acid, which is ob- ^ 

tained by heating inucic acid with BaS (Paul a. ' 
Tafel, B. 18, 450).—0. In small quantities by 
passing Et.S through a red-hot tube (Meyer, B. 
18, 217).—7. In small quantities by passing 
ethylene, coal-gas, or ligroin-vapour over heutod 
iron pyrites.—8. In small quantities by heating 
P»Sj with crotonic acid, with Ji-butyric acid, with 
paraldehyde, or with ether (Meyer). | 

Isolation. —20 pts. commercial ‘ ’ benz¬ 

ene is shaken for four hours with 1 pt.* of 
H^SOv The acid is diluted with two or throe ^ 
times its weight of water and treated at once , 
with steam. Nearly pure thiophene i)ass»»ovcT. j 
Yield, about 3.^ p.c. by volume of tho j 

used (Schulze, B. 18, 497). j 

Bfopcrfics.—Liquid with faint odour, not ■ 
decomposed below 335®. Not solid at — 20®. | 
Greatly resembles benzene. Oxidised by HNO;, 
with great violence. On shaking with isalin j 
and EL^SO^ it yields a blue colouring matter i 
(indophenine). Not affected by boiling with»| 
sodium. Benzene that contains thiophene gives 
a bright-blue colour to H.SO« containing nitrous 
acid. Thiophene (10 g.)’ shaken with alcohol 
(100 g.), cold saturated IlgClj solution (1,0(K) g.), 
and NaOAo (70 g.) dissolved in water (130 g.) 
forms a white pp. containing 04 H,(HgCl)S, 
which-orystallises from alcohol in white plates 
[188°], and C 4 H 2 (HffCl)jS, a wJiite powder, insol. 
alcohol (Volhard. ir267, 172). The compound 
04 H,(HgCl)S is converted by AcCl into a-thienyl 
methyl ketone and by I into di-iado-thiopbene. 
Thiophene combines with CHPh, and with di- 
bromc^-(iS)-naphihyl oxide (Liebermann, B. 
28,853). 


BaaeftoTW.— 1. Chtoral and HgS 04 yield 
CCa,.CH(0,H,S)a. — 2. BzOl and AlCl, fom 
^enyl phenyl ketone. — 3. BhcnyUglyoxylic 
aoid and form 0 , 8 H,NSO^ which dissolves 

in chloroform with crimson, and in ILSO 4 with 
purple colour.—4. Cl and Br yield ohioro- and 
bromo- derivatives.—5. ILSO, forms a brown 
solution dbniaining a sulphonio acid, and slowly 
decomposes tho thiophene, forming HjS, SO, 
and an amorphpua pp.—0. 11.^80. and KNO, 
foi’in a compound culled * nilroso-dlthiopliene 

J?), ppd. by water as a dork 

insoluble powder (Licbermann, B. 20, 8231).-— 

7. Pa.sscd with PCI, thro\igh a rod-hot tube it 
forms C^HjS.POl.; (218'^) winch is decomposed by 
water into C^H.,S.P(OIi). [70'] and is converted 
by Cl into C 4 HsS.PCl^, which is converted by SO, 
into C.lI.S.POCl. (259‘) and by water into 
C,II;.S.l*()(01J)., [159 ’] (Sachs, B. 25, 1614).—8. 
Diazobeiisoic chloride, and AlCl, forms ( 8 )- 
phenyl-thiopheffe [57°i (MOhlau a. Berger, B. 
26, 2001 )f 

liefcrcnccs. —Awino-, Bkomo-, Di-nno«o-m- 
NiTRo-ciinono-, Tui-cm.nno NiTJio-, lono-, Iodo- 
NITI 10 -, and Nrnio- tiiioi'HKNK. 

THIOPHENE (a)-CABBOXyiilC ACID 

CH.HO., Thiophene 

carboxylic acid. [126-5°]. (2(»0° cor.). II.F-* 

8.7,400. U.C.p. .691,900 (Slolinmim, J.pr. [2] 43, 
12 ). by aOilin;; sodiuin-ainalgam to a 

inixtuio of Cl.CO.,Et with (a).ioclotliiopJieno,wUh 
di-iodo-thioplicne, or witli di.bromo-tbiopheno 
(Nahnuen, IS . 17, 2192 ; 18, 2.')04 ; Hunz, B. 18, 
2306). Fonuccl also by Ik aliiiR muoio acid with 
llaS for 6 Iiuura at 205°, tho yield being 12 p.o. 
of tlio theoretical (Paal a. Tafel, B. 18, 456). 
Obtained by oxidation of fa)-ethyl.tliiophon 6 
(Sehleiclic r, B. 18, ;i 017 ),<>f (a)-l'ropyl-thiopheno 
(llulli, B. 20, 1740), ot tliienyl methyl ketoaa 
(Peter, B. 17, 2616; 18, 642), and of thienyl 
ethyl ketone (Ernst, B. 20, 618) with alkaline 
KMnO,. 

Properfies.—'Slender white needles (from 
water) or long 6 at needles (by sublimation), v. 
sol. hot water, si. sol. cold, v. e, sol. alcohol and 
ether, m. sol. chloroform, si. sol. ligroln. Gives 
a blue colour on warming with Isatin and H^SO, 
(indophenine reaction). Yields thiophene on 
Aistillidg with limo. Yields a di-bromo- deriva¬ 
tive [ 211 °]. 

Salts.-BaA'.2aq. Small crystals. S. 22-19 
at 14-5°.-*CaA',3uq. S. 18-6 rt 18-5°.-ZnA', 
(dried). S. 14 at 15°. - PbA'., (dried) -6 at 18-6°. 
—AgA'; plates or needles. S. -196 at 11°. 

Ethyl ether EtA'. (218° cor.). S.G. 
1-116K Liqffid, smelling like benzoic ether. 

Chloride C,II.S.C05I. (190° unoor.). 
Liquid, smelling like benzoyl chloride. 

Amide C.H,S.CONH.,. [174°] (Meyer, A. 
236 210). Prisms, m. sol. ether. Phenyl thio- 
carbimide forms C.H,S.COSIH.CO.NHP1 j. 
P200°] 

Anilide C,H.3.CONHPh. [140°]. Formed 
by tlio action of phenyl cyanato on thiophene in 
presence ot A1C1| (Leuchart A. Schmidt, H, 18, 
2340). Iridescent plates. 

Amidoxim C,H,S.C(NOH).NH,. [92°]. 
Formed by the action ol bydroiylamine on tM 
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nitrile (Meyer, A. 336,313). Iiong prisms (from 

benzene). 

Nitrile (193°) (D.): (200° cor.) (Peter, B. 18, 
643). Formed by distilling thienyl-glyoxylio 
acid with aqneons hydrozylamine (Donglas, B. 
25, 1311). , 

Tetrahydride 

H.P. 114,900. IT.C.p. 700,400. Formed b^o- 
ducingtheaoid, in alkaline solution, with sodium* 
amalgam (Ernst, B. 19, 3278; 20, 516). Plates 
or needles (from ligroin), t. e. sol. water and 
alcohol, V. sol. ether. Vokxtilo with steam. 
Muoh decomposed on distillation. lieducea 
ammoniacal AgKOg. Salts.—CaA'*3aq. Crys¬ 
talline, sol. water. — AgA'. M. sol. water. 
Methyl ether McA'. (c. 20(5°). lUthyl 
ether EtA'. Liquid. 

Thiophene (^j-carboxyllo acid* 

®<CH:oSo.H- [130°]. 

S. *44 at 17°. Formed lj.7 the a«;tion of alkaline 
KMnO^ on (0)-methyl-thiophonc jMuhXirt, Ji. 18, 
3008) or (3)-ethyl*thiophenG, the yield being 
about 8 p.c. (Damsky, B, 19, 3284). Needles 
(from water), ^ol. ether, volatile with steam. 
Gives the imlopheniuo reaction.—CuA'^ S, 
(of CaA'.,) 7-92 at 14-6°,—13aA'., (dried). S. 11-54 
. at 17°.—AgA'. Nccdle.s or plates, v. si. sol. Aq. 
, Amide (?JIsS.CONIL. [178°]. Convcilcd 
by phenyl cyanate into CjljS.CO.NII.CO.NlIPh. 
[ 200 °]. 

Thiophene ‘ o’-carhoxylic acid. fll8°]. 
(268° cord). This is a mixture of the (a)- and 
(j8)- acids. It is got by saponifying the mixed 
nitrile which is formed by distilling a mixture of 
potassium thiophene (a) and (/3) sulphonatcs with 
KCy (V. Meyer, B. 10, 2174; 18, 2315; Bonz, 
B. 18, 2.308). Formed also by oxidising a mix¬ 
ture ^of (a) •methyl-thiophene (2 pts.) and (/3) 
metliyl-thiophono (.3 pts.) and by slow ovapura- 
tfon of an aqueous solution of the mixed thio¬ 
phene carboxylic acids in the cold (Fgli, U. 18, 
648 ; V. Meyer, B, 19, 2891; ^.230. 221). Vola¬ 
tile with steam. Can bo separated into the (a)- 
and {By acids by crysiallisaiion. 

Xnlophene dlcarboxylio acid 

®<!c^O,H):C(CQ.H)' [3.'^®°]- b/ 

dising the corresponding di-mothyl-thiophene 
with alkaline KMnO, (Griinewald, B. 2Q, 2.580). 
Formed also by oxidising (i8)-methyl-thienjl 
methyl ketone (Gcrlagh, A. 207, 153). Ijong 
needles (from water), v. e. sol. ether. ^ Not vola¬ 
tile with steam. Resorcin at 200^ forms a fluur- 
esoefn which exhibits yellowish-green fluor- 
escenoe in alkaline solution. —PbA".—BaA". 
Crystals, si. sol. cold water. -Ag^A". White pp. 

Methyl ether MoA". [69*6°J. Plates. 

Thiophene dioarbnxylio aoid 
«/C(CO,H):CH 
®<sO(CO^):CH’ 

Formation^ —1. By oxidation by alkaline 
KMn 04 of dl-methyl-thiophone from coal tar 
(Messinger, B. 18, 567), from (a)-6thyl-thienyl 
methyl ketone, from (a)-ethyl-thiophene (a)-oarb- 
oxylio aoid /Schleioher, B. 18, 3020), from 
methyl-thienyl methyl ketone (Demuth, B. 18, 
8026), and from (a)-methyl-thiophene carboxylio 
aoid ^vi, B. 19, 656).—2, By saponifying its 
nitrile whibh may be got by fusing potaesinm 


thiophene disnlphonate with ECy (Jaekel, B. 19, 
191).—8. By saponifying its ether which is got 
by the action of sodium-amalgam on a mixture 
of di-bromo-tbiophene and ClCO,Et (Bdnz. B. 
18, 2306). 

Properties.—CrystaDine powder, y. si. sol, 
cold water, sol. ether. Not melted at 300°. 
poes not give the duoresoem reaction. 

Salts. — BaA"aq. Crystalline, v. si. soL 
cold water.—CaA"3aq.—AgaA": white pp. 

Methyl ether Mo.^". [145°] (J.); [147°1 
(S.); [151°] (D.). White needles from alcohol. 

Ethyl ether Et^". [47°] (J.); [52°) 

(S.). Long needles (from alcohol). 

Nitrile C^HaSCy.^ [92°]. Crystals. 

Tetrahydride S<CH(CO^^. ^162° 

cor.]. Formed by reducing the acid in alkaline 
solution by sodium-amalgam (Ernst, B. 19, 
3275). Plates, v. sol. water, sol. ether. Re¬ 
duces hot ammoniacal AgNO,. Hot oono. 
II.SO 4 evolves CO (I mol.).—BaA" : scales. — 
^g^A": white powder.—Me^A". Oil, 

Thiophene dicarboxylio aoid 

^^C(CGII)-cil^*^^' Formed by oxidation of 
the corresponding di-methyl-thiophene by alka¬ 
line KMn 04 (Zelinsky, B. 20, 2022). Needles, 
si. sol. cold water. Decomposes and partially 
sublimes at 280°, v. sol. hot water.—AgjA''. 

Methyl ether Mo^A". [121°]. Plates. 

Ethyl ether Et.^", [36°]. 

Thiophene tri-carboxylic acid CjSHfCOjH),. 
Formed by oxidation of di-mel)iyl-thicriyl methyl 
ketone with KMn 04 (Messinj/er, B. 18, 2302). 

Methyl ether Me,A'". [118°] Plates, v. 
sol. alcohol and ether. 

Itefercnces. —Biiomo- and lono- tbiopuknb 
CAnnoxTLio acid and Nitro-titiopiiknio acid. 

THIOPHENE GREEN C-.l^N^S. The.leuco- 
baso C 4 SIIa.CII(OII)( 0 ,H,NMe.Jji 8 got by heating 
thiophenic aldehyde with di - methyl aniline, 
ZnCU, and a little alcohol at 100° (Levi, B. 
20, 613). It crystallises in needles [93°], 
and is readily oxidised to thiophene green 
C,)L}Hj.C(OH)(CaH 4 NMe. 4 )M, which is an oil and 
forms tlio salts (C;i,H.^^N. 4 S),ZnCla 2 aq, B'Hj 5 S 04 , 
BV4H„C.^0^2aq, and B' 2 CttH,N, 0 ,, crystallising 
in sca^s with coppery lustre. 

leuco-thiophene green i>. Tetra-uethyIi-di- 

AMIDO-l*I-PIIENTL-THIENTL-METnANE. 

THIOPHENE (a)-SULPHlNlC ACID 
C,H,S.80;,H. [67°J. Formed by the action of 
zinc-dust on an alcoholic solution of thiophene 
Bulphonio chloride (Weitz, B. 17,800). Needles, 
v. sol. water, alcohol, and ether.. Gives the in- 
dophenine reaction.—BaA',2A^* White plates, 
v. sol. water.—ZnA'-^Saq.—AgA'. Crystalline pp. 

THIOPHENE ‘a'-SVLFHONlC ACID 
CiTIjS-SO^H. Formed by shaking thiophene 
(20 g.) dissolved in ligroin (2,000 0 . 0 .) with 
H,jS 04 (3^^ ®°®*) 2 hours (V. Moyer a. Ereis, 

B. IG, 2172; Biedermann, B. 19, 1615). Deli- 
quescent mass. Yields thiophene on distillation. 
It is doubtless a mixture of^the {a) and (A) acids. 
—NaA'aq.—BaA'jSaq.—CaA'y—PbA'^aq. Very 
soluble powder.—AgA' 3aq. Plates (WelU, B. 
17, 796). 

Ethyl ether EtA'. Oil. 

CAlor«<fr 04 H,S.SO,CL [38°]. (aboveSOO*). 
Oil or colourless crystals* 
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• Amids C^H,S.CONH*. [142°] (Langer, B. 
17,1568). Needles (from wster).— 
OiHiS.CO.NHAg. Pearly soales. 

Aniiide C,H.S.CONHPh. [96®]. 

Thiophene (3)-snlphonio acid 

S^CH'C^OjH* Formed by the action of 
sodium-amaJgam on d^bromo-thiopheno (d)* 
sulpbonic acid, which is got by siilphonation of 
di-bromo-thiophene (Langer, B. 17, 1507 ; LS, 
553). Obtained in like manner from iodo- 
thiophene sulphonio acid, and from tri-bromo- 
thiophene sulpbonic acid (lloscnberg, I). 18, 
1776). Crystalline solid, v. sol, water. Gives a 
blue colour with isatin and ri.SO^.—13aAV 

Chloride C,H,S.SOjjCl.‘ [43®]. Plates, v. 
sol. ether, insol. ligroin. 

Amide C.HhS.SO^NH^. [148®]. Tables. 
Thiophene disulphonio acid CilLSlSOjll).. 
Formed by reduction of di-bromo-thiophojio 
‘^’•di-sulpljonic acid by sodium - amalgam 
(Langer, B. 18, 654, 1114; lloscnborg, /i. 18, 
3030). Crystalline, v. sol. water.--BaA" 2 ',aq. 
Chloride C,H..S(SOaCl)... [140®]. Seales. 
Amide C^H.B(SO..NH,,) 2 . [0.280®]. Needles. 
Thiophene disulphonic acid C,II.S{SO,If)a- 
Formed by reducing iodo-thiophetio (ai 8 )-di- 
Bulphonlc acid with sodium-amalgam (l^anger, 
B, 18,500). 

Amide C.II,S(Si9,Nn,).,. [142®]. Plates. 
Gives the indophenino. reaction. 

Thiophene disulphonio acid 0417 , 8 ( 80311 ) 3 . 
Formed from lead thiophene sulphonato and 
fuming (.Taolco!, B. 10, 185, 10G(>). 

Cryatallino, v. sol. water and alcohol.—K 3 A"a<i: 
prisms, v. sol. water.—Na.A"3aq. Noodles, v. 
sol. water.—BaA" 3aq. Fiat prisms, si. sol. 
water.—CnA"4aq. Blue needles.—Ag.A'". 

Chloride 641138 ( 80301 ) 3 . [77'5®J. Needles 
(from ether). 

Amide C 4 n,S(SO,NlT 3 ),. [211-.5]. 
Bdferences. —i)i-nnoMO-, lono- and Nitro- 

rUlOPHENB SULPHONIO ACID. 

THIOPHENIC ACID v. TiiToiitnNr. cAnn- 

OXYUO ACID. 

THIOPHENIC ALDEHYDE C 4 U 3 S.Cna 
(198® cor.). S.G. 2-t 1‘215. Formed by distilling 
(a).thienyl-glyoxylic acid (BioJermann, B. 10, 
C37, 1853). Formed also by the action ofjlI^S 

on CHCl<^0“c?' (Hantzsoh. D. 22, 2838). 

Oil, smelling like benzoic aldehyde. Oxidi.scd 
by air to thiophene (a)-carboxylic aci<l. • 

Oxim C.HaS.CiljNOH). Thiophene synaU 
doxim. [128°]. Needles (from ether). Con¬ 
verted by NaOHAq into tnioph^e carhoxylio 
nitrile (Hantzsch, B. 24, 47). Yields an acolyl- 
derivative [76®-80®]. NaOMe and Mel in MeOlI 

yield C,SH,.OH<™® [120^, cryatallisi'ig in 

tables; converted by dilute IIjSO, into the alde¬ 
hyde and (i 8 )-mcthyl-hydroxylamine (Gold¬ 
schmidt a. Zanoli, B, 25, 2588). Phenyl cyanate 
in ether forms C 4 SHrCII:NO.CO.NHPh [70®], 
crystallising in needles. 

Oxim C 4 H, 8 . 0 H?N 0 H. Thiophene anli- 
aldoxim. Formed by the action of hydroxyl- 
amine hydrochloride, NaOHAq and NajCO^ on 
^e aldehyde (Goldschmidt a. Zanoli, B. 25, 
•590). Converted by phenyl cyanate inlo 
O^H,.OH:NO.CO.NHPh [144^, whence NaOH 


forms 04 SH 3 . 0 H:N.NHPh [46*3. o-ToIyl cyanate 
forms C4H,8.CH;N0.C0.NH.C,H, [60®]. 

Phenyl . hydraeide 04 SH-.CU;N,HPh, 
[134‘5®]. Needles (from ^cohol). 

THIOPHENIC IMIDO-ETHYt ETHEB 
C.n 3 S.C(OE^:Nn. The salt B'HCl is formed 
by the action of dry HCl on the nitrile of 
thiophene earboxylio acid (Bouglas, B. 25,1312). 
It is* crystalline, and is ciuiverted by hydroxyl- 
amino into C,H,S.C(OIU):NOII |(>7®], 

THIOPHENINE is AMiDo-TitforiiKNB. 

THIOPHENOL v. Piiknyl .mmuoaptan. 

THIOPHENDRB; acid 0,11,NS0,. [172®J. 
Excreted in the urine of rabbits after injection 
of Hodium thiophene (a)-carboxylio acid(Jaf!fd a. 
Lovi, B. 21, 3158). Prisms, rost'inbling bippurio 
acid (from water), v. si. sol. etluT, v. sol. alcohol. 
Split up by boiling baryla-wator into glycocoU 
and thiopheno («)-carboxy!io acid. --BaA' 32 aq. 
Needles, v. sol. water.- CaA^.j-nq.-- AgA'. 

THIO-PHENYL-ACETIC ACID. Amide 
C,iTis.CII._,.CS.N Forriuil by heating 

plicnyl-acoinmido (3 pts.fwitli (2 pts.), and 
* also by allowing a solution of phenyl-aeotonitrile 
in alcoholic ammonium sulphide to stand for some 
days (Benithsen, B. 11, 503; A, 184, 292). Tri- 
inetrio crystals (from alcohol), difcomposod on 
distillation into li.S and CJi..Cli..CN. 

lieaefions .— 1. Boiling N IJ.,Aq forms phenyl- 
acotamidc.- 2. HgO forms plionyl-iu^tonitrilo.— 
3. Zn and llOIAq form phenyl-ethyl-amine 
(Colombo a. Spica, Ji. 8 , 821). — 4. Detuoic 
ahMiycl^. forms oily C..,Il..N,S_.(V)— 5 . Sodiuvi- 
amalgam forms P1 j.CIL.(ULnII,^ and.a com¬ 
pound C jTL-NiS. [108'j.—0. 'ioiUnc added to a 
liot alcoholic solution forms [42°].— 

7. Mel forma (ClI.P]i.C(NII).SMo)[£I [139°], 
which gives rise to (C„ll,,NS),dI^PtCl,.—8. EtI 
forms (C,nH,,NS)ni [I10®j, which is v. o. sol. 
water, and yields, on treatment with NaOHAq, 
t)ie free bnso Cll d.’h.C(NJI).SKt, which is an oil 
that quickly docomposcs into mercaptan and* 
pbcnyl-acolonitrile. The salts (C,oH„N8)nCl 
[c. 120®], B'.,H,l»tCl, [below 130' ], and B4IBr 
arc crystalline.—9. .^Ini/tne forms the compound 
CU..Ph.C(NII,):NPh. 

THIO - PHENYL - ALLOPHANIO ACID v, 
Piiknyl- xnio-ALiiOPiiANio agio. 

THIO - DI - FHENXL - AMINE v. ItfiDO-Dt- 

pnnsYL RULPirroR. 

THIO - PHENYL - CAEBAMIC ACID v, 
PncNYL-Tnro-cAimAMKJ agio. 

THIO - DI - PHENYL KETONE t», Taio- 

nKNZOPlIENONK. 

THIO - M - PHENYL - METHYL - AMINE t>. 

MKTIIYL-IMinO-DI-PIIKNVL SULPlItOB. 

- DI-THIO-PHTHALIC ACID C,II,(CO.SH)r 
The salt KA" is formed by dissolving KSfl 
(2 mols.) in a?l alcoholic solution of phenyl 
phthulate (1 mol). The fre^ acid splits up at 
once into H.8 and ihiophthalio anhy^de 
(Schredor, B. 7, 70C). 

\ (a) - Di - tbio • iBopbtbalio acid. The E salt, 

formed by the action of KSH^ on phenyl 
isophthalate, crystallises in yellow needles. 

Ethyl ether Et^A'. Formed by adding 
water to the hydrochloride of CaH.(C(NH).SSt}f 
(Luckenbach, B. 17,1435). Small needles. 

(fi) - Di - thio • isopbthalio aeid. Amide 
C,H.(CSNH 3 )y [200®]. Formed by beating 
isophthalio nitrile with idooholio ammonium 
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■nlphida (L.). Koodlei, aol. bot aloobol. Be- 
oonverted into tbs nitrile by lead acetate. Boil¬ 
ing EOHAq forms isophtbalio aot^ 

XHIO-PHIHAtIC ANHYDEIDE 0»H,S0,iA 

C^,<^>S. [114°]. (284°). Formed by the 

aotioQ of KSH on phthalyl chloride, or on 
phenyl phtbalate (Groebe a. Zsehdkke, B. 17, 
1176). Formed also by the action of As.^S2 on 
phthalyl chloride (Ilayman,^^ Bl, [2] 47, 898). 
Plates, V. aol. hot alcohol, ether, and chloro¬ 
form, si. sol. water. Volatile with steam. Sol. al¬ 
kalis and converted by long., boiling with alkalis 
intophthalic acid. Ammonia forms phlhalimido. 
Besoroin and H2BO4 give a thiofluoresoein, the 
alkaline solution of which is deep red with green 
tiuorescenco. 

THIO-PHTHALIDE C.H,<^>S. [67°]. 

Formed by heating CJI^Cy.CHe.SCy with cone. 
HClAq for 6 hours at 180® (Day a. Gabriel, B. 
23, 2480). Thin needles (from dilute alcohol). 

THIO-PHtHALIUiDlNE ix. 

C.H.<Or)>B or C,H 4 Cy.CH,SH. [ 02 ®]. I 

Formed by warming o-cyano-benzyl sulpho- 
cyanide with'lI.^SO^ at 05® (Day a. Gabriel, B. 
23, 2481). Formed also by adding KSHAq to 
o-cyano-benzyl chloride in alcohol. Needles, 
which darken in air, v. sol. alcohol and ether. 
Boiling NaOHAq forms thiophthalide. KBH 
added to its alcoholic solution forms 
crystallising from nitrobenzene in nee(\leB with 
green Ipstre. — BTICl. Needles. — B'5H.^PtCl8. 
Orange - yellow prisms. — B'HI. Needles. — 
P i 0 r a t e : slender needles. 

IHIOPHTHENE C.H,Sj i.e. 

(226® cor.). Formed by distilling citric acid 
U pU with P-^S, (2 pts.), adding NaOHAq, and 
distilling with steam (Biedermann a. Jacobson, 

’ B. 19,2444). Oil, not solid at —10®. Gives the 
indophenine reaction. — B'OuIIjN;,0,. [133®]. 
Yellow needles, v. sol. alcohol and benzene. 
Reference. —TKTiiA-nuoMo-TiiioriiTHENK. 
THIOPHYLLINE C,H«N,0^ [264®]. Occurs, 
in small quantity, in extract of tea (Kos.scI, B. 
21, 21C4). Crystals (containing aq), more sol. 
water and alcohol than thcobt'ornine, v. sol. 
NHjAq. Forms salts with acids. On evapora¬ 
tion with chlorine-watcr it loaves a scarlet 
residue, turned violet by NIIaAq.—C,H,AgN\Oj. 
Amorphous, converted by Mel into oalteine 
C,H,MoN,0.2 [229®]. 

(a) - THIO-PBOPIONIC ACID 0,H«OS. 
Methyl ' ether CH2.CH,.CO.SMe. (120°). 
V.I). 51*23. Formed from propionyl chloride 
and lead merckptide in the cold (Obormeyer, 
B. 20, 2922). 

(/3).Thlo-propioi)io acid Et.03.OH. The 
salt NaA'aq formed by boiling pro^ionitrile with 
alcoholic ammonium sulphide is crystalline 
(Dupr4,Bl.f2J 29, 804). 

EtC(NH).SH. [42®]. Formed by 
heating propionamide (5 mols.) with (1 mol.) 
In benzene lor a short time (Hubaoher, A. 269, 
229). Yellowish plates, v. e. sol. benzene. 

THIO-XSOPEOPYL.COBHABIN U. 

[81°]. Fonned by heating 

Isopropyl-oonmann with FiS^at 120° (Aldringeut 


B. 24, 8463). Beddish-yellow needles, lol. hot 
alcohol, al. sol. ether. 

THXO . PBOSSUMIO ACIDS. By heating 
ammonium snlphocyanide there is formed, be¬ 
sides thio-urea, dithiodiprussiamic acid C«H,N,S, 
a yellowish-white powder, si. sol. hot water; thio- 
diprussiamio acid C«HsN,oS, amorphous, m. sol. 
hot water; and ammoiyam dithiotriprusaiamate 
C„H,3N,3S2, which crystallises from water. The 
first acid gives no colour with PeCl„ the two 
other bodies givo a red colour. The lead salts ol 
these acids dissolve in hot water. 

THIOTETBAPYBIDINE, so called, , 

C. 2 oH, 3N4S(?). [155°]. Formed by beating nicotine 
(1 pt.) with sulphur (6 pts.) at 160® till the mass 
is chrome-green (Cahours a. Etard, Bl. [2] 34, 
452). Yellow prisms (from alcohol).—B'2HC1.-— 
BTlHgClj.—B'E-PtClfl: yellow amorphous pp. 

THIO . PYEOCATECHIN v. Oxy-phbnxi. 

UBnCAPTAN. 

THIO-PYBOMUCIC ACID. Amide 
C4H3O.CS.Ni4 [127®]. Formed bypassing H.4S 
into a solution of furfuronitrilo in alcohol-ether 
(Douglas, D. 25, 1314). Yellowish crystals, si. 
sol. cold water, v. sol. alcohol. 

THIO-PYBDVIC ACID. The compound 
(C3H40.4S)C3H403 [87®J separates as a powder 
when iLs is passed into i)yruvic acid (Bottinger, 
A. 188, 325). It is v. e. sol. water and is con¬ 
verted by boiling HIAq into CIIs.Cn(SH).C03H. 
Boiling water forms H..S and thiopyruvio acid. 

DI.THIO-EESOBCI*NC„H,(Sn),. Mol.w. 142. 
[27®]. (243®). Formed by reducing the sulpho- 
chloride 0,jH4(S0Cl)2 with tin and HClAq 
(Patschke, J. pr. [2] 2, 418, Korner, G. 6, 140). 
Crystals, smellingliko some geraniums. Pb(OAc)j 
added to its alcoholic solution ppts. orange 
OgHiSaPb, whence McI forms C«H4(SMe).4 (278®) 
(Obermeyer, B. 20, 2927). 

THIO-BDFIC ACID C.^H^SA. Formed by 
the action of CS.^ on a mixture of NaOEt and 
acetoacetio ether (Norton a. Oppenhoim, B. 10, 
701). Pearly orange scales, nearly insol. water. 
—NaA': brick-red needles.—CaA'a: red needles. 

THIO SALICYLIC ACID v. Oxi-thio- 


BBNZOIO ACID. 

THIOSINAMINE v. Aixyl-thio-urea. 

THIO.SOCCINIC ACID. Anhydride 

C.If.<CS>0- ‘ Sulpltosuccinyi: [31°]. (225°). 
Formed by adding sucoinyl chloride dissolved 
in benzene or CSj to an aqueous solution of 
NSaS. Got also by distilling succinic acid 
(100 g.) with P.3S3 (100 g.) (Auger, A. Ch. [6] 
22, 333). White crystals. Its aqueous solu¬ 
tion gives off HaS on heating. Phenyl- 
hydrazine forms C0aH.Can4.C(SH):N.NHPh 
[120°] and0,B.<g|^'^|j^>0[216°]. which on 

dUtillation changes to sucoinyl-phenyl-hydra- 
zine [165°]. Phenyl-hydrazine also ptodnoes 
0^,(C0.NJH.Fh), [219°] (Zanetti, O. 0. 1889, 
668). Sodium-amalgam forms 0,H,NaS0„ 
converted by phenyl-hydrazine acetate into 
CO,H.C,H,.CH;N,HPh [o. 175°]. 

Si - thio - succinio ' acid 0,H4(00.SH)r 
Tho salt KA". got by boiling sncoinyl-phenol 
with KSH in alcohol, crystallises in minate 
needles, v. sol. water, alcohol, and ether 
fWeselsky, B. 2, 618). Its aqueoug aolntion U 
decomposed by spontaneons evaporation. Add, 
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fpitt ii op into H,S ftnil tbiosaocinlo anhydride 
tfv. supra). 

Ethyl Biker Ofi^iOO.SEi)^ (371®). 
Formed from di-phenyl euooinate (42 g.) and 
Bodiam mercaptide (30 g.) in dry ether in the 
cold (SeifFert, J. pr» (2] 81, 4C9). OUt Bmelling 
of garlio. 

THIO-BUCCIKXTEIC ACID C,H,N,SO,. [211®]. 
Formed by heating succimo anhydride with thio¬ 
urea at 140® (Pike, B. 6,1105). Yellowish powder, 
insol. alcohol and ether, si. sol. water and HOAo. 
Decomposed by alkalis into thio-urea and 
Buccinio acid. 

• (a) - DI. THIO - TEREPHTHALIC ACID 
CHH,SaO*t.e. C„H,(CO.Sn)2. Formed by the action 
of alcoholic KSH on di-phenyl terephthalate 
(Schreder, B, 7, 708). Amorphous, t. si. sol. 
alcohol. 

(A) - Di • thio • terephthalio acid. Amide 
CrtH^(CS.Nn2)2; [2C3®]. Formed by heating 
terepntholio nitrile with alcoholic ammonium 
sulphide (Luckenbach, B, 17, 1430). Yellow 
amorphous powder, insol. alcohol. Boiling with 
lead acetate reproduces the nitrile. 

THIOSULPHATES. Salts of the hypothetical 
thiosulphurio acid H.^S^O,. These salts wore 
called hyposulphites before the isolation of the 
true hyposulphites (M^SjO*, p. 602). Na^SPs. 5aq 
is still, however, commonly known as sodium 
hyposulphite. Thiosuhphates are formed by 
boding normal alkali su^hites in solution with 
S ; (MjSOsAq 4 S » M^S^OyAq); caustic alkali 
solutions and milk of lime also give thiosulphates 
by boiling with S. Thiosulphates are pro* 
duced by the action of air, SO., or K^Cr^O^Aq 
on the alkali and alkaline earth polysulpbidcs 
in solution (MjS^Aq 4- 30 =» MjS^O^Aq+3S; 
2MjS5Aq + 3SO.,Aq - 2M2S,0,Aq + 9S ; 

2M3S,Aq + 4M2Cr.,0,Aq + H .0 
=>6M28AAq + 4Cr,0, + 2MblIAq (Dopping, A. 
46, 172). Spring (B. 7, 1157) by heating 
(NHJjSO^ with FjS;, got a large quantity of 
(NH^SjO,, along with (^114)234, and also some 
and P compounds; and by the inter¬ 
action of HjS and S02.NH,.0NH4 he obtained 
(NH4)2S202 . a little H^SjOjAq is said to be 
formed by the interaction of steam and molten* 
S (Myers, A. 129, 351). 

The alkali salts, also the Oaand Sr salts, are 
readily soluble in water; many of tbe others Are 
insoluble or only slightly soluble; the insoluble 
salts are often obtained from solutions of the 
alkali salts by doable decomposition. Thio¬ 
sulphates are decomposed by heating strongly; 
alkali B|^ts leave a mixture of sulphate and 
sulphide; other salts also give off H^S and 3. 
Aqueous solutions of tliiosulphatcs evolve 
when boiled, forming sulphates, or sulphides 
if the metal of the thiosulphate is ppd. by JljS. 

Aqueous solutions of thiosulphates are de¬ 
composed by dilute mineral acids, with separa¬ 
tion of S and evolution of SO^- Salts of the acid 
used are formed, and H2S402Aq, which then de¬ 
composes to H^SOsAq and S. This reaction has 
been studied by several obemists (o. Berthelot, 
0. R. 108, 971; Vaubel,^. 22, 1686, 2703; Vort- 
mann, B. 22,2307; Foussereau, C.R. 104,1842). 
Colefaz {0. J. 61, 176) in 1892 examined the 
interaction of Ka^SjOsAq and acids f be found 
that when the products of the change are not 
removed the interactioa stops before all the 
IV. 


Is decomposed. 0. determined the 
effects on the velocity and the limit of the re¬ 
action of concentration, increasing the relative 
mass of the aqid used, the nature of the acid, 
temperature, and the presence of SO^ in the 
solution before acidification (reference to older 
memoirs aro^iven by 0.). 

Thiosulphates are converted into tetrathion- 
^ates by the acUon of I; oxidisors such as HNO^i, 
KGlOa and UCIAq, and KMuO^Aq produoe sul¬ 
phates. Accordingfto Hdnig a. Zataek (M. 4, 
738), KMnOi in solution in acetic acid produces 
dilhionates. 

For the general qvalitativo reactions of thio- 
sulphates compared with those of thionates v* 
Debus (0. J. 53, 298). 

SEiiKNoTHiosuopiiATES are desoribed 

as ThioselenaUs, under Sp.i.icnates (p. 434). 

Constitution 0 /thiosulpluiles. Tlie formula 
SO2.OM.SM is generally adopted for the normal 
thiosulphates of monovalent motals (Odling, 
C. N. 29, 153; c/. Schorlenuncr, (\ J. [2] 7, 
251; Williamson,-* C. {2] 7, 259). Some 
^chemists, oonsidoring the reKeiublaiioes between 
thiosulphates and sulphites, have suggested the 
^OM 

formula SO (v. Blomstrand, Die ChemU 

derJeUtzeit [Iloidolberg, 1869], 258; Buchanan, 
B. 3,485; Michaclis, G. O. [6th od.] 1,7451. The 
formation of thiosulphates by boiling suipbites 
with 3 is readily represented by cither formula, 
according ns sulphites are rDgard<>d as SO,.OM.M 
or SO.OV.OM. As the balance of evidence is in 
favour of the formula SO2.OM.M, it is likvly that 
the salts formed by adding 3 to the suipbites are 
SO2.OM.SM. The production of (NiD^B^Ojby the 
interaction of (N 114)2304 and 
7, 1168) also oonlirms the formula SO2.OM.SM, 
inasmuch as a thiosulphate is produced in this re¬ 
action from a sulphate {SOj-ONUi-ONH, giving 
SO2 ONH4.3NII,). Spring’s Bynthosis of 11,3^0,^ 
from SO, an<l U23—for the actual reaction carried 
out, viz. formation of (NH,).2S20a by first com¬ 
bining SO, and Nil,, and then interacting with 
H23, is equivalent to the synthesis of H2S,0, 
(u. 3., f.c.)—is also in keeping with tiie formula 
SO2.OM.3M. By warming EtBr with Na,S,0,Aq, 
Bunto (B. 7, 646) obtained the salt EtNaSjO,. 
This salt is decomposed by dilute acids giving 
EtSH aDdS0.,.0H.0Na; when lieated it gives off 
£1282 and SO,, leaving Na2S04. These reactions 
indicate that ElNaS20, is SOjNa.KtS ; hence the 
formula of Na2S20, is probably 60,Na.NaS. One 
of the Na atoms in Na2S20, is then probably in 
direct union with an atom of 3; and as EtNaS.20| 
easily gives S0.2.0H.0Na, along with EtSH, 
it* is likely that the formula of this salt ii 
SO2.ONa.3Kt, sjiid hence that the formal* 
for NajSjO, is 8O2.ONa.8Na. The formal^ 
SO,.OH.SH makes possible tbe existence of two 
isomeric salts MM'S202, viz. SO|.OM.BM' and 
S02.0M'.SM ; two such salts are known where 
M -- Na and M'» K. (v. Potassium TiqosuLVBAn, 
p. 706). 

Ammonium thiosQlphate(NH4)fS,0«. Obtained 
by the interaction of (NH4)2CO, and 0a3^»Aq, 
filtering and evaporating (Kammelsberg, P. 3o, 
298); white, rhombic, deliquescent leaflets, 
crystallising with XH2O. Fock a. Hlfiss (B- 
32, 3009; 23, 534) obtained tiie anhydroof 

ZZ 
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Bftli by resotiog on SOgAq with (KH 4 ),S«, 
evaporating at a low temperature and finally 
over H 2 SO 4 , and thoroughly drying between 
filter paper (c/. Arppe, A. 90, 118). The 
anhydrous salt is not deliquescent (F. a. E.). 
Double ealts are described by F. a. E. 
also B. 23, 1753): (1) with CdS^O,; (2) with 
MgSjO,; (3) with EjSgO,, the salt obtained' 
was S 0 „. 0 E.SNH 4 . F. a. E. ooUld not obtain . 
6O3.ONH4.SK ; (4) with Cu^SP, and Ou,!,, also 
with Cu,!, and NHJ (Brun, O, B, 114, 667); 

(5) with PbSpa (Ilammelsbcrg, P, 56, 308}; 

( 6 ) with HgS,0, (R., U.). 

Barium thiosulphate DaS-Pj.aq. A white 
pp» obtained by mixing Ba(C 3 Hs 03 ) 3 Aq and 
NajSgOgAq, and completing ppn. by alcohol; 
loses all water at 170*^, at red heat gives 
BaS. BaSO„ BaS 04 , and S (H. Rose, P. 21,437; 
Rammelsberg, P. 56,295). 

Double salts. (1) With CdSp, (Fock a. 
Klilss, B. 23,1753); (2) with Cup-P, (Cohen, 
C. J. 51, 38); ( 8 ) with PbSP, (Rammelsberg. 
P.66.808). 

Cadmium thiosulphate CdS^O,. 2iiq (F. a. K., 
B. 23, 634); double ealta with (1) NaPP^, 
(2) E^SaO,, ( 8 ) SrSP, (F. a. K., B. 23, 1753; 
vortmann a. Padberg, B. 22, 2637). 

Calcium thiosulphate CaS^O,. 6 aq. Formed 
by mixing hot oono. solutions of CaCl^ and 
Na^SoOi, evaporating under 60'^, separating NaCl, 
which orystallises first, and allowing to cool 
(Kossler, P. 74, 282). Also obtained by heating 
CaSO| and S with water, or by boiling milk of 
lime with S. passing in SO,, and crys'^allising 
below 60° (Herschel, N. Ed, P. J, 1, 8 . 296; 2 , 
164). Forms large, clear, six-sided, triclinic 
prisms, that e£9orosce in air at 40°; S. 100 at 
8 ° (H., he.). Cone, solution gives GaSO, and .6 
by heating above 60°. Rammelsberg (P. 66 , 
308) describes h double salt with PbSp,. 

Cobalt thiosulphate CoSp 3 . 6 aq (Baminols- 
-berg, P. 66 , 308; Fock a. Eliiss, B. 22, 8310). 
A double salt with Napp, is described by 
'^^ortmann a. Fadborg (B. 22, 2637). 

Copper thiosulphates. According to von 
Hauer {W, A, B. 18, 443) an acid cuprous salt 
0 uH 4 (^O 4 )„ is obtained, m microscopic, golden- 
yellow needles, by adding oono. GuS 04 Aq to 
N&PPgAqtill the liquid is deepyellow,and gently 
warming, washing the pp. with water and alco¬ 
hol, and drying over HjSO,. Douh le salts of 
OujSp,: (1) with BaS^O, (Cohen, C, J, 61, 38); 
(2) with ^Sp, (0., i.c.: Rammelsberg, P. 66, 
321); (3) with AgPP, (0., l.c,) ; (4) with Na^Sp, 
(Lena, A, 40, 99 ; Siewert, /. 1866,267; Kessel, 
B. 10,1677,2000; Schfitte, J, pr, 70,249; Vort- 
mann, AT. 9,166). 

Iron thiosulphate. The ferrous salt 
FeSgO,. 6 aq was obtained by V.^rtmann a. Fad- 
berg (B. 22, 2637) by rubbing BaSp, with cone. 
Fe^^Aq (^e sallti being present in the ratio 
of equal numbom of molecules), filtering from 
BaSO., adding a mixture of alcohol and ether, . 
and allowing the green, oily liquid that sepa- j 
rated to stand for some days. Small green | 
crystals; very sol. water; solution is decom- i 
posed by boiling, with separation of FeS. A j 
double salt with N&PPi is described by 1 
7. a. F. (1.0.), For accounts of former attempts 
to prepare pure ferrous thiosulphate v. Fordos 
a. Qm (J. Ph. [ 8 ] 4, 833); Berthelot (A, Ch. 


[ 6 ] 2, 68 ); Vogel (X pr. 8 , 102); Koene (P. 68 , 
246, 431); Rammelsberg (P. 56, 306). 

Bo ferric thiosulphate has been isolated, 
lead thiosulphate FbSp,. Obtained by 
adding KOgSPgAq to Fb(NO,) 3 Aq, or 
Fb(C 3 ]^ 03 )^q, and washing the pp. with cold 
water. Awhitesolid; verysl.sol. water; sol. solu¬ 
tions of alkali thiosulphates (u. Fape, J. 1864. 
67; Letts, 0. J. [2] 8 ,*'434). For reaction with 
FClj—giving FbCl*, HCl, SO 3 , SOCl,, FOCI, and 
probably FSOl,—v. Buchanan (B. 8,486). Ram¬ 
melsberg (P. 66 , 808) has described double 
salts with the thiosulphates of NH,, Ba, Ca, 
E (v. also Spring, B. 7,1167), and Na (u. sl 6 o 
Vortmann a. Fadberg, B. 22 , 2637). 

Lithium tbiosulphate Li,Sp,. 3aq (u. Fook a. 
Eluss, B. 23, 3096). 

Magnesium thiosulphate MgSp,. 6 aq. By 
passing SO, into MgSAq till colourless, boiling 
MgSO, in SO,Aq with S, or adding BaSp«Aq to 
MgS 04 Aq and filtering, a solution is obtained 
which on evaporation at a low temperature gives 
small, white, prismatic crystals of this salt. 
Loses 3Hp at 170°, and gives off SO, and 9 at 
red heat, leaving MgSO, and MgO (Herschel, 

N. Ed. P. J. 1, 8 , 296; 2, 164; Rammelsberg, 
P. 66 , 803; Fock a. Eliiss, B. 22, 3310). 
Double salts (1) with (NH 4 ), 8 p„ (2) with 
K,Sp, are described by B. u.c.; v. also Kessler, 
P. 74, 256 ; also F. a. K., B. 23, 634). 

Manganese thiosulphate MnS,0,. 6aq. 
Formed similarly to FeS,0,. 6aq (Vortmann a. 
Fadberg, B. 22, 2637). A double salt with 
Na,S,0,i8 described by V. a. F. 

Mercury thiosulphates. Neither the mer¬ 
curous nor the mercuric salt Ims been isolated. 
Addition of a thiosulphate to solution of a mer¬ 
curous salt ppts. Hg,S; with a mercuric salt, a 
compound of HgS with the mercurio salt em¬ 
ployed is said to bo formed (Rammelsberg, P. 66, 
314). Double salt sol mercurous thiosulphate 
\ with (1) (NH4),S,0„ (2) Cu,S,0„ (3) Na,S,0, are 
described by Rammelsberg (f.c.); and a double 
salt of mercuric thiosulphate with E,S,0, by 
Vortmann a. Fadberg (B. 24,1361). 

Nickel thiosulphate NiS,0,.Caq (Rammels- 
borg, P. 66, 309; Fook a. Eliiss, B. 22, 8310). 
For a double salt with Na 2 SitO, v, Vortmann 
a. Fadberg (B. 22, 2637). 

Viatiuum thiosulphate. Not isolated ; but 
Schottlander {A. 140, 200) describes a double 
salt FtS,O,.3Na,S,Oa.l0aq. 

Potassium thiosulphate £,8,0,. Obtained 
by boiling oono. E,SO, with excess of S; or by 
adding hot EjCr^OrAq to hot K^S^Aq, little by 
little, waiting after each addition till the 
separated Or,0, is pure green In ooleur 
(2K,S4Aq + 4E,Cr,0, Aq -l- H,0 
« 5^S,0,Aq + 2KOHAq + 4Cr,0,); 
(Ddpping, A. 46, 172; Kessler, P, 74, 274). In 
either case the filtered solution is evaporated to 
the orystallising point, and the crystals of 
K,S,0,.*H,0 are heated to 0 .180°. By evapo¬ 
rating at 30°, thin, four-sided, deliquescent prisms 
are obtained of the hydrated salt SEaSaOcHgO 
(Rammelsbeig, P. 66, 29£.; Kessler, f.c.; Foek a. 
Eliiss, B. 22, 8096). This hydrate is very soL 
water, but,insol. alcohol; it loses all water at 

O . 180°; heated more strongly It deeomposes to 
K,S, and KaSO, (R., U.). Other hvdrates are 
described by P. a. F*, lx* (v. also FloMy, A* Oh, 
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{ 8 ] 11,183; F. a. E., {.cj* Ontd produots of 
(he action of SOj on l^SgO^q are EgS,OgAq, 
EgS.OcAq, and KgSgOgAq (Debus, 0. 63, 343). 

Double sof^s.-(l) with (NHJ.SA (^’ock 

а. Kliiss, J3. 23, 634); the salt obtained was 

SOg.OE.SKH 4 , the isomerio salt SOg.ONH 4 .SE 
could not be isolated; ( 2 ) with Big(SgOg), (Carnot, 
C. B. 83, 338); (3) with CdSgO, (F. a. K.. D. 23. 
634); (4) with CUjS,0, WCohen, O. J. 61, 38); 
(5) with HgCy, (F. a. K., D. 24, 1351); ( 6 ) with 
HgS.Og (F. a. K., Ic.) ; (7) withPbSgO, (Uammola. 
berg, F. 56, 308 ; Spring, H. 7, 1167); ( 8 ) with 
Ag.SgO, (Cohen, 0. J. 51, 38; Schwickcr, B. 22, 
lf28,desoribe3 KAgSgOj.NHj). (9) WithNa^SgO, 
two salts are obtained: (i.) SO,.OK.NaS. 2aq, by 
the interaction of Am^^S^Aq and NaKS 04 . 2 aq; 
(ii.) SOg.SK.ONa. 2aq, by the interaction of 
AmB^Aq and KNaSO, (v. Sulpuites, p. 587); the 
first salt melts ato. 57°and has S. = 218-7 at 15°, 
heated with EtBr it gives SOg.OK.S£t; the second 
salt melts at c. 62 ’ and has S. ^105-3 at 15^, 
heated with EtBr itgives SOg.ONa.SKt(Schwicker, 
H. 22,1728). , 

Silver thiosulphate Ag^SgO,. This salt has 
probably not been isolated pure. On adding 
dilute AgNO^Aq to KgSgO^Aq a white pp. is 
formed, and is dissolved on shaking; addition 
of more AgNO^Aq produces a greyish, llocculcnt 
pp., which is a mixture of AggSgO, and Ag^S. 
By treating this pp. with NH,Aq, filtering from 
AggS, exactly neutralising the filtrate by 
HNOgAq, and quickly drying the white fiocciilont 
pp. that formed between filter paper, Hcrschcl 
{N. Ed. P, J» 1, 26, 398; 2,154) obtained fairly 
pure AggSgO,. A white powder; slightly soluble 
water; solution has a sweet taste; decomposes 
readily to Ag^S and IlgS 04 Aq. 

Double salts. Ag.O and Ag salts generally 
dissolve readily in solutions of alkali thiosul¬ 
phates, forming douUo salts, either of the form 
2 AgMSg 03 .aq, or of the form AggM 4 (SgOa)i. 2 aq 
(Herschel, he.). (1) With (NH 4 )gSgOg; by adding 
excess of AgCl to (NU 4 )gSgO,Aq, and washing the 
white crystalline pp., 2 Ag(NIl 4 )SgO,.aq is ob¬ 
tained. Using less AgCl and ppg. the solution 
by alcohol produces Agg(NH 4 ) 4 (SgO,),. 2 aq (H., 
he.). (2) With Na^SgO,; addition of AgNO^Aq, 
drop by drop, with constant shaking, to 
Ka.SgOsAq, till a permanent pp. begins to form, 
followed by addition of alcohol, ^pts. 
Ag;;Na 4 (S.p,),. 2 aq; the -salt is washed with 
alcohol, and dried in vacuo (Lenz, A. 40, 94); 
when the mother-liquor from this salt is allowed 
to evaporate 2AgNaSp,.aq is deposited (Her- 
Bchel, he. \ cf. Lenz, he.). The second of these 
salts is much less soluble in water than the 
fint; it dissolves in NatS^OyAq, with formation 
of Ag^a 4 (apj 4 . 2 aq. Both salts are decom¬ 
posed by boiling their aqueous solutions, 
with formation of ^jS. (3) With KjSgOj; two 
salts are known similar to the sodium salts. 
Scbwioker (B. 22,1788) describes the compound 
AgES^Oj.NU^ Herschel (he.) obtained double 
■alts with CaS^iO, and with SrSp,. 

Sodium thiosulphate Na 3320 ,. 5 aq. 

Formation.^1, Bjj boiling No^SOiAq with 

б. -2. By passing SO, into solution of sodium 
polysulphides.—3. By the action of SO- on soda 
waste suspended in water, whereby CaS^OiAq is 
formed; followed by addition of Na^SOf, filtration 
from OaSO,, and evaporation. 


Preparation .—caq Is dissolved la a 
little water, the solution is boiled withflowersof 
sulphur for a considerable time, and filtered; 
the clear, colourless liquid is evaporated to 
the crystallising point, and the crystals that 
separate are purified by rcorystalUsation from 
water. •* 

Large, white, monoclinio prisms; 
S.0.1-736 fit 10° (Kopp. J. 8 , 45; cf. Schiff, /. 
12, 41; Smith, Am. J. Pfiarm. 53, 148). Melts 
at 45° in the watqr of crystallisation (Kopp, J, 

8 , 45); at 48-5'" (Tilden, C. J. 45. 268). The 
crystals are dehydrated by keeping in vacuo 
over ILSO 4 , or by heating to 100 8 . 49-75 at 

0°. 69-44 at 20°, 10416 at 40°, 192-3 at 60° 
(Krciucra, P. 99, 50). An aqueous solution of 
the salt is easily superHaturated; thus Schiff 
(A. 113, 350) dissolved 171 parts Na^S-^Oj. 6aq 
(■=108*9 parts Na^^Oj,) in 100 parts water at 
19-1°, and Kroniors obtained a solution of 217*4 
parts Na^S.p, in 100 parts water at the ordinary 
temperature. According to Baiimhaucr {J. pr. 
104, 148), a supersaluiiatcd solution may be 
cooled to ■•10" without crystallising; addition 
of a crystal of the salt causes rapid crystallisa¬ 
tion, with the evolution of much heat (cf. Par- 
nienticr a. Amat, 0. ih 98, 736) Solution of 
Na^8^0.^..5aqin water is accompanied by the dis¬ 
appearance of muoh heat; liiidorll (D. 2, 08) 
says that 110 parts Ka;.B.^O,.5aq <^S8olving in 
lOU parts water lower the Unnporaturo from • 
10 - 7 ° to —8 ', i.e. through 18'7°. Schiff {A. 113, 
3^0) gives the following data for S.U. and com- 
pouitior^of aqueous solutions of Na 4 S^O,. 6 uq i— 


1 S.O.of 

P.O. 

P.C. 

1 e.a. of 

P.O. 

P.O. 

1 8<»l. Nrt,S,0,.88q Ntt,S,0, 

8«1. Nu.S.O,- ' 

'nq Kft,S,Oa 

! 1-0052 

1 

0-(J37 

1-1440 

26 

16-6R4 

1-0105 

2 

1-274 

M499 

27 

17-201 

1-0158 

3 

1-011 

1-1558 

28 

17-888 

1-0211 

4 

2-584 

1-1017 

29 

18-476 

1-0204 

5 

3-185 

1-1076 

30 

19-113 

i 1-0317 

6 

8-822 

1-1738 

31 

19-76(W 

1-0370 

7 

4-459 

1-1800 

32 

20-387 

1-0423 

8 

6-096 

MHfi2 

33 

21-024 

1-0476 

9 

6-733 

1-1924 

34 

21-601 

1-0529 

10 

6-371 

1-1986 

85 

22-298 

1-0639 

11 

7-008 

1-2048 

36 

22-935 

1*0584 

12 

7-C45 

1-2110 

37 

23-672 

1-0696 

13 

8-282 

1-2172 

88 

24-209 

10761 

14 

8-919 

1-2234 

89 

24-846 

1-0807 

15 

9-556 

1-2297 

40 

25-484 

1*0|C3 

16 

10193 

1-2362 

41 

26-121 

1-0919 

17 

10-830 

12427 

%2 

26-768 

1 0975 

18 

11-470 

1-2492 

43 

27-895 

1-1031 

19 • 

12-105 

1-26.58 

44 

28-082 

1-1087 

20 

12-742 

1-2624 

45 

28-669 

V1145 

21 

13-379 

1-2690 

46 

29-808 

1-1204 

22 

14-016 

1-2766 

47 

29-948 

1-1263 

• 23 

• 14-653 

1*2822 

48 

80-580 

1-1322 

24 

15-290 

1-2888 

49 

81-218 

1-1381 

25 

15-927 

1-2(T54 

60 

81-856 


Na-SPs-Oaq is insol. alcohol. 

* According to Jochum (O. 0. ^85. 642), a 
trihydrated salt Na 4 S,Oa. 8 aq is obtained by 
adding alcohol to a saturated solution of the 
ordinary salt, removing the oily liquid thatiepa* 
rates, and adding to it 98 p.c. alcohol. Accord¬ 
ing to Farmentier a. Amat fC. B. 98, 786), 
NajS^O,. 5aq is obtained crystallised in needles, 
melting at 0 . 82°, by placing a supersaturated 
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lolotlon o( th« mdinuy ult in a traezing mizinre 
in a oiosed TesseL 

BtaePiotu. —1. Beat decomposes Na,S,0,; 
the change begins at o. 320° vithcseparanon of 
8, at 0.400° NagSO, and Na^S, an formed, and 
at a higher temperature more S is given off, and 
Na^O, and Na^S remain.—3. Na^H^O^q inter¬ 
acts with iodine in EIAq to form MalAq and 
Na,S,0,Aqi according to Tilliers (o. B. 108, 
402) some Ma,S,Oa is also formed. With a mix¬ 
ture of NaJSOaand Na^SiOa.in solution I pro¬ 
duces NalAq, Na.SO.Aq and NCjS-OAq (Colefai, 
0. J. 61,198, 1083).—3. NsjS^O, is oxidised by 
polaasium permanganate urlution; in alkaline 
solutions the oxidation is complete to Na,SO,Aq 
according to H6nig a. Zatzek (B. 4,738); Glaser 
(If. 6,329) says that the oxidation is also com¬ 
plete in neutral solutions; Luokow (Fr. 32, 63) 
represents the oxidation, on boiling, either in 
neutral, acid, or alkaline solution as producing 
Na,SOj and MajS,Oi.—4. interact with 

NajB,0,Aq, forming Na salts of the acids, and 
H,S,0^q, which then, decomposes to H^SO^q 
and S: when the products are not removed from, 
the solution the reaction stops before all the 
H,S,0| is decomposed (Colefax, C. J. 61, 170 i 
and V. beginning of article TnrosunriuTxs, p. 
706). * 

Combinations.—1, With water (v. supra, 
Properties).—3. With various thiosulphates to 
form doubts softs. Double salts with CdS.,0,. 
CoB,0„ FeS.p„ PbSjO,. MnS,0„ NiS,0,. 

Tl,8,Oj, and ZnS,0, are described by Vortmann 
a. Padberg (B. 22. 2637); Fock a. Kliisa (B. 23. 
1763) also describe that with CdS,Or Bammels- 
berg (P. 66, 308) prepared salts with PbS,0, 
and Hg,8,0, For a double salt with HgS,0, v. 
Sohwicker (B. 22,1728). For the double salts 
with K,S,0, I). Potassium tbiosolvoatb, double 
salts, No. (9) (p. 707), and lor those with Ag;,S,,0, 
t>. SiivKB THIOSULPHATE, double solts, No. (2) 
J)p. 707). Schottlander {A. 140, 200) describes 
a double salt 3NajS,0,FtSjO,. lOaq. 

Strontium thiosulphate SrS^O,. 6aq. Pre¬ 
pared like the Ba salt (Herschel, N. Ed. P. J. 1, 
28, 398; 2,164; Kessler, P. 74, 274). Fock a. 
KlUss (B. 32, 8310) describe a salt BrS,0,. aq. 

Thallium thiosulphate Tl,8jO,. A white, 
crystalline pp., farmed by adding NaBAAq to 
fairly cone. TlOHAq (Crookes, C. J. 17, 136; 
Hebberling, A. 184, 11). For a double salt 
with Ns,B,0, «. Werther (J. pr. 92, 130); Vort¬ 
mann a. Padberg (B. 32, 2637): also Joch^m 
(0. 0. 1886. 6421. 

Zinc thiosulphate ZuB^O,. Prepared by 
double decomposition from ZnS04Aq and 
Bsa,0,Aq («. Bammslsberg, P. 66,296; Fordos 
a. Odlis, P. pr. 29, 291). For a compound with 
NH, *. B. (im.). For a double suit with 
NaAO, e. Vortmann a. Padberg (B. 33,2637). 

M Id F 

THlOSirXPHirBIC ACID HAOiAq. ' This 
acid almost certainly exists in the liquid obtained 
by adding a dilute weak acid to dlluth Na,BsOrb.9t' 
the a^ and salt being mixed in equivalent 
quantities; the H,S,0,Aq soon begins to decom¬ 
pose to H,BO>q and B. Landolt (P. 16, 2968) 
has made an extensive investigation into the 
conditions and time of existence of H,8,0, in 
solution. Thomsen (Th. 2,266) gives the thermal 
data; [SO«Aq.S] - - 9810; [SO«,SAm--1610. 


For the salts of o. THtosuLPHATEs. 

M. M. P. M. 

THZOXOliEffB o. BethyU thiophene, 

IHIO-o-TOLBIC ACIS. Amide 
OAMe.CS.NH:,. [88°]. Formed from o-toluio 
nitnle (Gabriel a. Heymann, B. 24, 786). 

Thio-p-toluio acid. Amide. [168^. Formed 
by passing H,S into an alcoholic solution ol 
jp-toluio nitrile (Paterao a. Spica, B. 8, 441) 
Yellowish needles. Zinc and HCiAo vield 
0,H,Me.CH,NH.,. ^ ^ 

THIO-TOLVIDINE v. Di-Asnno-ni-TOLTL sul¬ 
phide. 

THIO-JP-TOIYI DI-PHENYI-DI-.GUAN- 
IDINES V . Di-phentl-di-ouahido-m-toltl sul- 

PHinE and Dl-PHENVL-ni-CAIlBIHinO-TETEA-lKIDO- 
TETBA-TOLYL DISULPHinE. 

THIO-TOLYt-Dl.PHEHYL-THIO.lIBEA v. 

Dl-PBENYL-ni-TBIOUEAMIOO-ni-TOLTL SULPHIDE. 

THIO-BBAKIBO-BABBITBBIC ACID 
can,SO. i.e. NAC(NH).S.CH<°g;™>CO. 

Formed by the action ol thio-urea on an aqueous 
solution of chloro-, bromo-, or di-bromo-barbi- 
turio acid (Mulder, B. 12, 2309; Trzeinski, B. 
16, 1057). Formed also by heating alloxan with 
thio-urea and alcoholic SO, at 100° (Nenoki, B. 
4, 722 ; 6, 451). Slender needles, insol. water, 
sol. hot HClAq. Converted by boiling KOHAq 
into thio-dialuric acid OAN,SO, l^aq (?) which 
yields KA'aq. H,SO. (J pt.) at 160°-160° lorn* 
nro-sulphinic acid CAN.SO,. 

THIO-DKAMIDO-BENZENE »-Sni,FHOBIC 
ACID. The salt Na,.CS.NH.C,H,.SO,K, formed 
by heating potassium sulphpcyanidewith amido- 
benzene p-sulphonic acid at 140°, crystallises 
from dilute alcohol in aggregates ol thin needles 
(Pellizzari, A. 248,156). 

m-THI0-UBAHID0-B£NZ0IC ACID 
NH,.CS.NH.CA C0A [187°]. Formed from 
m-amido-benzoic acid and potassium sulpho- 
oyanide (Arzruni, B. 4, 406). Formed also by 
allowing a solution of m-cyanamido-benzoio 
acid in colourless ammonium sulphide to stand 
for 24 hours (Traube, B. 16, 2118). Needles. 
Converted by ammoniacal AgNO, into m- 
uramido-benzoic acid. Not coloured by Fed.. 

o-THIO-DKAKIDO.BENZYD-TBilO-DEEA 
NIi;cS.NH.CA-OH,.NH.CS.NH,. p-u-di-thi- 
uramido-toluene. [176°]. Formed by heating 
p-amido-benzy]-amme hydrochloride (1 mol.) 
with potassium sulphooyanide (2 mole.) in 
aqueous solution (Amsel a. Hofmann, B. 19, 
1389). White nee^es. 

THIO-DBAXIDO-BDTYSIO ACID. Anhy¬ 
dride [200°]. Formed 

from a-bromo-n-butyric acid and thio-urea (An- 
dreasob, if. 8,419). Needles, v. sol. hot water. 

Tfaio-nrainido-ieo-batyTleaeid. Anhydride 

C.HABO 4A. NH.-C<:^£^\ [242°]. 

Formed from bromo-isobntyrio acid and thio¬ 
urea (Andreasoh, if. 8, 410). Plates, si. sol. 
water. Oxidised by BOl and ECIO, to urea and 
e-sulpho-iso-butyric acid.'' 

O.TH1O-DBAHID0.CINXA1D0 ACID 
NH,.OBJIH'.OA-OH:OH.OOA [386°-289°]. 
Got by heating the snlphocyanids of o-amido- 
Cinnamic acid OA(NErHSC^)OB:OH.CO.B 
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[t<S^ at 118* (Itotluohad, B. 23, 3342). V. 
sdL hot HOAe and KH^q. 

a.Thio4-iiramido*«ianainio aeid 0,»H,.N30. 
i#. NH:C(NHJ.S.C(CO^J;CHPh. Form^ 
from benzoio aldehyde, ihiobydantoXo, and 
NaOHAq (Andreasch, M, 8.421). Needles (from 
aloobolh decomposed by alkalis. 

A>TE104-n^MII>0'^B0PI0NIC ACID 
NH:C(NH3).S.GH2.CH3.C02H. Formed by beat* 
ing ^‘iodo-propionio acid with thio-urea and 
water and a little NaOH (Andreasch, Af. 6, 831). 
Small pyramids (containing 2a<i), si. sol. cold 
water and cold alcohol. Decomposed by baryta 
into cyanamide and CH,(SH).CHyCOjH. KCIO, 
and HCl yield A*8ulpbo-propioaio acid. 

89*DI-TH10*VitAMlDO->TOLD£K£ «. Thio* 

OaAMZnO'BENZTL'THlO-nnSA. 

Dl.i>*THIO.DBAKIDO-Dl.TOI.TL.o*SnL* 
PHIDB [2:1:4] S(C,H,Me.NH.CS.NHJj. Thio^ 
P’tolyl‘d%'thiurea» [12I^J. Formed by evapo¬ 
rating to dryness an aqueous solution of di-j)- 
amido-di-tolyl sulphide, hydrochloride and 
ammonium sulphooyanide (Trublar, B, 20, CC9). 
White amorphous powder. Sol. alcohol and 
benzene, si. sol. ether. 

THIO-DBEA eSN^, U. CS(NH,), or 
HS.C(NHs):NH. Mol. w. 76. [170®]. 8. 9 in 
the cold (Volhard, J, pr. [2] 9,13). 

Formation. —1. By heating dry ammonium 
sulphocyanide for two nours at 170®, cooling to 
100®, adding an equal weight of water at 80®, 
filtering, and allowing to crystallise (Emerson 
Reynolds, 0. X 22, 1; Claus, A. 179, 113; 
Smolka a. Friedreich, M. 10, 90).—2. By the 
action of tin and HCl, or of HI, on persulpho- 
oyanio acid (Glutz, A. 164, 39).— 

3. By passing dry H^S into an ethereal solution 
of cyanamide (Baumann, B. 6, 1376).—4. By 
allowing a solution of cyanamido, mixed witli 
yellow ammonium sulphide, to stand for a day 
(Baumann, B. 8, 26).—6. From cyanamide and 
thioacetio acid.—6. Together with urea by the 
action of ammonia on COS (Berthelot, C. B. 
94,1069). 

Pro^Uei .—Silky trimetric needles, melting 
at 170®. After one fusion it melts at 149® 
(Pratorius, X nr. [2] 21, 141). V. sol. water, 
nearly insol. alcohol and ether. Tastes bitter, 
not coloured by FeCl,. According to ArmstAng ; 
iC. X Proe, 8, 2), the molecule of thio-urea is j 

Beactions. —1. Water at 140® forms ammo* I 
nitim sulphocyanide. Alcohol at 100® acts in ' 
like manner (Haller, Bl. [2] 45, 706).—2. An 
alcoholic solution of nitrous ether quickly con¬ 
verts it into ammonium sulphocyanide. — 3. Pro¬ 
longed heating at 170® also converts it into 
ammonium sulphocyanide. At 180® it slowly 
forms guanidine sulphocyanide and ammonium 
tri-thio-carbonate. Nitrous acid gives off nitro- 
gen.-~4. KOH at 100® slowly forms NH,, KSH, 
KsCOy, and a little KCyS. Alcoholic potash 
acts in like manner (Haller, C. B. 102, 074). 
^SO, and HCI act in the same way.—6. Aqueous 
KMnO, forms urea a^ other products (Maly, 
M. 11, 277).—6. Oxiaieing agents {e.g, H,0„ 
K,Cr,0„ KNO„ KMnO«, and iodine) form 
8y(C(NH^:NH)^ which has an insoluble ni¬ 
trate (Btorch, M. 11, 452).—7. Ammoniacal 
AgNO. forms urea and Ag,S.—8. HgO, added to 
a cold aqueous solution, prodnees ojanamide. 


PbO aots in Uk« manner. At 100* the pi» 
dnot is dioyandiamide (Hofmann, B. 2, 60S).— 
9. Aceloaceti* eOur raaota farming an atbar 
CjH,NjSO(OEt), vbieh on aaponifloatlon yieldi 

'**• (Behrend, 

S. 19.919).—10. CCl,.COCl form. CACi.NAO„ 
crystallising ift slender needles, m. sol. aloohof, 
b 1. sol. water, v. si. sol. ether; converted by Br 
into CClg.SOjBr (RJcGowan, C. X 49, 191; 61, 
669; X pr. [2] 36, 220). CCI,.80,C1 added to 
an alcoholic solution of thio-urea forms the 
chloride CljCSNJH,,* which is ppd. on adding 
ether, while the filtrate contains the compound 
(CSN,H,),(CCl,.SOJ, [125®}, which is more soU 
alcohol than water, and gives with Br a pp. of 
CCl,.80;,Br.—11. CCl3.SO..Nn, in alcohol forms 
flat prisma of (CSN,HJCClj80,H [139°], m. sol. 
water and ether, v. sol. alcohol, converted by 
Br into CCl,.SO.^r (M'Gowan, C. X 51, 667; 
X pr. [2] 30, 219).—12. Chloro-acefone forms 
(NH.^CS.NH.CHyCO.CHiHCl (126®] (Paw- 
, lewski, B.^ 21, 402). — 13. ClCO-Et forms 
(NH^CS.NH.COaEt)HCI [117®].—14. CH^Ol.OH 
gives C^H^NgS, a white amorphous powder, insol. 
water, nearly insol. all usual menstrua, recon¬ 
verted into thio-urea by HOlAq (von Hemmel- 
mayr, Af. 12, 89).—16. Dulrromo-succinie acid 
forms fumario acid on heating (Nencjti a. Sieber, 
X pr. [2) 26, 74).—10. A hot cone, solution of 
di’bromO'pyruvic acid forma * sulphuvinurio 
apid * C,H,N,SO,, which crystallises with 2aq, 
reduces d'^ebling solution to CUgO in the cold, 
and to a copper mirror on warming, and yields 
the salts CaA'g, MgA'„ ZuA', IIA'llCl, HA'HBr, 
and HA'HNOgSq (N. a. 8.).—17. BrotnO’pyruvio 
ether forms amido-thiazole carboxylic ether 

261 * *<>)•- 

18.. Bromo'occtoacetic ether gives ft-amido- 
thiazyl-ttoctio ether 

[94®], which yields an acid [o. 130®], split up on 
fusion into CO, and amido-methyl-thiazole 
(Steude). n • Chloro - acetoacetio ether forms 
C,NSMe(NH,).COgEt [176°] (Ziircher. A. 260, 
281).—19. Thio-uroa heated with an alcoholic 
solution of chloro-acetic add and phenyUhy* 
drazine forms C,H,N,SO [176®] (Probst, J.pr, 
[2] 45, 416).—20. Fusion with {6)’iodopropionic 
acid and a little water forms O^HaNgSO, [176°], 
whfth crystallises from water in needles (con¬ 
taining 2aq), si. sol. alcohol, Insoi. ether (An¬ 
dreasch, M. p, 832). — 21. Di-chloro-acetie acid 
forms thiohydantoin. a-Bronto-propionie acid 
forms methyl-thiohydantoin (206° oncor.) (Dixon, 
(5. X 63, 816).—22. Aldehyde heated ina s^Ied 
tube wi^ thip-urea forms CSN,H,(GHMe), 
which is si. sol. ether and cold alcohol, and la 
decomposed by hot water (Reynolds, C. N, 94 , 
87).—23. Succinic anhydride at 14(P forms 
O.H.N,SO, [211®].—24. Citraconic anhydride at 
130® forms O.H,Ng80, [223°] (Pike. ^ 6.1104).— 
26. AcetyUacetone and a small quantity of 
HCUq form CH,(OMe:N.CS.NH,)*HCi [219°]. 
In presence of excess of HCl the product 

1> CH[,<®““^>OS PIOT {ETan., J.f,. [SJ 
48, 603). 

Salts.—B'HNOr Oryatallina. — B'BOL 

Eormed (rom the stannoiu double ehloride an4 
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H,S. Crystalline. — Tables.—B'4N54C1. 
[164®]. Felted crystalline mass (^ynol^, O. J. 
69,886).—[186®].—B^A^tOl.. Yellow 
prisms, V. sol. water and alcohol. Can be dried 
at 100®.—B'^HPtCls. Got when saturated sola* 
tions of thio-urea and PtCl^ are nuxed. Dark* 
red prisms, insol. water, alcohol and ether.— 
Yellow monoclinio crystals, got by 
adding AuCl, to a saturated solution of thio* 
urea.—B'TISO^.—B'^OuSO,. ^Vhite silky needles. 
Got by mixing cono. solutions of tbio*urea and 
OuSO^.—B'jOaiSOJ 2aq.—B',CuCl. Colourless 
dimetrio crystals, sol. water, but ppd. by IlCl 
and KCl. Alkaline in reaction. Attacked by 
H^S with difficulty. Does not absorb CO 
(Itathke, B. 17, 301).—B',Cu,Cl, aq. Ppd. by 
adding CuCl^q to aqueous thio*urea (Bathko, 
B. 14, 1770; 17, 301). Minute needles, insol. 
water.—B^^CuCl. Flat needles. Formed by 
mixing the two preceding salts into which it is 
decomx}osed by water.—B'4HgO.—B'.^(IIgO)., 3aq. 
Ppd. by adding neutirvl Hg(N0,)2 to a dilute 
solution of thio-urea (Emerson Bbynolds, A. 
160,236; Kurnakoff, B. 24, 3066). Crystalline. 
Loses thio-urea on washing with water.— 
B'fHgCi^: larf^o crystals, v. sol. water.—B'AIgCla: 
minute needles, nearly insol. water (Claus, B. 0, 
227).—B'Hgl, (Maly, B. 0, 173).—B'HgCyS. 
Needles, decomposed by heat into dicyandiamido, 
HCy, and HgH (Nencki, B. 6, 608).-B'^bCl2; 
needles (Claus, A. 170, 135).—BTb(CyS)jt.— 
B'.^SnCl2.—: spherical groups of prisiqs 

i from water).—B jCdS04.—B'„SiBr4 (Emerson 
teynolds, O. J. 61,202).—B'jAg.O 4aq. Crystal¬ 
line.—B'AgNO, (K.).—B',AgNO». [141®], Silky 
crystals, sol. hot alcohol (Emerson Boynolds, 
C. 61, 240).—B'.>gCl. [171°]. Needles, m. 
sol. hot alcohol.—B'.^AgBr. [121®].—B'^Agl.— 
B'jAgCy. [126®].—B'gAg.^CjOi: needles. 

Chloride (CSN.jH4).iCla. Formed by pasa- 
^.ing Cl into a cono. alcoholic solution of thio¬ 
urea (Claus, A. 179, 130). Formed also by the 
action of CCl;,.SO,Cl, and of ICl, ICl,, or POClj 
on thio-urea (M‘Gowan, C. J. 40, 101; J. pr. [2] 
33, 18B). Small needles, v. sol. water, m. sol. 
alcohol, insol. ether. Decomposed by alkalis, 
yielding oyanamide. Alcoholic RI removes chlor¬ 
ine, sotting thio-urea free. Dilute UNO, forma 
crystals of (0SN.^n4)a(N03)s, which is al. sol. 
water, insol. alcohol and ether. 

Bromide (CSN.4H4)3Br2. Formed by adding 
Br to an alcoholic or cold aqueous solutio'h of 
thio-urea; in aqueous solution excess of Br pro¬ 
duces urea (Glaus, A. 179, 13Q; M‘Gowan, 
O. J. 61, 878; J, pr. [2] 30, 216). Crystals. 
Its aqueous solution deposits S when heated. 
Sodtnm-amalgam reproduces thio-urea. 

Iodide (CSN2H4).3l2. Formed frpm thio¬ 
urea, I, and alcohol (M'Gowan, J. pr. [2] 33, 
192). Prisms. 

Meihylo-iodide (CSN^HJMel. [117®]. 
Formed slowly by combination of thio-urea with 
Mel in thoroold (Bernthsen a. Klinger, B. 11'; 
498). Prisms, v. sol. water and alcohol. AgCl 
gives the ohloride, which forms the platino- 
chloride (B'MeCll^tClf aq. 

Ethylo-chloride B'EtCl. Crystals. 
Ethylo-hromide (CSN^HJEtBr. Hexa¬ 
gonal plates (Claus a. Siegfried, A, 179, 145). 
Pecompoaes at 100®. 

Sihyio-iodidee (CSN,H4)EtL Crystal¬ 


line. Gives with moist Ag,0 a base. Boiling 
aqueous alkalis liberate mercaptan.—B'-^Et^PlCL 
(dried at 100®). Tables.—B'^Etl. Needles (from 
alcohol) (Claus, B. 8, 41). 

Benuylo^ohloride (CSN2H4)C,H,C1.[168®]« 
Formed from benzyl chloride and thio-urea. 
Yields unstable benzyl-thio-urea GSNJb,C,H, 
[72®], which decomposes at 100® into dicyan- 
diamide and benzyl mercaptan (Bernthsen a. 
Klinger, B. 12, 674).-(CSN.^4C,H,Cl)jPtCl4. 

Compound with oxalic ether 
(CSNjHjjEt.C^O^. [160°]. Monoclinio crystals 
(Nencki, B. 7, 780). Decomposed by hot water. 

Compounds with amines 
(CSN2H4)4NMen3Br. [138°J. Formed from 
methylainine hydrobromide and thio-urea in 
alcohol (Beynolds, G. J. 69, 392). Felted 
crystals.—(CSN^IJsNEt^H^r. [134®]. Formed 
by boiling thio-urea together with diethyl- 
amine hydro-bromide and absolute alcohol.— 
(CSN,H4),NEtjHBr.—(CSN,^H,)jNEt4l [135®]. 
Prisms.—(CSN,H4),NEt4Br [160®]. Bectangular 
prisms (Beynolds, 0. J. 69, 388). 

Acetyl derivative CSN.HaAo. Mol. w. 
118. [1C5®J. Formed by heating thio-urea with 
ACjO (Nencki, I). 0, 598). Formed also from 
thio-acetic acid and cyanamide (Prtitortus, J.pr, 
[2] 21, 147). Prisms (from hot water), v. sol. 
alcohol, m. sol. ether,—B'HjPtCl#. Crystalline. 

Propionyl derivative (Freytag, J. pr. 
[2] 20, 381). 

Benzoyl derivative CSN.^IIsBz. [170®]. 
Formed by warming thio-urea (2 mols.) with 
BzCl (1 mol.) (Pike, B. 6, 755). Got also from 
benzoyl sulphocyanide and^ NHjAq (Miguel, Bl. 
[2] 25, 252). Needles (from alcohol); si. soL 
cold water. Tastes bitter. 

o-Oxy-bemoyl derivative 
Nn,.CS.NH.C0.C3ll4.0II. [182®]. S. (boiling 
alcohol) 7. Formed from salieyl thiocarbimido 
and aqueous NH, (Miguel, A. Ch. [5] 11, 304). 

THIO*4'-TJRlC ACID v. Tnio-URAMiDO-DAnoi- 

TDRIC ACID. 

THIO-VAXEEIC ALDEHYDE C,n,oS. (116°). 
Formed, together with CjII^Ss [95®j, by heating 
isovaleric aldehyde (23 pts.) with S (9 pts.) in 
sealed tubes at 250® for eight hours (Barbaglia, 
G. 1^1,95; B. 17,2651). Oil with penetrating 
odour like onions, sol. alcohol and ether. Docs 
not combine with NaliSO,. 

Isomeride C^H.oS. [69®]. V.D. (H = l) 
60-76. Formed by passing HB into a dilute 
aqueous solution of isovaleric aldehyde. Fibrous 
crystals (from ether), insol. water. 

THIOKEHE V. DE-MErnTL-TUiopHENS. 

THIOXYLENOL v. Xtltl uercaptam. 

THIOXYL METHYL KETONE v. Di-araxHVi^ 

TBIENYL METHYL KETONE. 

THOEIBM Th. (Thorinum.) At. w. 232. 
Mol. w. unknown. Tlie m.p. of Thhas not been 
determined; it is certainly very high (Nilson, B. 
16, 2641). S.G. 11-1 at 17® (N., Z.c.. p. 2543). 
S.H. *02787 (N., B. 16, 161). Crystallises in 
regular octahedral and, hexagonal forms, iso- 
morphous with Si (BrSgger, 2. K. 7, 442; ef. 
Nilson, B. 16, 2646; 16,162 note). S.V.S. 20*9. 

HistorCial .—In 1818 Berzelius announced 
the discovery of the oxide of a new element 
in a rare Norwegian mineral; to the metal of 
tiiis oxide he gave the name thorium Ittom 
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Ih« Scandinavian god Thor), k few years 
later Berzelins found that the substanoe he had 
supposed to be a new earth was really yttrium 
phosphate. In 1828, however, Berzelius isolated 
a new earth from another Norwegian mineral; 
he named the new earth thoria, and the mineral 
from which it had been prepared he called 
tJiorite (P. 16, 385). la 1851 Bergcmann dig* 
covered a new metal and called it donarium\ 
but this metal was shown to be identical with 
the thorium of Berzelius by Damour (C. R. 34, 
685), Berlin (P. 87, 608), and Bcrgeraann him- 
tpelf (P. 85, 558). In 18G2 Bahr supposed ho had 
found a new metal, which he called tvasium, but 
soon afterwards he recognised that the metal was 
identical with thorium (P. 119, 572 ; 132, 227). 
The metal thorium was isolated by Berzelius in 
1828 (P. 16, 385) ; it was also obtained by City- 
denius in 1861 (BI, [2] 1, 130); and in a state 
of greater purity by Nilson in 1882 (P.15, 2537). 

Occurrence. —Compounds of Th have been 
found only in very small quantities in a few 
localities. Thorite from Ldvon in Norway con¬ 
tains c. 59 p.o. ThO^ according to Berzelius; an 
orange-coloured variety of this mineral, orangitCt 
was found by Bergemann to contain 74 p.c. 
ThO,; Nilson {B. 15, 2519) found from 50 to 
59 p.c. ThO, in different specimens of thorite. 
Small quantities of ^0, have been found in 
specimens of pyrochtore, monazite, samarskitet 
cuxcnilet gadolinite, and orihite. Several mine¬ 
rals containing Th have been discovered by Hid¬ 
den a. Mackintosh in North Carolina and Colo¬ 
rado ; one of these is a silicophospbate of Th, 
another a silicate of Th and Hf, another a sili¬ 
cate of Th and U, and another is a uranate of 
Th, Pb, and Y (A7n. 8. [3] 36, 461; 38, 474). 

Formation. — 1. By reducing ThCh or 
2ThCl4.KCl, by heating with K (Berzelius, P. 16, 
385). — 2. By reducing fused ThCl^, or 
2ThCl4.KCl, by means of Na (Chydenius, Bl. [2] 
1,130; 6, 433 ; Nilson, B. 15, 2537). 

Preparation. —Powdered thorite is evapo¬ 
rated with HClAq to dryness; the residue is 
heated to render silioa insoluble, and treated 
with water; the solution is filtered and ppd. ly 
HjS; the filtrate from PbS is ppd. by NHaAq, 
and the pp. of crude ThOj.xH^O is thoroughly 
washed and dissolved in HCIAq; Th(CaUt)} is 
ppd. from this solution-by H^G^^O^Aq, and the 
pp., after being thoroughly washed with boiling 
water, is decomposed by beating; the crude TiiO, 
thus obtained is converted into Th(S04)2 by 
treatment in a Pt basin with cone. H2SO4 after 
being thoroughly moistened with water. The 
impure Tb(S04)2 thus obtained is freed from acid 
and wafer by heating, and is dissolved in as 
little ice-oold water as possible (c. 5 parts are 
required), and the solution is heated to c. 20*^, 
whenTh(804)2.9H20 ppta. The Th(804)2.9H,0 
is dehydrated by heating; the Th(S04)2 is dis¬ 
solved in the minimum quantity of ice-cold 
water and the solution is heated to 0. 20**; the 
crystals of Th(S04)2.9H20 that separate are de¬ 
hydrated, dissolved ip ice-cold water, ^d the 
hydrated sulphate is ppd. by heating to 20**. 
This treatment is repeated a few times, when 
pure Th(S04}2.9H20 is obtained. This method 
of purifying orode sulphate of Th, which is given 
by Nilson {B. 15, 2521), depends on the great 
^eranoM between the aol^Uitiee in water of 
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Th{S04), ftnd Th(S04)2.9Ha0; the former, when 
pure, is soluble in 20*6 parts water at 0^, the 
latter requires 88 parts water at O'*, and rauoh 
more at 20*, for solution. The sulphates of the 
metals present in the crude ThfS04j, prepared 
as described*are much more aoluole m water at 
20** than Th(S04)2.9I^0. Per other methods of 
preparing ^aXs of Th from thorite v, Berzelius 
(f.c.), Chydenius (l.c.), Dolafuntaine Mr. Sc. [2] 
18,343), and Cle^ {Bl. [2] 21, 115). 

To prepare Th from puro Th(S04)2, Nilson 
{B. 15, 2588) dissolved the salt in water, ppd. by 
KOHAq and boileil, washed the Th02.arH20 
tlioroughly, dissolved in HCIAq and reppd. by 
KOHAq (to remove all tiaces of H28O4); ho 
thoroughly washed the pp. by decantation, dis¬ 
solved it in HCIAq, added KCl, in the ratio 
2ThCl4:KCl, evaporated to dryness in a l*t basin, 
and dried the residue by warming over a llame, 
stirring constantly, and then powdering and 
heating again. The dry double salt of ThOl4 
and KCl was heated to ^odnoss in a stream of 
dry HCl fprepared from cone. 112804 and sub¬ 
limed Nn4Cl), HCl was removed by a stream of 
H, and some of the salt was transferred to a 
cylinder of wrought iron (fitted with a lid which 
screwed on), in which a layer of dry NaCl had 
been placed; pieces of sodium were arranged over 
the Th-K salt in the cylinder, on tli^e was placed 
another layer of the Th-K salt, ana the cylinder < 
was thus nearly filled with alternate layers of Na 
|ind the double salt; the contents of the cylinder 
were psessed together by a piston which fitted 
into the cylinder, sullicient dry NaCl was added 
to fill the cylinder, the lid was screwed on, and 
the apparatus was heated to fall lodnosa for 
about fifteen minutes; after cooling, the oontonts 
of the apparatus were treated witli cold water, 
whereby ohloridea were dissolved and the excess 
of sodium was converted into NuOIl and dis¬ 
solved (the action is apt to be explosive); tl)^ 
thorium was washed with water, then with alco¬ 
hol, and finally with ether, and dried at 100°. 

The yield of thorium by this method is almost 
equal to that calculated from the equation. For 
a detailed description of the iron oylinder used 
for reduction v. Nilson a. rottersson, W. 4 , 554 
(on the preparation of Bo). 

Properties. —Prepared as described, Th forms 
a greyish-whito, glistening powder; the powder 
consists of small, thin, six-sided, crystalline leaf¬ 
let ; the larger crystals are os white and lustrous 
as silver, the smaller are grey and less lustrous. 
The crystals are somewhat brittle. S.G. at 17** 
ll’l to 11*23; the latter number referring to tha 
well-crystallised metal (Nilson, B. 15, 2543; 

*100). S.H. (0* to 100°) *02787, hence at. heat 
s<6‘4 (Ij., B. 161). Crystallises in combina* .< 
tions of regular octahodra and hexahedra; iso- 
morphous with Si (N., l.Cf^ and note, p. 162). 
S.V.8. 20*9. The emission-spectrum of Th baa 
been mapped by Thal^n {Ditetmin. dea Tjongueure 
d'Onde dea Bates Mitalliques 1868]); 

the most marked lines are three in the indi^*; 
4393, 4382, and 4281. Soret {Ar, 8c. [2] 63, 
59; [3] 4, 94) found that ThCl4Aq outs off al¬ 
most the whole of the uUra-violet part of the 
spectrum. 

Th is unchanged in air op to 100^-120^'; 
when heated to a higher temMrature it burns to 
ThOg with production of mocm white light. Th 
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U readily oxidised bj beating In 0; on this ao* 
eonnt eome of the metal is oxidised in the pro¬ 
cess of preparation if the lid of the^oylinder does 
not St tightly. Nitson's experiments (B. 15, 
2541} show that Th does not melt at the full 
heat of a wind-furnace. Th does n’at react with 
water; it combines directly with Cl, Br, 1 and 
S. The metal is slowly acted on by H^SO^ or , 
HNO„ rapidly by HGIAq or aqua regia ; alkali 
solutions do not seem to react 

The at. w. of Th has been aetermined: (1) by 
analysing Th(S04), and hydrates of this salt (Ber- 
selius, P. 16, 898 [1829]; Ohydenius, P. 119, 48 
[1861]; Delafontaine, Au Sc. 18. 348 [1863]; 
Hermann, «r. pr. 93, 114 [1864]; Gleve, Bl. [2] 
21,116 [1674]; Nilson, B. 16, 2527 [1882]; Eruss 
a.Nil80D, B. 20,1665 [1887]); (2) by analyses of 
the doable Th*K sulphate (Berzelius, lx.) ; (3) by 
analyses of the acetate, oxalate, end formate of 
Th (Ghydenius, lx.) ; (4) by doiennining S.H. of 
Th (llUson, B. 16, 153 [1883]); (6) by Snding 
V.D. of ThCl4 (Kriissoa. Kilson, B, 20, 1666 
[1887]). The mo), w. of Th is not kftown. 

Th is distinctly metallic in its chemical re¬ 
lations: the only oxide that has been isolated 
with certain^, ThO^ is basic, forming salts 
ThXt (X»SO^, 2NO9, dro.l. There are indica¬ 
tions of the existence of a nigher oxide (? Th^O,). 
Thorium forpis the last member of the even-series 
family of Group IV. in the periodic classification 
of the elements. The members of this family are 
0, Ti, Zr, Oe, Th. The four elements Tj, 
Zr, Oe, and Th closely resemble one anUher in 
their chemical properties; they are also similar 
to the odd-serios family of Group IV., namely, 
Si, Ge, Sn, —• Pb. For a general account of 
Group IV. (and more especially of 0 and Si) v. 
Cahdon oroup 07 XLUMENTS (vol. i. p. C82); for 
a description of the even-series family (Ti, Zr, 
Ce, Th) V . Tctakiuu group op elements (this 
yol. p. 749); and for thp odd-series family (Ge, 
sn, Pb: Si being described in vol. i. p. 652) v. 
Tin group op elements (this vol. p. 735). 

The atom of thorium is tetravalent in the 
gaseous molecule ThCl^ 

ReaxiioM and Combinatiom (Nilson, B. 15, 
2541).—!. Heated in air, oxidation begins at 
o. 120^, and at much below rod heat the metal 
bums brilliantly to ThO^. —2. Heated in a stream 
of oxygen, the metal burns to TbO.^, with the 
roduotion of dazzling white light.—3. Th 
urns to ThX4 when heated in chlorine,^in 
bromine vapour, or in vapour of iodine. — 
4 . When heated with sulphur pa0 of the S 
volatilises, and when the temperature is above 
the b.p.of S combination occurs with production 
of much light, ThS, being formed.—5. Accord¬ 
ing to Troosi fO. B. 116, 1227). Th ^mbines 
with carbon, woen ThO* is mixed witn G and 
heated in GO. in the electric arc (v. Carbide, 
^0tt).-~6. Water does not react with Th at 
Any temperature, so far as experiments have 
been tri^. ^Nilson gives no details, but* 
•eyt * Thorium is not onanged by water under 
■ayoonditions.*—7. reacts slowly 

with Th: when dilute, the acid evolves H; when 
oone. and hot, SO, is given off.—8. The action of 
nitric acid is slight; the dilute warm acid acta 
very gradually; oono. acid is almost without 
eoUon.—9. Hydrochloric acid rap^ly dissolves 
Th, fon&ing TbOl^, and giving off B; the eotion 


Is most complete with oone. acid.—10. Agua 
regia dissolves Th easily.—11. Alkaline eolu- 
tume seem not to react with Th. 

Detection and Estimation. —Salts of Th are 
colourless when the acid is colourless. Alkalis, 
and also (NH4),SAq, ppt. gelatinous, white 
Th02.2H,0, insoluble in excess of the precipitant; 
alkali carbonates fornT a white pp. soluble in 
excess; solution in (NH4),C0,Aq becomes turbid 
at 60°, but goes clear on cooling; saturation of 
a solution of a salt of Th with K,S04 forms 
white Th(S04)2.E2S04.2H,0, insoluble in 
K,S04Aq, but soluble in water; K4FeCy,Aq pptS. 
white ThFeCy,; oxalic acid and alkali oxalates 
ppt. white amorphous Th(G.404),, insoluble in 
dilute acids, soluble in solutions of alkali oxa¬ 
lates or NH4.G^a0.4, especially on warming. 

Th is generally estimated by ppn. as 
Th0.4.2R40 or Th(Cj04)2, and subsequent conver¬ 
sion into ThO, by heating. 

Thorium, bromide of. The gummy, white 
mass obtained by Berzelius (P. 16, 385), by eva¬ 
porating a solution of TbO.^.QHgO in UBrAq, was 
probably ThBr,. The hydrated salt ThBr*. lOaq 
seems to have been obtained, from ThO;. 2aq, by 
Jannasch, Locke, a. Lesinsky {Zeit. f. anorg. 
Chemie, 5, 283). 

Thorium, carbide of. By heating an intimate 
mixture of ThO.^ and 0 in the electric arc, in an 
atmosphere of CO^, Troost (0. B. 116, 1227) ob¬ 
tained a hard, brittle solid, containing from 8*2 
to 9*5 p.o. C, and therefore approximating to the 
formula ThC, (which requires 9*38 p.o. G). S.G. 
10*15 at 15°; scratclies gU-ss slightly; decom¬ 
poses cold water, giving off U and strongly smell¬ 
ing hydrocarbons ; gradually decomposes in moist 
air: burns rapidly and brilliantly when heated 
to redness. 

Thorium, chloride of, ThCl4. Mol. w. 378*5* 
V.D. 172*2 at I0r>0°-1270° (Kruss a. Nilson, B. 
20,1671). This compound is formed by heating 
a mixture of ThO^ and 0 in a stream of dry 
Cl; the ThCl, sublimes in white needles. 
Krilss a. Nilson (B. 20, 1676) prepared pure 
ThCl4 by healing Th to incipient redness in a 
stream of dry, air-free UGl; then raising the 
temperature to full redness, in order to sublime 
a litS!e FoCl;;, formed from the iron in the thorium 
used; and finally eublhning the ThCl4 at an in¬ 
cipient white heat. (For details of tlie apparatus 
used V. Nilson a. Pottersson, J. pr. [2] 33,1 [on 
preparation of BeClJ). 

ThCl4 crystallises in lustrous, white needles; 
moderately hygroscopic, but remains some hours 
in the air before deliquescing (K. a. N., l.e.). 
Does not volatilise at 0. 420^ (Ohydenius, P, 
119, 43). The V.D. found by E. a. N. at tempe¬ 
ratures from 1050° to 1270° shows that the for¬ 
mula ThCl, is molecular. E. a.N. got the value 
142 for V.D. at 1400°, showing that dlssooiation 
bad begun. Troost {0. B. 101, 360) obtained 
values for V.D. of ThClf at 0. 950° considerably 
lower than those of K. a. N. It is likely that 
bis specimen was not pure, or that the apparatus 
used contained traces of O sufficient to cause 
decomposition to ThO, and G1 (E. a. N., lx., p. 
1674). 

Hydrated thorium chloride ThCl4.8H,0 wat 
obtidned by Gleve in thin, white prisms, by con- 
oeatrating a solution of ThO;r8HgO in HOIA^ 



monmu. 


m 


Allowing lo OTTStolliBe, and drying over H,SO« 
(BU [2] 21.116). 

Double tails. —ThOl, combines with ^taa- 
iium chloride to form 2ThCl4, KChlSH^O; ob¬ 
tained by mixing very cone, solutions of the 
constituents. Forms small, white crystals; v. 
sol. water, also sol. aloobol; dehydrated by 
heating in HGi (Cleve,,B/. [2] 21, llG). By 
heating a dry mixture of ThCl^ and NH^Cl in 
HGI, Ghydenius {Bl. [2] 1,130; 6,4.33) obtained 
a compound witn ammonium chloride^ which, 
when crystallised from water m voctio, had the 
oamposition ThGli.SNH^Gi.SHp; loses CH.^0 at 
100°. Gleve {lx.) prepared a compound with 
p^atinicchlor^deThC\^.ViC\^.l2U..p\ and Nilson 
(lx.) a compound with platinous chloride 
2ThGl,.SPtGlr24H,0. 

Thorium, ferroeyanide of, ThFeGy,.4HjO. 
A white powder; prepared by adding K^FeCy^Aq 
to solution of a salt of Th (Gleve, Bl. [2] 21, 
116). 

Thorium, fluoride of, TliF^.dH^. Obtained 
by adding HFAq to ThCl,Aq; the gelatinous 
pp. becomes powdery after a time (Ghydenius, 
Bl. [2] 1,130 ; 6,433). Loses H,0 at 100°, and 
2HjO at 140°-200°; heated to redness gives 
ThO, and HP. Berzelius {P. 16, 386) obtained 
a heavy white powder by heating Th0.^.2H,p 
with HFAq. Combines with potassium fluor¬ 
ide ; Ghydenius {l.&.) obtained two salts, 

(1) ThP,.KF by mixing ThCl.Aq with KHF,Aq, 

(2) ThP,.2KP.4H,0 by boiling Th02.2H,0 with 
cone. KHFjAq and HFAq. The isolation of a 
third salt, 7ThP^.8KF.6H,0, is doubtful. 

Thorium, hydride of. By heating ThO.^ with 
excess of Mg powder, in a stream of H, Winkler 
(B. 24, 885) obtained a grey powder, which gave 
off H with dilute HGlAq, and burnt when heated 
in 0. Analyses of this powder gave 72-86 p.o. 
Th. -60 p.o. H, 17'57 p.o. Mg, and 9*07 p.c. O. 
Supposing the ThO„ Mg, and H interacted in 
accordance with the equation ThOj-l-2Mg + 2fI 
aiThH^ + 2MgO, then, from the quantities of 
ThOj and Mg used, the product would give on 
analysis 73-77 p.c. Th, *63 p.c. H, 15*45 p.o. Mg, 
and 10*15 p.o. 0. From these data Winkle” 
concluded that a hydride, ThH,, was formed in 
the reaction. 

Thorium, hydroxides of, v. Oxides xnovbt* 
DBATSD OXIDES {infra). , 

Thorium, iodide of. The white gummy mass, 
crystallising after a time, obtaiued by Ghydenius 
{BL [2] 1, 130; 6, 433) by evaporating a solu- 
tion of ThO,.2H.^O in HIAq, was probably Thl4. 
The substance goes brown in the light. 

Thorium, nitride ot By heating ThO.^ or 
ThCl^ in NH„ also by heating ThCl^ and NH^Cl 
in HCl, Ghydenius {lx.) obtained a small quan¬ 
tity of what he supposed to be either a nitrida 
of Th or a compound of the metal with N and 
H. 

Thorium, oxides and hydrated oxides of. 
Besides the oxide TbOa a peroxide, probably 
T^O„ is said to exist. 

Tboriuv dioxiob ThOj, (Thoria.) Mol. w. 
not known. Obtained* by ppg. a salt of Th by 
alkali. (NHJ,SAq, or KCNAq, drying, and 
strongly heating; also by deoomposiftg ThCO.O*), 
hy heat. A fine, white powder. S.G. 10*22 at 
ir (NUson, B. 16,268^. 8.VB. 26*87. aH. 
(0° to 100’} *0548 (II4 a. PoUeisaon, B. IS, 1450). 


By heating ThO, with borax in a^roelain oven, 
Nordenskjold obtained the oxide in microsoopie 
crystals isomprphous with SnO, and ZrO, [P. 
150, 219). TnO, has not been fiuod; }t is not 
reduced by heating with G, but when mixed with 
0 and hea^ in Cl the chloride ThGl^ is ob¬ 
tained. ThO^ does net react with molten alkalis. 
It is scarcely*acted on by acids; warm oone. 
H^SOj, however, converts it into Th(SO,)g. 

Hydrates or thorium dioxide. The dihp. 
drate Th0...2HaO ThO*H„ thorium hydroxide) 
is obtained by ppg. a solution of a salt of Th by 
an alkali, (NIIJ^SAq. or KCNAq, washing, and 
drying at 100°. It forms a hard, white solid. 
ThO,;.2H,0 combines with GO, in the air; it 
dissolves in acids, forming salts ThX,, where X 
« SO,, 2NOj, Ac. Another hydiato, 4ThO,.H,0 
(™Th40,(OH)„ tJu»-iwn vu'tahydroxide) is ob¬ 
tained, according to Gleve {HI. [2) 21, 116), by 
heating ThO, (obtained by decomposition of 
Th(C,0,)5) with excess of HNO,Aq or IlClAq at 
100 ° till the acid is driven off, adding water, and 
then ppg. the opalescent lolution so obtained by 
NIIjAq, washing, and drying at 100°. This hy¬ 
drate is said to bo insoluble in dilute acids. 

Thorium pbuoxiob Th,!),. An oxide with 
this compo.sition is said to bo produced by add- 
i ing H,0.,Aq and NII^Aq to a solution of a salt 
of Th (Clove, Bl. [2] 43, 53 ; I<eooq do Boisbau- 
dran, G. It. 100, 605). 

Thorium, oxysulphide of. By strongly heat¬ 
ing ThOj, obtained from TliO,.2II,0, in CS, 
>3vpour,jCliydcTjiu8 {Dl. [2J 1, 130; 6, 433) ob¬ 
tained a solid substance to wiiicli he gave the 
formula 2TliO/rhSg=<Th,0,S,. According to 
Kru8aa.Volk {Zeit.f. anorg. Chemio, 6, 75; 8,49), 

: the compound obtained by heating ThO, in CS, 

! is ThOS, and the same compound is formed by 
heating 2ThCI,.KCl in 11,8. 

Thorium, phosphide of. By heating Th in 
vapour of P, Berzelius {P. 16, 3H5) obtained a 
dark grey, metal-like, lustrous solid, which wai^ 
changed to Th phospimto by heating in air. 

Thorium, platinocyauide of, 
Th(PtCy,),.16H,0. Ycllow-grcon, orthorhombic 
prisms (Clevo, Bl. [2] 21,116). 

Thorium, salts of. All the normal compounds 
which have been isolated by replacing H of 
acids by Th belong to the class ThX„ where 
X»2NO„ 210,, SO,, SO,, gPO,. Ac.; basic salts 
also exist. The chief salts of oxyaoids arc 
bofSite, carbonate, chlorate, chrotnate, iodate and 
periodate, molybdate, nitrate, oxalate, phos¬ 
phates, selenate and selenites, silicates, sulphate 
and sulphitefsTid tartrate. 

Thorium, silicofluoride of. By treating 
ThO.,.2H,0 with H,SiF.Aq, Gleve {Bl. f2J 21, 
116) obtained a semi-transparent, crystalline 
solid, pA)bably^Th(SiP4),; insol. in excess of 
HjSiF,; over H,SO. gave otL IlF end SiF,. 

Thorium, siUphlde of, ThS,. Obtained by 
heating Th with S; excess of 8 sublimes, and 
•when the temperature passes the b.p. of S Uie 
elements combine with evolution 6f beat and 
light (Nilson, B. 16, 2542; cf. Berzelius, P. 16, 
885). Also formed by beating ThOf, obtained 
from Th(G,Oj9 to white heat in vapour of CS| 
(Ghydenius, M. [2] 1, 180; 6, 433); but, ao* 
cording to RrOss a. Volk (l.c.), the compound 
thus formed is ThOS. A black powder. Bums 
when heated in air, giving off BO, and leaving 
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ThOt* Not acted on hr HOIAq or HNO,Aq; 
aqua regia disBolves the compoand, forming 
lli(SO«)^ Molten EOH forms and ThO^; 
heatingin 01 produces ThCli* 

Thorium, salphooyanide of. The salt 
[? Th(SCy)Jis obtained, as a viscid'mass, by eva* 
poratmg a solution of Th0,.2^0 m HSCNAq. 
A solution of the compound gi^^esta pp. with 
HgCyj, said to be Th(0H)8SCy.HgCya.H20; and 
the ^trate is said to give crystals of 
Th(OH)(SCy),.8HgCy*.12H8U(Cleve, BL [2] 21, 
116). M. M. P. M. 

THITJIOBNIK OifHjgOfcor OaH^On. Occurs 
in small quantity in Frondes Thujce, the green 
parts of Thuja occidentatis (Bocbleder a. Kawa- 
Tier, SitM. W, 29,10). Minute needles, v. si. sol. 
water, sol. alcohol. NH, colours its alcoholic 
solution green. AcCl forms resinous O^HnAcO,. 

THUJIN Occurs in the green 

branches of Thuja occidentatis (Bocbleder a. 
Kawalier, iStfs. 1^.29,10). Minute lemon-yellow 
four-sided tables, sol* alcohol. Tastes bitter. 
Its alcoholic solution is coloured^yellow by, 
alkalis, is turned reddish-brown by air, gives a 
yellow pp. with lead acetate, and gives a dark- 
green colour with FeCl,. Beduces ammoniacal 
AgNO,. Boiling dilute turns it first 

green, then yellow, and splits it up into sugar 
and thujetip. Boiling baryta-water hydrolyses 
it in like manner. 


Thujetin OaHj^O,,. Yellow solid, nearly 
insol. water, sol. alcohol and ether. Not altorqd 
by dilate IICl or H^SO^. Its alcoholic 'solution 
is turnbd a splendid bluish-green colour by 
NH,Aq. Gives, in alcoholio solution, a red pp. 
with lead acetate, and a black colour with FeCl,. 
Boiling baryta-water converts it into thujetio 
acid which crystallises in minute 

lemon-yellow needles, sol. alcohol and ppd. by 
water. 


•• (i8)-TRirjOL is Takacstonb. 

THXUONE 0,,H„0. (212®). S.G. ta -9266. 
Occurs, together with the terpene and 

loBvorotatory fenchone, in the essential oil of 
thuja obtained by distilling the ends of the 
branches and the leaves of Thuja occidentatis 
with water (Schweizer, A. 61, 398; Jahns, 
Ar. PA. 221, 748; Wallach.A.272,109). Yields 
an ozim. 

Reactions, —1. When heated with ammonium 
formate it yields a formyl derivative whichi on 
saponification gives rise to 'thujoneamine* 
0,^„.NH, (199®), which forms the salts 
B'|H^tCl« and B'HCl. Thujone-&mine hydro¬ 
chloride decomposes on distillation into NH4CI 
and thujene 0„H,. (0. 173®), S.G. Sfi-gi.—a. 
KMnO^ forms two * thujaketonic acids.’—3. 
Br forms 0„H„Br,0 [122®] (WaUach,' A. 276, 

(a)-Thnjaketonic acid i.e, 

CH,.C0.0,H„.C02H. [76®]. 8. 0. 2*6 at 100®. 
Transparent plates. Yields an oxim [0.186®]. . 

(/Sj-Thajtketonio acid O,H,2(CO.CH0.CO2H. 
[79®]. B. 1*43 at 100®. Small matted needles. 
On distillation it yields methyl heptyl ketone 
(186®) S.G. *854, which gives ^-cumene di- 
hydride 0.H,4 on heating with ZnCl, at 100® 
(Wallaeh, A, 276,166). Forms an oxim [106®] 
which orystalUses in needles.— AgA’ : v. eoh 
oold water. 


THtniTm. This name was given by Oleve 
in 1879 to the metal of a new earth which he 
announced to be present in speoimens of gado> 
liniie {0, R, 89, 478). The name thulium was 
derived from ThuU, the old name for Soandi- 
navia. The presence of the new earth was more 
or less confirmed by the work of Nilson (5. 13, 
1433), and of Soret (C. R. 89, 261). - In 1880 
' Oleve said he had isolated thulia, and described 
it as a white earth, giving an emission spectrum 
characterised by two bright lines 6896 and 5306, 
and forming solutions of salts which showed 
two absorption bands 6840 and 4645. To th^a 
earth Cleve assigned the formula Tm^O,, and ho 
determined the maximum value of the atomic 
weight of the supposed element to be Tm —170*7. 
In 1888 Eruss a. Nilson declared that thulium 
consists of two distinct elements {B. 21,1681). 

The absolute homogeneity of thulia has been 
by no means established (v. Metals, rare, vol. 
iii. p. 246). M. M. P. M. 

THYU£ OIL. The essential oil from garden 
thyme, Thymus vulgaris^ contains Isvorota- 
tory thymene C,oH„ (160®-166®), thymol 
OjoHj^O and a little cymene (Lallemand, A, 102, 
119; A. Ch. [3] 49, 155). The oil from wild 
thyme, Thymus serpyllum, contains cymene, 
thymol, carvacrol, and a phenol coloured violet 
by FeCl, (Jahna. Ar. Ph. [3] 16, 277; Febre, 
O. P. 92 , 1290 ; Buri, Ar. Ph. [3] 12, 485). 

THYHO-ACRYLIG ACID v, Oxy-otuyl- 

ACRYUO ACID. 

THYMOHYDBOQXriNONE t>. Hydrothymo- 

QUINONR. 

THYMOL 0„H„0 i.e. G,H,MePr.OH [6:2:11. 
Mol. w. 160. V.D. 75*3 (calc. 75) (Eykman, B, 
22, 2767). [49*5®] (Reissert, B. 23, 2242). (232®). 
S.G. a -9941. o.E. (0®-10®) -00086. S. *3. 
S.V. 188*9 (Pinette, A. 243, 46); 189-3 (Ram¬ 
say). Rqp =76*66 (Nasini a. Bernheimer, G. 
16,93). H.F.p. (liquid) 69,260 ; (solid) - 8768. 
Occurs in essential oil of thyme (Dover/, A. 64, 
374; Lallemand, A. Ch. [3] 49, 148; A. 102, 
119), of horsemint, Afonar^^pMnetofa (Arppe, A. 
68 , 42), of PtycJiotia ajowan (Stenhouse a. 
Uaines, A. 98, 307; H. Muller, B. 2, 180) of 
Monarda Didyma, of Ammi Copticum (Buri, 
Ar. Ph, [3] 12, 485), and in the oil from wild 
thyvio (Jahns, B, 15, 819). 

Formation. —By filing diazo-n-oymene with 
water (Widman, B. 16^, 170; 19, 246). 

Preparation.—By extracting oil of thyme 
with NaOHAq, ppg. by HCl, and recrystallising 
from HOAo. 

Properties. —Plates (from alcohol), v. sol. 
alcohol, ether, and HOAo, v. si. sol. water. Has 
a slight odour of thyme and a peppery taste. 
When solid it is slightly heavier than water, 
when liquid it is lighter. Not ppd. by adding 
water to its alcoholio solution. Not dissolved 
by NHjAq, but absorbs NHj, becoming liquid, 
but re-soUdifying after the NH, has escaped. 
Sol. EOHAq. FeCl, does not colour its aqueous 
solution. Brofisine-water only gives a milkiness. 
An aqueous solution (1 vol.) warmed first with 
HOAo (4 vol.) and then frith H^SO, (I vol.) is 
coloured redmsh-violet, the solution showing 
two absorption bands at E and D (Wolflf, Fr. 22, 
96). EOHAq followed by I in El gives on 
wanning a fugitive red tint (Itallie, Fr. 29,206)* 

Estimation : Messinger, B, 23, 2764. 
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ReacticfM.^X* Decomposed hy distilling 
with PsO» into propylene and mgoresol.—2. P,8| 
yields cymene (Fittioa, B. 6, 938; A* 172, 805). 
8. Oudised by chromic acid to thymoquinone.— 
4. PCI# yields chloro-cymene. — 6. Potash^ 
fusion yields several ozy-acids (Barth, B, 11, 
667, 1571). — 6. Iodine and potash yield a red 
amorphous pp. [110®] converted by heat or by 
boiling water into a yellcsv body [165®] (Messln* 
ger a. Vortmann, B, 22, 2316).—7. Boiling 
POCl, (1 mol.) acting on thymol (1 mol.) forms 
liquid 0,oH„O.POClj (280®-285°) which is con- 
verted by water into liquid C,oH,30.PO(OH)a, 
vihich yields BaA'Moq and is decomposed by 
heat into thymol and HPO, (Discalzo, Q. 15, 
279),—8. Boiling POCl^ acting on tliymol (2 
mole.) forms (0,«H„0),P0CI (330 ^-340*^ at 320 
inm.), a liquid which is converted by water into 
{0,oHj30).^O.On, which is insol. water and 
yields NaA' [74®J (Kreysler, B. 18, 1705) and 
BaA',5aq. S. *107 at 21®.—9. PCI# (1 mol.) 
acting on thjraol (4 mols.) forms (0,nH„0):,PO 
[69®] crystallising from alcohol in prisms (M, a. 
L.).—10. SiCl4 forms Si(OC,«n,8)4 [48'^J (450*^) 
crystallising from CHCl, in prisms (Hertkorn, 
B. 18, 1693).—11. Cl.CO.NU2 reacts forming 
CAMePr.O.CO.NH.CO.NH. [100®] (Qatter- 
mann, A. 244, 44).—12. C,il4(NMe,){NH.,) [1:4] 

forms indothymol 

[G9’6°] crystallising in*needles, insol. water and 
alkalis, forming a blue solution in alcohol, a 
violet in ether, and a green in IIOAo. IICIAq 
decomposes indothymol into thymoquinonc, di¬ 
methyl-aniline, and NH, {Bayrao, BL [3] 7, 97). 
13. Chloral forms OijHnOC.JlCljO [130®-! 34^) 
(Mazzara, <?. 13, 272).—14. conc.Il4S04, 

and flOAo yield CCl3.ClI(0,olI,.2.01I)2 (Jiiger, 

B, 7, 1197).—15. Dilute 1I.S04 gradually nddou 
to a mixture of benzoio aldehyde (1 mol.) and 
thymol (2 mols.) forms C4HyCII(C,oIl,...OIl)2 
[146®] which is sol. alkalis and yields a 
diacetyl derivative [126®] (UussanotT, B. 22, 
1943).—16. COC4 passed into an aqueous solu- 
tionofO,#H„ONaform8di-thymyl carbonate 
(C,#H„0)jCO which crystallises from alcohol in 
needles [48®] (above 360®) and yields o-oxy- 
benzole aoid when heated with NaOPh at 180® 
(Richter, J. pr. [2] 27, 505). According to 
Bender {B. 19. 2268), di-thyrayl carbonato.’^re- 
pared by heating tnymyl ethyl carbonate at 
800®, melts at 60®, COOL4 also forms, as a by¬ 
product, 0,ftH,.O.COCl, which is converted by 
Smmonia into C,.H„O.CO.NH, [181®].-17. 
Gl.CO^Et acting in the cold upon 0,oH„ONa 
forms 0|oH„O.CO.OEt (0. 261®). an oil which 
yields o-ozy-benzoio acid, PhOEt, and thymol 
when heated with NaOPh (Richter).—18. Treat¬ 
ment with ClCH.,.CO,H and NaOHAq produces 

C, 3,,0.CEL.C02H [148®] which yields BaA', 2fUf^ 
PbA', AgA', oily EtA' (290®), and an amide [97®j 
(Saarbaoh, J*pr. [2] 21,169 ; Spica, Q. 10,342). 
19. a-Chloropropionio acid and KOHAq yield 
C,#H«O.CHMe.COjH [48®] (Sciq^ilone, (7. 12, 
60).—20. Thymol (10 g.) mixed with Ha804 
(76 g.) containing mirous aoid gives thymol- 
chroin C4#H#,N,0*, a dark-violet amorphous body 
which diwolves in alcohol, ether, CHCl#, and 
benzene, forming red solutions with pale-green 
fluorescence. AUcalis turn its alcoholic solutions 
hlos. Sublimes at 140°, giving off violet vapours. 


Tields brown amorphous 04 #H 4 #Ao 4 NaO# (Brunner 
a. Chuit, B, 21, 252; c/. Liebermann, B, 7, 
1100).—21. By heating with amiuonium-zino 
chloride it v converted into tbymylamine 
CjjHjjNHa di-thymylamine (0,,H,j|),NH.— 
22. Cj/anuric chloride converts sodium thymol 
into (C, 4 H,./,Cj,N, 0 , [161®] a yellow crystalline 
powder, insol. water, si. sol. alcohol (Otto, B. 
20, 2239).-*23i Aqueous KOH and KjS-P, form 
G|oll„O.SO..OK, which crystallises from alcohol 
in slender silky threads (noymanti a. Kdnigs, 

B. 19, 3307). It is oxidised by alkaline KMuO# 
to oxyciiminic acid CuH.jPr(OH).C02lI [4:3:1]. 

Salts. — OjfllJ^jONa. Crystalline. Its 
aqueous solution is ppd. byllgCl^and AgNO,.— 

C, oII, 30 . 1 Ig.IIgNO,.—C,oH, 30 .Hg.l!gOAc (Merck, 
<7. P. 48539; Diarm. Zeit. 1889, 625).— 
(0, JI, 30 ),Ilg 40 (Lallcmana).-( 0 „U, 30 ),Al. De- 
oomposed by heat into propylene and 
( 0 ,iU,Mo.O) 3 Al, the tw-crosylalo then splitting 
up into alumina, m-crcsol, di-m-tolyl oxide, and 
a body O,#!!,/) [200®] S. (alcohol) -17 at 20®; 1 
at 78®; 8. (benzene) *93 qt 21® ; S.O. 805 ; V.D. 
208*8, orvsisillising in pearly plates (Uladstono a. 
Tribe, a J. 39, 9; 41,11). 

Acetyl derivative 0,4lI,,OAo. (245®). 
8.0. 1*009. 

Benzoyl derivative C,oH,jOBz. [82®J. 
II.F. 90,480 (Stolnuann, J. pr. [2] 36,9). 

Methyl ether O.Jl.^OMo. (216® cor.). 
S.G. [{ *9531. C.E. (0®-10®) *00083.' 8.V. 214*3 
(Pinetto, A. 213, 47). II.F.p. 61,429 [0,0, 
^94,000; 112,0 = 69,000] (Stohmann,/. pr. [2J 
ifS, 26)., Formed from thymol, KOII, and Mel 
(Engcihardt a. LatschinolT, Z. [2] 5, 43^ 

Ethyl ether C.olI^OEt. (227 ) (Pinette; c/. 
Junglleisch, Bl. [2] 4, 17). H.O. « •9‘^34. C.E. 
(0®-10 ') *00089. S.V.240. Il.F.p. 68,8,58 (Stoh- 
inann). Yields the ethyl derivativo of oxy- 
terephthalic acid on oxidation (Paterno a. 
Canzoncri, O. 9, 460). Decomposes at 360®- 
H)0® into thymol and ethylene (Bainhorgor, B. 19, 
1820). • 
Propyl cfher C,JX„Orr. (243®). S.G. g 
•9276. C.E. (0®-10®) *00088. S.V. 265*6. 

Butyl ether (258®). 8.0. g 

*9230. O.E. {0®-10®) *00085. H.V. 289*2. 

Isoamyl ether C„H„00,II„. (238®-243®) 
(E. a.L.). Oil. 

Heptyl ether 0,,n,.,00,lly,. (807®). 8.0. g 
•9097. C.E. (0®-10®) -00082. S.V. 868*7. 

Octyl ether (320°). S.G. g 

•9056. C.E.(0®-10®) *00075. S.V. 895-6 (Pinette). 

Ethylene ether (C,oH„ 0 ) 40 ,Il 4 . [99®J. 

Plates (from ether) (Paterno, O. 5,13). 

Nitroso-Aiyinol v. Oxim of Tiitmoquinokb. 
Bithymoi v. Di-oxy-oicymyl. 

• References,-^AmidO‘t Biiomo-aiiido*, Bromo- 
NiTBO*, Tia-om<oBo-, lono-, Iooo-amii>o-, and 
NrrBO-xinrMOL. 

DI-THTHOL.ETHANB if. Di ozT-ni-OYinii- 

KXBANP 

THYMOL DIOABBOXTLIO ALDBHTBB 
Vo„H, 40 , ♦.«. C.HMePr(OH)(OHO),. [80®]. 

Formed as a by-product in the preparation of 
thymotio acid by the action of chloroform and 
NaOn on thymol (Kobek, B. 16,2104). Needles* 
Gives a red colour with FeCl,. 

THYMOL (a)-&nLFHONIC ACID 
C 4 H. 4 MePr(OHj.SO,H. [92®] (fltebbias, Am. 8 , 
111). Formed from thymol by the ection el 
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H^O. or 01.SOrOH at 50° (Engelhardt a. 
Latsohinoff, 1869, 44; 1871, 261). Pearly 
plaiei (eo&taming oq), ▼. e. boI. water. FeOl, 
oolonra nentral eolations dark«w.ol 6 t. Yields 
tiiymoqninone on oxidation. 

Saits.—EA* 2|aq. Efflorescent tables, t. 
e. sol. water.—NaA^2Aaq. [167 ®].AnH.A' 2aq. 
C172^.-CaA',2aq. [157®].—BaA', 4aq. Prisms, 
decomposing at 100®.—PbA',4aq. " 

Benzoyl derivative 0„H,j(0Bz).S0,H. 
—KA' 2aq.—OaA'j 4aq.—BaA^. 6 aq.—PbA', Saq. 

Ethyl derivative d,«H, 3 (OEt)SO.,H. 
Formed from the K salt, KOH, and EtI.—BiA'. 
Thin plates.—BaA', 3aq. Ptates, si. sol. hot Aq. 

lioamyl dcr<vaitveO,*H,j(OCjH„).SO,H. 
—KA'. Needles, v. sol. water. -BaA'jSaq. 

Thymol (/5).Bulphottio acid 0 „H,.,( 0 H).S 03 H. 
Formed in small quantitv by the action of H 3 SO 4 
on thymol.—KA' aq. Plates, el. sol. cold water. 
Coloured violet-blae by FcOl^ 

Thymol M-sulphonio acid 0,oH,j(OH).SO,H. 
Formed by heating thymol with fuming Il^SO^ 
at 100® (B. a. L.).—KVaq. Granular, v. sol. 
water. —BaA'j3aq. Tufts of needles, ntore soluble 
than the (a)'isomeride. Not decomposed at 
120 ®. 


Benzoyl 0„,H,J(0Bz).S0,BL— 

EA'3aq. Flat needles, si. sol. cold water. 

Ethyl derivative 0,oH,.^(OEt).SOaH.— 
KA'. Flat needles.—BaA '2 3aq. Six-sided tables. 

Thymol'Snlphonio acid 

Ethyl derivative 0«H2MePr(OEt)SO3H 
[1:4:3:GJ. Formed by boiling diazo-cymene> 
sulphonic « 5 id with absolute alcohol.—BatVa 8 aq*; 
white plates, sol. hot water, si. sol. cold (Widman, 
B. 19,247). 

Thymol Bulphonio acid. Methyl deriva» 
tive 0,^l,(0Me).S0,H. Formed, together with 
an isomende, by sulphonation of the methyl 
ether of thymol (B. a. L.; Patomo a. Pisati, B, 
8,440).—KA'; large tables.—BaA'^Saq. Nodules, 
sot. hot water. S. 3'94 at 26®. 

Thymol disulphonic acid C„H.,( 0 H)(S 03 H) 2 . 
Formed by sulphonating thymol.—K-^A" l^aq. 
Efflorescent needles (from alcohol), t. e. sol. 
water. 

References. — Auioo«, Bromo-, and Xono* 
Tsmob 8UT.PHON10 ACID. 


THYMOaWNONE C,oH, 30 ai.e. C.HJdePrOa 
f2:6;4:l]. Mol. w. 164. [46-6°]. (232®). 

Formed by oxidation of thymol (Lallemand, J, 
1854, 592), of the methyl ether of thymol 
(Faterno, B. 8 , 440), of cymenol (Carstan^n, 
J. pr. [2] 3, 63; 16, 410), of di‘Oxy-di*cymyl- 
ethane (Steiner, B. 11, 289), of ^carvaorol p» 
sulphonio acid (Claus, J. pr, [2j 39,*856), and of 
amido-thymol (Andersen, J. pr. [2] 23, 172; 
Armstrong, B, 10, 297; Ltebermann a. llinski,* 
B. 18, 8194). Yellow crystals,, with pungent 
odour, V. si. sol. water, v. sol. alcohol and ether. 
Reduced by SO* to kydrothymoquinone. K^SO. 
at 60® forms crystalline 0,^„0,SK. Phenyl 
cyanate forms O,«H, 2 O:NO. 0 O.NHPh [132^, 
orystalllsin^ in large yellow needles (Gold*' 
schmidt a. Strauss, B. 22, 3106). 

Oaim 0,H,MePrO(NOH) or 
0,H,MePr(OH)(NO). RUroso - thymoL [162®}. 
Formed by the action of nitrous acid on ^ymol 
(R. Sohiff, B, 0, 1500; Widmann, B, 15, 170; 
Liebermann, B, 18, 8194). Formed also by the 
totion of hydroxylamiae hydrochloride on 


thymoquinone (Goldsohmidt n. Schmid, B, 17, 
2061). Slendex monocUnle needles, a:5;o 
*-l‘987:l:l-8941; fl-94® 57'(Panebianco, G. 
10,78); si. sol. hot water. Its alkaline solution 
Is red. Oxidised by alkaline K,FeCy« to nitro- 
thymol. Reduced by tin and HCi to amido- 
thymol (Liebermann, B. 10, 77). Does not react 
with SO, (Schmidt, J. pr. [ 2 ] 44, 621). Fuming 
,HCl forms di>chloro-thymoquinone and chloro* 
amido-thymol (Sutkowski, B. 19, 2315). KOH 
and BzCl form 0 ,oH, 30 (NOBz) [110®]. Hydroxyl- 
amine (3 mols.) in strongly alkaline solutioif 
forms, in 48 hours, a white substance which, if 
ppd. by HOAc, immediately dissolved in dilute 
NaOH, treated with an equal weight of a phenol, 
and exposed to the air, gives a deep-blue colour 
or pp. turned red by acids (Kehrmann a. Mes- 
singer, B. 23, 2818, 3557). 

jDi-oxim C.oHj.NaO, i.e, 0 „H,j(NOn) 2 . 
Formed by boiling an alcoholic solution of 
nitroso-tbymol (1 mol.) with hydroxylamine 
hydrochloride (2 mols.) and partially neutralis¬ 
ing with alkali from time to time. Yellowish- 
white granules, decomposing at 235® without 
melting. Insol. water and NH,Aq, sol. KOHAq. 

Chlorimide 0 „H 2 MePr<^^^. Formed 

by adding a solution of bleaching powder to a 
cold acidified solution of the hydrochloride of 
p-amido-thymol (Andreson, J. pr. [2J 23, 169). 
Pungent oil, volatilising even at 15®. Decom¬ 
poses at 160®-170®. Volatile with steam. De¬ 
composed by cone. HClAq into chloro-amido- 
thymol and mono- and di- chloro-thymoquinone. 

I Cono. HBrAq behaves in a precisely similar way. 

I Alcohol at 140® converts the chlorimide into thy- 
moquiuone. Cone, aqueous SO^reduces it in a few 
days to hydro-thymoquinone. Reduced by tin 
and HCI to p-amido-thymol, considerable quan¬ 
tities of hydrothymoquinone being formed at the 
some time. 

Polymeride [201®]. Formed by the action of 
daylight on thymoquinone (Armstrong, B. 10, 
297; Liebermann, B. 10, 2177 ; 18, 3193). Silky 
yellow needles (from alcohol), insol. ether. 
Changes to thymoquinone on distillatioo. Not 
attacked bySOj at 180®, but reduced by HI and 
P, or in alcoholic solution, by Zn and HClAq to 
hydrothymoquinone. 

i^henyl Aydraxtde [249®]. Insol. benzene. 

Oxim (C,«H„NOa*)a:. [263®]. Crystalline, 
insol. water. Reduced by tin and HCI to amido- 
hy d rothy moqu I none. 

Dioxim (CijH^N^Oa)^ [«• 290®]. Powder. 
May be reduced to di-amido-cymene. 

References .—Di - amido-, Bbomo-, Chlobo-, 
loDO-, and Oxi- thymoquibonb. 

o-THYMOTIC ACID C„H„0, i.6. 
0 .H 3 Me( 03 H,)( 0 H).C 0 aH[ 6 : 3 : 2 :l]. MoH w. 194. 
[123®]. Formed by the action of CO, upon 
heated sodium-thymol (Kolbe a. Lautemann, A. 
115, 205: Kobok, B. 16, 2101). SUky crystals, 
V. sol. alcohol, other, and benzene, almost insoL 
cold water. Volatile with steam. Gives a deep* 
blue colour with FeCl,. Yields thymol when 
distilled with baryta. PCI, acting 00 the Na 
salt forma thymotide 0„H„Ot [187®], which 
is reconverted into tbymoUo awd by potash 
fusion (Naqdet, Bl. 4, 92). 

n-Thymotlc acid 0„H,.0, ia* 
C,H^e(0,H,)(OH).CO,H[6:8:4;l]. [ISr^ 
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Formed by heating thymol with aqaeona KaOH 
and CCII4 (Kobeh). plates, y. sol. alcohol, 

ether, and benzene, Insol. cold water. Not 
eoloared by FeCl^ 

Methyl derivative 

0,HHe(0,H,)(0Me).C0^. [IS?**]. Silky 

needles (from dilute alcohol).—AgA': pp. 

P.THTMOTIC AICOKOL C„H„0, i.e, , 
CAMe{C^,)(OH).CapH. [120°-130°]. Formed 
by reducing thymotio aldehyde with sodium- 
amalgam (Robek, B. 16, 2098). Amorphous 
powder, y. sol. alcohol and ether, insol. water. 

• p-THTMOTIC ALDEHYDE C„H,,0, i.e. 
C,H,Me(O.H,)(OH)CHO[6:3:4:l]. [1.33®]. 

Formed, together with 0,HMe{0,H,){On)(CHO), 
[G:3:4:5:l] [80®]. by heating thymol with chloro¬ 
form and NaOHAq (Kobek, B, 16, 209C). Silky 
needles, y. sol. alcohol, si. sol. hot water. On 
heating with aniline it yields the compound 
C.H^e(C,H,)(OH).CH:NPh [142®] crystallising 
in yellow needles. 

Methyl derivative 

C.H,Me(C,H,)(OMe).CHO. (278®). Formed by 
mothylation of the aldehyde. Oil, yielding an 
anilide C,H,Mo(C^H,)(OMe).CH:NPh [80®] crys¬ 
tallising in transparent tables. 

THYMYLAaiINEO,«H,3Nn,. (230®). Formed, 
together with di-tbymy!amino,by heating thymol 
with ammoniacal ZnJJr, or ZnClj and NH,13r 
or NH,C1 at 350®-360®, the yield being 
25 p.c. (Lloyd, B. 20, 1260). Colourless oil.^ 
B'jH.JPtCI,: yellow needles. 

Acetyl derivative [112®]. , 

Isomeride v. CAiivAcnYi.AMiNR. 1 

Di-thymyl-amine (C,oH„)gNH. (340®-845®). 
Formed as above, the yield being 25 p.o. Oil. 
Its solution in P^SO^ is coloured blue by nitrites 
or nitrates.—B'jHjPtCl,. 

Acetyl derivative (G,oH,3)2NAo. [78®]. 

THTMYL CYANDBIC ACID v. Cyanic acid. 

THYMYL MEECAPTAN C,oH„SH. Thio- 
thymol. (231®). S.G. *989. Formed by heat¬ 
ing thymol with 1*385 (Fittica, A. 172, 325; 
Bechler, J.pr. [2] 8,167). Liquid with pungent 
odour. Oxidised by HNO, to sulpho-toluic acid^ 
— Hg(SC,oH.,)3. Greenish rbombohedra [78®]. 
—PbA'3: golden needles (from alcohol). 

THYMYL PHOSPHATE (C,5H,.)3PO,. [*9®]. 
Formed by heating thymoj with FOCI,, the yield 
being 75 p.o. of the theoretical amount (Kreysler, 
B. 18,1706). Colourless needles. 

THYMYL SILICATE (C,BH,3),SiO,. [48®]. 

(0. 450®). Formed by heating thymol with 
SiOl4, the yield being 70 p.c. of the theoretical 
amount (Hertkom, B. 18,1092). 

TIOLIC ACID OJijO., i.e. CH,.CH:OMe.C03H. 
MethyUcrotonic acid. Mol. w. 100. [65®]. 

(199® i.V.) (Kopp, A. 195,84). Occurs as a glyceryl* 
ether In croton oil (Geuther a. Frdhlich, Z. 1870, 
549; Schmidt a. Berendes, A. 191, 94; B. 10, 
835; Ar. Ph. [8] 13, 218), and as isoamyl ether 
in ^man oil of chamomile (^big, A. 195, 
101 ). 

Formation. —1. By^he action of heat or of 
eono. H^SO. <m angelic acid (Demarcay, B. 9, 
193S).—2. By reducing the dibromide of angelic 
acid with sodium-am^gam (Schmidt, A» 208, 
253).—3. From OEtMe(OH).CO,Et (derived from 
oxalic ether, EtI, Mel, and Zb) by treatment 
vUh PCI# and saponification ot the product 


(Frankland a. Duppa, A. 186, 9).— 4. By distU- 
ling CH3.CH(OH).CHMe.C10.4H(ltohrl>ock, A. 188, 
236), or by heating it with HlAq (llQoker, A. 
201, 61).—6. By reducing methyl-acbtoacetio 
ether with sodium-amalgam and beating the re¬ 
sulting CHfCH(OH),CHMe.CO,tH at 200® (Wis- 
Hcenus, Aw 250, 243).- 6. By heating veratrine 
with alcoholid potash (Wright a. Luff, O. J. 88, 
347).—7. By heating veratrine with cono. HClAq 
(Ahrens, B. 23, 2*^4). 

Prc^^rft«.--Tr[cUnie plates, v* sol. hot 
water, alcohol, and ether. Smells like ben¬ 
zoic acid. Volatile ^vith steam. Not attacked 
by sodium-amalgum. Forms with isovaleric 
acid the double salts CaA'(C5U„OJ 41a(j and 
AgA'CJIyO,. 

BeacHons. —1. Yields acetic aldel^de and 
acid on oxidation with KMnO* (Beilstoin a. 
Wiegand, B. 17, 2261; Kondakoff, J. It. 20, 
523).—2. Potash’/usion gives propionic and 
acetic acids.—3. Fuming HI forms an lodo- 
valeric acid [87®] (Schmidt, B. 12, 262). -4. HI 
and P yield CEtMell.00^,11.—6. Jlroyttine forms 
CJI^BrA (Pilfikert. A. 250,240; Wis- 

Jiconus, A. 272, 21; 271, 99). ■ 0. IIOCl forms a 
mixture of CII,.CU(OH).CCIMe.CO,II [112®] 
and CH3.CHC1 .CMc( 011).CO,U [76®J (Molikoff, 
if/. [2] 47.106). 

Salts.—KA'.-CaA',3aq. S. (of CaA\) 6*4 
at 17®.—BaA'j 4aq. 8. (of BaA',) 18-5 at 16®.— 
AgA'. 

.. Kthyl ether FAk\ (1.55®). S.G. A *942. 

Jsalwtyl ct/icr CjH,,A'. (205®). 

Beference. — Ckloro-tiglic acid. *• 

TIOLIC ALDEHYDE C,1I,0. Ouaiol. (118®). 
V.D. 2‘92. Formed by distillation of gum 
guaiacum (Deville, C. 12.17, 1143; 19, 134; 
Volckel, A. 89, 84G; Herzig, Af. 8, 118). Formed 
also by heating acetic aldehyde (1 mol.) with 
propionic aldehyde (1 mol.) and aqueous (28 p.o.) 
NaOAo for 80 hours at 100® (Liebcn a. Zeisel^ 
M. 7, 53). Pungent oil, miscible with alcohol 
and ether. Oxidised by air to tiglic aoid. Alka¬ 
line sodium nitroprusside gives a violet-red 
colour destroyed by lIOAo (Von Bitto, A. 267, 
87G). Br forms di bromo-valoric aldehyde. Iron 
and dilute (50 p.c.) acetic acid reduce it to 
valeric aldehyde (91®), an Inactive amyl alcohol 
CHMeEt.CH.,OH (129®) and tiglioalcohol CjHj.O 
(0. 130®). Ileacts with phenyl-hydrazine, and 
combines with NallSO,. CrO, forms acetic acid 
(Gifm, A. 106, 379). Aqueous SO, at 0® forms 
oxy-pentane disulpbonic acid (Ilaymann, Af. 9, 
1055). ♦ 

TIOLYL ALCOHOL v. Pisntrnyl alcohou 

TIN Sn. At. w. 118-8 [v. infra). Mol. w. 
not known with certainty (v. infra). Melts at 
231-C8® (pallendar a. GriilUhs, C. AT. 03, 1); for 
other data, giving m.p. from 220® to 285®, v. Oar- 
nelley's Melting and Boiling^int Tablci (2,12). 
Bolls between the m.p.s of Ni and Fa, %.e* be¬ 
tween 1450® and IGOO® (Camelley a. Williams, 
C. J. 35, 5GC). S.G. c. 7*3 (determlqations vuy 
from e. 7 0 to c. 7*5) {v. Clarke*s Table of Specif 
Qravitiee [2od ed.] 6). The so-called allotropio 
variety of tin seems to have S.Q. from 6*8 to 6*1 
(«. Sehcrtel, J. pr. [2] 19, 822). S.H. (0®..100®) 
*0559; sO'Calleu allotropic tin has S.H. *0545 
(0®-100°) (Bunsen, P. 141, 1); 8.H. Uqiiid tin 
(260®-860®)- 0687 (Person, A. OK [8] 24,129). 
as. (linear, 0^-100®} *00002296 (Mattbieswn, 
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Pr, 15, 220; v. alsoEopp, A, 81,1; Flzean, C. B* 
68, 1125). T.O. 16-2 (Ag -100) (Wiedemann, 
P. if. [41 19, 248). B.O. (Hg at 01-1) at 16® » 
6*828 (&nraho£f a. Hausemann, W. 18, 406); at 
0®-8-726, at 100®-6 091 (Lorenz. W. 18, 422). 
Heat of fusion (for 1 kilo.^in) - 14S'162 (Person, 
A. OK rS] 24, 129). For spectmm of tin v. 
Thal4n {A, CK [4] 18, 237); SM {0. J. [2] 9, 
1147); also Hartley a. Adeney {T, 1884 [!.] 118). 

Historical,—Tin was kno\yn long before the 
Christian era. Pliny distinguished plumbum 
album or candidum from plumbum nigrum ; in 
the fourth century a.i>. the former of these sub* 
stances began to be called sfannum, from which 
word the symbol Sn is derived. 

Occurrence, —Tin has been found in Siberia 
and in South Australia. Tinstone or cassiteritet 
consisting essentially of SnO^, is found in con* 
sidorable quantities, both in veins and in alluvial 
deposits, in many parts of the world. Tin pyrites^ 
containing BoS, with Gu^S, FoS, and ZnS, is 
found in small quantities in various tin veins. 
Small quantities of SnO, occur in various Uthia -, 
micas (Sandberger, J.^f. 1878.291,657). Accord¬ 
ing to Lockyer (2V. 27, 279), there are indica¬ 
tions of the oipcurrence of tin in the sun. 

Formation. —1. By ppn. from solution of ; 
SnCl, in HClAq by tin; or by tin and iron simul* ! 
taneoualy, ^ith a little FoyO;, to neutralise excess ; 
of acid (Schultze, 23. 23,074).—2. By electrolysis 
of SnCl, in dilute HGlAq.—8. By reduction of 
SnO, by heating with G. ^ ^ 

Preparation, —Tinstone is cleansed by agita¬ 
tion wMh water; it is then sorted, stamped 
or rolled to a certain fineness, and washed. The 
washed ore is calcined in reverberatory calciners 
to remove sulphur from the sulphides of Fe , 
that are present in most tin ores; the calcined ; 
ore is exposed to the air for some days to insure I 
the oxidation of any sulphides that remain in 
4 the ore to sulphates, and it is then washed in 
water, whereby sulphates of Fe, Gu,<ko., dissolve | 
and the tin oxide sinks to the bottom of the : 
vessels. The tin oxide is then separated into 
lighter and heavier parts by agitation with 
water; the heavier parts are mixed with charcoal 
or anthracite, some lime or fluorspar is added as 
a flux, and the mixture is smelted in a rever¬ 
beratory furnace. The product of the smelting 
is purified by melting, when the tin runs off, 
leaving the less fusible foreign metals behind; 
this purified tin is again melted, the mditen 
mass is stirred with billets of green wood for 
some hours, and is then allowed, to partially 
solidify by cooling, when the metal separates 
into different strata, which are ladled into 
moul^: the upper stratum is the purest and Ufe 
undermost is the least pure.Sometimes the 
smelting is conducted in a blast furnace. For 
details v, Tim in BionoMAax or Applied 
CUEMISTBT, vol. ill , p. 834. 

Commercial tin generally contains small 
quantities qf As, Ou, Fe, and Pb, and occasionally 
traces of Sb, Bi, Mn, Mo, W, and Zn. To prepare 

f mre tin, purest commercial metal is granu- 
ated and dissolved in oono. HClAq; a little 
water is very slowly poured into the liquid so 
as to form two layers, and a plate of tin is placed 
in the liquid so that part of it is in the upper 
Oess oono.) and part in the under (more cone.) 
layer. A slight deetrio ounent is thus produced, 


and crystals of pure tin are deposited on the 
plate (Hiller, A, 85, 258). 

Pure tin was prepared by Bongartz a. Classen 
(B. 21, 29031 by^ heating the purest commercial 
tin (Banca tin) in dry Cl and so forming SnCl^, 
distilling fractionally, and collecting that which 
passed over at 120®, adding to the SnCl, about 
^four times its volume <of water, and then crys* 
tallised NajS until the pp. of SnS, that formed 
was dissolved, then adding NaOHAq about equal 
to half the quantity of Na^S used, allowing to 
stand for some days, drawing off the clear, 
almost perfectly colourless liquid into a Ptbasia, 
and passing an electric current through this 
alkaline liquid, washing the ppd. tin with water, 
then with absolute alcohol, and drying at 100®, 
The current was arranged so that it produced o. 
2 to 3 o.c. detonating gas per minute from water; 
c. 2 to 3 g. tin were obtained in 24 hours. 

Properties. —Pure tin is a silver-white metal; 
the commercial metal generally has a slightly 
yellowish tinge. It is unchanged in pure air; 
but it tarnishes in the air of large towns from 
formation of a film of sulphide. Tin is one of 
the least tenacious metals; a wire 1*6 mm. dia¬ 
meter breaks with a weight of o. 14 kilos. Tin 
may be hammered into plates o. *0254 mm. 

: thick: the malleability varies much with tem¬ 
perature, at 200® the metal is so brittle that it 
crumbles when hammeroU. Tin readily crystal- 
I Uses; by fusing, allowing to cool partially, and 
I pouring out the still fluid metal, fair-sized crys¬ 
tals are obtained. Crystals are formed by de¬ 
positing tin by electrolysis. Stolba [/. 1873. 
282) covers the outside of k Pt basin, all except 
a small portion, with wax, places the unwaxed 
surface of the basin on a plate of amalgamated 
zinc in a larger porcelain basin, fills the Pt 
basin with a dUute and not very acid solution of 
8nCl„ and the porcelain basin with water con¬ 
taining 0. 3^; part of HClAq; crystals of tin de¬ 
posit on the bottom of the Pt basin. Tho forms of 
the crystals of tin are probably rhombic and 
quadratic (von Foullon, J. M. 1885 (11) Ref. 266). 
According to Frankenheim (B. 40,45C), the crys¬ 
tals belong to the regular system; Miller (B. /. 
24,133) obtained quadratic prisms by separating 
tin by electrolysis. If a piece of tin is brushed 
oveP with warm, dilute agua regia, or with a 
mixture of warm dilute H^SO^Aq and HNO^q, 
the surface becomes covered with a fretwork of 
crystals, from the facets of which light is un¬ 
equally reflected, and the surface appears like 
watered silk. When a bar of tin is bent a 
crackling sound may be heard due to the crys¬ 
tals in the inner parts of the bar breaking against 
one another. When warmed, tin has a charac¬ 
teristic smell. 

By exposure for some time to a very low 
temperature (o. - 89®) tin crumbles to a grey 
powder (v, Fritzsohe, B. 2, 112, 540); S.0. o. 
6-8 to 6*1 (t>. Schertel, J.pr. [2] 19, 822). Tin 
which had bqen kept for 800 to 400 years was 
found by Schertel {l.c.) to have become reddish- 
grey, and 80 brittle that ^t was crushed by pres¬ 
sure between the finger-nails; by immersion in 
boiling water the metal became more coherent 
and lighter^ in colour, andtheS.G. increased to 
7*8 (C/. Oudemanns, P. M, [5] 4, 470). 

Tin remains lustrous in pure air at the 
ordinary temperature, and also in water; » 
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gityish'wliUd film of BnO^ forms cm the sarfaoe 
of tin kept molten in the sir; when heated to 
whiteness in air the metal burns brightly to 
SnOg. Tin dissolves in HOlAq, forming SnCl, 
solution; dilute HoSO^Aq has only a slight ao* 
tion, oono. hot H 2 SO 4 produces SnSOj and SO,; 
dilute HNOaAq dissolves tin, with formation of 
Sn(NOa)}Aq and NH|NOa^qt cono. HNO, trans* 
• forms the metal into SnO,. Tin dissolves in 
hot oono. KaOHAq, forming KaaSnOo solution 
and giving off H. 

When haloid compounds of tin are volati* 
liasd in a stream of H and the gas is ignited, the 
flame shows two cones; the inner oono is blue 
with SnClf, green with SnBr.^, and yellow with 
Snlf, and gives a continuous spectrum; the 
outer cone is carmine*red, and gives a spectrum 
with two characteristic lines (Salet, C. /. [2] 9, 
1147). 

Tin is metallio physically, and in most of its 
chomical relations. The oxide SnO, interacts 
towards several acids as a basic oxide, forming 
salts SnXj {X > SO,, <&o.); but with oono. KOIlAq 
or NaOHAq this oxide reacts as an acidic oxide, 
forming salts M^SaOj. Tin is the third member 
of the odd-series family of Group IV. in the 
periodic olassiflcation of the elements; it is 
closely allied to Go and Pb, and less closely to 
Si; it shows very marked analogies with Ti, Zr, 
Ce, and Th, which (with C) form the even-series 
family of Group IV. For details of the chemical 
relations of tin v. Tin uboof or elemenxb, this 
vol. p. 735. 

The atom of tin is divalent in the gaseous 
molecule SnClj, and tetravalent in the gaseous 
molecule SnCl,. 

Supposed allotropic forpn of tin. The grey 
brittle powder formed by the action of great 
cold on tin, and also found in some very old 
specimens of the metal, is sometimes regarded 
as an allotropic variety of tin (v. supra). All 
the specimens of tin, however, which have been 
observed to undergo this change have contained 
small quantities of impurities; until the change 
has been effected with pure tin, and has been 
proved to occur without any change of mass, the. 
existence of an allotropic variety of tin cannot 
be said to be established. According to von 
Foullon (tT. M. 1685 [1] Ref. 2C6) thoro are tlnreo 
varieties of tin: (1) rhombic, S.G. 6 52 to 6*56; 

(2) quadratic, S.G. 7*196; (3) grey IHittle tin, 

B. O. 5*761 to 5*809. 

Atomic weight of tin. The at. w. has boon 
determined (1) by oxidising Sn to SnO.^ by UNO, 
(Gay-Lussac, A. Ch. [2J 80, 163 [1812]; Berze- 
lius, P. 8.184 [1812] ; Mulder, A. 72, 212 [1849]; 
Vlaanderen. B. J. 1858. 183 [1858]; Dumas, 
A. Ch. [3] 55,134 [1859]; van der Plaata, 0. R. 
100, 62 [1885]; Bongartz a. Classen, B, 21, 
2900 [1888]); (2) by ppg. Cl from SnCl, by 
AgNO^q (Dumas, A. Oh. [3] 65, 166 [1869]); 

(3) by electrolysing SnCh. 2 NH 4 Cl and Sn01,.2KCl 
(B. a. 0., l.e. fl 888 J); (4) by electrolysing SnBri 
(B. a. 0., 1 . 0.1 ; (5) by reducing inH. (v.d. 
P., 1 . 0 . [1885]); ( 6 ) by determining 8 .H. of Sn 
(Bunsen, P. 141, 1 [ISTO]); (7) by determining 
V.D. of, and analysing, SnCL and SnCi 4 . The 
older determinations gave values front 116 0 to 
117*8. The results of the determinations of B. a. 

C. are summarised hj them {lx,, p. 2909) as 
ioUowi 


Kamber of 
experi- 
nieuU 

Msthod 

• 

▲k» weight 

DIff.ba. 
twvci) mis. 
aad oux. 

^ found 

H 

oxidation of Sn 
to SnO, 

118-7000 

■459 

10 

electrolysis of 
SuCl,.‘2NH,Cl 

118-8093 

•228 

10 

electrolysis of 
SuCl,.J^Cl 

118-7976 

•163 

10 j 

electrolysis of 
SuBr, ^ 

118-7309 

•144 


B. a. 0. regard the second and third methods aa 
the most trustworthy ; in the oxidation of Sn to 
SnOj the Pt vessel was also slightly acted on, 
and there was the possibility of a very small loss 
in dissolving SnBr, in the last raetliod. The 
mean of the results obtained by the electrolysis 
of the two double chlorides is 118 8 (0 = 16*96). 

Molecular weight of tin. As the V.D. of tin 
has not been determined tne moiooular weight is 
not known. Itamsay determined the depression 
of the vapour pressure of 1 Ig caused by dissolving 
tin therein; assuming tliat equal volumes of 
dilute solutions contain equal nuiiibers of niole- 
oules of the dissolved bodies, and that the 
mol. w. of liquid Ilg is 200, the results obtained 
by It. gave the mol. w. of tin us 1X7*4 in one 
experiment and 149-5^ in another. 

Reactiofia and Comhhuitions. —1. When tin 
i(^heate(] in air or oxygen, a Him is formed on 
the surface, containing both SnO and, SnO|; 
when heated to whiteness tin burns brightly, 
forming SnO. (v. Emich, M, 14, 345).—2. 
Heated in chlorine, bromuxe, or iodine, the 
compounds SnXg and SnX^ are formed, ac¬ 
cording to whether there is excess of tin or 
halogen. — 3. Tin combines with sulphur, 
and with selenion, to form SnS and SnSe, when 
heated with these elements.- 4. Tin probably* 
combines with phosphorus when heated in 
vapour of that element.—5. Tin forms alloys 
with many metals {v. Tin, allots of, p. 720).— 
6. Water is decomposed by tin at a full red 
beat with formation of SnO and H.—7. SuU 
phy^ric acid has a slight action on tin, in moist 
air, forming a film of SnS.—8. Hydrochloric 
acid dissolves tho metal, forming solution of 
SnC), and giving off H; the reaction proceeds 
mort rapidly with warm cone. HClAq.—9. Pure 
cone, nitric acid, S.G. c. 1’56, has no action on tin. 
When the acid is diluted the products of the 
reaction vary’with the concentration and the 
temperature; according to Walker (0. J. 63, 
845), both SnINO,), andSn(NO ;,)4 are formed, the 
quantity of Sn(NOj), increasing as oonoentration 
increases'at a*fixed temperature; with very 
dilute acid an increase of temperature causes 
only a slight increase in the quantity of the 
stannic salt, but the effect of temperature 
V very marked with more cono. acid; the pro* 
portion of stannous to etannio salX formed Is 
only slightly affected by changing the relative 
mosses of tin and acid; when a fair^ oono. 
solution of tin in HNO,Aq is heated, hydrated 
stannic nitrates, varying in eomposi^n, ere 
deposited (v. also Montemartini, Q, 22, 884, 897, 
426; abstract in C. /. 62, 1402; v. alio Hay, 
a 23, 298; Scott, 0. 23, 823). Pure 
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BNO| dilated iaffiofentlj to start the reaction malleable than tin. Many rarie^ of bronae 
prodaoes obiefiy 6 nOv.a;H.p (v. HydraUdttannio are alloys of tin with tine and copper (o. Had- 
oai^idoi nnder Tin ozipbs Ain> htdratso oxides, berg, P. 18, 240). Amalgame of Hn are readily 

& 726).. ^Vhen tin dissolves "in HNO^Aq, formedbyimmersingtininHg:theactionismore 
H^NO^ is formed; the gases evolved are NO, rapid if the Hg is warmed (v. Bdttger, J, pr. 1 , 
K,0, and N (o. Ackworth a. Armstrong, C. /. 805; Joule, Gazette, 1850. 839, also C. J. 
82, 84).—10. A mixture of nitric and s^phurio 16, 384 *, Eupffer, A. Ch, [2] 40, 293). 
acids, or nitric and hydrochloric ooidi, produces Tin, bromides of. Tin combines with Br to 
NH.^OH along with NH, (Divers, 0. j. 43,443; form two compounds,'"SnBr, and SnBrf. The 
T>. a. Shtmidsu, C. /. 47, 597; cf. HrDnoxyx,- Y.D. of the latter has been determined, and the 
AMINE, vol. ii. p. 734). Wilh certain propor- formula SnBr 4 is molecular ; from the analogy 
tioQS of HNO,Aq and H 4 S 04 Aq, Bassett (0. N, of the chlorides it is probable that the formula 
53, 172) obtained Sa(NO;J, in solution, and SnBr, is molecular also. Watts a. Bell (C. /. 
almost pure NjO.—11. Duute sulphuric acid 33, 442) obtained botli SnBr, and SuBr^ by heat- 
reacts slowly when warmed with tin, forming ing SnO, in Br vapour mixed with CO. 

SDBO 4 if the tin is kept in excess, and chiedy Stannous duosiidb SnBr^ {Dibromide of 
8 n(S 04)9 if the acid is in excess, and giving off tin.) Obtained by Balard (A. Ch, [2] 32, 337); 
H. Core, sulphuric acid reacts to form SnSO,, more fully examined by Itaj^man a. Preis {A. 
or SnISOJj, according to the proportion of tin 223, 323). Prepared by heating tin in HBr gas, 
to acid, and evolves H. 4 S or SO^, or both, accord- allowing the oily liquid so obtained to cool, 
ing to the concentration of the acid and the dissolving the crystals that form in dilute 
temperature; with pure hot H..SO 4 , SO, is given HBrAq, and purifying the solid that separates 
off, and S separates (v.^'Calvert a. Johnson, O. J. by distilling it in a stream of N. A crystalline, 
[2] 4, 485; also Pattison Muir a. Robbs, C. N. slightly yellow, transparent solid; melts at 
46, 69).—12. Aqua regia dissolves tin, forming 215*5° U> a transparent liquid, which solidiHes at 
SnGl 4 .—>18. Tin reacts with mercuric chloride 215°. S.G. 5*117 at 17°. Carnelley a. Williams 
and bromide,VtYicji heated with these compounds, (C. J. 35,568) say that SnBr, boils between 617° 
forming SnCl,, or SnBr„ and Hg.—14. With and 634°. Partly decomposed by water, with 
sulphurous chloride, SnCl, is formed, with pro- separation of an oxybromide of tin (R. a. P., 
duction of ^uch heat (Wdhler, A. 73, 374).— l.c.). By crystallising a solution of tin in warm 
15. Tin dissolves in warm cono. caustic potash, cone. HBrAq, R. a. P. (l.c.) obtained Vochydrate 
or soda, solution, forming M,SnO, and giving off SnBr. 4 .a;II .40 (x«l or 2), In colourless needles. 
H.—16. Fusion with nitre forms K,Sd^ ' By cooling a mixture of NH^Cl and solution of 
Detection and Estimaliot%. —H,S ppts. dark tin in warm cono. HBrAq, the compound 
brown BdS from slightly acidified solutions of SnBr,.2NH,Cl.H,Owasobtrinedinlargerhombio, 
stannous salts; the pp. is soluble in warm yellow porcelain-like crystals (R. a. P., l.c.). 
ammoniamsulphide,forining(NH 4 ) 4 SnS,Aq,from Stannic uromidk SnBr 4 . {Tetrabromide of 
which acids ppt. yellow SnS,. AuCl^Aq pro- tin.) Mol. w. 437*8. Melts at 30° (Carnelley a. 
duces a purple pp., a compound of Sn, Au, and O’Shea, C. J. 83, 55), at 83° (llayman a. Preis, 
0 (v. Purple of Cassius, under Tin oxides and ! A. 223, 323). Boils at 0 . 201° (C. a. O’S., lx.), 
BYDiuTRD OXIMES, p. 727). H ,8 ppts. yellow ' ** m . i> r^\ en /n a p 

'* 8 nS, from acidified solutions of stannic salts; 
the ppt. dissolves in warm yellow ammonium 
sulphide, and acids re-ppt. SoS, from this 
solution. Tin is generally estimated as SnO,. 

Tin, allo]^ of. Tin forms alloys with many ! the tin being at b and the Br at a. The tin 
metals. For a general account of the properties burns in the Br vapour; tho product is dis- 
of different classes of tin alloys, v. Dictionary i tilled backwards and forwards from & to e until 
or ArruBD Cqemistkt, vol. iii. p. 837. For { thei distillate is quite colourless. On cooling 
alloys of tin with antimony, v. Karmarsch ; the liquid solidifies to colourless crystals of 
(D. P, J, 123, 2C7) ; Kestner (East. Archiv, 19, | SQBr 4 (C. a. O'S., Z.c.)'. K. a. P. (lx.) prepared 
424); Johnson {Chem. Oazetle, 1855. U'O) ; i SnBr 4 by heating tin with Br, and crystallising 
Cbaudot {A. Oh. [2] 3, 37C) ; with bismuth and \ from Sn 0 l 4 or SnBr,Cl. SnBr 4 forms white 
lead, and with bismuth, cadmium and lead,v. j crystals, which are slowly decomposed in the 
vol. i. p. 511; with cadmium, D. tol. i. p. 655; ‘ air; according to R. a. P. (l.c.) the crystals 
with cadmium and gold, v. Heyoock a. Neville deliquesce to a clear liquid, which when placed 
(O. J, 59, 936); with copper, t). vol. iL p. 251 over H..SO 4 deposits crystals of the hydrate 
(also Dictionary or Applisd CnsinsTRT, vol. iU. 3 oBr 4 . 4 li^O. SnBr 4 is soluble in cold water ; 
p. 888 ); with copper and lead, 0. vol. fii. p. 126 . after some hours SnO,.xH.p is deposited; boil- 
(also French, 8. .0. /. 8 , 86 ); with iridium, ing hastens this change; addition of HNO^q 
platinwn, and rhodium, v. Deville a. Debray to hot SnBr 4 Aq ppts. all the tin as SnOjUtOH^O, 
(0. B. 81, 689); with iron, v. vol. iii. p. 53 (also with evolution of a little Br (C. a. 0’^, 2.C.). 
Headdon,Am. [8]44,464); withpold.o.Lauric B. a. P. (Z.e.) found that SnBr 4 absorbs NH,; on 
(P.Af.[5188,94);with/ea<l,u.vol.m.p.l25;witb heating somd NH,was given off, and a yellow 
lead and sine, v. vol. iii. p. 125 (also Wright a. sublimate of SaBr 4 . 2 NH, was obtained. Accord- 
Thompson, Pr. 45,461; 48, 25) ; with mercury, ing to Nioklds (C. R. 51, 869), SnBr 4 combines 
V. infra I with platinum, v. vol. iv. p. 288; with clhcr to form SnBr,.Et,0. 
with stiver, v, W. a. T. {Pr. 48, 25) ; with sodium, S tannibromhydric acid 
V. Bailey {0* N. 65, 18). Tin alloys with (Bromostannic add. Hydrobromostannio acii.y 
nne in all proportions; ue alloys are harder This compound was obtained by Seubert (B. 20, 
than tin, but softer than amo ; they are less 194) by adding 74*1 parts HBrAq (50 pu). HBt) 


lx.). V.D. at 2’28°-260° * 227-230 (0. a* O’S.*, 
I I.C.). Prepared by passing vapour of Br over 

: melted tin in a tube shaped thus 



TIN OHLORtDES. 


7 ai 


10 lOOputi BnBr, (M. in the ratio 2HBr;SnBr,). 
A. yellow liquid waa formed which solidified alter 
a time to a mass ol yellow, needle-shaped crys¬ 
tals; the small quantity ol mother-liquor was 
removed by melting and allowing to solidify par¬ 
tially. It is doubtful whether the acid crys¬ 
tallises with 7 or 911,0. The acid forms amber- 
yellow needles, probably triclinio; it is very 
daliquesoent; fumes in aft, giving off HBr. By 
adding Na^GOg to H,SnBrgAq, and allowing to 
evaporate, Seubert (l.o.) obtained sodium stunni- 
bromide, NajSnBrj.eHjO, in yellow needles. 
Several other stannibromides are described by 
Barman a. Preis (A. 223, 323); their oompo- 
sitwn is MSnBr,.®H,0, where Ba, 

Ca, Pe, Mg, Mn, Ni, Na^, Sr, and z is 6, 8, or 1(). 

Tin, bromochlorides of. Bayinan a. I’reis 
{A, 223, 323) obtained a compound to which 
they gave the formula SnBraCl by heating tin in 
Br that contained some 01, and repeatedly dis¬ 
tilling. The compound is a liquid boiling be¬ 
tween 181° and 190°. It dissolves SnBr„ which 
crystallises out unchanged. By adding Br to excess 
of SnCl, Ladenburg {A. Supplbd. 8, (iO) obtained 
indications of the formation of bromochlorides, 
probably SnBr.Cl and SnBrCl,. 

Tin, chlorides of. Tin and Cl combine to 
form two compounds, SnCl^ and SnCl,. Both 
formulas are molecular. 

Stannoos ennoniDB «SnCI,. (DicliUriiU of 
tin. Tin-salt.) Mol. w. 189-i> I; perhaps 370 08 
( = Sn 5 ClJin tho liquid state (t). t«/m). Melts 
at 249'3° (Carnclley a. Williams, C- J. 35, 03). 
Boils between 617° and 028° (0. a. W., l.c.) ; at 
006° (Biltz a. Moyer, if. P. C. 2,181). V.D. v. 
infra. 1I.F. (Sn,Cl') = 80,790 ; [Sn.Cl'.Aq] 

= 81,140; [Sn,Cl',2IFO]-80,520 {Tit. 3, 327). 

Preparation. —1. By heating a mixture of 
equal parts tin filings and HgCl,,; Ifg sublimes 
and leaves SnCU—2. By heating tin in HCl 
gas.—3. By dissolving tin in warm, fairly cone. 
nClAq, evaporating to tho crystallising point, 
drying the crystals of SnCL,.2H,0 that separate, 
heating them in a capacious crucible so long as 
gases are given off, pouring tho liquid into a smal I 
crucible, pounding when cold, and distilling from 
a retort; the first portions of tho distillate are 
said to bo pure SnCl, (Capitaino, J. Ph. 25, 5,52). 

Properties. —A semi-transparent, white solid; 
melts at o. 250° and boils at incipient redness 
(v. supra). Heated to bright redness, out of air, 
some SnCl, is given off, then SnCl.,. Heated in 
mr gives SnCl, and SnO,. SnCl, dissolves in a 
little water; the solution is decomposed by much 
dilution, with separation of a hydrated oxy¬ 
chloride SnCl,.So0.2H,0. According toMichacI 
a. Kraft {A. Oh. [3J 41, 471), 1,000 o.c. saturate.! 
SnCl^q contains, at 15°, 1,333 g. SnCl, and 
494 g. water, and the S.G. is 1-827. Ge’rlach 
(H. P. J. 186,131) gives tho following data for 
-a solntion ol the hydrate SnCl,.2H,0 :— j 


Pz. 

8.0. 

P.o. 

8.O. 

Ba(S..2BI.O 

of BOlUtlOO 

8n01,.-iII,0 

of BOlutlOO 

6 

1-03.31 

45 

• 1-3860 

10 

1-0684 

50 

1*4161 

IS 

1-1050 

, 65 

1*5106 

20 

1-1443 

60 

1-5823 

2S 

1-1855 

65 

1-6598 

< 80 

1-2300 

70 

1-7452 

. as 

1-3779 

76 

1-8399 

; 40 

1-3298 




▼oil. IV. 


An Mueous solution of SnCl, generally becomes 
turbid from ppn. ol Sn,OCl,; digestion with 
tin and a littlj HClAq dissolves the pp.; addi* 
tion of tartario acid, or NU^Ol, stops the aohitton 
from becoming turbid, tho former by dissolving 
the oxychlori^, tho latter by forming a double 
salt SiiCLiNFI,Cl, vrhich is very soluble in water. 

Mallet ((7. 36, obtained a semi-trans- 

•parent, jelly-Ulco solid from an aqueous solution 
of SnClj which had stood in u loosely oiosod 
bottle for a year t* two; tho solid dried to a 
substance like gum arubic ; it reddened litmus} 
tho composition of substance was SnO...UOl. 
Mallet writes tho formula aa SnO.OH.Cli aud 
suggests tho name chlor-stannic acul. 

MolccuUir weight of dnnnoua ehloride. The 
y.D. of the gas obtained by heating SnCl, has 
been detorininod rcpoatoilly. Tho following 
table presents the results 


Culf-nlatod 
for SiiCl, 

94-7 

Calciilutfvl for 

^ 189-4 

Temp., 

1 '* 

ami on.-icrvem 


103*7 ?tcmp. 

Hicth, P. 3, 0(18 ri870]. 


186*9 

at 619“ 

1 V. a. C. Moyer, 


189*2 

„ 697° 

j- , 71.12.1195 


104*6 

„ 800“ 

J C1879J. 


101*5 • 

„ 800° 

Moyer a. Ztib* 

9fi-6 


„ HS()'> 

lyi, P. 13. 

90*1 


„ 970“ 

811 (1880J. 


123*7 

„ 639° 



123*7 

676° 

hilt?: fu 


122*9 

„ 699° 

Meyer, 


n9*r> 

760° 

^ p.ae.isi 


111*4 

„ 790° 

[18H8j. 


102-7 




From their delurniination.s, lliltz a. ^foye^ con. 

; eluded that molecules of the eompimition 8n..Cl| 
do not exist in the gaseous stahs and that the 
mol. w. of tbo gas comes to a constant value, 
corresponding with the formula SnCl.^, only at • 
a temperature very much above tho b.p. of the 
liquid (SnCL boils at 000^). In somoof thoearlicr 
determinations at c. 800° partial decomposition 
occurred, with production of Cl. The results, 
taken as a whole, seem to bo explained by 
assuming that tho molecules of tho liquid, near 
to li)o b.p., have the composition Sn,(Jl^, that ■ 
some of these arc dissociated to 2SnCi, at c. 30° 
above tho b.p., and that this process of disso¬ 
ciation continues slowly, and is nut completed at 
oven 000° alK>ve tho b.p. 

Heactiorui. —1. Healed strongly in air, BxiCX^ 
ie given o0. ai.^ SnO, remains. lleatod to its 
b.p. in a retort, SnCl, and SnCl, distil, and the 
oxjichloride Sn,OCl, remains (Capitaino, J. Ph, 

26, 562).—2. When sulphur is added to molten 
{3nGI, the produces are SnCl, and HnH; with 
selenion the products are SnCl, and SnSe 
(Schneider, P. 127, C21).—3. Many salts are te* 
duced by SnCl.,Aq, either to lower salts or to 
metals. Au, Hg, and Ag are ppd. from solutions 
of their salts; ferric and manganic salts are re- 
duced to ferrous and manganous salts; CuCJ,Aq 
to CUjCl,.—4. The higher oxides of Bi, Cr, Pb, 
Mo, W, Ac., are reduced to the lower oxides of 
these metals.—6. Arseniotis oxide is reduced to 
As by a considerable excess of Ac¬ 

cording to BSttger {PolytecK Notubl, 86,96), a 
mixture of 2 pts. SnOl, rubbed with 1 pt 
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potastium chlorate gats hot, and produces an 
oxychloride of tin, KCIO^, oxide of ohlorinCt 
and HjO. For reactions with i^Ur o. sffpm, 
Proper/tMj also infra, Combinatwns, No, 1. 

Combinations.—U With watertotoim the hy¬ 
drate SnCl 2 . 2 H 20 . This compounds prepared by 
dissolving tin in warm cono. HClAq and evapo¬ 
rating to the crystallising point, in ^contact with 
tin to prevent formation of SnCl^. SnCV 2 H 20 ,' 
commonly known by tho name of tin-salt, forms 
large white, monoclinio crystals (Marignac, J. 
1856, 894); melts at c. 87-7®; S.G. 2*71 at 15-5® 
isolid), 2*588 at 37*7® (liqpid) (Penny, C, J. 4, 
239). H.F. [Sn,CP,2H-'0]«80,620 {Th. 3, 327). 
When gradually heated to 100®, most of the 
water is removed; when rapidly heated, H^O 
iindHCl are given off and Sn^OCl^ remains, which 
gives off SnClx when more strongly heated. 
BnCl 2 . 2 H 20 decomposes slowly on exposure to 
the air, forming ymOCl* and SnCl 4 ." 2 . With 
ammonia, tonom^ SnCl 2 .NIIa.—3. According to 
Kngel (0, 22. 106, 13^18), a compound of SnCU 
with hydrogen chloride is formed- by passing 
HCl gas over SnCl 2 . 2 H.^O at 0®; tho liquid tiui£> 
formed solidifies at 27®, forming crystals of 
SnOlj.HCl.SHp, which melt at 40®.—4. With 
chlorides of*the alkali ami alkaline earth metals, 
to form MCl 2 .SnC 1 . 2 .xH 20 , where M = (NH,) 2 , K^, 
Ba, or Sr (v. Marignac, C. li. 55,050; Eammels- 
berg, Kryhtall. Chemie, 211; llichardson, Am» 
14, 89). Poggiale {C. 22. 20, 1180) described a 
salt SnCl 2 . 4 NH 4 Gl. 3 H 2 O. Bichardson (f.c.) ob¬ 
tained SDCI 2 .KCI.H.O as well as SnCl 2 . 2 gC 1 . 2 H,, 0 . 
Thesq double salts are perhaps best regarded as 
stannochlorides, derived from the acid HSnCl, 
{v. CombinaHo7is, No. 3) and the hypothetical 
acid HjSnCl^. 

Stannio CHLonmE SnCl,. {Tetrachloride of 
tin.) Mol. w. 200*28. Boils at 113*9® at 700 mm. 
Thorpe, C. J. 37, 372); at 114*1® at 760 mm. 
Young, C. J. 59, 912). Solidifies at —33® 
(Besson, O. B. 100, 940). S.G. J 2-278T5; 

1-97813 at b.p. (Thorpe, I . C .). V.D. 1331 at 
124° (Damas, A. Ch. [-2J 33, 385). S.H. -1402 
(10°-16°) (Itognault, A. Ch. [3] 9, 382). Heat _ 
of vaporisation 30,530 (gram-units for 1 kilo.)* 
(Andrews, C.j;!. 27). H.P. fSn,CP] = 127,250; 
[ 8 n,CP,Aq] - 167,170; [SnCl^Cl^ = 46,400; 
[HnCl'^Aq.Cl-Q =« 70,030 (T/t. 3,327). C.B. (cubical, 
0®-100®) *00130244 (Thorpe, l.c.). S.V. 131*07 
(Thorpe, l.c. ; for S.V. from 0® to 280® v. Young, 
C. J. 69, 933, 935). For vapour pressures from 
<*10® to 319® V. Young {l.c., p. 927). Critical 
temperature»818*7®; critic^ pressure*28080 
mm. (Y., I . C ., p. 928). 

Formation. —1. By heating tin in excess, of 
Cl.—2. By heating 1 pt. tin filings intimately 
mixed with 4 or 5 pts. HgCl^i — 8 . By heating a 
mixture of Sn(S. 04)4 and NaCl.—4. By passing 
vapour of CCI 4 over heated SnO, (Watts a. Bell, 
C. «r. 83^ 442).—6. By adding fuming sulphuiio 
aoid to tin, and then passing in HOI gas {^nd 
distilUnff (Heumann a. Kdchlin, B. 16, 410). 

Preparation. —Dry Cl is led over tin filings 
heated in a retort connected with a dry flask, 
which is kept cold; the distillate is distilled 
from tin filings, and then repeatedly redistilled 
in a current cf dry CO,. A solution of SnOl 4 is 
obtained by passing Cl into SnGl 2 Aq until no 
Pf. is produced with EgCl^Aq, or by dis¬ 


solving tin in dilate HClAq oont^ing a little 
HNO,. 

Properties .—A thin, mobile, colourless, fam¬ 
ing, very corrosive liquid. Solidifies at — 88 ® 
to small white crystals (Besson, 0.22.109, 940). 
Sn 0 l 4 dissolves ciystalline S, also P, I, Br, CS 2 , Ac. 
(Girardin.C. 22.51,1057). SnCl 4 does not oonduct 
electricity, even at its b.p.; addition of absolute 
alcohol forms crystals, probably (SnOl 4 . 6 £tOH), 
which oonduct when mssolvea; ether behaves 
similarly to alcohol (Coldri^e, P. M. [5] 29, 
383, 480). SnClf withdraws moisture from the 
air, probably forming SnCl 4 . 8 H 30 (v. infra, 
Hydrates of stannic chloride). SnOl 4 dissolves 
in water, with production of heat [SnCB,Aq] 
= 29,920 {Th. 8 , 827), and considerable contrac¬ 
tion of volume (u. also Reactions, No. 1). Gerlach 
(D. P. J. 178, 49) gives the following table:— 


! 

Pcntffft. 

SnCi* 

R.G. 

SnCl*Aq 

Vol. of 100 pta. 
by wt. of 6olu- 
tJon; vol. of 100 
pta. wnter=100 

Yol. of mixture 
of 8n01« and 
water: vol of 
sum of ooneti- 
«uent8a>100 

0 

1000 

100 00 . 

10000 

10 

1-082 1 

92*42 

97-82 

90 

1*174 

85*18 

95-76 

30 

1*279 

78*19 

93*72 

40 

1*404 

71*12 

91*42 

50 

1556 

, 64*26 

88-78 

60 

1*743 

57*37 

85-81 

70 

1-973 

60*68 

82-63 

100 

2-234 

44-70 

100-00 


Hydrates of sta^mic Various hy¬ 

drates have been isolated: ( 1 ) SnCl 4 . 3 H 20 , by 
exposing SnCl 4 to air (Gasselmann, A. 83, 272); 
also by adding 18 pts. water to 200 pts. SnCl,, 
when I of tho SnCl 4 remains unchanged, and ^ 
forms the hydrate, which sinks in the excess of 
SnCl 4 (Gerlach, D. P. J. 178, 49); also by dis¬ 
solving 260 pts. SnCl 4 in 54 pts. water, and letting 
the solution cool to 60® {0., l.c .); ( 2 ) SnCl 4 . 2 H 20 , 
by keeping the trihydrato in vacuo (Soheurer- 
Kestner, G. 22. 60, 50); also by drying the 
pentahydrate over H^SO, (Lewy, A. Ch. [3] 16, 
303); ( 8 ) SnCl 4 . 6 Had, by dissolving SnCl 4 com¬ 
pletely in water and evaporating (G., l.o .; L., 
Z.f.); (4) SnCIf.SHnO, by strongly cooling dilute 
SnCl 4 Aq (G., l.c.) ; ( 6 ) SnCl 4 . 9 H 20 , obtained by 
Nullner {Z. [2] 1, 445) by treating SnCl^Aq with 
aqua regia, and exposing the solution to a winter 
temperature. Gerlach (2.c.) gives a table (o. next 
page), showing the S.G. and percentage composi¬ 
tion of solutions of the pentahydrate. 

Reactions. —1. Withi^afer: SnOl 4 dissolves 
in water {v. supra) with production of much 
heat. Vignon (0.22. 108,1049; 109, 372) found 
that HjSnO, ppd. from freshly prepared SnCLAq, 
from S*nGl 4 Aq aftyr keeping, and from SnOi 4 Aq 
after heating, showed markedly different heats 
of neutralisation by potash. He concluded that 
SnCi 4 Aq oontains HClAq and ^SnO,Aq, smd 
that the FoSnO, in solution graduidly poly¬ 
merises. Dilute SnCl 4 Aq gradually decomposes, 
giving HClAq and SQOg.xH^O (Gasselmann, A. 
83, 272). Heating in a sealed tube with a little 
! water is $aid to give SnO,.—2. With cono. nitric 
acid Sn (^4 forms SnO^H^O.-^fi. Dry hudrogen 
sulphide forms white crystals of SnOl 4 . 6 H^, 
which gives off H«S and BCl when heatM, and 




m iliUOMDES. 


7 ^ 


pAkea 

8o01.r>XO 

8.0. of solu¬ 
tion at 16° 

PCStgQ. 

SdCI«.6H,0 

8.0-. of solu- 
tioa at 16° 

0 

1000 

43 

1-347 

1 

1006 

49 

1-357 

2 

1012 

60 

1-3661 

3 

1-018 

51 

1-370 

4 

1-024 

. 52 

1-380 

6 

1-0298 

53 

1-396 

6 

1-036 

54 

1-406 

7 

1-042 

55 

1-4154 

8 

1-048 

56 

1-426 

9 

1053 

67 

1-437 

10 

1-0593 

58 

1-447 

11 

1-066 

69 

1-458 

12 

1-072 

60 

1-4084 

13 

1-078 

61 

1-480 

14 

1-084 

62 

1-491 

15 

1-0905 

63 

1-503 

16 

1097 

64 

1-514 

17 

1-104 

65 

l-r.-255 

18 

1-110 

66 

1-538 

19 

1-117 

07 

1-550 

20 

1-1236 

68 

1-563 

21 

1130 

09 

1-575 

22 

1137 

70 

1-5873 

23 

1-144 

71 

1-601 

24 

1-151 

72 

1-614 

25 

1-1581 

73 

1-027 

26 

1-105 

74 

1-641 

27 

1173 

75 

1-6543 

28 

1-180 

76 

1-669 

29 

1187 

77 

l-(i«3 

30 

1-1947 

78 

1-698 

31 

1-202 • 

79 

1-712 

32 

1-210 

80 

1-7-271 

83 

1-218 

81 

1-7J3 

34 

1-226 

82 

1-759 

35 

1-2338 

83 

1-775 

36 

1-242 

84 

1-791 

37 

1-250 

85 

1-8007 

38 

1-259 

86 

1-8-24 

39 

1-267 

87 

1-842 

40 

1-2755 

88 

1-859 

41 

1-284 

89 

1-H70 

42 

1-293 

00 

1-8939 

43 

1-302 

91 

1913 

44 

1-310 

92 

1-932 

45 

1-3193 

93 

l-950e 

46 

1-329 

. 

1-969 

47 

1-338 

95 

1-9881 


leaves SnS, (Ooldriage, P. M. [5] 20.383,480).- 
4. SnClf dissolves stannous oxide, forming SiiClj 
and a solution of SnO^HgO in excess of SoCi^ 
(Soheurer-Kestner, C. 60, 60). 

Combinations,—!* With hydrogen chloride. 
By passing dry HCl over SnCl 4 . 6 H 20 , then satu* 
rating the liquid so formed with dry HCl st 28°, 
and cooling to 0°, £ngel (0. if. 103, 213) ob* 
iained white crystalline leaflets of the compound 
8 nCl 4 . 2 HGl. 6 H 3 O, melting at c. 20°, and giving 
oflf HOI when more strongly heated. The same 
oompoond was prepared by Seubert (15. 20, 793) 
by adding to SnCl^ e»ioh a quantity of cone. 
HOlAq that the ratio of water in the acid was to 
the SnCL as 6H,0:8nCl, (100 pts. 81^014 require 
^S'lSpts. of 33 p.c. HClAq), and after a little pass- 
ing in 0.8 pts. dry HOI \ the whole then solidified 
to a eiyst^lina mass, melting at 19*2°. This 


componnd is best called stanniehlorhydrio 
acid ; it has also been called chiorosUmme acid 
(Mallet gave the name chlor-ttannic acid to 
SnO.OH.Cl, t). SxiNMOUS CBLoains, ProMrties, p. 
721h and hydrochloroslannic acid. Ona^sevant 
(d. Ch. [6] ilg, C) has described a compound 
S11Cl4.HCL3ljCO.-~2. With several titetalUcchlof’ 
itit’s. The (^uble salts of SnCl 4 and alkali and 
«alkaline earth ^chlorides have the composition 
MSnCl„.xH,0, where M - (NH,),, K,. Na„Ba, Ca, 
Mg, or Sr; these si^ts tire host named stanni* 
chlorides (for details, u.Jlolloy, 39,101 ; Lewy, 
J. pr. 37, 479 ; Itammclsbevg, Krystall. chemie\ 
Wittstein,/f.i\04, 7* Topsoe, IK. B. 69 [2] 
261; Morel, C. C. 1891 [IJ 492 ; Chassevant, 
A, Ch. [0] 30, 6). Clevc {HI. [2J 31, 196) ob¬ 
tained double salts of the form.rSuCl4.2MCl,.sH,0, 
where M =» Cc, Di, La, or Y, x ^ 2 and 5, and s had 
large values (from 18 to 40). ~3. With certain non- 
metallic chlorides \ the compound SnCl 4 . 2 HCl 4 is 
said to be obtained by thu interautiou of Cl and 
Sn8 (H. Hose, P. 44, 320; Oassulmann, 1\ 42, 
017); the ^ompound Snd^.l’Cl., was obtained 
1 by Casselmanu {l.c.) by hetiting a mixture of 
8 nCl 4 . 2 SCl 4 and PCI, in a stream of HCl.— 
j 4. With certain nojimetalliA: oxychlorides: (1) 
HnCii-POClj, formed by the rcaclion^f POCl,aud 
8 nCl 4 (Cas-selmann, A. tH, 248; 98, 213); (2) 
8nCl4.2SeOCl2, by combining tlio constituent 
compounds (Weber, It. ii. 1860. #164)(3) 
811014.2x001, by i)u.'?sing the <lry vapour from 
atiua regia over SnOl, (Uampe, A. 126, 43), also 
by, subliming tinOlj.N^a formed by tho action 
of N„0 aftd NO. on SnOl, (Wober a. llampo, P. 
118,*471).— 0. With hydrogen sulphide form 
SnCl4.0H„S ; doconipoBcd by lieating to SnS,, 
H^>S, and HOl (Ooldridgo, P. M. [5J 2'J, 883). — 

6. With hydrogen cyanulc, to form crystals that 
are (leconipos;o(i in moist air (Klein, A, 74, 85). 

7 . With to form SnCl,.2NII, according 

to 11. llo.'ie {P. 24, 163), to form SnCl4.4NH, 
according to Grouvelle a. PorHoz {A. Ch. [2j 44 ,1 
322).— 8. With phorphorus trihydride, to form 
3SnCl,.2Pll5 (li. Itoae, P. 24, ir>9); heated to 
100° in CO^ tliere are (orme<l JICl and 8n,PyCla, 
according to Mabu (/. Z. 6, 160L—9. With cer¬ 
tain nonmctallic oxides : (1) witn SO, to form a 
solid [? compositionj (11. Uose, P. 44, 320); (2) 
with NOacompoundis formed,uccordingtoKuhl- 
mann (yl.39,319), but no acliou occurs according 
to Hampo (^. 120, 43); (3) with NjO, to form 
Hn(44.N.O^, produced by passing NO, and N,0 
over SnOl 4 (Hampe,/.c.).--10. With eihylic aZeo- 
hoi, to form 8nCi4.6t)t01I (Coldridgo, P. M. [6] 
29, 383,480).-#-11. Witli amylic alcohol, to form 
anCl4.2C,U„(OU) (Uaucr a. Klein, Z. [2j 4, 870) 
1^. With ether, to form SnCl,.2Et^O (C^ldridge, 
l^c.). —13. With various nitriles, forming orys- 
tallisabletfompi^niis (Lewy, C. H. 21, 371). 

' Tin, chlorobromides of, v. Tin beouochlob- 
IDES, p. 721. * 

Tin, chloro-iodide of; v. Tin lonocuLomna, 
p. 724. 

Tin, chloroiulphidc of; v. Tin TsttocBLOBmi, 
Ps.733). 

Tin, ferrioyanides of; v. voh ii. p> 840. 

Tin, ferrocyanides of; v. vol. U. p. 837. 

Tin, fluorides of. Only one fluoride, SnF^ has 
been isolated; double salts of stannio floorids 
(SnFi) axe kztowa. 
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OftmocB fLOOfias SnF^ (I>i/luorid4 of 
lifk) Fomed, in small opaque, lustrous* prisms, 
by dissolTing SnO^J^O in HFAq, and e^a- 
porating; heated in air it forms Che oxyfluoride 
6nOF}(-i SnF 4 .SnO^ (Idarignao, Ann, [5].15, 
291; Fremy, A. Gh. [3] 47, 87). '3j dissolving 
fresblv ppd. SnO.xH^O in solutimia of alkali 
fluorides acidified by HFAq, Wanner (B. 19, 
896) obtained stannofluorid^s of the form 
a;SnFy2MF.pH,0, where a; <=> l and 3, y and 2, 
and M wasNHf, K, and Na.v^ 

Stjlnmio fluoride. This compound has not 
been isolated; a solution of Sn02.xH,0 in HFAq 
coagulates when heated, bdt does not yield any 
de^ite compound; when evaporated in air HF 
is given off, and an oxyfiuoridej^nOFj, is depo* 
sited (Marignac, lx.), 

Stt^nnifluorides. A series of these salts, 
MSnF,.a;H,0, where M =i one atom of a divalent 
metal or two atoms of a monovalent metal, has 
been obtained by Marignac {Ann, M, [5] la, 
221). The salts ore isomorphous with the 
oorrraponding sliicoflaorides and titanlfiuoridos ; 
they are generally obtained by saturating the, 
stannates with HFAq and evaporating, some are 
formed by double decomposition from the Fb or 
Ag salt. ThqioUowing salts have been obtained: 
M8nF,.®H,0; M » NH^, Fa, Cd a;« 6, Ca a;» 2, 
Cu »*=4, Pb aj«3, Lia;«2, Mga;=«6, Mna:-6, 
Ni a;>->6, 1, Aga:«>4, Na, Sr«=*2, Zn a5 = 6. 

Tin, haloid compounds of. Tin and the 
halogens combine to form two series of com¬ 
pounds, SnX, and SnX^ (SnF^ has not bi,en 
isolated). The V.D.s of iSnCl,, SnCl 4 , Mid SnBrf 
have been determined; it is probable that the 
simplest formula in every case is molecular. 
One or two compounds of the forms SnXX' 
and SnXX/ are* known, where X and X' are 
different halogens. A few oxyhaloid com¬ 
pounds are known, and probably also one or 
two thioboloid compounds. The compounds 
wSnBr 4 and SnCl 4 combine with HBr and HCl 
respectively, forming acids H^SnBr^ and H^SnCl^, 
from which series of salts, stannibromides and 
stannichlorides, are derived; stannifiuorides are 
also known. An acid nSnCl, has also* been 
isolated, and a few stannoohlorides—M^SnClg 
and M^SnOlf—ore known, as also some stanno- 
iodides. 

Tin, hydrosnlphide of. The compound 
SnSyH,, which has probably been isolated, may 
be called hydrosulpbido of tin (v. Tin, juio- 
AOms AND SALTS OF, p. 733). 

Tin, hydroxides of, v. Tin oxidks and hy- 

DBATBD OXIDES, p. 725; alSO TiI^, OXYACIDS AND 

SALTS, p. 727. 

Tin, hydroxyl chloride of, SnO.OH.Cl, v. 
Chlor-siannio add, under Stannous ^:;^LOAlD£:, 
Prop^ftw, p, 721. , * 

Tin, iodides of. Two compounds are formed 
by combining tin'and I; they correspond in 
composition with the two bromides and tho two 
chlorides. The y.D.s of the iodides have not 
been deteqnined, but the simplest formulte afe 
probably molecular. 

Stannous iodidb Snl^ {Di-iodide of Hn.) 
Formula probably molecular. 

Preparation.—^1, Tin and I are heated to¬ 
gether in the ratio Sn:2I (1 pt. tin to 2*14 
pts. I) ; the brown crystalline solid so formed 
insuxtore of SnI, and SnIJ.is mixed with tin 


^ings and heated, when oraQge-red-Snl 4 sub¬ 
limes, and SuL remains as . a red oryat^ne 
solid mixed with particles of tin, wMch are 
easily separated (Henry, T. 1845. 863).—2. Cone. 
ElAq is added to warm oono. SnC^Aq; the 
yellow crystalline pp. is dried and melted, out of 
contact with air, and a red crystalline mass of 
Snl, is formed on cooling (Boullay, A, Ch, [2j 
34, 372).—3. Tin foil is heated for some hours 
with fairly cono. HIAq in a sealed tube at 120^~ 
150® (Wdhler a. Dlinhaupt, A. 86 , 374); SnL 
separates, on cooling, in shining yellow-red 
prisms. 

^Properties and Reactions. —A red, crystallfhe 
solid. Melts at 316*^ (Camolley a. Williams, 
C. J. 35, 564). Slightly soluble in cold, more 
soluble in hot, water, without decomposition 
(Boullay, l.c.). According to Personae (0. B. 
54, 216), Snig is decomposed by a large quantity 
of water, forming HIAq and several oxyiodides 
{q. V.). SnI, is soluble in SnClgAq. When 
heated out of contact with air, SnL^ melts with¬ 
out decomposition, but when heated in the air 
it is decomposed to an oxyiodide, which remains 
in the vessel, and Snl 4 , which sublimes. 

Combination^. —1. With stannous chloride 
to form SnIj.SnGl 2 (v. lodochloride, infra). — 2 . 
With stannoxis oxide to form several oxyiodides 
(*/. u.). — 3. With ammonia, probably forming 
Snl 2 . 2 MH 2 (Eammolsbei^g, P. 48,169),—4. With 
alkali iodides and with iodides of the alkaline 
earth metals to form stanno-iodides] these 
salts have the composition M 2 Snl 4 UBH 20 aud 
MSnI,. 2 ;ii^O, corresponding with the stanno- 
chlorides (u. S'I'annous culoride, Combinations, 
p. 722); M NH 4 , K, Na, also .^Ba and ^Sr. The 
stanno-iodides are formed by mixing solutions 
of the constitutent salts, or by adding SnCl^Aq 
to excess of the alkaline Iodide in solution ; the 
salts must bo crystallised from alcohol, as they 
are decomposed by water, forming stannous oxy¬ 
iodides {v. Boullay, l.c. ; Personne, l.c.). 

Stwjnic iodide Snl 4 . {Tetra-iodide of tin.) 
Formula probably molecular. This compound 
i is probably formed by heating tin with 4*2 pts. 

' I, and subliming from the product (Henry, T. 
;• 1845. 363). Schneider (P. 127,624) recommends 
I to add 6 pts. OS^ to 1 pt. tin filings, and then 
i to add gradually, cooling frequently, 4 pts. I, 

: anfl to allow the yellow liquid to evaporate. 

Snl 4 crystallises •'in orange-red octahedra; 

I molts at 146^ sublimes at 180°, and boils at 295** 

I jPorsanne, C. R. 64, 216). S.G. 4*696 at 11<» 

! (Bodeker, Die Besiehun^en zuischen Dichten 
\ u. Zusammensetz'nng bei festen u, liquiden 
; Stoffen [Leipzig, I860]). Solubility in CS, at 
, 15*’a 145 (Schneider, l.c.) ; it is also soluble in 
I GHC1|, EtOH, EtjO, and G 4 H 4 . Decomposed by 
I water to Sn 02 .irH 20 and HIAq. Combines with 
^ ammonia to form S0I4.XNH,, where x « 3,4, and 
: 6 (Personne, i.c.), also =8 (liammeleberg, A 48, 

: 169). Snl 4 is said not to combine with alkali 
iodides. 

I Tin, iodof-hloride of, SnlCl (»Snl 2 .SnCy. 

I According to Henry (T. 1845. 363) the addition 
of I to cone. SnG^Aq c^^uses ppn. of SnZ„ and* 
I on evaporating the mother-liquor (which eon- 
I tains SnCL, SnOL, and SnXJ straw-yeilow or^- 
i tala are depositea that have the composition 
I Snl^SnC^ The crystals am decomposed by 
water, with separation of Snl, 
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Till, lodotnlpMd* ot, v. Tin thio-iodide, p. 
783. 

Tin, oxidei and hydrated oxides of. Two 

oxides have been isolated, SnO and SnO„; 
various compounds of these oxides with H.fO 
seem to exist, but their composition readily 
vndergoes change with variation of temperature. 
Both oxides interaet witlj acids to form corre¬ 
sponding salts, SnX,^ and SnX„ where X = N(\, 
^SO,, §PO„ <fto. Some of the hydrates of SnO.j 
also react as weak acids, especially SnO-.H.,0 
( = H 2 SnO,), from which is derived a series of 
stannates MSnO,, M = Na-, Ca, Pb, &o. ; and 
eSnOj-xH^O ( = xH.,SnO,), x probably =5, from 
which a series of metastannates, xMSnO, is de¬ 
rived. Stannic and metastannic acids and salts 
derived from them are described under the 
heading Tin oxyacidsand salts and deuivatives 
THEBEOF (p. 727). The oxides SnO and SnO., 
are described in this section ot the article 
Tin, and a brief account is also given ot the ex¬ 
periments on the hydrates of these oxides other 
than stannic and metastannic acids. 

When tin is strongly lieatcd in air or oxygen 
a film forms on the surface Qpnsisting ot SnO 
and SnO.^; at a full red heat, or incipient white 
heat, tin burns to SnO.^. According to Vignon 
(0. U. 107, 731), tin ppd. by zinc from neutral 
SuCljAq or SnCl,A(i oxidises easily in air; after 
being exposed to the air for some days it con¬ 
tains from 20 to 33 p.c. SnO. Emich (37. 11, 
345) found that the surface of tin tliat was kept 
molten in the air became covered with crystal¬ 
line nodules of SnO^. 

Stannous oxtde SnO. (Protoxide of tin.) 
Mol. w. not known. 

Formation.—1. By heating finely-divided tin 
in the air; the metal, becomes covered with a 
film of SnO (Vignon, O. R. 103, 00). Also by ex¬ 
posing tin ppd. by zinc from SnCUAq or SnCl,Aq 
to the air at ordinary temperatures (V., C. U. 
107, 734).—2. By dehydrating SnO.xUjO, ppd. 
from SnC4Aq by alkali carbonates, either by 
heating in a stream ot COj, or by boiling with 
water containing a little KOH.—3. By dissolving 
Sn0.xH.p in cold KOH.Vq, and allowing the^ 
solution to stand in the air (Ditto, A. Ch. [5] 27, 
145).—4. By heating SnC.p, in a tube of hard 
glass without free acce-ss of air (Liebig, A .*05, 
116).—6. By ppg. a stannous salt by KGNAq, 
and boiling the pp. for some days with KON.Vq 
(Varenne, C. R. BO, 300). 

Preparatiorti.—SnQl.A(i is ppd. by Na^CO,Aq, 
the white pp. of SnO.lip is tlioroughly washed 
with cold water, and is then boiled with water 
containing a little KOHAq or NaOHAq (less 
than sufficient to dissolve the pp.), when the 
Sn0.xHjO is gradually dehydrated, and small 
black, lustrous crystals of HnO are obtained ^ 
(Fremy, A. Ch. [3] 12, 460).—2. Tin is dissolved 
in warm HClAq, the solution is evaporated, in 
contact with tin, until it solidifies to SnCl.^ on 
cooling; 7 parts, or rather more, Na,CO,.10H.jO 
are then added for each part of^SnCl, in the 
. basin, and the liquid thus formed is heated with 
constant stirring until M becomes black, and is 
then allowed to cool; the brownish-black powder, 
SnO, thus obtained is thoroughly washed with 
■oold water, and dried at 100° (Sandall, J. pr. 14, 
264). — 8. A solution of SnCl, is ppd. by a slight 
axeesB of KOHAq in the cold, the pp. is 


thoroughly washed and dissolved in cold KOHAq 
(o. 1 part KOH in 10 parts ft.p); the solution, 
which should be saturated with 9nO.xH.jO, is 
allowed to staiiu in the air, when SnO is .gradu¬ 
ally ppd. as small, blue-black, shining crystals 
(Ditto, A. Ch/[5] 27, 14.5). 

Properties and Reactions. —Prepared by any 
of the mellKtlsilescribed above, SnO forma small, 
black, Igstrous, regular crystals (for crystalline 
; form V. Nordeuskjoia, P. 114, 612). 9.0. 6-1 (N., 

! i.c.) ; o-o at 0° (IWzelius ; Ditte, A. Ch. [51 27, 

I 1-15). 

i According to Prijmy (.4. Ch. [3] 12, 460), 
another modification of SnO is obtained by heat- 
I ing the black crystals (prepared by the first 
process given above) to ’JoB'; the crystals are 
said to swell up and elnmge into soft, olive-green 
lamina), without any cbnni;e, in weight. . 

By ovapor.Tting very dilute NU,ClAq, hold- 
j ing SnO.xiijO in suspension, unlil NH,Cl began 
! to crystallise, Eromy (A. C/i. 13] 12, 460) obtained 
a cinnabar-red powiler, which ho took to bo a 
I third form qf SuO. Itotlf (A. 00, 214) obtained 
; red, crystalline SnO by digesting SnO.xHjO, at 

■ 56°, with a solution of Sn0..i'lI.jO in acetic acid; 

■ the solution containing a little free acetio acid, 

and having S.O. 1'06. * 

For the S.O. and appearance ot SnO prepared 
in various ways «. also Ditte (I.c.). 

SnO is unchanged in air at ordinal')' tempera¬ 
tures. According to Ditte (A. Ch. (OJ 27, 145), 
SnO that separates from an alkaline solution is 
unchanged at .'i00°-310'’; when heated to red¬ 
ness it IS partly deconiiiosod to Sn, and SnOj 
which combines with unchanged SnO fb give 
2SnO.SnOj. SuO is readily converted into SnO, 
by heating with oxidising agents; the change 
is cliccled by heating to 506° in NO (Sabatier 
a. Senderens, C. R. 114, 1120). HnD dissolves 
in acids to form stannoiLS salts, SnX.„ X " NO,, 
-JSO„ ;',1'0„ Ac.; it is not acted on by NH,Aq; 
j boiled with fairly cone. KOHAq or NaOIlAq it» 
I gives a solution of an alkali stannato (M.jSnO,) 

] and tin; heated in Cl forms SnCl, and SnO,; 

; mixed with S and strongly heated, SnS, andSO, 

I are produced; SnO is reduced to tin by heat- 
j ing to redness in H or with C. 

I IlymiATED B'j'ANNOus OXIDE. The white pp. 

formed by adding an alkali carbonate to solu- 
; tion of a .stannous salt, washing with air-free 
cold water, and drying at a temperature not 
abo-^ BO', is said to have the composition 
2Sn(J.U,.0 - Sn/)(OH),. According to Ditte 
(.1. CVi. "[,5] 27, 145) tile pp. formed by adding 
KOHAq or ^v'aOHAq to SnCI..Aq, washing 
thoroughly, and drying in vacuo at 14° is 
Sii0.211,()( = Sn0.jH,.U,OJ. Stannous hydroxide 
is a yellowish white amorphous powder. It is 
dehydrated, to SnO, by heating in CO,; also by 
' the action of boiling water containing a little 
KOH, or a trace ofllGl, or acetic acid—HNO,Aq 
and H.SO.Aq form stannous salts; also by boil- 
i()g with NH.ClAq (Ditte, I.c ). The hydroxide 
IS gradually oxidised by exposure* to air to 
SnOj.xHjO. Boiled with cone. KOHAq it gives 
KjSnOjAq and tin. Many metallic salts are re¬ 
duced, to lower salts or to the metals, by the 
action of Sn 0 .xH 20 (for details of the interac¬ 
tion with CuO in presence of alkali v. Lenssen, 
J. pr. 89, 90). 

Stannic OXIDE SnO,. (Dioxide of tin.) Mol, 
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«r«' nnknowa; probably at least SnioOg, {v. Gar> 
Salley a. W^er, 0. J. 68, 92}. 

Ocourrenee.—SKnstom is mo^e or less pure 
BnO,;«tfae percentage of the oxide varies from 

а. 86 to 0 .99, the other constituents are generally 
8 iO„ and oxides of AI, Fe, ai^l Mn. Tin* 
stone crystallises in quadratic forms. Crystal* 
line SnO^ has been foimd in the fuatul slag from 
a furnace used for casting gun-metal (Abel, C. J. 
10, 119). 

Formation. — 1. By exposing molten tin to 
the action of the air (Emich, Af. 14, .345).— 
2. By heating to c. 000® 8 n 0 a.a:H 20 formed by 
the interaction of tin and HNO^Aq, or of alkalis 
mid stannic salts, or of alkaU stannatea and 
dilute acids.—3. By strongly heating SnO or 
Sn0.fl;H^0.—4. By passing a mixture of vapour 
of SnO &4 and steam through a red-hot tube.— 
5. By heating SnC^O^, in small quantities, in 
contact with the air (Vogel, C. C. 1855. 413).— 

б . By passing a little CO, into a dilute solution 
of an mkali stannate (Ditte, A. Gh. [ 6 ] 30, 282). 

Preparation. —A. Cryatallin,-^ stannic 
oxide.—1. Molten tin is kept in contact with 
the air until the surface beootuos covered with 
crystalline nodules of SnO, (LCiuich, M. 14, 345). 
2. A stream tsf CO, is passed through SnGl 4 ,and 
then through a red-hot porcelain tube througli 
which a current of steam is passed at the same 
time (Daubrde, O. B. 29, 227).—3. Amorphous 
SnO, is strongly heated in a rapid current of dry 
HCl(Deville,C.B.53,161).—4. SnC, 04 is strongly 
heated, in small quantities at a time, in an open 
porcelain or silver dish (Vogel, C. O. 1855. 413). 

B. Amorphous stannic oxide.—5. The 
hydrated stannic oxide obtained by ppg. a stan¬ 
nic salt by an alkali, decomposing an alkali 
stannate solution by dilute acid, or by treating 
tin with HNOjAq, is thoroughly washed and 
dried, and then heatod to o. 630®, at which tem¬ 
perature dehydration is complete (Garnelley a. 
Walker, C. J. 53, 83). 

Properties.—Crystalline stannic oxide is a 
hard, lustrous, white -solid. It is dimorphous. 
Prepared by heating the amoiphous oxide in HCi 
gas, SnO, crystallises in quadratic forms iso- 
morphous with tinstone and anatase (TiO,) 
(Daubr^e, 0. B. 29,227); prepared by decompo¬ 
sing vapour of SnCl^ by steam, it crystallises in 
trimelrio prisms isomorpbous with brookHe 
(TiO,). S.O. of crystalline Sn 03 « 6*7 to 6*85 
(Plaj^air a. Joule, C. J. 1, 137; Mallet, <J. 3, 
706; Bergemann, J. 10, 661; Daubrt^e, C, B. 
29, 227). The crystals obtained by long con¬ 
tinued heating molten tin in '•air had S.G. 
7*0096 at 4® (Emick. M, 14, 345). Crystalline 
SnO, is hard enough to scratch glass. The 
amorphous oxide has S.G. 6*6 to 6*9 (P. a. J., l.c .; 
Herapath, P. Af. 64, 321; Boullay, A. Ch. [2] 
48, 266). It is a bard, yellowish-white powder.' 
BnO, has not been fused. It is not acted on by 
acids (but V. BeactioTts, No. 6 ). Fusion with 
KOH or NaOH forms M,SqO, which dissolves (p 
watOT. The product of fusion with EHSO 4 dis¬ 
solves in water, but addition of more water ppts. 
all the tin as SnOpirH, 0 . 

Mallet (O. J. 85, 624) obtained a compound 
6 nO|i.H 01 , to which ha gave the formula 
SnO.OH.01, and the name eMorstannic add, 
by keeping SnCl, for a year or two in a loosely 
Joecd Mttle. 


BeacHon$. —1. Fusion with tulphur produce] 
SnS, and SO,.—2. When strongly heated ii 
chlorine SnCl 4 is formed.—3. SnO, is r^ticed U 
tin by heating to a high temperature in hydro¬ 
gen, or with mtassium, sodium, or carbon, or it; 
carbonic oxi^. —4. Fusion with caustic potash oc 
caustic soda forms alkali stannate (MjSnO,), 
which dissolves in water.—5. Heating with phos- 
phorus trichloride to 160® forms SnC^, Sn 0 l 4 , and 
P,0, (Michaelis, J. Z. 6, 239; 7, 110).—6. Ac¬ 
cording to Bitte (0. B. 104, 172), SnO, dissolves 
very slowly in hot sulphuric acid (1 aoid to 8 
water), and on concentrating till not more thaq 3 
or 4 vols. water are present to 1 vol. H,804 crys¬ 
tals of Sn 03 . 2 H,S 04 separate. 

HynaAi'ED stanmio oxide. Camelleya.Walker 
(C. J. 5 . 3 , 60, 68, S3) examined the dehydrating 
action of heat on Sn 02 .xH, 0 . obtained by de¬ 
composing Na,SnOaAq by cold dilute HClAq 
and drying the pp. in the air for five months. 
The pp. lost less and less weight for each in¬ 
crease of c. 10® from 50® to c. 110®, at which 
temperature rather less water was present than 
corresponded with the formula SnO,.H 30 , the 
loss o£ weight foqeach rise of 10® was then ap¬ 
proximately constant up to c. 3C0®, at wlucli 
temperature the composition was nearly that re¬ 
quired by the formula 3SnO,.H,p; at a little 
above 300® the solid changed colour from brown 
to pale yellow, and at tlec same time lost weight 
at a rate nearly three times as great as during 
the previous rise of 100® ; after changing colour 
the solid had the composition 78nO,.211,0 ; the 
loss of weight, per 10® increase, then decreased 
very much for the next,30® or 40®, and after 
that dehydration continued irregularly until at 
630®-635® the oxide SnO, remained. From these 
results, considered with results obtained by the 
same method for other hydrated oxides, C. a. W. 
concluded that probably a largo number of hy¬ 
drates of SuO, exists, but that none of these is 
stable through more than a very small range of 
temperature. The results of J. van Bemmelcn {B. 
13,1466) on the dehydration by heat of stannic 
hydrates, obtained by oxidising tin by HNO^Aq, 
and by decomposing SnCl 4 Aq by GaCO,, and on 
\ tlie rehydratiun of the products obtained by heat, 
by placing them in air more or loss saturated with 
mv-sture, at different temperatures, show that 
the quantity of water of hydration varies with 
variations in temperature, in the molecular 
states of the solids, and in the moistnesa of the 
surrounding air. Not only does the quantity of 
water of hydration vary with variations in tlie 
molecular slate of the hydrates, but the firmness 
or looseness wherewith the 'water is held also 
varies much as the molecular condition varies. 
According to J. van B. the loosely held water is 
given up in dry air; and when the prqduct is 
placed in moist air water is taken up until a state 
of equilibrium is attained wherein as many 
molecules of water are taken up as are lost la 
the unit of time. 

The following compositions have been given 
to different hydrates of SnO,. 

I. Hydrates obtained hydecom^aing soluble 
stannates by dilute adds : (1) 8Sn0s»7H,0, by 
drying in^a stream of dry air (Fremy, A. Ch. 
[8] 12,463): $2) SaO,.2H,0, by drying in th» 
air at the ordinary tomperature (Weber, P. 122» 
368); (8) SdO,H, 0, by drying in vacuo (Fr«my» 
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l«.l I It) »Sii0,3H,0, by drying st 140° (Fremy, 
1^.); to these shoold prob&bly be added (5) 
ySnOrSHjO, by drying at o. 365° (Carnelley a. 
Walker, l-c.)* .... 

U. Hydrates obtained by oxidising 
by HNO.Aq: (6) SSnOj-lOHaO, by drying 
at the ordinary temperature (Fremy, J.c.); 
(7) 6Sn0r5H,0, by drying at the ordinary tern- 
peratnre (Thomson, Ante, Phil. 1817. 149), by 
drying over KgSOa (Weber, Z.c.), by drying in ] 
vacuOt or at 100® (Fremy, Ic.) ; (8) 6Sn0.^.4H..0, ' 
by dr^g at 130® (Fremy, Z.c.); (9) SSnO^.SHp, 
by drying at 160® (Fremy, l.c!) ; (10) 2Sn02.H.p, 
bj drying at 65® (Thomson, l.c.). 

The hydrates obtained by decomposing stan- 
natesby diluteaoids.orbyppg. stannic salts by 
CaCO, orBaCOj, differ in properties from the 
hydrates obtained by oxidising tin by HNOaAq ; 
the former are generally distinguished as stannic 
hydrates^ and the latter as metasiannic hy¬ 
drates. The stannic hydrates, dried in air, form 
hard, semi-transparent lumps, like gum arable; 
soluble in the stronger acids, forming stannic 
salts SnXg, where X^NOa, ^SO,, Ac.; soluble 
in alkali solutions, forming stannates M‘,.SnOa 
(v. StanTiates, under Tin ojnrACirs, and sai.ts 
AND DERIVATIVES TUBKEOF, infra). Metastuu- 
nio hydrates are white solids (? crystalline) 
that do not dissolve in HNOaAq, or Jf.^S 04 A(i 
(u. infra). These hydmtes interact with lIClAq, 
and the product is soluble in water hut insoluble 
in cone. HClAq; according to Weber (P. 122, 
35B), the solution gives SnCl4.3SnO,.5HaO, when 
evaporated over H^SO^; by prolonged boiling, 
with fresh additions of water, all the tin in the 
solution is ppd, as metastannic hydrate (Fremy, 
A. Ch. [8] 12, 463; 23, 393). Metastannic by- 
drates dissolve in KOHAq and NaOHAq, forming 
metastannates M^HaSnjOu {v. Metastannates, 
under oxyacids, and salts and deuivatives 
THJ5RBOP,p. 730). 

Aocording to Ditte (O.P. 104,172), both stan¬ 
nic and metastannic hydrates dissolve in warm 
HjSO^Aq (1 part acid and 8 parts water), and on 
(mneentrating till not more than 3 to 4 vols. 
water are present to 1 vol. H^SO, the solution 
deposits white crystals of SnO».2lI._,SO,: thcfic 
crystals are very deliquescent; they are decom¬ 
posed by water; if so much water is ad«lcd that 
not more than 43 g. are preseiit in *,000 

CM. of the liquid, a pp. oASnOricH./) is formed. 
By dissolving stannic or metasiannic hydrate m 
warm HaSeOgAq, and concentrating, D. (Z.c.) ob¬ 
tained crystalb of Sn 0 j. 2 H 2 Se 04 . 

For further details of reactions of stannic 
and metastannis hydrates v. Tin oxyacids, and 

BALTB AND DBRIVATIVES THERIiOF {infra). 

OUDBS OF TIN OTHER THAN STANNOUS AND 
BTAMKio OXIDES. Oxides which are most simply 
regarded as irSnO.ySnOa seem to exist. ^ • 

According to Fuchs {J.pr. 6,318), a greyish- 
white, slimy solid, having the composition 
fln0.8n0a(-Sn,0»), is obtained by diffusing 
freshly ppd- Fe,OraH,0 in Snfl^q free from 
acid, and boiling 

(2BnCLAq +Pe.fi, ? SnO.SnOj 4 2FcC4Aq). 
This oxloe is said to dissolve completely in 
NH*Aq, and also in HOLAq. 

Bj digesting SnO,.a:HaO. ppd. alkali from 
Bn01«Aq. with SnCa^Aq, Schiflf (if. 120, 53) oh- 
ftn orange-yeUow solid, to which be gave 
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the composition SnO.dSaOfSHfO; by digesting 
SnOa-icl^Oi formed by oxidising tin With 
HKO^Aq, with SnOlxAq Sohiff (f.o.) obtained a 
yellow powder,^aid by him to be 8 d0.68u 0,.9H,0, 
or when dried at 83® to be Sn0.6Sn0a.iH,0 (o. 
also Tschermak, 0. 0. 1862. 805). 

PUKPIiE/OF CASSIUS. A purple-coloured 
solid is obtuned by adding solution of a stannous 
salt to dilJtc AuCl^Aq; this solid has been ex¬ 
amined* by many chomista, who Imve generally 
assigned to it formuhe which ropr«‘sont it as a 
compound of SuO/sometimes of SnO.SnO;,, and 
AuO. According to the most rrcoiit investiga¬ 
tions the composition varies aecitrdiug to the 
conditions of ])roparuiion, and all that can be 
said with certainty is that the purple solid is a. 
compound of tin, gold, and oxvgen (d. Buitison, 
J. Fh. 16, 629; Bolileu, Ar. J‘h. 67, 277; 
Capauu, J. pr. 22, 153 : Fuclis, J. pr.*b, 318 ; 
Waohtor, A. 68, 116 ; Fignicr, Fh. C. 1844. 724 ; 
Debray, C. li. 100, 1035; Muller, J. pr. [2] 30, 
252; and, for a bibliography (to 1866), Fischer, 
D. F. J. 1H2, 39). ^ 

Tin oxyacids, and salts and derivatives 
thereof. Some of the hydrates of SnO.,, interact 
with alkalis to produce salts wherein tin forma 
part of the acidic radicle; compounds are also 
known the acidic radicles wlicrcol^coiitain tin in 
combination with other iiogalivo elcnionls be¬ 
sides oxygen, or tin in coinbitiation with both 
metallic and nonmetallio elements. 

The reactions of the hydrates of SnO, ppd. 
from solution.'! of BLannulos liy dilute cold acids, 

' dV ppd#from stannic salts hy alkalis, arc dis- 
j tinctly different from the reactions of Jhe hy- 
i drates of SnO^ obtained by oxidising tin by 
i HNO.Aq, or hy ppn. hy dilute aeids *rom solu¬ 
tions of another class of salts wiiich have 4lie 
same composition as stannates, except tliat they 
I always c<jntuin 11 and O in the ratio 211:0 in 
: addition to tlu‘ constituents of stannates. It 
j is tlienrforo usual to distinguish the acidic 
, hydrates of SnO. as stannic and metastannit 
' acids; to the former is given the composition 
i Il..SnO.( = HnO,..H..O), And to the latter the 

i composition II,oSn;,0,i( “ 5Sn0;..6Il;,0). Neither 

I of these fonnuhe ia to bo iiigardcd as more than 
• an attempt to connect the dilTeroncos in the 
! chemical behaviour of two compounds having 
I identical perccntag<! conip«»siti<>ns (if the ^0 in 
' one class is omitted) with <lifferencos in the 
complexities of their interacting atomic aggre- 
gaHes; the molecular weiglit of ncitlier com¬ 
pound is known. It is, indeed, doubtful whether 
a compound witli the composition iHgfinO, can 
exist apart from other hydrates of the composi¬ 
tion ttSn0..ai,0; it is certain that the oomiiosi- 
•tion of tlie hydrates of SnO^ varies with very 
' small variations of temperature, by whate^r 
methodl thesif hydrates are prepared (v. p. 726, 
Hydrated stannic oxide).,. 

That the hydrates of SuO«, obtaiuoa respe^ 
tivcl V by ppg- solution of stannates by dilate acids 
and by oxidising tin by IiNO,Aq, differed in theli 
reactions, was noticed by BerzelliA in 1011 (v. 
Lehrbuch fSth ed.] 2, 696). Berzelius regarded 
these compounds as hydrates of two differwt 
modifications of stannic oxide; he called the 
oxide supposed to be aconstituent of the hydrates 
obtained by ppg- solutions of stannates stannic 
oxide, and ^sigoated it as a8nO«; the othex 
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(cf. Stajwm aoi». Properties, p. 728). For 
oUitf re&etioni of (bo solntioa in water of (be 
prodaot of (be eeiion of HCIiLq on metastannio 
ooid V. infra, Diatinciions between stannic and 
yneUutannio adds, Accordizxg to Ditto (C. JR. 
104» 172)1 metastannio acid ^solyes in warm 
U^SOiAq (1 pt. acid to 8 pis. water), forming a 
solution which gives crystals of Sn 02 . 2 H 2 S 04 
when evaporated until n*t more than 3 to 4 
vols. water are present for one vol. H 2 SO 4 ; the 
crystals are decomposed by water, with ppn. 
of SnO-^arHsO (?metastannio hydrate), when sulll- 
cient water is added to insure that not more than 
43*g. H 2 SO 4 are present in 1,000 c.c. of’the liquid. 
A similar compound was obtained with selenio 
acid, viz. Sn 02 . 2 H 2 Se 04 (D., Z.c.). Allen (0. J. 
25, 274) found that metastannio acid dissolved 
in boiling cone. H.SO 4 , forming 80 ( 804 ), solution; 
by pouring this solution into water some of the 
tin was ppd., after a time, as stannic acid, but 
on boiling the whole of the tin came down as 
metastannio acid. Mocastannio acid is said to 
dissolve slowly in fairly dilute cold KOHAq or 
NaOHAq; addition of cone. KOHAq or NaOUAq 
is said to ppt. K or Na metastannate; when the 
solution in KOHAq or NaOHAq stands in tbo 
air metastannio acid gradually deposits. Ac¬ 
cording to J. vanBemmelen (Z.c.), colloidal meta¬ 
stannio acid does not form any definite com¬ 
pound with KOH when shaken with KOHAq of 
different ooncentrationsT By fusing metasian- 
nio acid with KH 8 O 4 or NanS 04 , Allen (C. J. 
25, 274) obtained a product which dissolved par- 
tiaUy in wMer; the aqueous solution gave a pp. 
of metastannio acid on boiling. 

JDistinclions hetwein stannic aiul mdastau’ 
nie acids {v. Freiny, A. Ch. |3] 12, 4<‘)2; 23, 
393; H. Rose, P.75, 1; 105, 501; Lowenthal, 
J. pr, 77, 321; Barfoed, J. pr. 101, 308; J. van 
Bemmelen, R. T. C. 7, 87; abstract in C. J. 54, 
1160 [1888]).—Stannic acid is soluble in dilute 
HNO,Aq, H 4 S 04 Aq, or HClAq ; motaslannic acid 
is insol. in these acids. Cold cone. HClAq dissolves 
stannic acid, and the solution gives the reactions 
of SnCl 4 ; cold cone. HClAq forms a compound 
(? molecular aggregates) with metastannio acid, 
which is insol. HClAq of S.G. 1*1, or greater 
8 .G., but dissolves in cold water. 

The following reactions apply to solutions of 
stannic acid in HClAq on the one hand, aniifto 
solutions in water of the substance formed by 
the action of HClAq on metastannio acid on 
the other band. Stannic acid solution, if cone., 
does not become turbid on boiling; long con¬ 
tinued boiling, witb additions of water, ppts. all 
the acid. Metastaonic acid solution, even when 
none., goes turbid on boiling; long-continued 
boiling, accompanied by dilution, ppts. all the 
acid. Stannic acid solution, when distilled, gives 
off ^0, with a little HCl and SnCl 4 ; and a 
Utile stannic acid separates. According to Bar¬ 
fed {j, pr. 101 , 368), when a solution of stannic 
acid in HClAq S.G. 1*1 is distilled, the whole of 
the tin passes over as SnCl 4 . Met^tannio acid 
BolutioD, when distilled, gives pff with some 
HCl and a very little SnCL, and the meta- acid 
eeparates in the i^tort. Xdmtion of tartaric acid 
to the stannio solution, followed by gradual ad¬ 
dition of NHaAq, excess of NH«Aq beiifls avoided, 
produces no pp. Treatoent of the metastannio 
•itiotion with tartaric acid and NH,Aq (not In 


excess) ppts. the meta- acid. SnOl^q gives no 
pp. with the stannic solution ; SnCljAq gives a 
yeilowshpp. (? Sni0.6Sn0jj,9Hj0) with the meU- 
stannic solutioi. Addition of dilute H,S 04 Aq 
to the stannio solution produces no pp.,* unless 
the stannio s^tion is very much dilated. Dilute 
H{S 04 Aq pr^uces a pp. even in very dilute 
metaBtanniqjBoIution; by washing this pp. with 
J hot water, n^titstannic acid remains {ef. DUte’s 
experiments are described under both Staknic 
ACID and Metastannio acid, pp. 728, 729). The 
stannio solution is not ppd. by oonc. HClAq. 
The metastannic solution, if nearly neutral, is 
ppd. by cono. HClAt/, Addition of K 4 FeCy,Aq 
to the stannic solution, in tho ratio K 4 FeCy,:Sn 
present, ppts. all tho tin as SnFeCy,. To 
j ppt. all tlie tin from the metastannio solution, 

I the K 4 FeCyuAq must be added in 0 . tho ratio 
j 19K4FeCys:Sn present; tlie pp. is not SnFeCy*, 

: it is said by some observers to be metastannio 
' acid ; J. van B. (2.c.) calls it an absorjdion coni- 
; pound of mehvstannio acid and K,FeCy,. The 
stannic solution gives no pf». with excess of fairly 
j poQO. NaOliAq. Tho meta.stunoio solution is 
I completely ppd., as sodium metastannate, by ex- 
I cess of fairly cono. NaOUAq. 

CJuinge of stannic to metastannio add and 
' vice versd. A solution of stannic acid in HClAq 
gradually changes to metastannio acid; the 
i change is tho more rapid and complete the more 
dilute the solution (H. Rose, l.c.; Barfoed, i.c.); 
by boiling for some time with repealed additions 
of^walor the whole of tho stannio acid maybe 
converted into metastannio acid. A»voryconc. 
solution of stannic acid in HClAq remaans un¬ 
changed (cf. reaction of meta- acid with cono. 
HClAq, infra). According to Lowenthal (1.0.), 
tlie change from stannio to metastannio acid U 
stopped by addition of tartaric acid, even when 
the solution of stannic acid in HClAq is dilute; 
the amount of change to tho meta- acid may be 
determined (according to L., l.c.) by finding the^ 
quantity of K 4 FeCy*Aq required to completely 
ppt. tho tin in solution. ^Barfoed (l.c.) says the 
best way to measure the amount of change is to 
add excess of fairly oono. NaOUAq, which ppts. 
all the meta- acid (as a sodium salt) but none of 
the stannic acid. 

Stannic acid is converted into tho meta- acid 
by heat (H. Rose, l.c.). J. van Bemmelen {l.c.) 
found that stannic acid dried by pressure at the 
ordinary temperature is completely soluble in 
conoT HClAq, but that by heating to c. 55°,or by 
heating with water to below 100°, some meta¬ 
stannio acid is formed which is insoluble in cono. 
HClAq. 

A solution of stannia acid in excess of 
KOHAq gradually deposits metastannate of K 
on exposufo to i^r, with formation of KjCO^q. 

Metastannic acid is.gradually changed^ to 
stannic acid, according to Baifood {Z.C.), by con- 
tact with cono. HClAq; the quantity of sUnnic 
acid produced increases with the quantity of 
HClAq used, the time of contact, aoj the tem* 
perature. 

Stannic acid is said to be obtained from tho 
meta- acid by fusing the latter witb a large ezoeM 
of KOH, dissolving in water, end ppg. by 0<M 
dilute HClAq (H. Rose, Z.C. ; Fremy, Lc.). 

OxTACZDs or Tin otheb than BtanNio axb 
Mbtasxannio. (I) H.^Sn,0,. Spring. 1, 
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IdO) obtained a colloidal solid, drjing at lOO** 
to a white mass with the composition H^ngO,, 
by adding excess of BaO^-xI^O to a solution of 
8nCl« In HOIAq, and dialysing the turbid liquid 
ontil BaOL ceased to pass into the dialysate. S« 
legarded the new compound as ^ acid of the 
hypothetical perstannio oxide S^,, analogous 
to OeO^ TiO„ and (7) ZnO,. (3) and 

H,8n,Of. The empiric^ formuli* (» both these ^ 
hydrates of stannic oxide U Sn02.H,0. Accord*' 
ing to Mnsculus {C. li. 65, 961), the hydrates 
differ somewhat in properties both from stannio 
and metastannio acids; they are said to be 
formed by keeping stannic acid under water, 
and to form K salts, KH^Sn^O^ and EH^Sn^Og. 

SxAMNATBS, Mi,SnOg and The 

alkali stannates are obtained by dissolving stan* 
nic acid in MOHAq E, or Na), and 

evapoiBting over H2SO4; the stannates of the 
alkaline earth metals may be obtained by the 
interactions of solutions of the alkali stannates 
with MOgH, or MCO, (M = Ba, Ca, Sr). 

Ammonium stannnte. A salt, said to have 
the composition (NH4)gSn09.Sn0g.fHg0, is ob> 
tained, as a yellowish jelly, by evaporating a 
solution of stannio acid in NH^Aq over II^SO^ 
(Moberg, J,^vr, 28, 230). When KjSuOjAq is 
added to NH^GlAq, stannic acid is ppd. accord¬ 
ing to Ditto (C. R. 96, 701). 

^ariom stannate. The normal salt 
BaSnO,.6R^O is said to be obtained by adding 
BaClgAq to KgSnOgAq ; it is described as a heavy, 
white powder (Moberg, I.c.). By adding ICSnO^Aq 
to excess of BaClgAq, Ditto (I.c.) obtainud a basic 
salt Bc SnOgJBaO.lOHgO as lustrous leaflets. 

Calcium stannate. Ditto (i.c.) obtained tho 
norm<il salt GaSnOy.6n.p, in white crystals, by 
adding EsSnOgAq to excess of GaCL^Aq, washing, 

. and drying at 100°. By heating for some hours 
a mixture of stannic acid and CaClgAq, with a 
little GaO, D. obtained CaSnO, in regular crys- 
^tals. 

Potassium stannate KgSn08.arH20. Pre* 
pared by dissolving stannic acid in KOIIAq, or 
by fusing SnOg or metastannic acid with excess 
of KOH for some time and dissolving in water, 
and evaporating over H^SO,; transparent, 
rhombic prisms; orystall ising with 4R,0 (Frcmy, 
A. Ch. [33 23, 393), with 3X4gO (Moberg. U\). 
Mwrignao {Ann. M. [3] 15,277) obtained the salt, 
in rhombohedral crystals, by gradually heating 
8 pts. metastannio acid with 8 pts. KOH till the 
mixture boiled, allowing to cool, diasolviitg in 
water, filtering, and evaporating. Ordway {Am, 
8. [2] 40,173) prepared the pure salt by adding 
an equal volume of absolute alcohbl to a solution 
of the commercial salt.(v. tn/ra), repeatedly treat* 
ing the syrupy layer that separated with alcohfll, 
drying the pasty mass so obtained by pressure, 
dissolving in water, evaporatiiig in va^iOt and 
wafihing the crystals with alcohol. K stannate 
dissolves easily in water; 0. (f.c.) gives B. at 
10° ~ 106*6, and at 20 ^>*110*6; solution reacts 
alkaline. Insoluble in alcohol. By adding u 
dilute aoitt solution sufficient to neutralise ^ of 
the alkali, a white fincculeni pp. of E meta* 
stannate is said to be produced (O., i.c.); excess 
’ of cold dilute acid ppts. stannio acid. 
EjSnOgUeHgO is dehydrated at a red heat. 

Commercial stannate of potash sofu/ion is pre¬ 
pared (1) by fusing tinstone with £,8, KOH or 


KHO, and dissolving In water; (2) by boiling 
tinstone with KOHAq; (8J by fusing tin with 
ENO, and EgCO,, or boiling the metal with 
EOl^q containing KNOg and EOl (v. HaeSely, 
D. P, /. 144, 66; Vaughan, B, 6, 896; and 
Dzotionabt or Appmsp CHnuzsTB?, vol. iii. pp. 
843-4). 

Sodium stannate Na2SnO,.zH,0. Prepared 
similarly to the E strit. Crystallises in hexa¬ 
gonal plates with 3HgO (M., l.c .; 0., l.c.). Ma- 
rignao (2.C.) obtained rhombohedral orystoit. 
Jonas (G. G* 1865. 607) obtained rhombic crys¬ 
tals of Na9Sn0,.9H.40 by reoryetallising the com¬ 
mercial salt. Haeffely (D. P. J, 144,66) obtaified 
crystals of NagSnOg.SH^O by heating an aqueous 
solution of S.G. 1*3; on allowing to cool again 
the crystals dissolved, the S.G. became 1*35, and 
after a time crystals of NagSnOj.SHsO were 
deposited. Scheuror-Kestner {Bl. [2] 8,839) ob¬ 
tained crystals of the compositionNa.4SDO9.10H.p 
by evaporating a dilute solution of the ordinary 
salt* free from excess of KaOH, at a low tem¬ 
perature. Ka2Sn03.3H.^0 is more soluble in cold 
than in hot water; 0. {lx.) gives S. at 0°»a67'4, 
and at 20°» 61*3. Insoluble in alcohol. Ac¬ 
cording to H. {I.C.), an aqueous solution of the 
octoliydratc gives a crystalline pp. of Na racta- 
stannate when heated, or when left at the 
ordinary temperature for some weeks. Com¬ 
mercial stannate of so^a solution is prepared 
similarly to the solution of the potash salt (v. 
supra). 

Strontium stannate. A basic salt 
2SrSnO3.SrO.10H^O was obtained by Ditte 
(G. li. 96,701), in lustrous octahedra, by adding 
KaSnOgAq to excess of SrGLAq. 

Metabtannates. Only alkali metastannato.s 
have been prepared. The empirical formula of 
these salts is M2O.5SnO2.4H2O ; as they are de¬ 
composed by removing water, the formula is 
generally written as MaHgSnjOu (cf. META8T.iN- 
NIC ACID, p. 728). Metastannic acid dissolves 
slowly in KOHAq or NaOHAq; on adding cone. 
MOUAq tho suits are ppd. The salts are better 
obtained by adding cone. MOHAq to a solution 
in water of the substance obtained by the inter- 
4 action of metastannic acid and cono. HClAq 
(Barfoed,«/’. pr. 101, 368). Dilute acid solutions* 
ppt. metastannic acid from solutions of meta- 
stifhnates. Metastannatos heated with excess 
of MOH give stannates. For more details re¬ 
garding MgHgSnjOtj (M = K or Na) v. Fremy (A. 
Ch. [33 23, 393); Weber (P. 122,358); Haeffely 
(D. P. /. 144, 66). 

ARSENIO-STANNATES. A compound 
Na,0.2As20g.6Sn02.5H20 was obtained by 
Haeffely (D. P. J. 140, 290) by adding excess of 
HNOgAq ta a boiling solution of Na^SnO, and 
NojAsO^, and treating the gelatinous pp. with 
excess of NaOHAq. 

OXALO-STANNATES. The compound 
2EHG2O4.SnO2.5H2G was obtained, in lustroua 
leaflets, by Pochard (G. B. 116, 1513) by dis¬ 
solving stonpio acid in hot EHC^04Aq and 
allowing to cool. • 

PLATINO-STANN^ES. Compounds of 
SnO and SnO, with Ptdg, derived i^om the acids 
H^ngPtgOf and H2Sn,Pt204 (v. PLATiNO-STAif- 
NAXES, ibis'vol. p. 285). 

PLATINO-SELENO-STANNATES 9. this 
vol. p. 285. 
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BUjiuu-oi.ANKATE 8 . Bourgeois (BL [ 2 ] 47, 
197) obtained the salt CaO.SiO 2 . 8 nO} in mono- 
ilinie, lustrous crystals, by fusing SiO, and 
3nO} with excess of OaCl}, and extracting with 
irater. 

In oonneotion with stannic and metastannio 
soids and tiieir derivatives, v. Chlor-&tannic 
acid, under Stannous ghlobide (p. 721); Tin, 
OXIDES AND HTDBATED OXIDES OF (p. 725) aud 
Tin, THxO'ActDS and salts op (p. 735). 

Tin, oxybromides of. By adding pieces of 
tin to the mother^liquor from BaSnBr^ (v. 
StaTtnibromides, under Stannic bbomide.p. 720). 
Bayman a. Prels [A. 223, 323) obtained colour* 
less, prismatic crystals to which they gave the 
formula Sn 20 Br„.i 2 H 20 ; and from the mother- 
liquor from this compound fine, colourless 
needles of SD,OjjBr 2 . 1011 .^O separated after a 
time. 

Tin, oxychlorides of. According to Ditto 
(A. Ck. [6] 27, 145), when Sn0.xUa0, obtained 
by ppg. a stannous salt by KH,Aq, is boiled with 
water containing a trace of SnCL^, a gelatinous 
oxychloride is obtained having the compositiurv 
Si^0Cl,.6H,0 («Sn0.SnCl2.GH,0); and when 
this compound is boiled with a little more diluto 
SnCL^q another oxychloride, SnjOaCi^.GHp 
(a 38n0.2SnCl^.GH20) is formed in small, 
white, pearly tablets. 

The oxychloride SnOClj is obtained, accord¬ 
ing to Soheurer-Eestner {A, Ck. [3J 47, 1), by 
evaporating SnCi,Aq at 50^ to GO^; also by 
heating 100 pts. SnCU2H.p, dissolved in .50 pts. 
water, with HNO,Aq containing IG pts N^O,. 

An oxyohloridei is also formed by treating 
metastannio acid with cone. MCiAq. pouring olT 
the excess of acid, dissolving in water, and 
evaporating over HSO, and CaO ; to tins 
oxychloride, which is an amorphous, white : 
solid, Weber (K 122, 358) gave the formula 
Sn,O.Cl,.6ap(=*8SnO,.SnCl,.511,0). Tscher- 

mak {W. A. B. 44, 2) obtained a crystalline oxy¬ 
chloride Snppln ( = 4Snb2.3Sn(Jl^.SaCi2) by 
dissolving moist metastannio acid in hot cone. 
SnCljAq containing UGl. 

Mallet (C. «r. 35, 524) obtained a semi-trans¬ 
parent, jelly-like solid from SnCl.Aq which Itad 
been kept in a loosely-stoppered bottle for a year 
or two; to this solid ho gavo the fgrinula 
SnO,.HCl(»8nO.OH.Cl). 

Tin, oxyfluoride of.^Vhen SnF, is heated in 
air it is said to form the oxytluoridc SnOF^ 
(*Sn02.Sn%\) (Fremy, A. Ck. [3j 47, 37; 
Marignac, Ann. M, [5] 15, 221). 

Tin, oxyiodides of. According to Fersonne 
(C. B.54, 21C), various oxyiodides are formed 
by decomposing Snl, by much water; 1’., 
analysed four compounds, to which bo assigned 
the compositions Snp^I} (<«2SnO.SnL.), Sn.OL 
-Sn0.8nl,), 8n,OI, ( = Sn0.2SnlJ,and Sopi, 

» 8n0.3Snlj. 

Tin, phosphides of. By heating finely 
divided tin in vapour of P, Sohrotter {W. A. B. 
1849. 301) obtained a silver-white, brittle soliu 
to which he gave the formula SnP; 8.G. 6*56 ; 
easily acted on by UGlAq, but not by HNO,Aq. 
Other crystalline solids have been obtained by 
heating tin and P together, but their composi¬ 
tions are not determined with certainty (v. 
Pelletier, 8. 65, 106; Berthier. A. Ck. [2] S3, 
180; H.BOS6.P. 24, 826; Ldpke, 0. C. 1890 


[li.] 643). Natanson a. Vortmann {B. 9,1459) 
obtained a phosphide of tin by heating glMiid 
phosphoric Ucid with 0 and tin; HClJIui gave off 
PH, and lelt*6nP. 

Tin, salts of. Tin forms two dlasaes of 
salts by renting the H of acids; the stannous 
salts SuX l aud the stannic salts 8nX. (XsClO.. 
NO,, JCOi .i80„ iP,0, Ac.). The chief salts of 
oxyacids ureT the following: {!) Stannou* 
salts: aniitnoiuitc, arsetuite, borata, carbonais, 
chlorate, ckromajc, iodate, nitrate, phosphates, 
phosphite, sulpluites,aiiiX sulphite. (2) Stannio 
salts: aniimonate, arsenate, broniate, chlorate, 
iodate, molybdate, ftilrate, phosphates,phosphite, 
sclenate, selenite, sulpluite-s, and lunystates (v. 
NiTKATiiS, Sulphates, Ac.). 

Tin, selenides of. Tin and So form two 
compounds, SnSo and SnSe^. The former can 
be prcparecl by the direct union of the'^eloments; 
tho latter does not seem to be ubtaiuoti by this 
method. Both selenides dissolve in alkali 
solutions, and in solutions of alkali sulphides. 

Stannous HELENin.S SnSo. {Tin mono* 
selenide or protoseUnUle.) Mol. w. unknown. 
Obtained by melting together So and tin (Ber¬ 
zelius ; Welsmann, .4. IIG, 122). With excess of 
So the disulpiiido SnSo^ was said to be formed 
(Little, A, 112, 213), but this was i)robably a 
mistake (Schneider, I*. 127, G2i). Also (ormod 
by adding powdered So td inoltoii heating 

till SnCl, is volatilised, and allowing to cool,.,, 
wlien SiiSo ciystalliscH; excess of SnCl^ is 
♦removed by washing with diluto JlClAq (Schnei¬ 
der, l.t). Steel-grey, lustrous prisms; probably 
isomorplious with SnS; S.G. 5-21 at 153 >( 8 ., I.C.). 
Also obtained, as a black powder, by passing 
Il.Seinto StiGI Aej, washing, an<l drying at 100®. 
SnSe [)rcpai’ed by ppn. is soLublo in alkali solu¬ 
tion ; the crystals prepared l>y heating Se with 
SiiCl^ arc insoluhio, even in boiling alkali elu¬ 
tions. Both crystalline and amorphous SnSe 
arc sohibio in solutions of alkali sulphides. 
sclcnidoH. SnSe is insoluble in HCIAq ;oxidisod 
by HNOjAq to Sn0....rll t), ll.SeOa, and I^ScO,. 
llcated willi I, forms Sni^ and SnSe,..; or, with an 
excess of I, Snl, and Sc ; reauis similarly with 
Br. SnSo is not reduced by heating in H. 
Heated in air it is gradually oxidised to 8nO, 
and SeO,. (S., l.c.). Acr^ording to Dilte (C. ILUG, 
1790), SnSe cun be suhlimed in a stream of U 
at a red Jieat; D. says S.G. ia 6'179 at 0®. 

^ SfAN.Nic SELENioE SiiSc^ CVin disoUnide.} 
Mol. w. unknown. Not foriued by heating to¬ 
gether tin and Se, as oxe ss of Se over that re¬ 
quired to f^rm SnSo sublirrieH ; Little’s statement 
that SnScj is formed hy directly combining iia 
and So by heat (-1. 118, 213| i« probably wrong 
(Sclmei<ler, 127, 024). ITcpared by rubbing 
5 pts. 1 and <4to 10 ])ts. crystallised Snl, (the Bol, 
ia usedtoenable the 1 to betlioroughly powdered), 
adding 4 pts. powdered vinSe, then suQioienl 
CS;, to form a pasty mass (stirring oonatantly), 
and then adding more CH, to dissolve 8nX}, 
and washing with CS^, when ^Se, remains 
as a dark, red-brown, indistinciiy orj^taUina 
powder, which becomes darker whim dried 
at 100® (Schneider, Lc.). S.G. 4*85. Aeoocd* 
ing to Welsmann {A. 116, 122), SnSC} it ob¬ 
tained, as a dark reddish-brown powder, ^ 
passing H^Se into SaGl 4 Aq; heated in H» 
this powder gives o8 8e and leaves SnSe* 
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$nS%t to not acted on hy water, or dilute 
Midi; it ie alowly attacked by cono. boiling 
fiOlAq; aqua regia^ or oono. ENO^q, oxidises 
it to BnOg, ^SeO« and HsSeO^; it dissolves in 
iiot oonoi HgSO,, and when the olive-green solu- 
tioD is poured into water Se eef^arates and 
8 n(S 04 )y remains dissolved. BnSeA is easily 
eolnble in oaustio alkali solutions,pnoluding 
NH«Aq, forming blood-red liquids.'* Heated 
with 1« in the ratio SnSe^:4I, SnI, and Se are 
formed; Br reacts similarly to I (Schneider, l.c,). 

Tin, silioides of. No definite compound 
has been isolated. Substances which seem to be 
of the nature of alloys are formed by heating to¬ 
gether tin and Si; treatment with HClAq dis¬ 
solves tin from these bodies, and separates Si 
along with SiO, (v. Winkler, j. 91,193). 

silioofluoride. According to Berzelius 
{Lehrhuca [ 6 th ed.] 3, 707), the salt SnSiP, 
separates (? from solution of Sn 0 . 2 ^H ,.0 in 
HySiF,Aq) in prismatic crystals, which are 
readily crystallised from water. 

Tin, sulphides of. • Two sulphides of tin 
are known, SnS and SnS.^: the former is readily 
obtained by heating tin and S; the latter by 
heating tin with an excess of S and some sub¬ 
stance (e.g. KII 4 CI) which readily volatilises, 
and so removes heat, which would else drive off 
the 8 above that required to form SnS. Both 
sulphides are.al 80 fonffod by ppn. by H^S from 
. corresponding salts in solution. Both sulphides 
dissolve in solutions of alkali polysulpliides, 
forming ihiostannatesy M.SnS,. - 

Staknous 8UI.PUIDE SnS. {Tin monosuiphide 
or protomlphide.) Mol. w. unknown. 

Preparation. — 1. Finely divided tin is heated 
with 0 . equal parts of S; the product is pow¬ 
dered, and repeatedly heated with S in a closed 
vessel. Ditto (G. li. 96, 1790) recommends to 
sublime the SnS thus prepared, by heating to 
redness in a porcelain tube in a stream of H.— 
2 . HjS is passed into a solution of a stannous 
salt until the liquid smells strongly of H„S ; the 
brownUh black pp. of amorphous SnS is washed 
and dried, and is then added, little by little, to 
molten SnClj as long as it is dissolved thereby; 
after cooling, SnCis is dissolved out by dilute 
HOIAq, and any dark-brown powder that is pre¬ 
sent Is washed away from the heavier, greyish, 
lustrous, crystalline particles of SnS (Schneider, 
P.96.167)., 

Properties. —A dark, lead-grey, crystalline 
solid; 8 .G. 4*86® (Karsten, S. 66 , 394), 6'27 
(Boullay, A. Ch. [2] 43, 266). Ditto (i.c.) de- 
scribes SnS, after sublimation in H, aa crystalli¬ 
sing in thin, lustrous squares with an angle of c. 
90®; with a groy-blue, motal-like lustre; soft and 
friable; B.G. 6*0602 at 0°. Crystalline SnS 
melts at a red heat; it expands considerably on 
cooling (Ditto, I.c.). Prepared by ppn. SnS is a 
brownish-black, amorphous solid. 

BeacHonSt-^1. SnS, prepared by heating 
together tin and S, may be sublimed in hydrogen 
at a red beat (Ditte, C. P. 96,1790); but con¬ 
tinued heating' in E is said to reduce it to tin, 
H,S being given off.—2. Heated in air SnS is 
gradually converted into SnO, and SO,.— 8 . Be- 
aots with cAlorws, even at the ordinary tempera¬ 
ture, to form SnCl^ and SnCl 4 . 2 SCl 4 «(Sn^CI„) 
tH. Bose, P. 47,517).—4. Fusion wiw ^tassium 
tyawUU produces tin and EONS.— 6 . SnS dis¬ 


solves gradually in boiling hydrochloric aoidt 
forming SnOl, solution and giving off H ,8 (for 
details of interaction with HOIA 4 of different 
concentration, and with HCl gas, o. Ditte, 0. JS. 
97,42).—6. Gradually oxidised to SnO,by heating 
with nitric acid. —7. Dissolves in solutions of 
alkali forming alkali thiostannates 

MjSnS,.— 8 . SnS is generally said to be nearly 
insoluble in solutions of alkali monomlphides 
(MjB). According to Ditte (C. R. 94,1419,1470), 
SnS is not acted on by EBAq at the ordinaiy 
temperature if the concentration of the solution 
does not exceed 20 E 3 S: 100 H, 0 ; but a more oonew. 
solution of K,SAq, out of contact with air, gradu¬ 
ally converts the SnS into a grey, spongy mass of 
tin; and still more' cono. K,SAq dissolves tUs, 
forming K^SnSjAq and giving off H : if air li 
admitted the reactions are more complex. 

Stannic sulphide SnS,. {Tin disulphide.) 
Mol. w. not known. 

Preparation. —1. By saturating SnGl^Aq con¬ 
taining a little HClAq with H^S, warming, again 
saturating with warming gently for^some 
hours, collecting the pp., washing with dilute 
li^SAq, drying, and heating to above 100® out of 
contact with air. Pure SnS, can scarcely be 
prepared in this way; there seems to be always 
some Sn0.^.a;H.0 present in the pp. (Eiihn, A. 
84, 110; Barfoed, J. pr. 101, 368).—2. By 
passing the mixed vapou a of SnCl, and 11,8 
through a rod-hot porcolain tube, or by passing 
Il.^Sinto SnCl^ and heating the white crystals of 
SnCl^.CH^S BO obtained (Coldridge, P. M. [ 6 J 29, 
383).—3. A mixture of finely-divided tin and S, 
or of SnS and S, with some substance that 
gradually volatilises and so removes heat, is 
slowly heated to redness in a glass retort, or a 
loosely covered llask, imbedded in sand; the vola¬ 
tile substance gradually passes off, then the 
excess of S is volatilised and the SnS, remains, 
partly on the sides and partly on the bottom of 
the vessel. If tin is heated with S only, the 
heat produced in the reaction is so great that 
the SnS, formed is resolved into SnS and S. 
Various mixtures have been employed by dif¬ 
ferent chemists; the following give good results: 
(1) equal parts sifted tin-filings, S, and NH 4 CI 
(Pelletier); (2) 4 parts tin-filings, 3 parts 8 , 2 
parts ^H 4 G 1 (Woulfe); (3) a pulv^ised amalgam 
of 12 parts tin and 6 parts Hg, with 7 parts S, 
and 6 parts NH.Cl (W.V; (4) 6 parts SnS and 
8 parts HgCl, (W.). 

References. —Pelletier {CrelVs Chem. Ann, 
1797 [1] 46); Woulffe (ibid. 1,149); Bullion (ibuL 
1793 [1] 89); Proust (Gehlen's Joum» /. Chem, 
und Phys. 1 , 260). 

According to Gmelin (Eand&aeA [ 6 thed.] 8,76) 
if NH 4 CI is heated with tin and S there is formed 
a compound of NH.CJ and SnCl„ which then inter¬ 
acts with the S, forming SnS, (?2Sn-f8N£tl01 
- 2(2NH4C1.8nCl,) + 2Ha + 4NH,; 
2 ( 2 NH 4 Cl.SnCl,)-f- 2 S 
» SnS, + 2 NH 4 Cl.SnCl 4 + 2 NH 4 CI). 

Prqperlies.—T^repared by subliinaiion, SnS, 
is a soft golden-yellow, lustrous, crystalline solid; 
S.G. 4*6 (Karsten, 8. 66 , ?94), 4*42 (Boullay, 
A. Ch. [2] 43, 266). Crystalline SnS, is known 
as mosaic gqld (u. Dxctxokast of Avpuim 
Chemistbt, voL Ui. p. 646). 

Rsactians and OorhbvnaUons, —1* SeaUd In 
a closed vessel gives SnS and S, and a subUxnate 
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of 8aS^< — 8. Seated in air BnO, and SO, ara 
(oimed.—S. Chlorine liquefies SnS„ on cooling 
^ow ei^stals ol SnOli-fiSCl, are formed (H. 
Bose, P. 42, 617). — 4. The compound 
8 nSj,(>>SnBI,.SI,) is said to be formed by 
heating SnB, with iodine in a stream of CO, 
(Schneider, j. pr. 79, 419 ; v. also Tin, inio- 
vaoDm, infra). According to Schneider (i.c.) 
a boiling ucoholio solution of I does not act on 
SnS, prepared by sublimation, but with amorf 
phous SnS, prepared by ppn. it gives SnS,I,.— 
6 . Amorphous, but not crystalline, BnS, is 
slowly decomposed by boiling cone, hydrochloric 
acid, HjS being given oft and SilCl, solution 
fotmed.->-0. The amorphous sulphide is slowly 
oxidised by hot nitric acid ; aqua regia oxidises 
both amorphous and crystalline SnS, to SnO, and 
H^O,Aq.— 7. Fusion with lead monoxide produces 
a mixture of sulphides and oxides of tin and 
lead; with excess of PbO, SO, is given off and 
lead remains.— 8 . SnS, was said by Dumas (S’. 
66 , 40S)) to combine with stannic chloride, form- 


sent in the liquid. The liquid was decolourised 
J^OHAq, Na,CO,Aq, (NH.),CO,Aq, 
NH^ClAq; strong -acids gave brownish pps. 
containing rather more S than required by ue 
formula SnS,. • 

TaxosTi^ATEa (KAhn* l.c .; Hdring. jETirfel'j 
Zeit.fUr Alarm. 1851. No. 8 ). The alkali salts 
are obtahi'ii by dissolving SnS, in alkali auiphide 
solutions,/NI.jbAq; tlio alkaline earth salts are 
formed by duublo decomposition from the alkali 
salts. 

Potassiu m thioetsnnate K, 8 n 8 ,. lOELO. 
Obtained by dissolving 8 nS,, in K.,SAq, and add¬ 
ing alcohol, when liio salt separates as a dark 
brown heavy oil; all is given off at 100 '^. 

Sodium thiostsnaates. The nt>r» 7 kil salt 
Na,SnS,.2II.jO is obtained, in yellow, glassy, re¬ 
gular crystals, by adfling tin, little by little, 
to molten Na^S., treating the fused Aass with 
water, and evaporating at a low tempera¬ 
ture. A solution of SnS and S in Na^SAq de¬ 
posits colourless, moiKHdinlo crystals of the 
basic saltg which, when dried over H..SO 4 , 


ing SnS,. 28 nCl 4 : the compound being produced __ «..v« w.v* 

by th^ interaction of SnCl^ and H.S. According J has thecoftipositioa Na..SnS,.Na..S.121I,0. 'The 
to Coldndge (P. [ 6 ] 29, 383) ^thia compound 1 stronger acids (HCl, CUCl.^.CO,H) ppt. 

j -...A i-A AI-- i.._A -J xi. - XT... I at once from Na^SnSsAq; but weak acids 


does not exist, the product of tho reaction 
being SnCl 4 . 6 H.jS.—9. SnS, dissolves in alkali 
sulfide solutions^ forming thiostannates 
infra)e M,SnSy —10. In alkali solit^ 
lions SnS, dissolves, probably forming stan- 
nates and tbiostannUtes (?3SDS, + GKOHAq 
- K,SnO,Aq -f- 2 K 3 SnS,Aq + 3HO). 

Tin SBBQUisuTxPniDE. Ber/.elius {Lehrbuch 
[5th ed.] 2, 600) gave the formula Sn^S, to a 
greyish-yellow, lustrous solid obtained by heat¬ 
ing a mixture of 3 jforts SnS and 1 part 8 in a 
retort; the substance was almost certainly a 
mixture ol SnS and SnSj. 

Tin, Bulphochlorides of; 9. Tin Tnio- 
OHnoBioBS, infra. 

Tin, sulpho-iodide of; v. Tin tiiio-ioouik, 
infra. 

Tin, snlphocyanide of; v, vol. ii. p. 352. 

Tin, telluride of, SnTe. A grey, lustrous, 
metal-like, crystalline solid; S.G. 6'478 at 0®; 
obtained by heating together tin and To, and 
slowly subliming in a stream ol H (Ditto, C. II, 
96,1790). 

Tin, tbio-acids and salts of. It is doubtful 
whether a thio- acid of tin has been isolated^ith 
certainty; a few salts derived from the acid 
HjSnS, have been obtained. 

Thiobtaknio acid. {Sulphostannic acid.) 
Eiihn (A. 64, 110) obtained an olive-brown pp. 
by adding HClAq or H.C,H,0.,Aq to a cone, 
solution of N&jSnS,.Na,S.12HO (v.infra); after 
washing, and drying at 100 *’, the pp. was a leaden- 
grey, Instrous solid having the composition 
HjSnS,. Storch {M. 10,255), repeating KUhn's 
experiments, always obtained brown pps., whicU 
did not contain more S than required by the ratio 
Sn:S»l:2’19. 8. concluded that the pps. were 
mixtures of H,SnS, and SnS,. By adding dilute 
oxiUio acid solution to solution of Na, 8 oS, 
^prepared by saturating Na.,8n0^q with H,S) 
m quantity just sufficient to combine with 
Na present, 8. *{l.c.) obtained a deeij- 
jellow liquid which remained clear lor hours; 
after removing the H^S by a ourreht of air 8 . 
found that the liquid contained tin and 8 in the 
iptio ^:8S ; he concluded that H,SnS, was pre- 


(H 3 BO 4 , HjC./),, ClljChCO.jH, form brown- 
yellow solutions from wliicli r^l-brown pps^ 
separate more or le.ss slowly (Storch, M. 10,255). 
Kiilin {l.c.) gives tho reactions of^ho two Na 
thiostannates with solutions of several metallic • 
salts; many of the pps. were doubtless thio¬ 
stannates of tho metals employed. 

PLATINO-THIOSTANNATKS. Schneider 
(Z. [2] 5, 629; 6 , 270, 613) obtained Malts to 
which lie gave tlio composition M.,PtySnS 4 
( = M^8.3PtS.Sn8.j), where M«K or Na, by 
fusing SnS.j, Pt, M.jCO„ and B, and lixiviating 
with water. 

Tin, thiocbloridei of. A compound Sn 8 ,Glj^ 
(= 8110 ) 4 . 28014 ) is said to bo formed, along with 
8 nCl|, by the interaction of Cl and SnB or BnBL 
(H.Hose,P. 12,517). Dunm 3 ( 6 ’. 60,409) doscrib^ 
a compound 8 n.j 8 ,Gl,(» 8 n 8 ,. 8 nGl 4 } as obtained 
by passing 11,8 into BnCl.,; but according to Cold- 
ridge (P. M. [5] 29, 383) this compound is not 
formed. C. (Lc.) says that the passage of H .,8 
into SnCl^ produces white crysttilsof SnCl 4 . 5 H, 8 , 
which are decomposed by heat, giving off HCl 
and HjS, and leaving BnS,. 

Tin, thio-iodide of. By melting together 
crystaliino' SnS, and 1, in tho ratio 8nB,;4I, 
allowing the liquid to cool, and either heating 
in a stream of CO.„ or dissolving in OS, and 
crystallising. Schneider {J.pr. 79, 419) obtained 
brown, lustrous crystals of Kn 8 l 4 (» 8 nSl 2 . 8 l 2 ). 
This thio-iodido i.s dissalved unchanged by C^ 

6 r CHCl,; alcohol separates B; water, or a solu¬ 
tion of a caustic alkali, produces 8 nS,i 8 , and 
HiAq (or MIAq); HClAq nr HNO,Aq decom¬ 
poses it, witli separation of*H. The compound 
BnSJj is also produced by tlie interaction of a 
solution of 1 in CB, and pixL, dried 8 nS, 
MS., I.C.). . M. M. P. M. 

TIN OEGANIC COMPOUNDS. ^ 

Stannic methide SnMe,. (78^). S.G. * 
1-313. V.D. 6'00 (calc. 6*15). Got by heating 
an alloy of tin and sodium (14 p.c.) with 
(I pt.) at 100 '’- 120 *’ (Ladenburg, A* Bvvvte 8 , 
74; cf. Gahours, A, 111, 236; 114, STSj. Oil, 
wiUi ethereal odour. Beduces alooholio AgNO^, 
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ItaBBie tti-BMthylo-iodide SnMe,L (170°). 
8.0. 0 3‘14S. Fonued by the action o{ I on 
SnHe,. Oil. Yields ciystaliine SnMe,OH and 
the ssltj (SnMe,),SO„ SnMerO-CO.H, and 
8nMe,.OiAo. Forms the compounds Snlde-OEt 
(Ladenburg, S. 3, 3S8) and SnUfeKNH, (Ca- 
hours, .d. 122, 53). ''I 

Stannic di-metbylo-di-iodide SnM j^ [30°]. 
(228°). S.O. ta 2*872. Formed oy heating 
tinfoil with Mel at 150° (0.). Monoolinio crys¬ 
tals (from ether-alcohol). Converted by ammo¬ 
nia into amorphous 8nMe,Oi which is insol. 
water, but dissolves in acids forming the follow¬ 
ing crystalline salts: SnMOjCl, [90°] (189°), 
forming trimetriocrystals; o:fc:c = *834:1: *941,— 
8nMe2PtCl«7aq, forming trimetrio crystals; 
o:&:c - •888:1:*977. — SnMe,^rj. (209°). — 
SnMe^SO,, forming monoolinio crystals (Rjort- 
dahl, 0.«.88,684). 

Stannic ethide SnEt,. Mol. w. 234. (181°). 
B.Q. aa 1*187. Formed from SuEiJ^ and 
EtI (Buokton, A. 109, 218; 112, 223;"Frank- 
iand, A. Ill, 44). Foymed also, together with 
tin and ZnEtCl, by adding fused' SnCl, to 
cooled ZnEt, and then distilling (Frankland a. 
Lawrance, 0, J. 36, 134). Prepared by heating 
powdered tin with EtI and the zinc-copper 
couple; and iilso by heating ZnEtl with pow¬ 
dered tin at 130° (Letts a. Collie, C. J. Proc. 2, 
183)., Oil. , Has no action at 180° on Al, Na, 
or Mg. Slowly absorbs sulphur dioxide, forming 
crystalline SO.j(OSuEt 3 ).j, insol. ether and an oil 
SnEti.SOjEt, sol. ether. Hot cone. HClAq forms 
ethane and SnEt,Cl. lodjne forms SnF.t.I anS 
lEt. , 

Stannous ethide SnEt^. S.G. u 1*558. 
Formed by adding zinc to a warm solution of 
SnEtjClf (Frankland). Oil. Decomposed at 
150° into SnEt( and tin. Br forms SnEt,Br,. 

Bistannio hona-ethido Sn.jEt,. (265°-270°). 
e.G. a 1*412. V.D. 14*8 (calc. 14*7). Got by 
distilling SnEtJ with sodium (Ladenburg, A. 
tSuppl. 8,63; if. 3, 347). Pungent oil, I forms 
SnEtgl. Cone. HCLAq forms EnEt^Cl^ ethane, 
and hydrogen. 

Stannic tri-ethylo-iodide SnEtJ. (231°). 
S.G. 1*833. Formed by the action of Etl 
on an alloy of tin and sodium (Ladenburg, A. 
Suppl. 8, 30 ; B. 3, 353, 347 ; c/. Lowig, A, 84, 
808). Liquid. Combines with NH, (2 inols.). 
On distilhng with KOHAq it yields SnEtjOH 
crystallising from ether in prisms [43°] (271°) 
converted by heat into oily (8nEt,).^0, whictfre- 
combines with water forming the hydroxide. 
NaOEt converts the iodide into SaEt„OEt (191°) 
S.G. a 1*233, which is at once° changed by 
water into the hydroxide. The hydroxide 
SnEtjOH is sol. water, strongly idkaline, ab:* 
sorbs COj from the air, and is converted by 
acids into the salts:—SnEt,Cl. (o. 0°].' (209°). 
S.G. « 1*428.—(SnEt.),PtOI..—SnEt,PtCl..— 
SnEtJBr. (223°) (Cahours). — SnEt,Cy. — 
SnEtjOyO.—SnEtjNOr—(SnEt,).,SO,. Hexa¬ 
gonal prisms terminated by pyramids (Hiort-* 
dahl).—(SnlitO ,8. — SnEt,SH. — (SnEt,)H,PO.. 
— SnEt,.OAo. — SnEtjOBz. — (SnEt,),COr — 
(SnEt,),0,0, aq. — F orm a to (SnEycHO,— 
Butyrate (SnEt,)0,H,Or — Tartrates 
(8nEg.0.H,0, aq.—(SuEy H0.H,0. aq. 

Stannic di-sthylo-di-icdide SnEyy [44*5°]. 
(S4S°), Formed bom tin and Etl by exposure I 


to sunlight or by heating with Etl at 160° (Frank- 
land, A. 85,. 329; LOwig, A. 84, 808; Oahouri 
a. Blcbe, A. 84, 333). Needles (from aloohol), 
si. eoL cold water. May be sublimed. Alcoholic 
NH, forms SnEt,0, which is an amorphous 
powder, insol. water, converted by acids into the 
following salts: SnEt,Cly [ 86 '[|. (220°), form- 
ing trimetrio crystals; a:&:e>*839:1:*943.— 
SnBt,C1.0H: plates.-,SnEt,Br, (238°). VJ). 
'11*3 (calc. 11*7).—SnEyNO.)r—SnEtJCy.— 
SnEt,(SCy),. — SnEt,S. — 8 nEt,SO, — Crys¬ 
tals. SnEUOAo).,. — SnEt,0,0.. — Form ate 
SnEyCHOj,. 

Stannic bthylo-trimethide SnEtMor (12S'V 
128°). Formed from SnMe,I and ZnE^ (Cahours, 

A. 122, 59). Oil; converted by I into Etl and 
SnMe,I. 

Stannic di-ethylo-di-metbide SnELMe, 
(146°). S.G. s 1*230. V.D. 3*84 (calc. 7*14). 
Formed from SnEyL, and ZnMe, (Frankland, A. 
Ill, 60; MorgunoS, A. 144, 157). Oil. 

Stannic metbylc-tri-ethide SnMeEt,. (183°). 
V.D. 3*72 (calc. 8*36). Formed from SnEt,! and 
ZnMe. in the cold (0.). Heavy oil. • 

Stannic tetrapropylide SnPr,. (224°). S.G. 
14 1*179. F^ormed from SnPr,! and ZnPr, 
(Cahours, C. U. 73, 133). Pungent oil. 

Stannic tripropylc-iodide SnPr,I. (281°). 
S.G. 1 C 1*392. Formed from PrI and an alloy 
of Na and tin (Cahours a. Demarqay, 0. B. 88 , 
725, 1112). Oil, converted by moist Ag,0 into 
crystalline SnEyOH. 

Stannic di-propylo-di-iodide SnPr,Iy (272°). 
Formed from tin and PrI. Oil. Converted by 
alkalis into amorphous SnPr,0, insol. water, 
which yields SnPr,,Cy [81°].“ 

Stannic tri-isoprcpylc-icdidc SnPr,I. (267°). 
Got in like manner. 

Stannic di-isoprcpylo-di-iodide SuPr,I_ 
(287°). Yields SnPr,01, [57°]. 

Stannic tri - isobutylo - iedide Sn(C,H,),I. 
(285f). S.G. 14 1*540. F'ormed from CiyPrl 
and a 9 p.e. alloy of Na in tin (Cahours a. De- 
mareay, 0. B. 89, 08). Pungent oil, converted 
by KOH into Sn(C,H.),0H (313°). 

Stannic di-iscbutylo-di-iodide Sn(C,H,),I,. 
(.290°-296°). Formed by heating tinfoil with 
isobutyl iodide at 126°. Liquid, converted by 
alkalis into amorphous Sn(0,H,),0, and by HCl 
into‘3n(C.H,),Cl, [c. 6 °] (231°). 

Stannic tetra-isoainylide Sn(C,H„),. Formed 
from isoamyl iodide and an alloy of Na (1 pt.) 
and tin (3 pts.) (Grimm, A. 92, 333), Liquid. 

Stannic tri-isoamylc-iodide Sn(C,H„),I. 
(304°). Accompanies the preceding compound 
(C. a. D.). Converted by potash into oily 
Sn(C.H„),OH (337°). 

Stannic tetraphenyllde SnPh,. [223°]. 
(over 420°). Formed by beating bromo-benzene 
.with a tin-sodium alloy and acetic ether (Foils, 

B. 22, 2916). Colourless prisms, insol. ligroln, 
V. si. sol. aloohol, v. sol. boiling benzene. 

Stannic tri-phenylo-chlcride SnPb,Cl. [106°]. 
Formed by the action of NaNO, on a solution of 
SnPhjCy in EOAo, the yield being 86 p.o. of 
that represented by the equation SSnPlyOI, 
- 2SnPh,Cl + SnCl, (Ardhheim, B, 12, 609). 
Converted by potash into SnPh,OH l^aq [118°]. 

Stannic' di-phenylc-dlchloride 8 nPh,Oll 
[42°]. (836°). .Prepared by boiling HgPh, wifi 
SnCl, and ligndn (Aronheim, B. 10, 2238{ 
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il' 2285; A. ^94, 146). Triclinio prisms; 
a.i:c--688:l:V067; a«62‘* 47'; 3-76° 48'; 
.y‘»94^ 8 '. Sol. alcohd and ligroln, misoible 
with ether. CJonverted by means of -water into 
SnPh,C1.0H, an amorphous insoluble powder 
ri87% Potash forms SnPhjO. Ether, alcohol, 
and sodium-amalgam form SnPhjfOEtja [124°]. 

Stannie dl-pheoylo-di-bromide 8 n?h.^r 3 . 
[ 0 . 88 °). (230° at 42 mm.). Formed from 
SnPh^ and Br (Polis), and from the oxide and 
HBr (A.). 

Stannie di-phenylo-ebloro-bromide 
SnPh-BrCl [39°]. Crystalline. Formed from 
Sni»h 201 ( 0 Hj and HBr. 

Stannic di-phenylo-chloro-lodide SnPhsClI. 
[09°]. Yellow monoolinio crystals (from ether), 
decomposed by water. 

TIN OBOTJP OF ELEMENTS. Group IV. in 
the periodic classification of the elements con¬ 
tains the following members;— 

Siien series 2 4 6 8 

0 Ti Zr Ce 

Odd ^firies 3 6 7 9 

Si Ge Sn — 

Subdividing this group in accordance with 
the chemical similarities of the elements we get 
the following families:— 

CarboTt family : 0 and Si. 

Titanium family : Ti, Zr, Ce, —, Th. 

Tin family ; Ge, Sn^ —, Pb. 

The carbon family is considered in the ar¬ 
ticle Cabbon orodp of bleubnts (vol. i. p. 682) ; 
and that article also gives a sketch of the chemi¬ 
cal relations of all the members of the group. 
The elements of ihojitanium family are con¬ 
sidered under the heading Titanium obodp op 
ELEMENTS (this vol., p. 749). The tin family is 
considered in the present article. ^ * 

Ge occurs in small quantities, as sulphide, 
.in a very few rare minerals. Tin and lead are 
found native in not very large quantities. The 
chief ore of tin is tinstone, which contains SnOj, 
SnSg is also found in tin pyrites ; and various 
micas contain more or less SnOj. Qalenay con¬ 
taining PbS, is the chief ore of lead; sulphate, 
carbonate, phosphate, Ac., are also found in con¬ 
siderable quantities. Ge is obtained by heating 
its ore with Na^COs and S, dissolving in water, 
decomposing Na^S by HjS 04 Aq, ppg. Ag (Ag .8 is 
a constituent of the ore) by UClAq, then ppg. 
GeS, by ]^S, oxidising the GoSj to G 0 O 2 by 
HNO„ and reducing the GeO^ by beating in H 
or with C. Tin is obtained by calcining tin- 
sUme^ washing, and reducing the SnOj by heat¬ 
ing with C. To obtain lead, galena is roasted 
in such a quantity of air that it is partially oxi¬ 
dised, both PbO and PbSO^ being formed; by 
then heating out of contact with much air the 
PbS, PbO, and PbS 04 interact to form SO, and 
lead. Tin and lead have been known from ver^ 
early times. Ge was isolated in 1885. 

The table on page 736 presents some of the 
principal physical and chemical properties of the 
tin elements. ^ 

General formuUs and characters of com¬ 
pounds. OxidesMO, MO,; also Pb ,04 ^d 
Fb/>.: various hydrates of most of these oxides 
ars known. Sulphides:—MS, MS,(?PbS,). 
Haloid compounds: — MX,' and MX 4 . 
Acids:— HMX., where M-Ge or Sn, and 
at-either Br, Cl, F, «r I; also H,PbI,; H^SnO, 


andH,.B;SnA,;?H,SnS,. Salta:— MX,aad 
MX 4 , where M-Sn or Pb and X-NO,, 

^PO,, Ac. Salts containing M in the 
acidic radicle: — R'sMX,, where M 
-Ge, Sn, (?Pb), and X is a halogen; 
where M Si^ or Pb; also R*,PbO|; also 
R^yHgSnjOjA also R*,SnS,. 

The oxiifs MO are basic; they react with 
acids to font silts MX^, X » NO,, ISOg, IPOg, Ac. 
(no salts of GeO have yet been isolat^). PbO 
also dissolves in molten KOH, forming K,PbO,* 
The oxides MO,,'where M*»Hii or Pb, are 
both basic and acidic; they react with some 
acids to form salts ^X 4 ; several of these salts 
have been isolated when M = Su, very few when 
M-Pb: they also react with molten EOH or 
NaOH (SnO-TllO also with MOHAq) to form 
salts lC,torNa..)Mb,; when M Sn two classes of 
salts are known, stanruifi's M,SnO,, and meta- 
stannates, probably M,.ll,Sn^O,j. GeO, disaolvos 
in acids, also in molten KOH or K,CO„ but the 
products of these reactions liave not yet been 
examined. Pby 04 reacts ;irith dilute strong acids 
to form PbO,, and PbX, which dissolves; with 
*glacial acetic acid PbjO, forms Pb(C,II,0,), and 
Pb(C,H 30 ,) 4 . Pb,0, probably reacts with dilate 
strong acids to give PbO, and a salt of l*bO. The 
hydrates of MO and MO, react silhilarly to the 
oxides. Some of the hydrates SnOg-jlIyO are 
acidic; one class of these is probably poly¬ 
meric with the other. Tliero are inaications of 
the existence of an oxide MO, in the case of tin; 


this oxide seems to bo acidic. 

The sulphides of Ge have not been much 
investigated; GeS, di-ssolvcs in alkali ^Iphida 
solutions, and is probably acidic. GeS has been 
gasified and V.D. determined. The sulphides of 
tin are both basic and acidic; with hot cono. 
HClAq they give SnCl, and SnCl, respectively; 
both dissolve in alkali sulphide solutions to form 
thiostannates MmSuS,. PbS is basic; with acids* 
it gives salts PbX,, and 11,8; there are indications 
of the existence of a higher sulphide, perhap# 
PbS.., which will probably form thioplumbates 
with the sulphides of strongly positive metals. 

The haloid compounds MX, (none isolated 
yet when M«Go) maybe formed by the direct 
union of the elements, and by the other usual 
methods. SnCl, and PbCl, have been gasified, 
and tho formulie are molecular; molecules of 
the composition 80 , 01 , probably exist, but are 
decomposed at c. tlio boiling-point of tlie com- 
podhd. Several salts are known of tho form 
M,SnX 4 , where X = Pr, Cl. F, or I; and an acid 
HSnCL.xH,0 and some salts MSnljare also said 
to exist. HfPbl, and salts M.Pbl, have been 
isolated; and also seve;^! salts coming under 
the general formula xPbA,.yNH,Cl, where X —Br 
or Cl. The haloid compounds MX, have been 
gasified,tnd V^.s determined, when M - Ge and 
X Cl or I, and when M - and X » Br or CL 
PbCL has not been isolated with certainty, but 
salts of the form M,PbClg arc known, 
iBomo salts xrbCl 4 .yNn 4 Cl. Tho acids H.^aF« 
H.SnBr,, and H,SnCl, have been c-atained, and 
alM salts derived from those acids; salts M^nF* 
and M-^PbClg are also known. GoHCl, has bem 

isolated. Many oiyAafoid compounds 

and xMO,.yMX 4 are kno^m. ^ v, 1 

The oxyacids of tin, HjSnOg, and (probaibly) 
HrH,SD, 0 ,H are to be classed with th« WM 
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AUmle 

veigMi. 


Melting- 

points- 

(approx.). 

Boiling- 

poinla. 

(approx.). 

grav8» 
(approx.). 
Spece heats. 
Atom, iots. 


Spec, gravs. 


and 

preparation. 


Ph/ysical ' 
properties. 


One or more oomponnds of each element have been gasified. Speoiflo heata have 
also been determu^ed directly. There is some evidenoe in favour of the oon« 
olusion that the i^leoules of tin and lead» in solution in Hg,.are monatomio. 
»00® , V ! 232® I * 830® 


1,450®-!,600® 


1,450®-1,600® 


Chemical 

properties. 


Double sulphide of Ge and 
Ag occurs as a rare min¬ 
eral. cGeO, also found in 
some specimens of’et£x- 
enite^ with oxides of Kb, 
Ta, end Y. 

Prepared by reducing GeOj 
by H or 0. 


Greyish white, lustrous, 
Tory brittle. Crystallises 
in regular octabedra. 

Molts at 0 . 900°; slightly 
volatilised at 1,360® in N 
or H. 


Unchanged in air at ordi¬ 
nary temperature; oxi¬ 
dised to GeO.^ when 
Seated in fine division. 
Combines readily with 
Br, Cl, andlwhen heated, 
forming QeX^. Heated 
inHGlgas forms GeHCl,. 
Dissolves in H^SO^Aq. 
Ko salts have yet been 
Isolated by replacing H 
of oxyaoids by Ge. GeOj 
dissolves in fused KOH 
or EjCO,. HgGeF^Aq 
and salts of this acid are 
known. 


Metal found in small quan- Small quantities of lead 
titles. SnO, occurs in found. Chief ore con- 


tolerable quantities 
widely distributed. 

Prepared by reducing SnOj 
by C. 


Silver-white, lustrous,mal¬ 
leable, but malleability 
varies with temperature; 
tenacity very small. Crys¬ 
tallises very easily in 
rhombic ~and quadratic 
forms. 

Melts ea^ly (at 232°), and 
boils between 1,450° and 
1,600°. 

Unchanged in pure air at 
ordinary temperature. 
Heated in air gives SnO 
and SnO^. Heated in 
Br, Cl, or I forms SnX, 
and SnX^. Heated with 
S forms SnS and SnS.^; 
also forms SnSe and 
SnSo.j. Reacts with 
acids forming two series 
of salts, and SnX,, 
X-N 0 „JS 04 , JP 04 ,<fco. 

^ 1 [lono. HNOa produces 
Sn 03 .xH 20 . SnO is basic; 
8 a 03 .xH „0 both basic 
and acidic, with strong 
acids forms salts SnX^, 
and with caustic alkalis 
forms stannates M^SnO,. 
SnS,'* forms thio-stan-; 
nates MjSnS, with al¬ 
kali sulphides. Stan- 
n! fluorides MgSnPf 
are* known; the ^ids 
HjSnCla and BLSnBra 
have been isolated. 

Mol. w. perhaps some as 
at. w. in solution in Hg. 
Valency of atom varies 
from 2 in SnOl, gas to 4 
in SnOl 4 gas. 


tains PbS; widely dis¬ 
tributed in considerable 
quantities. 

Prepared by interaction of 
PbS, PbO, and. PbS 04 ; 
also by reducing PbO by 

Winte, with tinge of blue; 
lustrous; very malleable 
and ductile; tenacity 
very small; very soft. 

I Crystallises easily in 
regular ootahedra. 

Melts easily (at 330®), but 
at higher temperature 
than tin, and l^ils be¬ 
tween 1,450® and 1,600°. 

Tarnishes in air, film of 
oxide (?Pb,0) forming 
on surface. Melted in 
air forms PbO and Pbj 04 . 
Combines with halogens 
to form PbX,;PbCl 4 also 
probably isolated. Com¬ 
bines with B and Se, 
forming PbS and PbSe; 
PbS.xS also probably 
^‘bxists. Reacts with acids 
forming salts PbX,, X » 
NO,, ^804, 4PO4, &o. 
PbO is basic; PbO, 
feebly basic and feebly 
acidic ; Pb(C,£^0,). 

has been isolated, ana 
probably PbCl,; with 
molten EOH, PbO, forms 
K,FbO,. No thioplum- 
bates isolated. No acid 
H.,PbF,, or salts thereof, 
isolated; but 
8 KP.HP.PbP 4 probably 
exists. 

Mol.cW. perhaps stuns at 
at. w. in elution in Hg. 
Atom is divalent in gase¬ 
ous molecule BbCO,, and 
tetravalent in gaaeodt 
molecule PbMe,. 
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wMs; the one is probabljr a polymeride of the 
other. The salts of those acids show very dis> 
tinot differences: the acids themselves interact 
with strong acids to form salts containing tin in 
fee positive radicles. Of adds containing tin 
and halogens tho following have (probably) been 
isolated; HSnCl,, H^SnBr,, and H^SnCl^. 
H^GeF, is known, and is said to exist. 

It is donbtfnl whether thwstannic acid H^SnSj 
has been obtained pure, but salts of this* acid 
have been isolated. 

The salts of oxyacids containing these nietals 
ivt the negative radicles are MjSnOa and 
. Ma.H^jSnjOis, MjPbOj and RLFbOj. These suits 
are generally easily decomposed. Oxyacids and 
salts of oxyacids of Go have yet to bo searclicd 
for. 

Salts derived from oxyacids by replacing II 
by M are known when M»bn or Pb; no Go 
salts of oxyacids have yet been isolated. Tho 
tin salts belong to two classes, SnX. and bnX^, 
where X = NO,, iSO^, APO,, Ac.; both classes of 
salts readily undergo decoinpositiuii and show a 
general tendency to separate oil SnO or bnO.. 
Almost all the lead salts belong to the class 
PbXj; they are more definite and Icf s rca<ly to 
split off oxide or decompose to basic salts than 
the corresponding salts of tin. Pb(C.di;,OJ, is 
tho only lead salt of an oxyacid of the class 
PbX 4 that has been c^fertainly isolated; it is • 
decomposed by tho least trace of moisture, j 
giving a pp. of PbO^. | 

The elements of the tin family are distinctly I 
metallic in their physical properties, and in most ' 
of their chemical properties also ; they exhibit, 
however, non«mctallic characters in their highest 
aalt-formingoxides, which arcaci<lic towards 
strong bases, while they also react as basic oxi<lcs 
towards several acids. The tin clcmei^ts arc less ; 
chemically motallie, on the whole, tlian tlic mem¬ 
bers of the even-series, or titanium family, of ; 
Group IV.; tho two distinctly non-nu lallic 
elements of the group are the first member of ' 
the oven sorles - carbon, and tho first member 
of the odd series -silicon. ' 

In considering tho chemical analogies of the,, 
tin elements, the position of the members of the i 
family in their respective series should bo looked I 
to (». table in vol. iii. p. 811). Go comcf^in j 
series 6 ; it is preceded by/*a, Zn, and Cii, and i 
succeeded by As, So, and Br: tin comes in i 
series 7; it is preceded by In, Cd, ami Ag, and 
succeeded by Sb, Tc.^and I; load comes in 
series 11; it is preceded by Tl, Ilg, and Au, and 
succeeded by Bi and two unknown elements. 
The highest salt-forming oxides of the elorneuis 
preceding and succeeding the tin elemenlH in 
the series are : series 5, CuO, ZnO, Ga.Gj; 
OeOj; As-P,, SeO,, —; series 6 , AgP, CdO, * 
ImO,; BnO,; Sbp,, TeO„ ?IjO, — series 11, | 
Au,0, HgO. Tip,; PbO,; Bip„ —, —. The ; 
preceding oxides GcO, arc, on the whole, more ' 
basic than the oxides preceding or PbO.;; ■ 
and the oxides succeeding GeO, are^on tho whole 
more acidic than tho oxides succeeding SnO^ or 
FbO,. Hence we shoulcf expect the three oxides, ‘ 
GeOj, SnOj, and PbO, to be about equally acidio i 
and equadly basic; SnOj, perhaps, ^being the i 
most acidic of the three. Looking at fee posi* 
tion of fee tin elements in the general periodic 
system, we may express fee relationship of these 
Yoiii lY. 
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odd-serics ©lomcnfa to the first membor of the 
odd series of their group (Sh by the following 
statements: (1) l'b:Si=.Tl:Al-.IIg:Mg = Ao:Na 
»Bi:P. — {‘i) Sn:8i-In:AUCa:MgtAg:Na 
■=Sb:P. — (3) Ge:Si a Ga:Al^-Zn:Mg= CucNa 
«As:P. Or the whole, Bi is more unliko P 
than Tl is ;]fc]ike Al, Ilg ig unliko Mg, or Au is 
unliko Na J KJ) is more unlike P than In is 
unlike Al, Cd is unlike Mg, or Ag is unliko Na ; 
and As is more milike IMIuin Gu is unlike Al, 
Zn is unlike Mg, Oi/Cu is iinlike.Nii. Hence the 
dilTerences between l‘b and Si. tin and Si, and 
Ge and Si, rospoctlvfjly, will he vcM'y decided. If 
tho relations expressed in the preceding state* 
ineiits arc worked out in rh tuil. they sliow that 
j the dilteronces between I'h und Si will he more 
niurkod than those between tin and Si, and Btill 
more marked than those between Wo and 
^ Si; but at the sumo time iheri^ will not bo any 
: Very great difTercnces btdween these thr('(! pairs 
of ditTcrenccs. Lead, then, will <m the wliolo bo 
the most metallic, and ^io the least metallic, 

; of the tin **lcmcnt3. But tlio throe elcraonts 
*will resemble each otlicr closely in so far as their 
general positive or negative chnraetor ia con- 
Cermsl. Tlien, considering tlie restiiiblancosand 
dilTevcncos hetweim consecutive palA of oloiuonta 
in (1) .series 3 and 5 (i.e. Si ami Ge Boriop), nnd 

(2) Series and 7 {i.c. Ge and tin seri<'8),^and 

(3) Bevies 7 nnd Tl (/.<’. tin uml lojuf series), it 
is ovi<I(U)l that Ge and Si will he more alike than 
Ge and tin, an<l that Go and tin xs'ill more 
clAsely i;^'semblo one another than tin and load, 
lleitoe, on tho wimlo, wo may expect feat Ge 
will form Boveral compound;; wlieroin the ele- 
ntmit acts distinetly as a iion-meliil; it is poB- 
sibhi Dial GeH^ may ho iHohtleil (GellCl, oxiats). 
Go will form voliililisaldo organic compoundfl; 
GcO^ will probably be found to bo di- or tri* 
morplious. 

In conneclion with this article i>. CAnnoN 
(iiioup oj' KLnMKNTs, Yol. i. p. <182 ; and Titanium’ 
OltOUP Of KLKMMN'Ca, tluS Vol. p. 7'11). 

M. M. P. M. 

TITANATES, atul derii.'titio.:3 of, v. p. 747. 

TITANIC ACIDS v, p. 74C. 

TITANIFLDORHYDEIC ACID IL/TiF, v. 
Titanic rnuoaiDK, Combinations, No. 1, p. 742. 

TITANIFLUORIDES v. Titanic 

FLUonime, Combinalums, No. 2, p, 742. 

'TITANIUM. At. w. 47*11. Mol. w. not 
known. Has not been fu.u-d. H.G, ^ 3*3888 
(K. Hofmann, B. 20, 1025); somo older deter¬ 
minations ga\*e S.G. c. 3*3 {v. Fritz, 3f. 1892. 
772; Wilson, Br. 32, \r>d [iHHl]). H.H. O'* to 
1*^0^ *1135, 0' to 211'^ '1288,0" to 301'*^ '1485, O'* 
to 440'’^ *102 (NilKon a. Pettorsson, Z. P. C. 1,34); 
Fritz (jif. 1892. ?72) gives *13. 8.V.S. 13*4. 

lllstoricaL —In 1791 Gr*gor ’found indica* 
tiona of a now element in a Cornish ironsand 
called menaccanite, from tho village near which 
il was found {CrelVs Ann. 1791 [11 40, 103), 
The element was called me.nachin Ifg Kirwan, 
In 1795 Klaproth found a compound of a new 
element in a mineral known as * rother Schoerl 
zu Boinik in llungam* and called the elemmt 
iitaninm (derived from Titan), In 1797 K. 

M cognised that the chief oonetituent of fee 
ungarian mineral was the same as fee oharae- 
teristio oonstituent of menaccan/iU examined by 
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Gregor (E., BeitrdgQ eur Kentnits der Mineral- 
kor^’). The elei^nt was isolated for the first 
time by Berzelius in 1924 (P. 4, 

Occvmnce.-“Ti never occurs native. The 
chief ore of Ti is more or less pure TiO^, which 
occurs in different crystalline fol^s as rutile 
and anatasc (tetragonal) and hrookih (rhombic). 
Various minerals contain TiO.,„ poTfbined with 
Si0.j and alkaline earths, e.g. titanite or sphcne 
and ferrotitanite ; compounds of titanates and 
nichates are found in some rare minerals, e.g. 
polycrasCf euxenite, and pyrochlore. Varying 
quantities of TiO.^ occur ip many titani/erous 
iron ores. The ores of Ti are found in small 
quantities. Some of them, especially the titani* 
ferous iron ores, are widely distributed (for 
analyses of Ti ores v. IT. Itose.P. 3, IbB; 14,601; 
16, 27(hj Mosander, P. 19, 211; Hermann, J. 
25,368; Berzelius, tT". pr. 43,50; llainraclsbeig, 
P. 1858. 607; Schcerer, P. C4, 489; Groth, 
Tahellarischc Uebersicht der Mineralien [2jjd 
ed.] 36; O. v. d. Pfordten^. 22,1486). Mazado 
(O. li. 34, 952) found traces of Ti compounds in 
the mineral spring of Nograo in France. For 
analyses and descriptions of anatase, brookite, 
and rutile v. Klein {J. ^f. 1876. 337); G. vom 
Rath {ibid. 1876. 64); Schrauf (ibid. 1877. 403); 
Koch {ibid. 1878. 652). Cornu {C. R. 86, 101, 
983)^ obtained spectroscopic indications of the 
occurrence of Ti in the sun’s atmosphere. The 
bright-reddish crystals that are often found in 
blast furnaces wherein titaniferous iron ore has 
been smelted were supposed for many ywrs to bo 
Ti; bu^'Wohler(.4. 73,34)8howcd thattiiey con¬ 
tain C and N besides Ti {v. Titanium caeiboni- 
tBlDE, p. 739). 

Fvnualion. —1. By heating K^TiF« with K 
or Na, out of contact with air (y. Preparation).— 
2. By heating TiCl^ with- Na in a closed iron 
crucible heated in a wind furnace (Nilson a. 
Pottersson, TV. 4, 654; cf. Kern, C. N. 33, 57). 
'According to Robinson a. Hutchings {Am. 6, 74), 
Tiis formed by heating TiCl, with Na to 130° in 
a sealed tube; but O. v. d. Pfordten {A. 237, 201) 
says that very little, if any, Ti is obtained, and 
that the main product is TiCI^.—3. By fusing 
K^TiP* with an equal weight of iron filings, 
(md dissolving away the iron by HClAq (Wehrlin 
a. Giraud, O. R. 86, 288).—4. By Ijcating TiCl, 
to 180° with Ag obtained by reducing a salt of 
Ag; TijGlg is also formed (Friedel a. Gu6rin, 
A. Ch. [6] 7. 24). 

Preparation. —Finely-powdered rtiHle is 
mixed with double its weight of K^GO,, and the 
mixture is fused in a Pt oriicible' placed inside 
an earthenware crucible. The fused mass is 
powdered and dissolved in the necessary quantity 
of HFAq in a Pt dish; water is added to dissolve 
KjTiPf which begins to separate, the' liquid is 
boiled and filtered, while boiling; the K^TiPs, 
which separates from the filtrate in lustrous 
crystalline crusts, is pressed between filter-paper, 
washed repeatedly with cold water, again prossedf 
and reoryliAllised several times from boiling 
water (WOhler, A. 74, 212). The dry K,TiF, is 
placed in a porcelain boat in a porcelain (or 
bard glass) tube connected with a supply of 
pure dry H; another boat, containing Na, is 
also pkmed in the tube; H is passed through 
the apparatus, and the Na is gradually vaporised 
and driven over the E^TiP^ which ii heated. 


[ When the action la completed and the lobe has 
cooled (the H stream being maintained), tlie 
solid is treated with water, which dissolves out 
KF, NaF, and Na (W. a. Deville, A. 103, 230). 
The Ti is finally washed with ether and dried 
over H 2 SO 4 (v. Korn, 0. N. 33, 67). Merz {p. 

\ 73,48) prepared Ti by heating a mixture of six 
I pts. KjTiP* and three nts. NaCl with twopts. Na 
I* in a glass bulb placed in a sand-bath, while a 
stream of H was passed through the bulb, then 
adding zinc-powder and fusing, and dissolving 
out the zinc by cold dilute HOlAq. 

Properties.-—K dark-grey or black lustroifts 
powder; has not been obtained crystallised. Ti 
resemble.s iron reduced from Fe^O, by H at a 
low temperature. 

According to Junot {J. 1863, 336), Ti was 
obtained by him as a silver-white lustrous de¬ 
posit by electrolysing a solution prepared by 
dissolving titanate of K in boiling H^SO^Aq, 
evaporating to a syrup, and extracting with 
Na.SO,Aq. J.’s experiments do not seem to 
have been repeated. rj 6 vy (C. R. 110,1368) ob¬ 
tained hard, stoel-white, cubicle crystals, which 
ho took to bo nearly pure Ti, by pas.sing TiCl, 
vapour over Si, B, or several metals heated to 
bright redness. L. found only 80 p.c. Ti in the 
crystals. Ti burns brilliantly in a flame. When 
heated to redness in 0 , it is oxidised with pro¬ 
duction of an intensely Fiilliant white light. Ti 
also burns in Cl. It decomposes water at 100°. 
Warm HClAq dissolves Ti easily; it is also at 
once dissolved by HFAq. Heated by electric 
sparks, Ti gives an emission-spectrum very rich 
in lines (u. Thalen, A. Ch> [4] 18, 230; Troost 
a. Haulefeullle, C. R. 73, 620; Cornu, G. R. 86 , 
101, 983; Liveing a. Dewar, Pr. 32, 402). 

The atomic weight of Ti has been determined 
(1) by analyses of TiCl, (H. Rose. P. 15, 146 
[1829]; Pierre. A. Ch. [3] 20,257 [1847]; Thorpe. 
C.,J. 47, 108 [1885]); (2) by determining the 
weight of TiO... got from a determinate weight of 
TiCl, (H. Rose, l.c. ; Thorpe, l.c.) ; .(3) by analyses 
of TiBr, (Thorpe, l.c.) ; (4) by determining the 
weight of TiO^got from a determinate weight of 
yiBr, (Thorpe, l.c.) ; (5) by measuring S.H. of Ti 
(Nilson a. Pettersson, Z. P. C. 1, 34); ( 6 ) by 
determining V.D. of TiCl, and Til, {v. these 
conFpounds). Rose’s determinations gave values 
for the at. w. of Ti varying from 47*92 to 
48*32; Pierre’s values varied from 60*2 to 60*29. 
The very accurate series of determinations 
made by Thorpe has settled tho at. w. to be 
almost exactly 48 (48*01 if 0-16; 47*9 if 
0 = 15*96). 

The atom of Ti is tetravalent in the gaseous 
molecules TiCl, and Til,. Ti is metallio in many 
of its chemical properties; it decomposes water, 

, giving oil H; the oxides T40y and TIO, form 
corresponding salts; the chloride and iodide (and 
? also bromide) can be gasified without decompo¬ 
sition ; the sulphide TiS^does not show any aoidio 
characters so/ar as it has been examined. The 
chlorides givl* pps. of corresponding hydrated 
oxides by reacting with alkalis, &e. On the 
other hand, Ti e^ibits^distinctly non-metallic 
or chlorous properties; hydrates of TiO, act as 
feeble acidk, producing salts wherein Ti forms 
part of the negative radicle. The acids HfTiF| 
and H^TiO^F, are known, and also salts derived 
therefrom. TiCl^ is very easily decomposed by 
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water, gJviog HClAq and TiOj^jIl^O, Ac. As ; cryolite^ and treating with HClAq. By heating 
might be expected from the two-sided character | a mixture of Ti and A1 with KCl or NaOl in an 
of the reactions of Ti» most of the salts obtained i earthenware crucible in a stream of H, L6vy 
by replacing the Hof oxyacids by Ti are basic I (0. i?. 10(1,66) obtained brittle steei-grey crystals 
salts. The oxide TiO, has been isolated; it is I wiiich be took to bo an isoiuorphons mixture of 
probably a superoxide. Ti is closely related to j TiAl, and liXl,. Ti alloys with iron ; it is often 
Zr, Ce, and Th; these elements, with Ti, form present irf pig-iron, but rarely in bar-iron or 
the even-aeries family o4 Group IV. (v. Titanium steel (u. C. J, 10, :kS 7). 
oROOT OF ELEMENTS, p. 749). Ti is also closel/ Titanium", bromides of .' Only one bromide 
related to Ge, Sn, and Pb, which form the odd- has been isolated. Ti*' 


series elements of Group IV. (u. Tin group or 
ELEMENTS, p. 735). Ti also shows distinct re¬ 
lationships to 0 and Si, which are Hio first and 
second members of Group IV. {v. Caruon oroup 
OP ELEMENTS, vol. i. p. 682). Tlio similarity be¬ 
tween Ti and Si is shown very distinctly in the 
titanic and silicic acids, the relations between 
which may be exjiressed by such a general 
equation as nMHjOi—wtH./) « M„n 4 „- 2 ,„ 04 n 
(M « Ti or Si), Ti is the only element of Group 
IV. which is known to form compounds of the 
type MjTiO^F, = Ti(OM).,P^ = TiX,. 

lieactions and Combinations, — 1. Heated in 
air or in oxyyen^ burns brilliantly to Ti(\.— 
2. Bums when heated in chlorine, forming 
TijCl.—3. Til^ is formed by passing vapour of • 
tojittte over hot Ti. —4. Combines with ' 

when heated therewith (t>. Nitrides, p. 743). — | 
6 . Ti is violently oxidised to TiO.,, by heating 
with cupric oxide or rc?Z lead ,— 6 . Interacts with 
water at 100'-^, forming TiOj and H.— 7. Dis- | 
solves in warm hydrochloric ucid, forming Ti-CI, | 
(Olatzol, B, 9, 1831; llammelsberg, B. B. 1874. j 
490). —8. Ti dissolves easily in hydrofluoric ■ 
acid (? forming also in warm dilute 

nitric or sulphuric acid, according to Glulzel 
(f.c.), the solution in ll^SO,A(i deposits crystals 
of TL(S 04 )j on cooling. Cone, hot ITSO, roacLs 
with Ti, giving off SO. {? forming TiiSOd.); 
cono. hot HNOj oxidises Ti to mclatitanio a«Md 
p. 747) according to Weber (P. 120, 287). 

Detection and Estimation. —Compounds of 
Ti are not reduced to metal by heating on char¬ 
coal in tho blowpipe flame. Ti compounds, if 
not containing elements which give a colour 
to miorocosmio salt, form a colourless glasa 
when melted in the microcosmic salt bead in 
the outer blowpipe flame; in the irtil'er flame 
they give a glass which is colourless when not, 
but becomes violet on cc'ding; tho delicacy of 
the reaction is much increased by adding a little 
zinc to the bead (Riley, C.J. 12, l.'f). Solutions 
of Ti 02 .a:H .0 in HClAq or IJ^SOjAq give wliito 
pps. of TiO.j.xH.^ 0 on boiling; adtlitiunof apiece 
of tin to a solution of TiO_...THp in HClAq 
causes evolution of H and produces a viidut-bluo I 
solution which becomes rose-coloured on dilution 
with water (von Kobell, P. 62, 699). A solution 
of TiO^xHjO in HClAq gives a violet-red li«iiiid»; 
(Ti^Clg solution) by digestion for gome time with ; 
Cu (Fuchs, A. 66 , 319). Ti is estimated us TiU^, 
ppd. from solutions by a slight excess of 
NH^q. Insoluble compounds cd^Ti are gene¬ 
rally fused with KHSO 4 , the fused mass is dis¬ 
solved in water, and is ppd. by long 

continued boiling. 

Titanium, alloys of. The alloys of Ti have 
not been much examined. Wdhlc^ a. Michel 
{A. 113,248; 116,102) obtained an alloy with 
aluminium approaching in composition to TiAl, 

II 7 boating g mixtoze ^ TiO^ KGl, NaCl, and 


j TTtanio iiiu»#ii>K TiRr,. •{Tit.inium Mra* 

I bromide.) Mol. w. has not been determined, but 
: tho formula is aln^pst certainly molecular from 
i analogy of TiCh and Til,. 

I l*ri‘pared bypassing Rr vapour over a mix¬ 
ture of TiO. and charcDal hi':ilcd to full redness, 
collccling tho liquid that di dtls over and soli<li- 
lies in tho receiver, ainl rcdir-tilling Lt*from llg 
(to remove free Rr) (l>uppa, J^r. H, 42). Also 
prepavod bypassing lUir gas over TiCI, kept a 
few tlcfjrecs below its boiling jMiint in a distilling 
flask connected willi an *ipright condenser; the 
whole of tJlo Cl of tho TiCI, is exjiellod (Tliorj)o, 

’ C, J. 47, 126). Thorpo used 3o0 g. TiCI,, and 
continued tho ji.assago of HRr for three days. 
The IIRr is convetiiently obtniiiod by the inter¬ 
action of Rr and amorphous R inli little water; 
it is freed from Rr by passing through a (J tubs 
containing broken glass and amorphous Ik and 
is dried by passing through another U tube con- • 
taining CaCl.. 

TiRr, forms <lark-y(dlow or orange crystals, 
SfG. 2d‘* inciting at c. 40'^, an<l boiling at 0 . 229° 
(1)., Z.c.; T., f.c.). It is very h)'groseopic< easily 
dccoiiipo.scd by water, forming a pcrfciitly clear 
solution containing JlRrand TiO^.^rJ.'/). 

Titanium, bromochlorides of. Ry adding Rr 
to TiCl^ p. 741) Friedd a. Guerin {A, Ch, 

[5J 8, 21) obtained a colourless liquid, fuming in 
tho air, boiling at 176°, which they said was pro¬ 
bably TiUrCh; and by the reaction of Rr witl^ 

I TiX)l„ they obtained a liquid boiling at 154°, 

: probably TiRrCh. 

: Titanium, carbouitrido of,Ti^CN 4 . (Titanium 

niirocyanide, or cyano/n'//,<//.• Ti,o(CN).Ng.) This 
compound is often found in blast furnacc.s where- 
' in titaniferous ironstone has been smelted. It was 
; supposed by Wollaston to bo Ti (G. A. 75, 220), 

I and was for many ycar.s generally mistaken for 
I tlie metal. In IH.OO Wohler (A. 73, 34) proved it 
I to contain C and N besides Ti. 

I The compound is found in blast furnaces as 
! lie.trous, opaque, copper • coloured, priematio 
crystals. Jiy^lreating these crystals with cono. 
IK.'lAq. then with cone. ITSO,, washing, treating 
with ilFAq, and again Asnshing, the compound 
i5 freed from admixed Fe, Ac.; small leaflets of 
gniphilo gcnerjilly remain mixed with the car- 
honitiidc. Ti^CN^ can bo prepared by heating a 
mixture of dry K,FoCy, aiM TiO^ in a closed 
crucible for an hour or two at c. the melting-point 
of Ni (14(>0° to 1450°), dissolving out Fo, Ac., by 
done. liClAq, washing, and drying, ^y exami¬ 
ning the brown powder thus obtained with a 
magnifying power of 300 diameters oopper- 
colourcd crystals of Ti^CN^ can be detected 
(Wohler, A. 73, 84). It is also obtained by 
heating a mixture 1 pari C and 6g parts TiO^, in 
a closed carbon crucible for some hours at 1400° 
to 1450° ; also by passing N over a mixture of 
C and TiO| In the ratio 1:6| heated in carbon 
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boat placed in a carbon tube to the melting-point 
of Pt (c. 1800°) (W. a. DeviUe, A. 103, 231). 

When TijCN^ is fused with KCp it gives off 
NH,; heated to redness in a stream of water 
vapour TiOa is formed, and H, Nf{„ and HCN 
are given off (W., l.cS ; heated in Cl it gives 
TiCJ, and TiCl,.2HCN (W., lx. \ ali p. 219); 
the compound is burnt by hcatieg #vith PbO, 
CuO, or HgO, giving off CO^ and leaving TiO.^ 
and Pb, Cu, or Hg (much beat is produced in the 
reaction) (W., ' 

The simplest formula that expresses the com¬ 
position of Ti earbonitrido ^‘s Ti.,ON, {W., l.c.\ 
cf. Heinhardt, /icit.fiir anorgan. Chemic, 1 , 121 ). 
This formula is generally doubled and written 
Ti(CN).^. 3 Ti 3 N 2 , and the substance is regarded as 
a compound of cyanide and nitride of Ti; .Toly 
(0. Ti. 8 S, 1195) rcg.ards it as a compound of 
carbide and nitride of Ti, and writes the formula 
TiC.4TiN (or 2Ti0.8TiN). 

Titanium, chlorides of. Ti and Cl combine to 
form TiCl^; by thereguJ-ated action of II on TiC’l, 
one-fourth of tlie Cl can bo romoveef and 
produced; and by the further action of H on 
TiCl, one-third of tho Cl can be loniovod and 
TiOljproducciJ, The V.D. of the letrncldorido lias 
been determined, and the formula TiCl^ is mule- 
calar; from tlie analogy of C^Cl,. and HiXl„ it is 
probable tU't the niolocmlar formula of the tri¬ 
chloride isTi^Cla; from tho analogy of PbCL aud 
SnClj tho formula TiClj may be supposed to be 
molecular, but if the analogy of C.Xl, is to l;e 
followed, the molecular formula must bo«'ri.,Cl,. 

TiTjf.s’ic cHLoiimn TiCI,. (Titanium tetra¬ 
chloride.) Mol.w.lH9*3H. MeUsat —25° (Haase, 
B. 2C, 1052). Roils at at 700 mm. 

(Thorpe, O. J. 37, 329). S.O. 1*70011 ; S.G. 
at b.p. 1’62223 (Tliorpc, l.c.). V.D. 98-8 at 113° 
(Dumas, A. Ch. (.2] 33,388). S.V. 121-17 (Thorpe, 
f.c.). 

• Preparation.— 1. TiO.^ is Intimately mixed 
with c. half its weight of lampblack previously 
heated to redness in a stream of Cl, and tho 
mixture is heated to full redness in a tube of 
hard glass connected with a receiver, wliilo a 
stream of dry Cl is passed over it. The TiCl, 
which collects in the receiver is freed from Cl by 
shaking with Cu, Ilg, or Na amalgam (Mer;i, Bl. 
[2] 7, 401), or by boiling for some time (ThoiiJO, 
O. J. 47,119), and is then distilled. Thorpe (l.c.) 
conducted the final distillation in dry If.— 

2. Vapour of CC1„ or a mixture of equal volumes 
of 01 and CO, is passed over TiO,, in small lumps, 
heated to bright redness in a tube bf hard glass 
connected with a receiver. The TiCl, is purified 
as described above (Watts a. Roll, C. J. 33,413).** 

Properties.-~A colourless liquid, solidifying 
at —25° (Haase, B* 2C, 1052). Docs not conduct 
electricity (O. v. d. Pfordten, A. 237, 201). 
Fumes in the air, rapidly absorbing moisture and 
solidifying to the hydrate TiCl,.511^0 (Doinoly, 
A. 72, 213). (For an apparatus for collecting 
TiCl, for IhialysiB, v, Thorpe, he.) TiCl, is 
violently decomposed by water, forming HClAq, 
and TiO,.a;H 20 some of which ppta. (v. lieac- 
H<nu, No. 8). 

lUactions.—l. Hydrogen reduces TiCl,, at a 
high temperature, to TLGl,, and then to TiCL (u. 
trichloruM and dichloHde). — 2. Mixed with 
0Kyg*n and passed through a red-hot porcelain 


tube, Tx,0^CZ, is formed (v. Oxychlorides, p. 748). 

3. Heated to 130° in a sealed tube with sodium, 
the bhief product is TiOlj, according to 0. v. d, 
Pfordten (A. 237, 201); Bobinson a. Hutchings 
(Am. C, 74) say that Ti is produced in this re¬ 
action. Nilson a. Pettersson (TF. 4,564) obtained 
Ti by reducing TiCl, by Na at a very high tem¬ 
perature.—4. Sodium-eynalgam produces Ti^Cl, 
Und TiCl.^ (O. v. d. P., he.).—5. Reduced silver 
gives Ti^Ciu and Ti when heated with TiOl, to 
180 ' (Friedel a. Gu6rin, A. Ch. [5] 7, 24).—6. 
By passing vapour of TiCl, over silicon, horon, 
or several vtctals, heated to bright redness, L6vy. 
(C. R. 110, 1308) obtained hard, steel-white, 
cubical crystals which he supposed to bo nearly 
pure Ti.—7. Pure, dry, hydrogen sulphide reacts 
at tlm ordinary temperature, forruiug Tl,Cl,; at 
a higher tomperaturo a pp. is i>roduced which is 
probably a thiochlorido of Ti (O. v. d. P.,^.231, 
257).—8. Cold zaatrr rciic.iH violently with TiCl,, 
witli production of much heat and formation of 
a turbid liquid containing IlCl and holding in 
suspension 2Ti0...1.PO (y. Metalitanic acid under 
' TTr.vNiim oxyacids, and sat/i’s and derivativf.s 
XUEREOF, p. 747); after 30 or 40 hours tho liquid 
becomes clear, but ppn. occurs again on heating 
to c. 85 ' when about 7 pts. water are present to 
1 pt. TiCl, used (y. Thorpe, C. J. 47, 120 ; and 
cf. Ti i’anium oxyacids, p. 740). According to Merz 
(lil. [2] 7, 401), an oxyctilorido, approximately 
TiCl,.3Ti{X.H)ir,.0, is obtained by evaporating 
TiCl.Aq, or TiCl, that has deliquosood in air, 
over Jl.^SO, and CaO (y. Oxychlorides, p. 748). 
TiO.,., in tho form of hrookitc, is obtained by 
passing vapour of TiCl, anil vater, mixed with 
CO;;, tlirough a red-hot porcelain tube (Daubree, 
0./h29, 227; 39, 153).-9. With hydrochloiic 
acid the compounds TiCla.OII and TiCl 2 (OH), 
are formed (y. Tiianium iiyduoxyl culokidrs, 
p. 743). -10. Chlorosulphonic acid (SOj.OlI.Cl) 
reacts with TiCl, at the ordinary toinporatuio 
to form a yellow, amorphous, deliquescent 
powder, having the coini>osition TiCh.SOj 
(TiCl.,.OSO,.Cl) (Clausnizer, ii. 11, 2011).—11. 
Ry passing vapour of TiCl,, mixed with II, 
Wirough a white-hot tube containing titanium 
dioxide tho oxychloride TLOXl^ is obtained (v. 
Oxychlorides, p. 748). 

&onibinatwns .— 1. With water to form a 
pentahydrate and a dihydrale. Demoly (A. 72, 
213) obtained TiCl,.511.0,as deliquescentcrystals, 
by allowing TiCl, to absorb moisture from tho 
air, then adding a little more water, and evapo- 
luting under reduced pressure. Ry drying the 
pentahydrate over H.Sp, in vacuo, D. ob¬ 
tained TiCl,. 2 H 20 .—2. \Fith ammonia, to form 
TiCl,.4NIIj according to H. Rose (P, 16, 57), 
TiCl,.CNH 3 according to Persoz (A. Ch. [2] 40, 
<315); easily decomposed in air; heated in a tube 
gives off NHg, then NH^ and HCl, and a yellowish 
sublimate of TiCl,.3NH,Cl, and leaves Ti; heated 
in NH, gives Ti^N, (u. Titanium nitrides, p. 743). 

3. With hydrogen phosphide, to form a brown 
powder, wliich when heated gives a sublimate of 
3TiCI,.2PH,Cl according to H. Rose (P.42,627). 

4. With hydrogen cyanide to forn^TiGI,.2HCN 
(Wdhlor, A. 73, 226); by vaporising thw com¬ 
pound throi^gh a red-hot tube TigN^ and C are 
formed (W., lx.).—6. With cyanogen chloride, 
to form yellow crystals of XiOl 4 . 0 KGl; sublimable 
at 100° (W., A. 73, 219).—6. With phosphorus 
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peniaehloride to form Ti 0 l 4 .PClj; obtained by 
heating TiCl 4 and PClj to 150^ in a st^aled tube 
(Bertrand» Bl. [2] 33, 565) ; also by heating XiO^ 
and rClj in the ratio TiO^^SrCls, or by saturating 
a mixture of TiCl* and PCI 3 with Cl (Tiittschcff, 
A. 141, 111), and removing excess of TiOl, by 
heating in a stream of C' (Weber, P. 132, 452). 
A citron-yellow, loose, semi-crystallinc solid; 
sublimes without melting; deliquescent in air. -, 
7. With phosphonis trichloruh to form yellow- 
crystals of TiCl^.PCIy, melting at 8.>-5^ (IJertrand, 
l.c.).—8. With sulphtir tetrachloride, to form 
2 TiCl 4 .SCl 4 ; obtained by saturating mixture of 
■l'iCl 4 and with Cl, and warming in a streiim 
of Ci (Weber, P. 132, 451).—9. By mixing TiCl, 
and sulphurouH chloride II. liosc obtained largo 
yellow crystals, probably a compound of the two 
chlorides {P. 42, 527).—10. With avimoitiiim 
chlonde, to form TiCl,. 3 NH 4 Cl (t». supra, Com¬ 
binations, No. 2).—11. phosphoryLehloridc 
to form TiCl 4 .POCl;,; obtained by gradually 
adding POCI 3 to TiCl„ and gently warming 
(Weber, P. 132, 453); colourless, deliquescent 
crystals, melting at 110 ^, and boiling at 110 
(Wehrliu a. Giraud, G. it. 85, 288).—12. With 
solenion oxychloride to form a yellow powder, 
decompo.sed by heat, having the composition 
TiCl 4 . 2 ScOCi 2 ; obtained by adding ScOCL to 
TiCh, and drying tlio solid that separates on 
cooling on a tile over 1^804 {Weber, li. P. 1805. 
154).—13. With nitrosyl chloi'ide\ obtained by 
saturating TiCl, with NO.^, and subliming 
(Uampc, A. 120, 47), also by passing the vapours 
from aqua rcyia into TiCl 4 (Weber, P. 118, 470). 
Hampo U.c.) gives th^ composition 3TiCl,.lNOCj, 
Weber {l.c.) the composition TiCI,.2NOCl. A 
deep citron-yellow, crystalline mas.s ; decom¬ 
poses in air; sublimable out of air; with water 
gives off NO.—14. With .sul/>hi<r trioxide to 
form TiCh-SOa {or TiCl,.OSU,.CI), formed by 
the interaction of TiCl, and Sl)...011.Cl at Ibe 
ordinary temperature ; a yellow, amorphous, <lc- 
liquescent powder (Clausnizer, P. 11,2011). - 1 
15. Bemarvay {Bl. [2J 20, 127) obtained a great | 
many compounds of TiCl, with ei/c/'s.memip/aai-, 
and ethyl sulphide {cf. liedson, G. J. 29, 309). 

Titanium tiuciilojiidu TiXl,*. (TiUinium 
tesquicliloride. Titanous chiurUlc.) Mol. w. 
not determined ; but from analogy of CCh^aml j 
the formula Ti^Cla is probably iJioI(;cular. j 
Formation. —1. By re<facing TiCl, by 11 (e. j 
Preparation). - 2. By reducing TiCl, by sodium- j 
amalgam (O. d. Pfordten, A. 237, 200 '» 5y i 
pure, dry H^S (0. v. d. P., A. 231, 257). 3. By | 
heating TiCl, with reduced Ag to 180’; Ti is also 
formed, and probably TiCJ^ also (Friedel a. ' 
Guerin, A. Ch. [5] 8 , 24).—4. A eoluli-m of 
TijClf is obtained by digesting a solulitin of 
TiOj-xIIjO in IIClAq with Cu at 40’-50' (buebs,^ 
A. 56,3^9); or with Ag ppd. by zinc from AgCl 
(von KobcU, P. 02, 599). TLCl^is also probably 
present in the greenish liquid obtained by adding 
Na amalgam to K^TiP^ in UClAq (0. v. d. V.,A. 
237,201). • 

Preparation. —TiCl 4 is placed in a retort con¬ 
nected with a tube of i*orcolain or hard gla-sa (if ; 
a glass tube (s used it should be wrapped in 
copper-foil) which is placed horizcvitally in a 
furnace; tne other end of the tube projects con- 
•idersbly out of the furnace and is connected 
Vith a receiver to collect undecompos^ TiCl^. 
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The delivery tube from an apparatus evolving 
pure and dry H passes into the retort henoath 
the surface of the TiCl,. II is passed through 
: the apparatus until it is entirely tilled^wilh the 
I gas; the tube is then heated to redness, and 
I the retort gently warmed. Ti^Cl^ is formed 
ami eoiub.Tises us diirk-violct scales on the 
part of the tub© Unit projects out of the furnace. 
>» ben all lb© TiCl, bus been driven out of the 
U'tort, the li^,Cl„in tbo cooler ]»art of the tube 
j 1 ^ gi-ntly warmt'il^ wliiic tb© pu^sugo of II is con* 

: tinned, (i> remove iinya.lliering TiCl,; the TCCl* 

I IS ullowfd to cool in ili© .stnam of U (Kbolnicn. 
j *1. Ch. l3j 20, 385)f ' 

I Pro/'t f lies.— \ dark-violet, very lustrous 
I soli.l, deliquescing in air, and ilis;.t.lving in water 
j to furin a violet liquid, ^vbiell gmdually do- 
I colourises with pi>n. of Ti(»..u lLO. •Ti ,Cl„ is 
I easily soluble in uieobol, ft.inuing a \ iolot or green 
liquid ; it is insolubl© in ©tber, and sparingly 
soluble in llClAq (O.v. d. P., .1.237, 201). 

JiCiiclious. — 1 . Jleiited in hydrof/eti toe. 440", 
TiCl, dist'^a over and Trt'l.^ it'iniiins (Priedel a. 
f Guorin, .4. ('li. [5] H, 21). 2. HcjiIimI in air, 
TiCl, vaporisi H and TiO. remains.-- 3. Dissolves 
in traler, forming a violet, or gi':eii-vi()lct,liquid 
wliicli slowly Ix.'eonu.'S eolourJes.# with ppn. of 
'J i0...rirO. - 4. Jlkalis, or itlkali ciirOoUiitcs, in 
solution ppt. TiT) 3 .:rllX> from TLCh.\q • am- 
lunniiim sulphUie forms Ibe sanio pj^; hyanujen 
iuiZ/di/d,'gives no pp. (I'dudmen./.c.). - 5. TLClyAq 
reduces solutions of y-dd, silrer, or jda'linwn 
i»ilts with ppn. of the nieials; ferric and cujtric 
• siilfs aiti re«luced to ferrous and euproiis salts ; 
suliihurcus acid solution is reduced byTioaling 
with Ti.(3,;A<| with ppn. of S {!'!., f-e.) - C. Ti.^Cl. 
reacts witli hiviuinc l«) form u liquiil boiling at 
151’, probably J'iJhCI, (K. a. G., l.c.). 

Oofnbiuotifus. With v'utcr to form 
TLCl,i.81L<) ; olj(;iined byGbit/id (/k 9, 1829) by 
evaporating a solution of Ti in IK'iAq to Iho 
crystallibing point, liltering olT ppd. TiO.^.a-lhtj 
1 from lime to time. Tbubydrnlo is a green solid; 
it dissolves in water, forming an opalescent 
violet solution containing u little suspended 
'J'iO^.rli X; tin; solution becomes colourless on 
stamling, and then gives the reactions of titanic 
acid. 

TirANn;.M dichi.oiuipk TiCI.^. (Somelimes called 
titanous ehloriile.) .Mol. \v. is not known. From 
the analoi-y of SnCJ^. ami I'bCl^, the formula 
T'idl. would be molecular; but from the analogy 
of CXI 4 the rnolcicuiar formula woubl bo TiX^. 

Pornutlion.- X. By rediieiiig TiXl^ by H 
(u. PrcjuLenliffn).-- 2. Tif3I.^ is probably formed, 
along with Ti.X3,., by beaj.iiig TiCl, with reduced 
.tg (l-'j iedid a. Cuei iii, //. Ch. (5) 24).—3. Along 
with Ti.Xi,„ by the action of Na amalgam on 
TiCl,; al!40 by^eating TiCl, with Na to 130® in 
a scafed tube {O. v. d. i'fordi<rn, A. 237, 201). 

preparation. —TiXI„ reacts with U at a red 
heat to give TiCl.^ and 'i’iCl,. Friedcl a. Qu^in 
p.c.) proceed as follows. The tube contaming 
TijGh, jirepared -from TiCl, (u. supraj, while stiU 
filled with II, is connected with an apporatui 
evolving pure, dry CO^, and the whole of the H 
in the apparatus la driven out by CO,. The 
Ti-jCh is then shaken into a small tabulated 
retort, placed on a sand-tray, and previously 
filled with CO,; the GO, is displaced by pure, 
dry H; the retort is then heat^ to dtul red* 
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ness, wbild a stream of H is passed through it, 
until TiCl 4 ceases to distil off; the retort is 
allowed to cool in the stream of H, and CO^ is 
then passed in until all the H is removed (if 
this is 6mitted the TiCla takes fire in the air), 
and the black TiCl, in the retoit.is quickly 
shaken into small dry tubes filled with CO^ 
which are at once scaled off* 

Properties.—k black, light pov^der; very 
rapidly absorbs water, forming a kind of mud; 
insoluble in CSju CHClj,, or pt^O. Volatilised 
without melting oy heating to full redness in II. 
Shaken with Et^O and KCNSAq, tho Et^O be¬ 
comes dark brown; this i^'a delicate test for 
TiCl, (0. V, d. Pfordten, A. 2:17, 201). 

factions, —1. Takes fire when touched with 
a drop of water (? with formation of Ti^OoCla; 
V. F. a.«G., f.c.); thrown into water, it hisses 
like red-hot iron, decomposing the water with 
evolution of H and formation of a yellowish 
liquid.—2. Decomposes absolute alcohol, giving 
off H and forming a yellowish liquid.— 3. ITeated 
in air, TiCl^ burns lilA tinder, giving off TiCl, 
and leaving TiO^—4. With hrombie it forms a 
liquid bolUug at 176°, probably TiCl^Br.; (F. a. 
G., U .). 

Titaniam,r ehlorobromides of, v. Titanium 
BBOMocnnoniDiCB, p. 736. 

Titanium, oyanonitride of, t;« Titanium 
CAKDdNlTBlhi!, p. 736. 

Titanium, ferrbeyanides of, v. vol. ii. p. 337. 

Titanium, fluorides of. Tlie only compound 
that has been isolated with certainty is TiE,. 
There are indications of tho existence <5f Ti.J'’a, 
and cbliipounds of this iluorido with alkali 
fluorides are knolvn. 

Titanio fluokidb TiK,. {Titaiiiuvi telra- 
fluoride.)* Formula probably molecular, from 
analogy of TiCl, and Til,. By heating a mixture 
of TiO* and CuF, with ILSO„ Unverdorben (P. 
7, 320) obtained a colourless (listillatc, which ho 
l>upposod to contain a compound of Ti and F. 
Berzelius (P. 4, 1) obtained crystals (?TiF,) by 
dissolving TiOa.rHsO in HFAq. The crystals 
were decomposed by water, giving an acid solu¬ 
tion (?HaTiF6Aq), and an insoluble, ‘ so to say 
basici' compound. TiO,. is obtained by passing 
vapour of TiF,, mixed with Il^^O, through a tube 
heated to o. 800° or 1000 •' (Hautefeuille, A. Ch. 
[4] 4, 181; c/. Titanium dioxide, p. 741). 
Heated to redness in H, perhaps gives TijFg (H., 

I.C.). • 

Combhiations. —1. TiF, probably combines 
wth hydrogen fluoride to form H/IiF,. By dis- 
Bolving TiO^-ajHaO in HFAq, ovaponating, adding 
water to the crystals (? TiFJ thus formed, and 
tiering from an insomble solid (?oxyiluoridel, 
B^eiius (P. 4, 1) obtained an acid solution 
from which, by neutralisation wkh KOHAq and 
evaporation, he obtpiined the salt K^TiF,.' The 
Add solution probably contained This 

compound (if it exists) is best called titdni- 
fiuorhydric acid. It is analogous to H.SiF,, 
&SnF„ a&i other acids of the type 
v^ere'M ■■ an clement of Group IV. (except C), 
And X » a halogen.—2. With various metallic 
fluorides to form TiF4.2MF — M^TiF,, These 
salts were obtained from tho E salt, which was 

S ot by neutodisiDg the acid solution prepared as 
eaorlb^ under 1. Balts of NH^, Ga, Cu, Fe, 
Pb, Mgr and Hi are described (B., Ic .; Weber, 


P. 120, 291). Thesd salts are best called 
titanifluorides; they are similar to stanni- 
fluorides.—8. TiF 4 also oombines with am- 
monium fluoride to form TiF4.3NH4F (besides 
TiF4.2NH4F) (Baker, 0. J. 86. 763). 

By adding NH,Aq, drop by drop, to warm 
(NHJjTiF^Aq. Piccini (G. 17, 479) obtained a 
compound of the form TiOaPyxNHiF; from this 
^0 prepared TiOjFa.Bctf’j, and by carefully de¬ 
composing this salt by HBOiAq he obtained a 
solution of tho acid TiOatV2IIF. P. regards • 
this acid as a F derivative of tho hypothetical 
pcriitaiiic qeid H.TiO, (tho acid of TiO,); he 
calls the acid Jhioroxypertitanic acid, and life 
salts fiuoroxypertitanates. Following the plan 
adopted in this Dictionary, the acid will be 
called titanoxyfiuorhydric acid H,TiOj,F,, 
and the salts, Mf,Ti 0 .vF 4 , will bo called titan¬ 
oxy fluorides. il/riOah^Aq is a yellow liquid, 
not ppd. by Ba salts, giving a pp. of TiO^ with 
alkali carbonates. 

T 1 T.VNIUM TiiiEiiUoniDK TijF*. This compound 
is said to be formed by strongly heating K^-TiF, 
in a stream of 11 with a little IlCi, according to 
Hautefeuille (0. B. 56, 189 ; cf. 57, 151). Ac¬ 
cording to H., the compound is a purple-red 
solid, soluble in water. By treating TioClyAq 
with KUF^ or NH,F, Piccini {Q. 16, 104) ob¬ 
tained violet pps. of Ti^Fu.2MF, where M — NII 4 
or K; he also obtained* Ti. 2 Fa. 3 NH 4 F. The K 
salt is slightly soluble in water ; soluble in dilute 
acids, forming green liquids, from which alkalis 
throw down azure-blue pps. that gradually 
oxidise to TiOo.xH^O on exposure to air. Tho 
salt TiF 4 . 3 NH^F, when exposed to air, gradually 
oxidises to TiO.Fj.3NlI,F. 

Titanium, haloid compounds of. Ti com¬ 
bines with the halogens directly to form com¬ 
pounds TiX,; these tetrahalides are generally 
jjrcparcd bypassing the halogen as gas. over a 
red-hot mixture of TiO.^ and C. Tii 4 is best* 
prepared by heating TiCl* in HI gas, and TiBri 
is very conveniently prepared by heating TiCl 4 
in lll^r gas; TiF^ is prepared by dissolving 
Ti0».xH,^0 in HFAcj an<l evai)orating. The two 
tetrahalides TiCl 4 and Tif^ have been gasified. 
These formula} arc molecular, hence the formulas 
TiF 4 and TiHr^ probably also represent the 
compositions of tho gaseous molecules of these 
compounds. By the action of H, or certain 
; other reducing agenfe, on TiCi 4 , two chlorides 
are obtained, TuGl^i and Ti^Cl^. The V.D. of 
neither has been determined, but from the 
analogy of O.^CE and Si-^Cl,,, the* value of x in 
TijClj* is probably 2 ; from the analogy of 
C^Gi, the molecular formula of the lowest 
chloride is probably Ti^Clf, but from Ihe analogy 
of SiiCla and PbGl^ the formula TiCl^ would be 
given to it. TiJ?* or TiF, probably exists. No 
•bromide or iodide of either type TijX* or TiaX 4 
has been isolated. Two bromochlorides of Uie 
types TiX 4 and Ti^X 4 probably exist. TiCl 4 and 
TiBr 4 dissolve in cold water; the solutions con¬ 
tain HXAq aid Ti 0 . 4 .xHp; dilution, and more 
quickly heating, ppts. insoluble TiOs.xHjtO from 
tho solution of TiOli. (^i'iFf is decomposed by 
ater, giving HgTiF^Aq (and ? an oxyfluoridej. 
il 4 is alse decomposed by water; on heating 
insoluble 1 ^ 0 . 4 .xH ,0 separates. TiOl 4 oombines 
with many non-metallio chlorides and oxy- 
ohloridM. TiF 4 combines with meiAllio flooridea^ 
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forming salts some more ) 

complex salts xTiF 4 .yMF. A few oxylialoid 
compounds have been isolated, but a great number ' 
can doubUess be formed. The acid KTiO.F^ 
and salts of this aoid have been isolated. ‘ TLCI^ 
disBolves in water, and after a time Ti0..xil-O 
separates; the solution is an energetic reducing 
agent; alkalis ppt. TiPj-arHaO. TiCl.^ reacts 
violently with water, giving off H, and probably 
forming an oxychloride. * 

Titanium, hydroxyl chlorides of. By the 
reaction of the proper quantity of 30 p.c. HClAq 
with TiCl^, the compound Ti(OH)Cl 3 w'as ob- 
-tained by Koenig a. O. v. d. Pfordten {J3. 21, 
1708); using the calculated quantity of 30 p.c. 
lIOlAq, thecompound Ti(OH)Xl;{ was produced; 
and the prolonged action of ordinary air on 
either of the preceding compounds resulted in 
the formation of Ti(OH) 3 Cl. These compounds 
are regarded by K. a. 0. v. d. P. as derived from 
Ti(OH )4 by replacement of OH by Cl; the com¬ 
pounds may be called ortliolitanic cUlorhydrins. 
The compounds are yellow or white deliquoscont 
solids; they dissolve in water; Ti(01I)Cla very 
rapidly with a hissing noise, Ti(01I)OI;j loss' 
violently, and Ti(OH);,Cl with some dilliculty. 
The aqueous solutions give pps. of Ti02..rll/) 
on boiling. When the compounds are heated 
they give (1) TiCl, and (2) 'riO..;rU O 

and HCl, and (.3) TiO.wTlT.O, HCl, and IhO. By 
reducing Ti(0H)Cl3 b^ Na amalgam, in 11, ThO;, 
is produced (K. a. 0. v. d. Ih, B. 22, 2070; cf. 
B. 22, 1485). 

Titanium, hydroxyl fluoride of. This name 
may be given to the compound Ti(OTI) ; it is 
described as titdtnoxnjluorhydric acid, 
under Titanic FLUOBioii (p. 742). 

Titanium, iodides of. Only one compound 
has been isolated, Til^. 

Titanic loniDii Til^. {Titanium ti'tra- 
. iodide.) Mol. w. 554-02. V.D. at 410"-201-2 
(llautcfeuille, BL [2] 7, 201). 

Formation. —1. Vapour of I is parsed over 
Ti heated to redness (Weber, P. 120, 287). —2. A 
mixture of TiCl^ vapour, I vapour, and If is 
passed through a tube heated to dull redness; 
Til 4 , mixed with free I, condenses on the coldjir 
part of tho tube (Hautefcuille, Bl. [2J 7, 201). — 
3. By decomposing TiCl, by HI. 

Freparati(m. — y)ty III -gas is passctf into 
TiCli, which is graduallydicated to its b.p. and 
kept at that temperature until tho reaction is 
completed; the Til, is freed from traces of I, 
which give it*a violet tiiigo, by a few distillations 
inH{H.,^.c.). ^ 

' Properties and Reactuyns. —A reddish-brown, 
lustrous, brittle solid ; when melted and cooled, 
crystallises in octahedra, changing after Romo 
days to tufts of silky, prismatic crystals. Melts 
nt loO*", and boils a little above 300'^; can 
distilldfi without decomposition; melted Til, 
remains liquid till cooled below 100®. Pumes 
strongly in the air. Dissolves easily in water; 
solution turns brown on expogure to air and 
ppts. When vapour of Til, is heated 

in air it burns to TiO-and (H., f.c.). 

Titanium, nitrides of. Four compounds of 
Ti and N have been described; but according^to 
later experiments only two seem to exist. 

TaiTITANIUif TETBANITBIDB Ti,N,. Mol. W. UO- 
|um;wii« 'iCl^ oompoond ia obtained by heating 


TiCl,.4NIl3 (r. Titanic chloridb, CmbinaiioftSt 
No. 2, p. 740), loosely packed in a tube of hard 
glass, in a stream of dry NH,, until the glass 
begins to melt, and allowing to cool iu NH, 
(Wohler, .4. To, 43; Fricdcl a. Gu6rin»il. Ch. 
[5J 8, 21). Indigo-blue powder, or golden-yellow 
(? rhombollodral) crystals; strongly heated m H 
gives Ti.Nj (F. a. G., Lc.). 

DrriTA^iup I'lNiriiiDE Ti^vN^. Mol. w. un¬ 
known. Prepurod by placing two porcelain 
boats, one containing Na and the other K.^'TiF,, 
in a hard-glass Aiibo pvoviou:ily tilled with N, 
p.aRsitig a stvoani of dry N through the tube, 
heating the K/riF,.^o full redness while tho Na 
is volatilised over it, and allowing to cool in N 
after all the Na has been volatilised; boiling 
with lIClAq, washing, and 'hying (W5hlor a. 
Devillo, A. 102, 231). Also obtained by heating 
K.TiF, witli K, Kt-I. NaCl, and Al in also by 
passing TiCl, vapour and H ovaw boated Al, in 
N ; also by passing vapour of 'l.'iCl, over heated 
NHjCl (W. a. 1)., /.c.). F. a. G. (l.c.) obtained 
the same compound by strongly heating TiO, in 
a stream .tf dry NH, for sumo liours ; W. (d. 73, 

’ 43) said that TiN._, was formed Iiy this reaction. 

F. a. G. also obtaincl Ti.-N.j by >;lrongly heating 
Ti.,N, in II; W. said that Ti,N.; was formed by 
this ve:u:tion. An amorphous.* brown-yellow, 
very hard powder; S.G. 5-2H at 18® (F. a. 

G. , /.c.). ' ^ . 

Tlni nitride.s of Ti are not d»‘CompoR(*(l by , 
heating, out of air, to c. -1,000'^ ; fused with 
KOII, or strongly lieated in steam (F. a. G., l.c.), 
fbey gjvo off Nlfj; In-ated in Cl, TiCl, is pro¬ 
duced (F. a. O.J.c.)\ heated with CuO^PhO, or 
H”0, the nitri'les burn, and.Cu, Pb, or llg is 
produced (W., A. 123, 31). 

Titanium MMiun-K TiN.^. Thia compound 
is fonne'l, according to Wohler {A. 73, 43), by 
heating TiO.. in NUa for roijjo lime. Friodel a. 
(iu^rin {A. Gh. [.'ll 8. 21) Ray that the substance 
obtained by W. conlaiued Ti/->„ and that if tho ^ 
heating is continued until a definite nitride h 
formed"tho compound so prodncci is ThN.„- 

pENTATn-ANio.M UKXANiTuioK Tij,N,.. Formcd, 
according to W. {l.r.). by lieating Tij,N, to full 
redness in H; or, mixed witii 0, by heating 
J'iO., in ON or IfCN gas. F. a. O. (l.c.) say that 
tho product of cither reaction is Ti^Nj, in tho 
latter reaction mjxe<l wilh 0. 

Titanium, nitrocyanido of, v . Titanium 
CAm.oNmiiou (p. 732). 

• Titanium, oxides and hydrated oxides of (cf. 
Titanium oxvacu'S ani> hauts and dkiiivativks 
THKiiKoj', p. 740). Ti burns when heated in*0, 
funning Tit),; by tho reaction of reducing 
agents on TKJl.Aq, aqd addition of alkalis, 
•Ti.O, is obtained ; when the reduction is carried 
further it is nrol.ablc that TiO.TlI,0 is formed. 
By tlio fonctirfn of II.U.Aq in prcKcnce of alkali 
on salts of TiO , a pp. of Ti/d, is obtained. Oxides 
intenm diato between TiO^ and TijO, probably 
exist. TiOj ia a basic oxide, forming salts TiX,, 

I wliere X =* NO,, .ISO,, &c .; many of the salts are 
basic. A few 'salts correspoadlj^ with T^, 
liave been isolated; no salt corresponding with 
TiO and derived from an oxacid has jret been 
obtained. Some of the hydrates of TiO* react 
ae feeble acids. 

Titanium dioxide TiO*. (Ktonic octtffc 
TUanic anhydride,) Mot w. unknown* 
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Occurrence .—As rutile,anatase^rndbrookite; 
rutile ocourB in dimetrio prisms, isomorphous 
with Hmtone; anatase in dimetrio octahedra; 
and brookite in trimctrio octabcdi^. 

Formation.—1. By burning Ti in air or 0.— 
2. By ppg. TiCl^Aq by alkali, and ji^asbing, dry¬ 
ing, and strongly heating the ppd. TlOj.a;ILO.— 
8 . By ppg. KjTiF^Aq by NHsAq, and strongly 
heating the pp. after washing andi drying.— 
4. Vapour of TiCl^, or TiF^, mixed with steam is 
passed through a red-hot tube.—5. TiS^t is heated 
in dry CO* (TiSj V 2C0, * TiO,*' 1 - 2C0 + 28 ; 0. v. 
d. Pfordten, B. 22,2070). 

Preparation. —A. Amorphous titanic 
oxide.—1. Pure TiCh is added, little by little, 
to water; sufficient NHaAq to neutralise the 
HCl produced is added, the solution is evaporated 
to dryness, and the residue is heated to some¬ 
what abhve 700*^ until it ceases to lose weight. 
TiCli may bo obtained from rutile by mixing the 
finely-powdered mineral with c. half its weight of 
dry charcoal-powder, making into little pellets 
with staroh-paste, drying the pellets, heating 
them to full redness in a covered crifeible, then 
heating in a tube of hard glass (to get quite dry), 
and then passing dry Cl over the pellets while 
they are hoat<^d to bright redness, and a dry re¬ 
ceiver is connected with the end of tlio hard 
glass tube. The TiCh may bo purified (from 
SiCl^^FeOli, Ac.) by repeatedly distilling, best 
in a stream of ^ (v. Merz, J. irr. fit), 101).— 
2 . KoTiF* is dissolved in water, NHaAci is added, 
the pp. of Ti 02 .xH ^0 is thoroughly waslied, drieij, 
and heated to somewhat above 700^. «. (For a 
methodiof getting KjTiF,. from rutile v. Pre¬ 
paration of titaniu7n,p.T6H.) For other methods 
of preparing TiO^ from Ti ores v. L 6 vy [A. Oh. 
[0] 25, 611), Austen a. Wilber {Ajn. 4, 211), 
Hempel {Zeit. f. anorg. Cheinie, 3, lfi3), .Tones 
(Fr. 9,41,330). B. Crystalline titanic 
oxide.—3. By long-continued heating to white¬ 
ness TiOf is said to become crystalline (i>. 
^mmelsberg, B. 5, 1000). — 4. Amorplious 
TiOg.xILO is heated to incipient redness in 
HCl gas, at a prossuro of three atmospheres ; 
the crystals have the form of anatase (Ilante- 
feuille a. Perrey.C. ii.110,1038).—5. Crystalline 
TiOj is also formed, according to Hautcfeuillo 
(A. Ch, [4] 4,127), by passing the mixed vapours 
of TiF 4 ,B^,and HCl - obtained by decomposing 
molten KjTiFa by HCl gas—through a Pt tube 
into which a stream of moist H is also passed ; 
at 0 .800° (boiling-point of Cd) crystals ol anatase 
are produced, and at temperatures between 800° 
and 1,000° brookite is formed.-j; 6 . Heating 
amorphous TiO^ in an atmosphere of HF causes 
orystailisatioD; at an ixeipieut red heat anatase 
forms, at a higher temperature brookite, and 
a very high temperature rutile (U^, l.c.). — 
7. Crystals of rutile arc formed by heating 
amorphous TiO^with microcosmic Balt(Ebelmen, 

Ch. [ 8 ] 83, 34), or with borax (G. Rose. B. B. 
1807. 129; Knop, A, 157, 365), in a porcelain 
oven. For other methods of producing crystals* 
of TiOj V. Bevillo (0. B. 63, 161, 163), Senar- 
mont (A. Ch. [3J 30. 129), Michel (C. R. 115, 
1020), Wdhler (A. 73. 35), Daubrfie (0. R. 29, 
227; 39,163), H. Rose (A. 66,127 ; 68,163). 

Pro^rties. —TiOjObtained by strongly heating 
TiO,.xH ,0 forms reddish-brown lumps, more 
jmurly resembling rutile in colour and lustre the 


higher the temperature to which it is heated 
The dehydration by heat of TiOj.a;H,0 is ac- 
companied by the appearance of shades of 
colour from white, though grey and greenish, to 
black, according to Wagner {B. 21, 960); these 
colours are similar to those shown by anatase, 
brookite, and rutile. Nilson a.PetterssonfZ.P.O. 
l,33nofc) prepared TiO, as a white powder with 
faintest yellow tinge, by decomposing TiCl 4 by 
*NrijAq, evaporating, and heating to whiteness. 
When melted by the 0-H flame the colour is 
blue to black. S.G. TiOj increases as the oxide 
is heated; heated to c. 700° S.G. is c. 3‘95 
(fCarsten, .^.65,394), after being very strongly 
heated S.G. rises to 4'25 (Ebelmen, /. 4, 15; 
12 , 14). S.G. of anatase is 3'76 to 3’9 
(Breithaupt, J. 2, 730; Damour, J. 10, 660); 
S.G. of brookite is 4 to 4-2 (Rammelsberg, J. 2, 
730; Bock, J. 3, 701); S.G. of rutile is c. 4*3 
(Schccrer, P. 65, 296 ; Miillcr, V. 6 , 847). After 
fusion in the 0-H flame and cooling S.G. is 4*1, 
according to Hautofcuille (A. Ch. [4] 40,140). 
S.H. 0° to 100° = -1785, 0°-211° =-1791, 0°-301° 
= *1843, 0°-440°s= *1919° (Nilson a. Pottersaon, 
Z. P. C. 1, 27; TiOj prepared by decomposing 
TiCli by NIIaAq, evaporating to dryness, and 
heating to white heat). TiOj crystallises in 
dimotric prisms (rutile), dimetric octahedra 
(aiuitase), and trimetric octahedra (brookite); it 
is isotrimorphous with SpO, (Wunder, J. pr. [2] 
2 , 206). TiOj is somewhat hygroscopic, even 
after prolonged and intense lieating (Thorpe, 
C. J. 47, 125). It is insoluble in water, and in 
all acids except cone. ; when powdered 

TiOa heated with cone. H..SO 4 until the excess 
of acid is removed, the solid thus produced 
dissolves in water. TiO, melts in the O-H flame. 
According to Moissan (G. R. 116, 1034), when 
heated in an electric furnace to c. 2500° TiO, 
forms black crystals of TiO. 

Reactions. —1. According to Ebelmen (A. Ch. 
[3] 20. 394), TiO ,5 is reduced to Ti^O, by heating 
to redness in hydrogm ; but 0. v. d. Pfordten 
(A. 2.37, 201) says the product has the composi¬ 
tion Ti,0,.^.—2. A mixture of TiO.^ andtaagnesium 
powder heated to redness in H gives MgTiOj, 
wid a brown powder which is probably TiO 
(Winkler, B. 23,2657).--3. A mixture of TiOj and 
carb(f}i strongly heated in chlorine gives TiCl^.— 
4. By long-continued heating in dry ammonia 
Ti.jN^ is formed (Frietfel a. Gu6rin, A. Ch. [6] 8, 
24). —5. The compound TiCl,.PClj is obtained 
by heating an intimate mixture of TiO, and 
])hosphorus pentachloride, in* the ratio 
TiO.^iBPCIj, in a retort until the POCi, formed 
is.drivcn off (Weber, P. 132, 462).—6. Heated 
to redness in carbon tetrachloride vapour, TiCl* 
is formed (Watts a. Bell, 0. J. 33, 443). 
Bemar^ay (0. P. 104, 111) says that the first 
product is TiOCl.^.—7. TiC!^ is formed by heating 
TiO^ to redness in a mixture of equal Volumes 
of chlorine and carbon monoxide (W. a.B., I.c.).— 
8. Ti^jN^ mixed with 0 is formed by beating 
TiO.^ in cyanogf,n or in hydrogen cyanide (Frie^ 
a. Gu6rin, A. Ch. [6] 8, 24).—9. Heating in a 
mixture of hydrogen sulphide and carbon di¬ 
sulphide forms TijSs or TiS^, according to the 
te'mperature (Thorpe, 0. J. 47,49l).—10. When 
TiO, is fuaea with sodium or potassium carbonate 
the weight of 00, expelled corresponds with the 
formation of M,TiO,; on treating the fused masi 
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wiA water MOHAq is formed, and an acid Na or K 
tifcanate which is insoluble in water {v. Her- 
mann, J'.jpr. 38,92).—11. Fusion with jjotossiuw 
hydrogen sulphate forms a substance soluble in 
water; by evaporating the fused mass with cone. 

HaSO,, and then treating with water, the double 
salt Ti(S 04 )a.K*S 04 . 3 Ha 0 is obtained (Warren, P. 

102, 449; Olatzel, B. 9,1833; Hermann, U.).— 

12. Heating powdered TfD. with cone, sulphuric, 
acid produces a substance that dissolves wholly 
in water (? forming Ti(S 04 ) 2 .a'Iip or Ti 0 .S 04 ; i’. 

Merz,ih^.99,157). For reactions of Ti0,.j H 20 

infra, hydrated titanic oxide \ ,aud v. also 
titanic acid under Titanium oxyacids and salts 
AND DEBIVATIVE3 TUBUEOF, p. 740). 

Hydiuted titanic oxide. Hydrates of TiO^ 
are obtained by gradually adding TiCl 4 or Tilir, 
to cold NHjAq; by fusing TiO. with KHSO4, 
dissolving in water, diluting, and boiling for 
some time; by adding w'ater toTiCl, and boiling; 
by fusing TiO^ with K^CO,„ washing the fused 
mass with small quantities of water till all KOII 
is removed, adding a little cone. HClAq, filtering 
cold, and allowing the liquid to stand, when it 
gradually deposits gelatinous Ti 02 .xH 20 „( 0 .v.d. 

Pfordten, B. 17, 727); by decomposing Ti(OEt), 
by H 2 O (Demar^ay, C. li. 80, 51); and by otlu'r 
reactions. The isolation of a great many definite 
hydrates of TiO, has been announced from time 
to time. ■ By decompo.«ng TiCh-PCl., (e. Titanio 
ciiLoniDE, Combinations, No. 6 , p. 710) by the 
action of moist air, and drying over 
TiUtscheff {A. 141, 111) said that the dihydrate 
Ti 02 . 2 H .,0 was formed, and by drying this at 
110 '^- 12 ()° he said tliat the. m>»whydratii 
Ti 02 .Il ,0 was obtained. According to Oarnclley 
a. Walker (C. J. 53, GO. HI), dehydration of 
TiO^-icHaO (obtained by adding TiCl, to cold 
NHjAq), air-dried for 14 days, procei ds. con¬ 
tinuously from 16® to 710® whereat tlie whole 
of the water is removed. A very large number 
of hydrates probably exists, and these pass one 
into the other as temperature rises without any 
of them remaining unchanged through more than 
a few degrees. 

Two classes of hydrates of TiO^ exist; one 
obtained by ppg. TiCl* by Nl[,.Vi. or warming; 

TiO., with cone. HjSO„ dissolving in water, 
diluting, and ppg. by alkali; ihe other obtained 
by dissolving hydrates of the former class in 
dilute acid, and boiling. Hydrates of the former 
class dissolve easily in dilute acids, while thaso 
of the latter class arc insoluble in ddiitc acids 
(for more details v. Titanium oxyacids, p- 74b). 

Hydrated TiO.., obtained by ppn. by alkali m 
the cold, dissolves in dilute acids, forming salts 
TiX 4 , where X = NO„ ^ 804 . Ac.; not many salts 
of this form have been isolated, 
those that are known are basic salts. 

. dissolves in molten H 4 PO 4 ; on cooling crystals 
of TiO.^P.A(-TiP. 40 ,) are obtained (Hautc- 
feuille a. Ma^ttet. C. R. 102.10171. By heat- 
TiOr^HjO with a little cold cone. HClA(i, pour- 

ing oft the solution after a I»w days, and , of Ne-amalgam on a 

r.sstbi.s 1 1 a.'S».i.K,TO.in ecu, 

(B. 22,1485; cf* Tmnioii: hydboxyl chlobidbs, 


oxhfe.) Mol. w. unknown. By digesting a solution 
of TiOj-xHoO in HClAq with Cu at 40® to 50®, 
Fuchs (.4. 50, 319) obtained a violet solution 
which gave a«browni 8 h black pp. with NH^Aq; 
tlie pp. quickly reacted with water, giving off 11 
and forming tfiOj-xHiO. Von Koholl (P, 02,599) 
obtained simitar reactions by using reduced Ag 
ill place of Cu. Kholmen {J. j>r. 42, 73) ob. 
tainod a ^leifrly black pp. by adding alkali to 
TiX’l^.\q. According to Eholnuui (J. pr. 42, 76) 
TLO , can be prep:ire<( by lieaiing TiO^ to redness 
I in piu-fcclly dry A. Ti..(>., llm:? prepared is de- 
I scribed as a black solid; nnactoil on by IINO, 
or HClAq ; oxidised^to TiO. only by heating to 
a very high temperature ; ^■^^lable in H.80,Aq, 
forming a violet solution. A(;o«»rding toO. v. d. 
Pfordten (.1. 237, 201), the proiliicl of reducing 
. TiO,. in II is not Tid)., but lias tlie composition 
j Ti.Oj.M Friedol a. Oin'iln (.1. Ch. 1^] 8 , 38)* 

I obtained TiO,, but not fri’O from otlior corn- 
; pouinl.s, by passing TiCl, vapour mixed with II 
' ovor'riO-i at a r«'d lioat. They doscribo Tip, as 
' a copper-rfd, metal-like,%icroscopically crystal¬ 
line ptiwilor; not acte<t on by boiling HNOjAq, but 
oxidised to Ti0^.a;H,() by boiling U.S 04 Aq; 
soluble in UFA*; or warm aqua nujia; giving off 
’ Nil, and H with liot alkali solutions; oxidised 
: to TiO. by heating to redness in air. Koenig a. 
0. v. a.'Pfordten (B. 22, 2070) failed to obtain 
Ti.O, by the method of I'’. II. <1. • 

‘WhenTi is dissolved in hot HClAq, In an • 
atmosiihe.rc of II, the solution cimtains ri-^CI,, 

' y{iimme].sl)org, J. pr. 90. 170); a solution of 
TiO ..rHO in HClAq rodiiced by zinc also con¬ 
tains TidJl,. (K.a. 0. V. d. P., lx,) ; in tl*‘sesolu¬ 
tions alkalis give blackpps., probably I i 4 ),..rH. 40 ; 
the pps. soon change in <!oiitacl w.th 1144 to 
Ti 0 ....i‘ll..(), H being given <.dT. According to 
: 0 . V. d. P. (A. 237, 201), a solution of K.TiF, in 
: {\'lUlle IKdAq gives a pp. of TiA-xlIp on 
treatment with Na-amiilg:iin. 

Sabatier a. Scrnb rcMis ((A It. 114,1429 ; Xlq, < 

' 230 ) say that Ti,0,, is oxidiseti to by heating 

: to c. 560 ® in NO. or toe. 300' in NtV 

Titanii'M mo-voxioe 'I’iO. This oxide has 
' not been isolated with certainly. According to 
Moissan (C. B. 115, 1031) black prisms, which 
he took to be TiO, are formed by heating xiO^ 

! to a. ‘2500'> ill iin I'k'otrio (umiico, ami at a 
' Iiigher temperature tlio (?) TiO molts and then 
: volatili.se.s. By heating a niixturo of TiO, and 
M.’niowder to redness, in H, Winkler (//. 28, 

' 2057) obtained a brown powder winch probably 
contained some 'I’iO, mixed with MgT'U, Ao- 
' cording to -Berthier {A. Ch. [2J 54, 374) TiO, 
lost G p.c. O wJien lieatod stixingly in a carbon 
crucible, 13 to IG p.c.* 0 when heated with 
12 p.c. C, and 20 p.c. O when heat^ul with 24 p, 0 . 

! CJ (TiO p.c. O in becoming TiO); the 

- * • . 'v.n may 


' proiltici may have contained liO, it 
I have been a mixture of TiO^, Ti^O,, and Tu 
Hvdrated titanium monoxide 
iTiO.IIvO^^TiO.H.;. O.v.d. Pfordten (A. 237,201) 
obtained a black pp., said by him tp he 


; (it there is little HClAq, TL^O/is ppd.); the «olu- 
tion became green, then colourless, and then th® 

I bfack pp. was formed. The black pp. formed by 
. _NH,Aq, alkali carbonates, or (NH 4 ). 48 Aq, m aolu- 
.muaom. Ti/), (Ktimoui I tion. of TiCl, (j. o. p. 7«) UTiOft. nooording 
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to 0. ▼. A P. {U.). With Na 2 HP 04 Aq, and 
TiClj is said to give bluish-blaok 
and greenish-black pps., which mav be salts of 

TiO {0. V. d. ** 

TiTAlhiDM PBROXiDB. TiOj. {TUaniumttioxide 
or Bxiperoxide.) In 18ft2 {Atti dei*I^ncei^ 1882. 
U Piocini dropped HUjAq into solution of 
Xi0j.«H,,0; from the quantity of that 
rented be concluded that an oiidd TiO, was 
produced. In the same year (U. 15, 2599) 
Weller obtained a yellow pp., which reacted with 
HGIAq, giving off Cl, by the interaction of 
H-P^Aq and freshly ppd. TiOa,xHp or a solu¬ 
tion of Ti0.j.a:H,0. In IBl'^S, Classen (D. 21, 
370) added TiCl^, drop by drop, to dilute alcohol, 
then added to this solution a very large excess 
of HjO-Aq* and then KOIIAq, NHjA<i, or 
(NHJjC^^q; in each case he obtained a yellow 
liquid from which a yellow pp. separated after 
some time; after syphoning off tho liquid, 
washing the pp. by decantation, and drying it 
on a tile, he obtained a yellow solid approxima¬ 
ting to tho compositidn TiO.,.311.0. In 1880, 
L6vy (0. ii. 108, 291) approximately uetermined 
the composition of the pp. obtained by adding 
H,^0;,Aq to TiOj.xli.^O in Il^SO,Aq, by dropping 
in lt«0.^q ofi kno^vn concentration, and deter¬ 
mining the quantity of Il^Oa used in tho reaction ; 
L. concluded that the results could bo acoountod 
for by suiJlfOsing the yellow pp. to be TiO;,, 
Ti 0 .j.H. 40 j{, or but tliat probably the 

pp. was TiOj. In 1893 Bailey a. Dawson 
{Studies from tJie Phys. and Chem. Lahoratori&r 
of the Owens Golle.rje, vol. i. p. 216) Obtained 
yellow lo orange solids, agreeing fairly in com¬ 
position with the formula TiO,. B. a. D. added 
(1) Hp..Aq, (2) freshly ppd. BaO., to l’iO.,.a:n .O 
In dilute H^SOiAq, diluted tho deep-red liquids 
thus obtained with twice their volumes of 
alcohol, added cone, alcoholic solution of KOH, 
washed the pps. with alcohol (to remove If O and 
HaO.d.and then with ether, and, in some cases, 
dried in tho air. According to B. a. D., TiO^ 
dissolves in water, forming a deep-red liquid ; 
this solution decolourises KMnO,Aq; TiO., dis¬ 
solves in HClAq, giving off Cl. J^y allowing 
ppd. TiO, to stand for some time, B. a. D. say 
that a modification is formed insoluble in 
water. 

0xn>E8 OF TITAKIUU INTKRMKDI.ITB HKTWiiEN 

TiOj AND TijO,. 

I. By heating TiO, witli HCl gas in a reduo ng 
atmosphere, Deville (C. R, 53, 103) obtained a 
blue, crystalline solid, to which he gave tho for¬ 
mula Ti,0,. A similar solid (? Bame<composition) 
was obtained by Pricdel a. Gu6rin (^1. Ch. [5] 
0, 44) by passing H and' HCI over TiO., strongly 
heated in a porcelain tube. This blue solid is 
said to decomposo water, in prcst.ico «f strong 
bases, giving off H qnd forming TiO.,. *' 

II, By very strongly beating TiO., in H, 
0. V, d. Pfordten (.4. 237, 228) obtained a dark 
indigo-blue solid, to which he gave the formulat- 
TijO,,; aooerding to Ebelmen (/. pr, 42, 76), 
Ti,Q, is formed by this reaction. Heated in air 
the compound burns to TiO,. 

lU. By adding alcoholio solution of KOH to 
a solution of Ti0^xH,0 in dilute H,S 04 Aq, after 
treating the solution with BaO„ Piccini {Atti 
Zfitim, 1882.1) obtained yellow pps. with ooza- 
fositions varying from Ti^Ou to Ti,0^ 


Titanium oxyacids and salts and derivatives 
thereof. The hydrates of TiO, react as feeble 
acids,r besides reacting with the stronger acidn 
as feeble bases. The salts wherein Ti forms 
part of the acidic radicles are gener^y obtained 
by fusing TiO, with salts of the metals which are 
to be converted into titanates., Only a very few 
titanates are soluble in water; several dissolve 
jn HOlAq, but on diluting and boiling most, if 
not all, of the TiO,.xHaO is ppd. 

Titanic acids. Hydrates of TiO., are obtained 
by various reactions {v. Htdrated titanic oxide, 
p. 745). I^y drying under different condiiioqs 
solids are obtained approximately corresponding 
with the formula xTi0,.yHj(0, where x=sl, 2, or 
3, and y = 1,2,3,4, or 6. (For a list of tho hydrates 
obtained by different experimentora v. Tilttscheff, 
A. 141, 111.) There seems to be a series of hy¬ 
drates of TiO„ all of which may bo classed 
together under the name titanic acids^ none of 
them being stable through more than a few de¬ 
grees of temperature (v. Carnelley a. Walker, 
C. J. 53, 06, 81); tho relations of composition of 
I these acids may be expressed by such a general 
equation as 71X111,0, - 77tH.,0 » TirtIl 4 »- 2 iR 04 M_«. 

Tho titanic acids belong to two classes: 
those which are formed by decomposing TiCl, or 
TiBr, by dilate cold alkali solutions, or by warm¬ 
ing TiO, with cone. lIjSO,, dissolving the pro¬ 
duct in water, and ppg€ by dilute cold alkali 
solutions; and those wliich arc formed by de¬ 
composing TiCl, or TiBr, by water and boiling, 
or by dissolving titanic acids of the former class- 
in dilute acid and boiling, or by fusing TiO, 
witli KHSO„ dissolving in piuch water and boil¬ 
ing. The acids of tho former class are generally 
called titanic acids or ortho-tiUinic acids, and 
those of tho latter class meta-titanic acids, 
Orthotitanicacids dissolve casilyin dilute acids; 
metatitanic acids are insol. dilute acids ; by pro¬ 
longed heating with cone. H^SO, compounds are 
produced whicli dissolve on adding water. Mela* 
acids are also formed by heating oWfto- acids to o. 
100'\ Experiments made by Mer^ {J.,pr, 99,. 
ICG) show that tho meta* acids lose water, on 
heating, more easily than the ortho- acids. 

* OllTIIOTITANIC ACIDS. According to 
Wagner {B, 21, 960), a clear solution of an 
orthvtitanio acid is obtained by adding water, a 
drop at a time, to TiCl,, with constant shaUng; 
IlCl and TiO/l, are givBn off (by the heat of the 
reaction), a solid is produced, then a greenish- 
yellow liquid, and finally a clear ^solution. By 
adding 1 pt. TiCl, to o. 6 to 7 pts. water, Thorpe 
(C. «r. 47, 120) obtained an opalescent liquid 
which became cleat after standing for 40 hours, 
and then contained orthotitaniu acid; when 
this solution was heated ppn* of metatitanic 
acids began at o. 87 \ and at o. 90° most of 
the Ti was ppd. A solution of TiBr, ^ water ^ 
forms a perfectly clear liquid containing ortho-' 
acid (T., I.C., p. 126). Tho wliite flocoulent solid 
obtained by adding TiCl, to dilute HClAq, ppg. 
by NHjAq whtfa cold, viasliing with cold water, 
and drying in the air is Ti0,.2H,0 f« Ti 04 H 4 ), 
according to Merz (J.jpr.<09,166); this compo¬ 
sition ia also assigned to the solid formed by 
keeping TiCl 4 .PCl, under a bell-jar, with water 
and CaO, for some days, and then dryii^ over 
H,S 04 (TUttsoheff, A, 141, 111). When Ti 04 H 4 
is dri^ m vacuo (TUttsobeff, tx,)t or over 
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/Mert Ia>» the ttrodaot lA said to be TiOg-HjO 
! ^TiO. - TiO.OA). The composition 

the product diS at .100° (Merz, i.c.; Demoly, 

O. B. 1919. 925), dried at 140° (Tuttscheff, /.c.), 
or dried in vacuo over H.^S 04 (H. Rose, A, 52, 
269) ; after drying at 100 ° or upwards, mela» 
acids are probably produced. 

Orthotitanic acids are insoluble in water or 
alcohol; but dissolve easily in dilute acids; saia 
also to dissolve in alkali carbonate st)lutioiis. Tlio 
solutions in acids probably contain salts of the ty pc 
TiX,, X =Ci, NO 3 , ISO 4 , Ac.; but co^pouiuls of 
ttie form Ti(OH)xAy, whore X is a monovalent 
acidic radicle, and x is not {greater than 11 , may 
be formed, similar to the compounds Ti(()ll),,CI, 
Ti{OH) 2 Cl„ and Ti(OH)Cl 3 , obtained by 0 . y. d. 
Pfordton by the interaction of lIClAq and TiCl, 
{B. 21,1708 ; r.T itanium iirnuoxYL cuLouinisS, p. 
753). By adding a little cone, cold lIClAq to 
orthotitanic acid, allowing to stand for some 
days, pouring off the clear liquid from undissolved 
acid, and evaporating in vacuo, Koenig a. O. y. <1. 

P. (B. 22,1485) obtained a white solid (-ontainiiig 
Ti and Cl in the ratio 1:1-47 ; they regarded this 
as consisting chiefly either of TiCl,,{Oll)j but 
different in some properties from TiCl,(OH). ob¬ 
tained from TiCh—or chiefly of TiCI{OIl) 3 -llCl. 
White pps. are obtained by adding HaPO|A<i, 
HjAsO^Aq, or II. 3 C 304 A «1 to solutimis of ortho- 
titanio acids in dilute IIClAq, IIN 03 A(|, or 
H.^SO^Aq, after making nearly iumUi uI by NI I^Aq. 
When acid solutions of orthotitanic aci«is aie 
diluted cousiderably and boiled for some time 
the whole of the '|.'i is ppd. as inola- acids. 
Ortho- acids are also partly changed to incta- 
acids by keeping under water for a long time 
(Wagner, B. 21, 900), or by washing with 
hot water. Wlien an ortliotitanic acid is healed 
strongly TiO.^ is produced, with vivid incan¬ 
descence ; the change from a mota- acid to i'iO.; 
is not accompanied by incandescence. Accord¬ 
ing to Wagner (f.c.), the dehydration of moist 

. ortho- acids by gently warming is accompanied 
by changes of colour from white to grey, green, 
and black. 

METATITANIC ACIDS. Formed, as white 
powders, by dissolving ortho- acids In dilute acid 
and boiling for sometime; j^lso bytusinoTiO^ 
with KHSO, and boiling with much water; also 
by adding water toTiCl,or*Til^r,and boiling; also 
by oxidising Ti by UNO, S.Q. 1*25 (Weber, B. 
120 287). According to Weber (l-c.), frcslily 
prepared dilule TiCl^Aq is not rendered turbid 
by HClAq, HNO,Aq,or 11,80,Aq, but these acid.s 
at once ppt. metatitanic acids when added to 
dilute TiCi,Aq that has been boiled even for a 
few seconds. The pp. obtained by boiling a 
diluted solution of an orthotitanic acid in ddute 
HaSO.is said to have the composition TiOa .21130 
fasTiO.H.) when dried over H^SO,, the compo¬ 
sition BTiOa-lIIjO (=* Ti,0,«H, - Ti,0...() jl„) 
when dried at 120 °, and the composition 
8Ti0..2H.0 ( = TiAH. = Ti,0, C,HJ when dried 
at 140° (TattMshefl, A. 141, 111); Mer/, (.A pr 
99 166) gives the composition TiO^.H 30 

( = TiO,H,-TiO.O,lI,) to the air dried Ijl)., 
*nd the composition 2TiOj.H,0(«lijO,*!, 

= Ti,0,.0jH3) to PP- H,sa„ or at 

60 °. 

Metatitanic acids are white powders, insolablc 


in water or dilute acids; after heating with 
cone. H 2 SO 4 the products dissolve in water; 
when strpijgly heated TiO^ is formed without 
incandcscencob 

C0LL0ID.Ari TITANIC ACIDS, ^ralmm 
(T. 1861. 2 U) obtained a gelatinous, probably 
orthoUtani^, acid, insoluble in water, by dialy¬ 
sing a solution of TiOo..rlI,p in IIClAq; by dis¬ 
solving tilts gelatinous aohl in such a quantity 
of cold dilute HClA<i that not inoro than I p.c. 
titanic acid was prosmit in the solution, and 
dialysing for seA'ral days, (r! [C. J. 17, 325) 
obtained a dilute atiueuus stdution of colloidal 
titanic acid. Culb^dal, insniuldo, liUnio aoids 
have also been pii'|)ar«’d by Knop (.1. 123, 351), 
l{o.so ((/. .1. Til, 70 [.18-.i3i), and U. v. d. Pfordton 
(B. 17, 727). 

TlTANAl’ES. 'I’lieso sails have not been 
thoroughly investigated. Thoso which ^avn liocu 
bc.st I'xaniincd arc either <leiivii 1 iv«‘S of H/riO, 
or II,Ti(h, or aro basic sails of the typo 
aiMO.TiO^, where .r>l. Smnu acid salts 
I MO.a-TiO... where .e>l,%io also known. The 
’ older inve.sligations were made chiefly by U. 
Rose (/\ 01, 507) and by llautefeiiillo {A. Ch. 
[2J 4, 120 ). 

Barium titanates. An acid xalt ‘iJlaO.STiO, 

, (r=2DaTiO,.TiO., or lia/riO/dTiO.) was ob* 

! lained by iiour/jeois (T/. /*. l(t l, 111 ) in lustrous 
i inieroscopic crystals, by beating to -^11 redness 
'■ a mixture of ( (juivatent jiartsof TiO.^ and iiaCO, • 

: with cx«vss of Ua(U„ and washing with very 
. dilute liClAq. 

; Calirium titanates. Tlie noi maf .vnli CaTiO, 
occurs native as ptviuc.s/.///’. The samcjsalt was 
! furrued byliealing to bright redness a uiixturo of 
opiivalent parts of TiO. and CaOD,, .ith excess 
of CaCI,., and washing vvith very dilute HClAq 
^ (Dourgiiois, I.C.). 

I Iron titanates. 'J’hn mineral iiiauiferons 
' iron or iJnienite is inoro or le‘js pure a-Fo^Os-yTiO,. 

! By fusingamixttueof2i>ts.TiO,and5 pts.Fe^ . 
! with a largo exce.ss of NaCl, wasliing with water, 

' and then with very dilute acbl, Haiitofouillo 
(C. li. 50, 733) obtaino'l dark purple-violet, 
lustrous crystals of ferrous titanate bo^^liO, 

(^2FeO.Til>,); but according to Koenig a. 
O. V. d. Pfordton (B. 22, 1 the salt produced 
is ferric Lilanatc Fe^{TiU 4)3 (- 2Fo,0,.3TiO^. 
K. a. O. V. d. r. say that th« salt dissolves in 
water after warming with cone. forming 

a f*roen soliitiqp containing ^'©^(SO,), and titauio 
aci<l. 

Magnesium titanates. The normal scut 
MKTiU,( 'MgO.TiOJ was obtained (by Hattte- 
feuillc. 'i.c.) hy licatiiiK to wliitcncBS, (or a abort 
time ill a elosod crucibift, a mixture of 1 pt. PiO. 
*aiul 10 (ilB. MijCl, with a little Nil,Cl, washing 
with extrunic*^ dilute acetic acid, and thea with 
wator ; lustrous, six-sided (probably trimetric) 
crystals, H.Ci. »-'Jl. The same salt it formed, 
aecordintt to Winkler (R 23, 2007), by heating s 
mixture of TiO, and Mg powder. By heating 
a mixture of 2 pts. TiO,, 1 pt. Mg(l, and 40 pt». 
MkC 1„ and washing witli very dilute noetic acid, 
the salt Mg.TiO, ( - 2MgO.TiOJ is said to be 
formed in hard, lustrous, regular octahedra, S.G. 
3-42 (H.). 

* FoUssiam titanates. When liO, is fused 
! with excess of K,,CO, the quantity of CO, given 
off corresjponds with the formation of the 
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normal zalt EjTfO,; after fasion two iajers 
are obtained, the lower of wbiob is said to con> 
slst of E^TiO,, while the upper oontaina the 
undeoomposod K^CO,. K^TiO, isfdosoribed as a 
yellowish, fibrous, easily fused solid (H. Bose, P. 
61,607). Water resolves it (accovd^g to Bose) 
into an insoluble acid salty and a soluble baaic 
salt ; but according to Hermann (/. pr. 38, 92) 
no trace of titanic acid goes iMo l>olution in 
water, but all remains in the insoluble acid salt. 

Sodiam titsnates. The normal salt Na^TiO, 
was obtained bjl H. Bose (l.d.) similarly to the 
Ksalt; water resolves it into an insoluble aci^ 
salt and NaOHAq. By halting Na^WO,, and 
in some cases also WO„ with mixtures of TiO.^ 
and Na^COa previously fused, Cormimbeeuf (C. 
115, 823) obtained three acid salts: 

(1) 2Na.p.3TiO,{«2Na..TiOH.TiO«, or 
N 84 Ti 04 > 2 Ti 0 a). (2) Na..6.2TiO,(Na.TiO,.TiO..,or 
Na^TijOJ, (3) Nap.3TiO, ( = Na,Ti 03 . 2 Ti 0 j or 
NajTijO^. 

Strontium titanates. An acid salt 
2 Sr 0 . 3 Ti 02 ( = 2SrTiO%;TiOr, or Sr;fi 04 . 2 Ti 0 ,) 
was obtained, in pale-greenish yellow cubes, S.G. 
6*1, by Bourgeois (O. li- 103, 141), by heating 
eqthvalent parts of TiO, and SrCOj with excess 
of SrClj, and jvashing with very dilute HClAq. 

Zinc titanates. The normal salt /inTiO^ was 
obtained by L 6 vy (C. P. 107, 421), by heating 
to redness mixture of 2 pts. TIO.^, 8 pts. Z!iS 04 , 
and 3 pts. IGSO^, and washing with dilute 
HClAq; pale-violet, silky needles, S.G. 3’17, 
scarcely acted on by boiling cone, acids or cone. 
KOHAq. By varying the proportion 6t TiO^, 
ZDS 04 ,< 4 ind K.SO, used, L. (l.c.) obtained tho 
fwrmal Zn/TiO,, which may also bo regarded 
as a basic salt ZnTi 03 .Zn 0 ; the basic salt 
3 Zn 0 . 2 Ti 03 (33 2 ZnTi 03 .Zn 0 }; and tho acid salt 
4Zn0.5Ti0., {- 4 ZnTi 03 .Ti 0 .J. 

FLHOTITANATES; v. Titanijlum-ides, 
under Titanic pluomde, Combittatimis, No. 2 
(p. 742). 

FLUOKOXYTITANATES: v. Titanoxy- 
finorideSy under Titanic fluouidb (p. 742). 

MOLYBDOTITANATES. A few compounds 
of the form TiO.;. 12 Mo 03 . 2 M..O.a:aq, where 
M = NH 4 and K, are described by I’cchard (C. It. 
117, 788). By shaking with ether a solution of 
the NH 4 salt, acidified by HClAq, nnd allowing 
the ethereal liquid to evaporate, P. {l.c.) obtained 
molybdotitanic acid TiO 3 .i 2 MoO 3 . 22 aq, in golden 
yellow octahedra, melting at c. 6 p°, very solu'^le 
in water. 

OXALOTITANATES. By dissolving 
Ti 0 ,.xH 30 in hot KnC.G 4 Aq end cooling. 
Pochard (C. R. 116, 1513) obtained triclinio 
crystals ox 2 KHC 304 .T 1 ' 0 . 3 .U 30 . By treating a, 
solution of this salt with BaCI^Aq, crystals of 
Ba{H 0304 ) 3 .Ti 03 .H 30 wero obtaine.i; and by de¬ 
composing this by an equivalent quantify of 
dilute H 3 S 04 Aq, filtering, and evaporating 
in vacuo, long necdlos of oxaloHtanic acid 
2 H 2 (L 04 .’ii 0 t.* 2 Uj 0 were obtained. 

SILICOTITANATES; v. this heading, 
p. 464. 

litaninm, oxychlorides of. Several oxy¬ 
chlorides are kno^'(n. (1) TiOCij. According to 
Demarqay (0. R. 104, 111), this is the first pro¬ 
duct of heating TiO| and GCI4 in a sealed tub4 ; 
it is described as a yellow crystalline solid. 
Heated with 001| it gives Ti01« and COCl, 


( 2 ^ TiOOl. Obtained by passing a mixture of 
T 1 OI 4 vapour and dry H over TiO* in a tube 
heated white hot; TigO, and Ti^Cly are also pro* 
duced in the reaction (Eriedel a. Gu4rin, Bl. [3] 
22, 481). Brown, ortborhombio leaflets; heated 
in air bums to TiO.^ and TiCl 4 . (3) Ti 40 jCl,. 
Pormed by passing TiCl 4 vapour through a red- 
hot tube containing fragments of porcelain 
,(Troo 3 t a. Hautefeuilld^ C. P. 73, 603). (4) By 
allowing TiCl 4 to deliquesce in air, and then 
evaporating over H 3 SO 4 and CaO, Merz {Bl. 
[2] 7, 401) obtained a solid approximating in 
composition to T^O^CIi.lOHiO. In conncctiqu 
with oxychlorides cf. Titanium uydroxyi. culob- 
IDES (p. 743). 

Titanium, oxyfinoride of. By decomposing 
by water the crystals formed by dissolving 
TiO^-xII^O in HI’Aq and evaporating, Berzelius 
(P. 4, 1) obtained a white solid, of which ho 
said it was an insoluble, * so to say, basic,' com- 
liound. 

Tho titanoxrjjluoridcs Ti 03 P 3 . 2 MP may be 
regarded as compounds of tho oxyfiuorido TiO^l^, 
(y. Titanic fluouidk, p. 742). 

Titanium, oxythiochloride of. The compound 
TiCl3.OSO3.Cl formed by tho reaction of TiCl 4 
with SO3.OH.Cl may bo regarded as 11038014 
(y. Titanic cniiOiiioK, licaciions. No. 10, p. 740). 

Titanium, salts of. Not many salts have 
been prepared by rcplacirg H of oxyacids byTi; 
most of those that Imve been isolated are basic 
salts derived from the oxide TiO^. One salt, 
Ti- 3 ( 80 ,)a, corresponding with the oxide ThO^ 
has been isolated. I'or tho individual salts v. 
Nituatks, vol. iii. p. 517,.; Biiosthates, tliis 
vol. p. 112 , Til* 30 „ prepared by dissolving 
TiOo.xH 30 in molten 11,PO, (Hautefouille a. 
Margottot, G. It. 102, 1017) should bo added; 
and Sulphates, this vol. p. 580. 

Titanium, sulphides of. Three compounds 
of Ti and S havo been isolated : TiS., Ti^Ss, and 
TiS, coiTOsponding with the three oxides TIO 3 , 
Ti 30 „ and TiO. 

Titaniumdisulphide TiS 3 . {Titanicsulphide.) 
Mol. w. unknown. H. Hose (P. 8,177) said that 
this compound was obtained by passing vapour 
df CS 3 over very strongly heated TiO,; but 
O. V. d. Pfordten {B. 17, 727) and Thorpe (0. J. 
47, 4^1) have found that it is not possible by this 
method to obtain TiS., free from Ti oxides. TiS.j 
is prepared by passing perfectly dry H 3 S into 
TiClf kept somewhat below its b.p., and sending 
the mixed vapours through a glasp tube heated 
to incipient redness ; TiS.^ deposits in the tube, 
and HOI is given off (Ebelmen, A. Ch. [3] 20, 
285; confirmed by 0. v. d. Pfordten, B. 17, 727). 
According to O. v.d. P. {A. 234, 257), tho H 3 S 
should bo passed through GrCl...Aq, to remove 
traces of O, and dried by means of P 2 O,; and 
the tube should be filled with H 3 S beiipre the 
mixed vapours are passed into it. 

TiS .3 forms largo, brass-yellow, lustrous, 
mctal-llke scales. 

TiS. is decomposed to Ti,S, and S by heating 
in hydi^m or nitrogen ; it is not changed by 
heating in hydrogen inr^mesence of excess oj 
hiidrogen sulphide ; heated to redness in carbon 
dioxide it as completely oxidised to TIO, 
(O. V. d. P., A. 234, 257). Ebelmen (f.c.) gives 
the following reactions: with dry chlorine gives 
TiCl^ and SgCl,; heated in air, TiS^ is burnt to 
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riO« and SO,; exposare to moist air decomposes 
riS, gradually, with evolution of JL^S; heated 
to redness with steam gives Ti0.»xH,0, II..S, 
and H; nitrie acid produces TiO^a-RjO, S, and 
NO; aqua regia oxidises it to TiOa.xIip and 
H^SO^Aq; not acted on by hydrochloric acid 
(H. Rose said that TiS, dissolved slowly in 
HClAq, giving off H.^S); insoluble in ixdassiuin 
sulphide solution; digestion with potash soht-^l 
tion produces K titanato and KHSAq (Rose). t 
Titanium BESQUisuLPiiinis Ti.Sa. Mol. w. un¬ 
known. Thorpe (C. J. 47, 491) obtained this 
campound by passing the vapours oC,moist ll.S 
and eSj over powdered TiO^ heated to very 
bright redness in a porcelain tube ; dry and 
eSa had no action on TiO- T. dfseribes Ti.,S., 
as a greenish-black powder; he di<l not obtain it 
quite free from TiS., as by heating at a lower 
temperature than full redness in H.fc> and CS. it 
is slowly changed to TiSo. 0. v. d. Pfordten 
j/l, 234, 257) obtained Ti,S;, by heating TiS, to 
full redness in dry II or N (S being set free); he 
describes it as a grey, imdal-like solid; insohih'o 
inNaOHAq ; soluble in llNO^Aq or cone. JI-.SO* 
forming green solutions. 

Titanium MONosuLrniPB TiS. Mol. w. un¬ 
known. Fonned by very strongly heat ing 'J’lS. 
in perfectly dry II quite fn^c from 0 ( T., f.c.; 

O. V. d. r., Lc,). A black powder (T., l.c.) ; fi»nns 
dark-red crystals (O. v.^d. F., l.c.). Slowly acted 
on by HNO^Aq or aqua regia; insoluble in 
NaOlIAq. 

Titanium, sulpbochloride of, v. Titakiu.m 
TU iocuLORims, iufrii. 

Titanium, thiochloride of. TJio pp. formed j 
by passing pure dry ILS into hot'J'iCl, is pro- j 
bably a tliiochlorido, according to O. v. d. ! 
Ffordten {A. 234,257). M. 1 . 

TITANIUM GROUP OF ELEMENTS. The | ihu: 
four elements, titaniunti zirconium, cerium, j 
thorium form, with carbon, the cvea-ym ics \ 
family of Group IV. in the periodic classitiuation j 
of the elements. There is yet an clomciit to bo ^ 
discovered between Co and Th ; this unknown , 
element will come in series lUof Group IV. Tlic 
titanium family of clement.^ is closely a!li<'d Wj 
the tin family—-Oc, Sn, Fb- which, with Ki, 
form the odd-scrios members of Grou)^ 1\. 
Carbon is the first even-series member, and 
silicon the first odd-scrie.slnombcr, of tin; group ; 
these two eleineuts are more like ono another 
than they are like the rest of the group. 

For the properties ami relations of C and 
V. Caebon ouoop op EWIMU.NTS, vol, i. p.<>H2 ; ami 
for the tin family v. Tin okooi* op kw-:mkms, 

this vol. p. 735. . , , i ^ 

Tlie presence of an clement, before unknown 


earth, which he called thorium, in the same 
year. 

None of the four elements Ti, Zr, Cc, or 
Th occurs native; the compounds of the,se eU* 
nionts arc comparatively rare, esi>eciall} those 
of Ce and llu 

TIio most frequently found compounds are 
the oxides MO.^, gcucially in combination with 
SiO^ and wtth •alkaline earths. The metals are 
obtained by reducing their double iluurides by 
Al, K, or Nu; also in some eases by reducing 
the cliloridcs by W or Na; Co lAs also been iso* 
lated by oieidrolysing molten CeCl,. The tabU 
on the follow ing pag^ piorArnls Homo of Uie physi¬ 
cal and chemical properties of tlio elements. 

General fonnul v anil > hararfers of cow- 
Oxides. - Mt);„ prohahly for all 
(VThI).); MO;., for all; win n M-Ti or 

Cc; perliaps TiO. Hydrate:, of M(»;. eflst. 

u Ip In d csMS,, when M Ti or Th, 

? Zr ; M .S,, win 11 M - Ti or Ce ; TiS. 

Haloid CO mimunds.- MX ,, when X Fr, 
Cl, F or 1 (only CVF, frepaietl); MX^. when 
M - T'i, ani X •• ( 'I, also wlieii M -• Co and X - Fr, 
Cl. F or I; TiCl,. Salts.-Mh., RxNO,, 
,',S0^, Ac.; most aro basic when M= Ti 

or Zr, hut when many normal, and 

when M Th most uro normal ; Kcveral salts 
Ce..U.j are known, and a few 'I'i.K,;; the Colt^ 
s alts are more stahlothan the ('<•!{, H#Jt.s.^ i4aUs 
containing M in tho ae i die radicle.— • 
M.T’iOj and(dhorsof general form JcMO.yTiO.^; 
Ty'ZiO,, M^ZrOj, and oMu;i;} .*f gcncTul form 
aMO.yiirO... No cerates or timrates isolated. 
SiiHs'X,MF„ known winm M Ti, Zr,#)r Th; 
;>Cel'',.3KF known. Acids. 11 TitJ,, 

11'I'iO,, Il./fiF,,; various hydrates : /aO/J/li.O 
act ns fceldo acids; H.ThO, and lITIi^O,. are 
in.rhaps foeblo acids, but it is Ksiid that IhOj 
s not decompose alkali carbonates when 
fd tliercwith. ., 

The, oxides MO. are haHi<;. ami also fcoblj , 
acidic when .M is Ti or Zr; tlioy internet with 
gome acids to form corrcKjionding salts, ami, 
when M = Ti or Zr, with nlknlis to form salts 
whmein M forms part of the acidic radicle; no 
salts of oxyacids with Ce orTh in tho ncgativo 
raili'doH have yet bcui isolated. Kcveral hydrates 
of MO., (ixist, they easily pass one into tho other 
with small changes of tonip(?raturo; HOinc of 
tlieso hyilrato.s react us feelde aisid.'S towards 
l)asts, forming .salts of the types X'jjMOg, 
X'MO,, ami, gem rully, a*X'/).//.MOj,; theso 
‘ aUs are not referable to such ihdiiiito forms as 
the Htannat$s or Hilicnies are, but they resemble 

these elasv.es of H.Tlts fairly e.ioi ely. 

The salts wliieh aro^huivod from the oxides 
*MO by tho intenu tionH of these oxides with 
. .. . wiicjro X«NO„ 


in /cornisTmineral wns rocognisoil by OruKor | aci.lB, ve of»tbi. lorm MX,, 
in 17«t andby Klapvotb a years later ; tl.« : v.hc.„ M^Zr, many 

announced by x.^a ifts. ' oxides* the formula Th.O, that is assigned to 

ccrinm to the metal of ,: ,g .26 : tfte ojcide of Th formed in Ihia way cannot bo 80 - 

eovered; ! cepted as final. The oxides TijO, and CeA 

Sir toTsarand Sud the metal olVo 1 axe baaie; the most definite and stable salt# o« 



Atomic weigThU, 


Melting-points. 
Spec, gravities 
(approx.) 
Spec, heats. 
A tomic weig ht. * 
^Spec. gravities 
(approx.) 
Physical pro¬ 
perties. 


Molecular weights unknown. Mol. weights of one or more compounds of 
I each element, ec^pt Ce, have been determined by Avogadro’s law; spec, heats 
determined directly. 


Has not been fused 


Has not been fused 
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bbtained only as a A black amorphous Steel-grey, very lus- Dark-grey, 


trous powder; 
also obtained in 
microscopic octa¬ 
hedral crystals. 
Has not been 
fused. 


Occurrence and 
Preparation. 


Chemical pro¬ 
perties. 


powder; black, lus- powder; resem- trous metal; mal- trous powder; 
trous, apparently bling lampblack, leable, and due- also obtained in 
amorphous. The but much heavier, tile. Molts much microscopic octa- 
powder has not Also obtained as a more easily than hedral crystals, 
been fused. very lustrous, any other member Has not been 

hard, brittle solid, ! of the family. fused, 
resembling Sb. 

* Said to melt above 
I m.p. of Si* 

The four metals occur chielly as silicates, Ti and Zr in moderate quantities 
and the others only in a few rare minerals. The metals are prepared by 
reducing the chlorides, or alkali salts of the form K._.(or Na.,)MFa, by heating 
with K or Na; Oe also prepared by electrolysing molten CcCI,. 

Burns brilliantly Amorphous Zr Burns when heated Burns, when 

when heated in air, burns brilliantly j in air, or O,‘to heated in air or 
or in O, forming when heated in CeO.^ Uecompoacs O below redness. 


TiO;^. Decomposes 
ILO at 100'^, giv¬ 
ing off H. Com¬ 
bines readily with 
Cl, less readily 
with Br, and with 
I only when va¬ 
pour of 1 is passed 
over heated Ti. 
Dissolves in warm 
dilute HClAq, 
H..SO^A<i. 
HNO,Aq,orHPAq. 
Forms two classes 
of salts TiX.j and 
TiX„ X = NO„ 
iso,, <fto.; very 
few TiX;, salts iso¬ 
lated, and not 


air, or O, forming 
ZrO^; ihecrystal- 
l!hc metal is super¬ 
ficially oxidised at 
a w'hito heat; it 
burns in O-II 
ilame. ComUnes 
with Cl, probably 
also with Br and 
I ; compounds 
ZrX, are formed 
by heating ZrO., 
and C in X. Com¬ 
bines directly with 
S. Dissoivea slowly ' 
in hot SO,, 
nClAq, HNO>q; 
rapidly in UFAfj. 
Decomposes moi- 


cold water, giving 
off H. Combines 
directly with Cl, 


to ThO^. Com¬ 
bines with Cl, Br, 
or I when heated; 


Br, I vapour, & also with S va- 
vapour, and P pour when heated 


many TiX,; all ten KOH; crys- 
salts easily decom- tallini^ Zr is said 


posed. Salts de¬ 
rived from the 
acidic hydrate:^ 
xTi0^.yBL.O also 
known. The acids 
H.,TiP. and 
H^TiO.JF,, ufAd ; 
sa^ls derived there- ; 
from, are known. ' 
TiO„ probably a 
Buperoxide, exists. 
Combines fairly 
readily with N, 
and with N and 
Atom of Ti 
ts tetravalent in 
gaseous molecules 
TiOl^ and Til 4 . 


vapour. Dis¬ 
solves easily in 
HClAq, HNO^Aq, 
IIaSO,Aq, or : 
HFAq. Forms two 
classes of salts, 
Ce.^X„ and -CeX,, 
X*=N 03 , AvSO„ 
&c.; salts CtvX^ 
are more stable 
than CeX„ the 
latter are easily 
reduced to CejX,,. 
No cerates, yvhere 
Ce forms part of 
negative radicle, 
have been isolated. 
Salts of form 
MXeFj not iso¬ 
lated. CeOj, pro¬ 
bably a super- 
oxide, seems to 
exist. 


not to be oxidised have been isolated, 
by molten KNO* Salts of form 
or KClO;,. Forms MXeFj not iso- 
salts ZrX,, X= latcd. CeO^, pro- 
NOa, aSO,, (ko.; bably a super- 
most salts isolated oxide, seems to 
are basic, exist. 

*’ Salts 
derived from acid 
H-^ZrF^are know'n. 

A Iso formn zircon- 
atos f/MO.aZrO, 

where Zr enters _ 

into negative radicle of salts. Oxide 
higher tharv ZrO^, probably ZrO,, 
(? sQpe^xide) exists. * ZrH^ perhaps 
exists. Atom of Zr is tetrav^ent in 
gaseous molecule Zr01«. 


therein. Easily 
dissolved by 
IlClAq or HFAq; 
slowly by hot 
H,SO,Aq ; 

UNO;,Aq has only 
a slight action. 
Forms saltsThX,, 
X-NO,, iSO„ 
Ac.; fair number 
of basic salts 
known. Hydrates 
of ThO„ 
Th 0 ,. 2 H 30 and 
4Th0a.H,0, are 
probably weak 
acid^, but thor- 
atea have not 
been isolated. 
Oxide higher 
than ThO,, pro* 
bably ThX„ iso¬ 
lated (?’ super- 
oxide). • ThH, 
perhaps exists. 
Atom of Th is 
tetravalent in 
gaseous molecule 
XhCl^. 
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C 0 Are derived from this oxide. Several of tSe 
Jialoid compounds MX 4 have been gasified with¬ 
out dcoompositloiit viz. TiCl 4 , Til 4 , ZrCl^, and 
ThOl^. The haloid compounds MX 4 form’many 
double compounds with other halides; some of 
these are certainly best regarded as salts of 
hypothetical acids containing M and X in their 
acidic r^ioles; the salts of this class 
are characteristic of the elomccits of Group IV.: 
all the elements of the groiip» except 0 and Co, 
give these salts Ce is said to form 

KsCe 2 F,j(=* 2 CeP 4 . 3 KF), but further examination 
will most probably lead to the isolation of salts 
■ft.CeF,. Ti and Ce form chlorides RfX.,, ormo’‘o 
probably from the analogy of C.;C1,. and 

S 4 CI 4 ,; Ce also forms Ce^llr^, Ce^Fg, and Co Ig, 
inaeed the only haloid compound of Ce belong¬ 
ing to the form MX, that has yet been isolated 
is OeFg. The sulphides have not been thoroughly 
examined; Ti is the only member of (iroup IV. 
which is known to form three sulphides corre¬ 
sponding with the oxides, TiS, Ti .S.„ and TiS_.; 
ono sulphide of Zr is known, probably ZrS 
ThS .4 is the only sulphide of Th tlnit has bren 
isolated; and the only known sulphide of Co is 
Ce-^.S^. So far as investigation has gone, the 
sulphides of Ti, Zr, Co, aml'lh arc basic. 

A comparison of the titanium family witli 
the tin family, which comprises the odd-sories 
members of Group IV^C and Si bi’ing omitted), 
shows that Ti, Zr, Ce, and Th are more metallic, 
on the whole, than Ge, Sn, and Pb. Th i;. cer¬ 
tainly the most markedly positive element of 
Group IV., and Ti is at least not more negative 
than Ge; Zr is mor^ metallic than Go, and Co 
more metallic than tin. The following forniulio 
show that, so far as composition goes, tlicro ia 
about an equal siinilarity bidween C and Si and 
the Ti elements, as between C and Hi and tno 
tin elements: 


there is between tiie two famlliM of Group VI. 
Considering that the titanium and the tin ole* 
ments belong to even and odd series, respec¬ 
tively, of Group IV., which group comes midway 
in the general periodic scheme of olasskication, 
we should ixpect the titanium feven-sories) 
family to 5e rather more metallic tiian the tin 
(odd-sorics) family, but at t)ie same time wo 
should oxi*>ct*theso two families to be very like 
ono another; this is exactly what a study of 
the two families shows to la* the case. 

In connoclion^vith this arliT’lo x\ Tim onouP 
or lii.KMKNTs, tliis vol. p. 7.15, and Caubom 
onoup or KLr.MKNTs^vol. i. p. 082). 

M. M. P, M. 

TITANOFLUORHYDBIC ACID HJiF. u. 

Titani/hoohydric aci>i,uu>\<'V Thanic rumiUDK, 
Conihiihitiinis, No. 1, p. 7-12. 

'IITANOFLUORIDES M.Til'', Titniii- 
fluoridt's, under TiT.iNit! kluoiuio’, CtunhiiuitionSt 

No. ‘2. p. 742. 

TITANOXYFLUORHYDllIC ACID JITiO.F* 
V, TirANIC#’LllOIUI>K, p. /?2. 

TITANOXYFLUORIDES M,Ti( V, Titanjo 
FUJOIUDK, 7-12. 

TOLALLYL SULPHIDE C JI ..H,. fl74‘’l. 

(.'150'^. .'{00^ i.V.). A product of distillation of 
lion/.yl suljdudo (Miiictcf, .1. I'lO, 75; Forst, .4. 
17X, Jl7f>; llaumann a. Klctt, 7>^24, 

I’lntes (from ether). 

TOLANE V. Di-riirNvri-ArKiyt.KNK. 

Tolane dibromide v. Dmuiomo-puknvl-etiivl- 

EMK. • 

Tolane chlorides v. CuLoao-rjiicNyr^ETHANi 
and Ciiroao-rnKNYii-ETiiYLUNn. 

TOLENE r. Tolu uai.sam. 
;,-TOLENYL-AMIDINE Cyl,„N, <jt. 
C n,^ri'.C(NI[)(Nl'4. 1I(I2’|. Fnrmral by tha 
actiDii of alcoliolio NHj on llio hyilrochlonda of 


Oxides 


Sti Ij'hidr.'i 


CO 

?SiO 

?C.O. 

CO, 

yio. 


cs ?c,s, 

?biH 

CS, 

SiS, 

?SiCl, 

!TiO 

Ti-A 

Ce,0, 

TiO, 

ZrO, 

CcO.. 

ThO', 

TiO, 

ZrO, 

CcO, 

?TbO. 

TiS 'I’iB,. 

• 

Ce,S, 

a 

TiS.. 

ZrS-a?] 

ThS, 

TiCl, 

GeO 

SnO 

PbO 

fSn, 0 , 

Pb,Oj, 

GcOj 

SnOj 

PbO .4 

• 

CcS 

.eiriS ??Sn.,S, » 
I'b.S 

o-s, 

SfiS^ 

?OeCI, 

SnCI, 

IMjCl, 


('hlviiila, <flc. 
CCI., CClg ' 
Si (Mg HiClg 

Ti Clg TiClg 

ZrClg 
CooClg Cfjl *4 
ThCJg 


A comparison of the odd-serics families rjf 
he different groups with the even-eeries Iamilic» 
omitting series 2 and 3) shows that, speaking 
jroadly, the members of the even-series families 
ire more metallio in their chemical properties 
han the members of the odd-serics families, 
ind that the general difference between even and 
jdd families becomes more marked in tne 
liigher than in the lower groups (w. Table in 
rol ill. p. 811). For instance, tl,o oven family 
»f Group VI.—Or, Mo, W, and U—is decidedly 
more metallio than tie odd family of the same 
ironp—3, Sc, and To; but although the even 
family of Ordup II.-Ca, St and j?a-i 3 m*e 
metallio than the odd family of the same group 
—Mg, Zn, Odand Hg-there is not nearly so 
great a diffetenoo between these two lamilies as 


Gf.'Clg 

HuCl, 

rbci 4 (?) 


7>-loI*^uyt-imL<io-iuMyj-« bfM-i lii-i-rv,....-a, 

Tfiirly platf*, hoI. atcoliol and ether. 

Ttearlions. -1. CO.C^ in toluene and NaOH 
t;ive (C.U,.C(.SH).NH),CO and 
i C,II,.0<^^;cJ£’,\y>N [over IJOO-] (Pinner. B. 
25 1425).—2. Oxnlncetic Hhrr and NaOH form 
C:il-.C(NH).NH.C 0 .Ca 3 .C 0 .C 04 Et [lOO^’J and 

,c,n’[“ 2 °] 

^^“Salts.-P.TICI iaq. [218°]. — B',H,PtOL. 
r 22 .';°l.-B'HNO.. [133°]. -Needles, v. sol. 

water (Kirsohniok, A. 26.3, lo 7 ).—B'HNO,2aq. 
[86 -].-B',H,SO,2aq. [210°]. v. sol. water. 

o.TOLlntL.AMIDOXIlt 
C,H,.C(NOH].NH,. [149-6°]. Formed by heat- 
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{nff o-iolnio nitrile irith hydroxylamine hydro- 
ebloride, alcohol, and Na^GO, (Schobart, B. 22, 
2438). Needles (from hot water), v. sol. aloohol 
and ether. • 

Ethyl ether 0,H,.C(N0Et).NH, [140'‘]. 
Prisma, v. sol. aloohol. » 

Benzoyl derivative C,II,.C(l50Bz).NHj. 
[145“]. Needles, sol. alcohol. Cone. HjSO, forms 

C,H,.0<N^°>0Ph [80»]. • ' 

o-Toluyl derivative 

C,H,,C(NO.CO.CVH,).NH,. [108°]. Converted 
at 180“ into 0,H,.0<^j;,®>C.0,H, [69“] (Stieg- 
lit 2 S, B, 22, 8156). Sodiuip diazobonzene sul> 
phonate forms ■ 0,n,.C.^^^>C(NHJ.C,H, 
[110“J. 

p-Tol8iiyl-amidoxim C^TIjoN.p i.e. 
04 H 4 Me.C(N 0 H).NH 2 . Tohtumidoxim. [146°]. 
Formed by combination of toluic nitrile with 
hvdroxylomine (Schubart, B. 19, 1487). Whit© 
plates, sol. alcohol, otlitr and Imt water. Yields 
NaA', a hygroscopic mass, and HA'ilCl [187°], 
crystallising in prisms. 

Beactions. —1. Benzene sulphonic chloride 

forms [89“] (Pinner, B. 

24, 4173).—2. Aceto-acetic ether gives rise to 
C,H,.t)<^^>O.CH,Ao [97“] (Schubart, B. 22, 
2438).-'8. Acetic aldehyde forms the compound 
C,H,.C.^JJj®>CHMe [127-6“].—4. Hot^ HOA6 

forms [135“].-5. COClj 

produces 0,H,.0.^^j^>C0 [220“].-6. ClCO.Kt 

yieldsO,H,.C(NHJ:NO.CO..Et .Phenyl 

cyanate gives 0,H,.C'(N0H).NH.C0.NHPh 
[155°].— 8. Phenyl thio-carbimide reacts forming 
g,H,.C(NOH).NH’!CS.NHPh.—9. Potasskwi cy¬ 
anate acting on the hydroclorido gives rise to 
0,H,.0(N0H).NH.C0.NH, [170°]. - 10. Ac,0 and 
KaOAo acting on the hydrochloride form 
NH(C(NH).C,H,), [153°] (Clock, B. 21, 2657).— 
11. Sxtccinic anhydride forms the compound 

0,H,.0<^j;f^^C.0H,.CIL.C0.^ [138-5°].-12. 

Boiling AOjO forms C,n,.0<^^^^CMe [80°], 

18. GS.. and alcohol form, on long boilii'g, 
0,H,'C(NSH)NH.CS.SHH,N.0(NSH).C,n, 
(Crayen, B. 24, 390).—14. OS.^ and alcoholic 

potash yield 0,H,.0<^^>CS [166*]. 

Methyl ether 0,H',.C(N0Me).NHj. [85“]., 
Ethyl ether Elk'. [64“]. Needles. Con- 
verted by HBr and NaNO^ into Oj^^.CRriNOEt, 
an oil, decomposed at 155° (Schubart, Bv 22, 
2434), while hydrogen chloride and NaKO, form 
O,H,.C01:NOEt (200°). 

Benzoyl derivative O,H,.0(NOBz).NHa. 
[178°]. Oo^erted by heat into 

0,H,0<^^°>0Ph. 

References. — NrxBO- and Oxx-toiiUahisoxiu. 
^TOLENTL-IHISO-EIHTL ETHEB 
0,H,.0(NH).0Et. The hydroohloride B'HGl 
[161“] formed by the action of dry HCl on 
p-toliUo nitrile dissolved in etber-aloobol (orms 


prisms, yielding B'^H^PICI, 2aq, converted at 
200“ into p-toluio amide, by NB^ >oto p-tolenyl- 
amidlne, by aniline into di-phenyl-tolenyl-ami- 
dine [168“], and by AOjO into the oompound 
C„H.Me.C(NH).OAo [147“] (Glook, B. 21,2650). 
The free base is liquid and changes on keeping 
into a polymeride [260“]. 

TOLENTL-FHENTLENE-DIAHINE 

[h68“]. Formed by reduo. 

tion of tolyl-o-nitro*aniline and also' from p- 
toluyl chloride and o-phonylene-diamine in benz¬ 
ene (ilubney a. TIauemaun, A. 210,328). Priamg, 
si. sol. water, sol. aloohol. 

TOLENYL-PHTHALAMIDONE OiaH,oN,0 U 

0.n,Me/ '^C . 

^N< >C„H,. [188“]. Got from 

\co/ 

tolenyl-bcnzcnyl-amidino o-carboxylic acid (Bis- 
trzyeki, B. 25, 1984). 

TOLENYL-XYLYLENE-DIAMINE C„H,„N 
i.e. [1:4] C.H,Mo<^jj>0,H,Me, [®:l;3i 

[217°]. Formed by reducing the p-toluy deriva¬ 
tive of nitro-xylidino (Briickner, A. 205, 125; 
Hiibnor, A. 210, 333). Long crystals (from 
dilute alcohol).— 

TOLIDIKE V. Di-AMino-niTOLYL. 

TOLIL Ve Di.tolyIj-di4f.tonr. 
TOLIL-BENZOIK v, Bfnzoin, Reaction 9. 
TOLINBOLE v. MKTnYL-iNOOLB, 

TOLISATIN V. Methyl-iSATis. 
TOLU-ACET^ALDEHYDINE C„H„N, i.e. 

0,H„(N;CHMe), or C,H.<^j,|.^OMo (7) [91“ 

uncor.]. Formed together with a small quan¬ 
tity of ethenyl-tolylene-diamine, bv mixing tolyl- 
cne o-diamine (1 mol.) with aldehyde (2 mols.) 
in cold HOAc (Hinsberg, B. 20, 1688). 

TOLV-AMIDOXIU v. Tolbnyl-amidoxiu. 
TOLTT BALSAM. Obtained from incisions 
in tho stem of MyroxyUim toluiferwn growing 
in Columbia, South America. It contains a 
terpono, tolcno 0,on,a (164°-170°), benzoic and 
cinnamic acids, benzyl cinnamato and two 
resins : C,gH,BO« [60°] v. sol. alcohol and ether 
and [above 100°], insol. alcohol and 

ether tBevillo, A. 44, 304 ; Scharling, A. 97, 71; 
E. Kopp, Ae 64, 3721 Busse, B, 9, 830; Bail- 
Ion, Ph. [3] 4, 385). 

TOLITBENZYLAMINE v. MBTHYit-BUNZvir- 
AMINR. 

TOLUENE OvHs i.e. OA-CH,. Methyl- 
benzene* Betinaphtha* Phenyl-^mthane. Mol. 
w. 92. V.D. 3-20 (calc. 3*29). (109°) (B. Schiff, 
A. 220, 91); (111°) (Wilbrand a. Beilstein, 
A. 128, 259 ; Tollens a. Fittig, A, 131, 304). 
S.Q. -8656 (Briihl); 24 -8566 (Gli^atone, 
C, J. 59, 290); « -8708 (S.). O.E. (13°- 
100°) *001242. S.V, 118 (S.). Ho «1-4893 
4,(G.). 1-507 (B.). Boo "60-06. H.F.p.-8620. 

H.P.v. -6260 <Thomson, Th.). H.O. 933.763 
(Stohmann, J.pr, [2] 35, 41). Critical tempera¬ 
ture 321° (Pawlewski, B.vlC, 2634). Occurs in 
co]d tor (Mansfield). Obtained by dry ^stilla- 
tion from balsam of toln (Deville, A. Ch* [8] 3. 

168; Muspratt a. Hofmann, w4.54,9}, hrom dragon *a 
blood (GUnard a. Boudault, O. JR. 19f 605), from 
the resin ol Finns maritima (Pelletier Walter* 
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J. CK[3IJ 67, 278), and from wood (Volckel, A. 
86 ,334). 

^ormaiton. —1. By distilling vulpio acid with 
KOH (Mailer a. Strecker, A, 113, (W).-2. By 
the action of sodium on a mixture of bromo- 
benzene and Mel (Fittig a. ToDcns, A. 131, I 
803). — 8 . By passing petroleum vapour over ' 
red-hot charcoal (Letny, J3. 11, 1210).--4. B# i 
heating petroleum wilh^AlCl, in presence ol 
PbO and air (Friedel a. Crufts, Z. 187H, 1 ICO).— 

6 . By passing MeClor CHXl.^ into ben/.ene con¬ 
taining AIOI 3 (Friedel a. Crafts, A. Ch. I, 
^0; 11, 264). — 6 . Together with CJl, by heat¬ 
ing benzene with Mel and I (itayiiinn a. Broia, 

A. 223, 317).—7. By distilling crcsol with l^Sj ■ 

(Oeuther, A, 221, 58). - 8 . By dLstilling toluio • 
acid with baryta (Noad, A. 63, 305). 1 

Properties. —Oil, smelling like benzene. [ 

Beactio7is.—l. When i)asso(l through am?- j 
kottubeit yields benzene, styrene, naphthalene, ■ 
diphenyl, anthracene,* phonanthreno, and other j 
products (Perko, B. 20, 661; cf. Bortlielot, />/. 

7. 218; Graebe, B. 7, 48). — 2. Distillation over ^ 
red-hot PbO gives benzene, di-phenyl etliylene, ^ 
diphenyl, phenanthreno, andantlirucenu (Lorenz, 1 

B. 7, 1097; Vincent, C. Ji. 100, UOh). -3. By | 
electrolysis of toluene to which alcohol arul t 
H. 2 SO 4 have been added benzoic aldehyde and I 
phenose are formed (K 6 nard, C. H. 02, 965).— i 
4. — When electric sp(^rks are passed through ) 
toluene, acetylene and hydrogen are given oil 1 
(Destrem, Bl. [2.1 42, 207).—5. AlCl, at 200 '’ in 
sealed tubes forms benzene, and m- and xylene 
(Friedel a. Crafts, C. li. 100, 692 ; A»isehiitz, A. 

.235, 178). —C. 0.r!/gen passed througli tohieno , 
containing AlCl., fonfis cresol (Friedel a. Crafts, j 

C. i2. 86 , 884). -7. A mixture of toluene and j 
etbylene pass( 3 d through a red-hot tulie yirdds 
benzene, styrene, and anthracene (Ferko).--- 

8. CH.^Clj and AlClj yield di-lolyl-methune 

(280'^-2y0'’), di-methyl-antliraceuo (232'1, ainl 
m-, and p - xylenes (Friedel a. Crafts, JJl. [2] 41, 
322).—9. Bromhie acts upon toUnmo in the 
dark as readily as in diffused daylight, with 
production of 0 -andp-bronio-toluene. 'i'lic addi¬ 
tion of iodine greatly hastens the reaction, but ; 
the same products arc for.ued. In direct sun* j 
light the substitution takes place eiitiroiy in the ! 
side-chain, with production of benzyl brugndo. 1 
But if iodine (even 2 p.c.) i^ present the elTect ; 
of the sunshine is entirclycounteractctl, ami llio 
substitution takes place wholly in the nucleus 
(Schramm, B. 18, 606; cf. Zukrzouski, M. 8, 1 
304).—10. ClriorinCt in presence of I, acting 
even on boiling toluene, forms chloro-t«)luene and 
benzyl chloride (Beilstein a. Gcitner, A. 231, 
170; ef. Aronheim, B. 8, 1401).-11. CrOCI.^ i 
added slowly to a solution of toluene in CS. 
ppt 8 .C,IlH 2 Cr 02 Cl 2 ,which slowly absorbs moi^-tnre, 
being converted into benzoic abhhyde (Ktard,* 
A. Ch. [•] 22, 223).—12. HL^SO^ yields the o- and ^ 
P'SUJplionio acids, converted by potash-fusioh j 
into 0 - andp-crosol (Wurtz, A. Ch. [4J 25, 108).— 1 
I 3 ..BZ 2 O, forms C,,!!,* (c. 260®) Jsomerie with 
the di-phenyl-ethylenea, and yiuding benzoic 
acid on oxidation (Lmpmann, M. 7, 521).— 
14.HNO, forms o- and;>nitro-toluene.—15. Par¬ 
aldehyde and -cone. H^SO^ form ditolylethacfc 
and (350®-360®) (0.* Fischer, B. 7, 

1194)* 

Oompounds ( 0 , H,),A10V S.O.il-08(Gus- 1 
Tot. IV. 


tavson.B.ll, 2151), Oil.-(0,H,).AlBrr S.O. * 
1*37. 

Dihydride 0,K„. (105®-108®). Formed 
by heating totaone with PH^I at 350® (Baeycr, A, 
155, 271;;^.i2]4. 44r)). • 

TctraUlfklruie C.llyt- (104®). S.G. 1# *797. 
Occurs in tlio prodinit of distillation of colo¬ 
phony (Ktinud, A. Vh. [6J I, 231). Oil, sol. 
alcohol aift etlior. IhipiiUy absorbs oxygen. In 
contuirt witli water it forms rryslallino 0 , 11 , 40 ,. 
U,,SO, forms two |»oly?m'ridos 1230 -235®), one 
only being oxiili'^ble by air. 

'ifexahi/iinde O.il,,. (97'). S.G. « *7741, 
C.K. (0® 20^) -0011^. S.V. 142 (Lossen.vl. 225, 
109). H.C. 1,092.84)0 (LoMi/iiinino, C. 11. 93, 
275). Formed by heating tohuuie with cono. 
IllAq at 2s(. (Wrodeu, .1. 161 ; cf. Berthe- 

lol. JJl. [2| 7, I2t;26, Ilf)). (.)<TUi;^in oil of 
resin. Coinpletidy oxiilisoil by a hot mixture of 
UNO., and H.,SO,. 

Hifcrmccs. -Tki-amiuo-, Bhomo-, Buomo- 
101 ) 0 -, Bi5oMo-iot*o-NiTi«m BKoMo-NiTUo-,Ciir.oao-, 
CiiLOKO-iooo-, Ciruino NWiio-, lono-, lono-NiTUO-, 
Nrnio.so-, NiTito-, and O.xr- 'roi.i'KNP;. 

TOLUENE ARSONIC ACID f..AnHRNlc. 

TOLUENE AZIHIDO-TOLUENE v. Azimido. 

COMI'OUNUH. ^ 

TOLUENE-AZO- compounds v. Azo- ook- 
pouNits and Disazo- oompocnds. 

• TOLUENE-AZOXY- compounds* v, Azoxr- 

coMi’on.Niis. 

TOLUENE CARBOXYLIC ACID v. Toloig 

Toloene dicarboxylio acid G„TI „04 i.$. 

CJljMeiCOJl),!4:2:1). Methyl-phtlxa:'^. acid. 
Mol. w. 180. fl52®J. Formed h-oin (a)-anhdo'^ 
toiuie Kitrilo hy Sandmeyer’fl reacli; n, the re¬ 
sulting nitrile being saponifie*! (Niementowski, 
,V. 12, 623). V. e. Kol. water and alcohol. With 
o-ami<lo-plienol it forms ('„IlpMe(C()).^N.C,H 40 H 
;205'^], whence boiling a<|neoim sodium carbonate 
givr*s rise to CJl,Me(CO,M).CU.NH. 0 .H 4 .OH 
I 2O0‘’^l. 

Amide C..H,MefCnNlT,),,. [188®]. Formed 
from the imide and NH Afi. 

A nh iftLr nlf. . (92 j. Neeillos. 

Jmide C..H,Me.C,G,.Mf. [196®]. Got by 
fusing the anhy<lri<le with iireii. Needles. 

.Vifrae (.Ol;,M.‘(CN),. (N.); [117®] 

(Gloek, B. 21, 2i»63). Neitdles. Converted by 
uleoliol and HCl into 0,ll6Cy.C(NHa01).01St 
[ 19 ^®]. 

Toluene dicarboxylic acid 
r„ll,Me((:(>..H).. ;4:3:1]. {fi)-yy(idicacid. MethyU 
i.'nfthiliAilic tidd. [320 '- 330 J. Fonriod by oxida¬ 
tion of tn-x^ueno carboxylic acid (.Taoobsen, B. 
14. 2112) and of (VI,Me((;H,.OH), (Hjelt a. 
fiadd. Ji. 19, 8(jB). Formed also by fusing 
potassium toluene m-diKiil))honate or the salt 
C.ill,Ve(So.NU;i).CO;,K with sudium formate 
(Hakansson, B. 5, 10*88 ; Ui'insen a. lies, Am. 1, 
119). The same aciil (?) is got by oxidation of 
C,}l,Mc,CO,ll [1:4:2] by UNO, (H.G. 1*12) at 
^50- (Ciaus a. Wollner, B. 18. 1858). Small 
crystals, si. sol. hot water. May lA subUmsd* 
-;-Ag.A" : crystals, v. sol. hot water. * 

Toluene dicaibozyllo aoid« 

C«H,Me(CO,H), [2:4:1]. MethyUerepMhaidA 
acwl. {a) Xyl^ic acid. [ 0 . 282®]. Formed by 
boiling pseudooumene with dilute HNO| ^tl^ 
A. Laubinger, A. 151, 276). Got also by Wag 

IQ 
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C,HjMe(SOaNH 2 )OOaK with sodium formate 
(^msen a. lies, Am. 1,114). Needles (by sublima* 
tion). SI. sol. Aq. Oxidised by KMn 04 to tri- 
mellitio and isophthalic acids (Hrinos, B. 10 , 
1494).—«ZnA". S. 36 at 0®; -785 at 100®, *6 at 
ISO® (Jacobsen, B. 10, 859). • , 

Toluene dioarbozylio acid C„H;,Me(CO.^n) 2 . 
[310®-315®]. Formed by fasinR potassium 
toluene ( 7 )-diBulphonato with sotiiufn formate 
(Senhofer, A. 164, 134). Minute needles, v. si. 
sol. cold water, v. sol. alcohol and ether. May 
be sublimed.-l^A''2aq.—Ag.)A" : amorphous 

pp. 

Toluene w o*dicarbozylicf\cid 
CO^.CH*.0,H,.COaII. [2:1]. HomoiMalicacid 
V. o-Carhoxy-pltenyl-acctic acid. 

Nitrile v. o-Cyano-denzyl cyanidb. 

Toluene m-dioarbozylic acid 
CO,H.Clfi:C,,H,.CO.,H[3:l]. Formed by oxida- 
tion of m-di-ethyl-bcnzcne (Allen a. TJndcrwoo<l, 
Bl. [2] 40, 100). Noodles (from alcohol). Sub- 
limes without melting at 200^ 210 .—Ag A". 

Toluene « p-dicarbdUylic acid 
CO,H.CH,,.C..H,.00,11. [285 ’-28rt®]. 1 at 50®. 

S. (alcohol) i4*3 at 30®. Formed by the action 
of dilute (26 p.c.) HOI on the amide (MclliiigholT, 
B. 22, 3215). ^.V. si. sol. ether and benzene.— 
Ag.jA": crystalline pp. The same (?) acid 
formed by oxidation of C„H,PrFr |1:4] yields 
BaA'Hiaq/Patcrno a. Spica, B. 10,1740). • 

Amide' CO(NH,).CH,.C,Hi.CO.NH.,. [23.5'^]. 
Formed from CH 2 Cy.C„H,.Cy and ILSO^. Small 
hard nodules. . 

Amic acid C 0 (Nn 2 ).CH 2 .C,IT,.C 02 li. 
[261°]. r Formed from CILCy.CjHi.OOoH and , 
HjSO,. SI. sol. ether, hot water and alcohol.— ' 
AgA': crystalline. 

Iso■ amic acid CO.,H.CH.,.C«H,.CO.NH 2 . 
[229®]. Formed from p-cyano-phenyl-acetio 
acid. Crystalline, v. sol. alcohol and hot water. 
—AgA'. Crystalline. 

Nitrile CH..Cy.C«H 4 .Cy. 'p-Cyatvo-hensyl 
cyanide. [100®]. '(above 360®). Formed from 
Cli,Cl.C.,H,Cy and KCy (MellinghoiT, B. 22, 
3209). Needles, v. si. sol. hot water, sol. al¬ 
cohol and ether. 

Semi-nitrilc CHoCy.C„TI,.CO.JI. [201®]. 
Formed from w-chloro-ji-toluic acid by treat¬ 
ment with KOIIAq and alcoholic KCy (Moiling- 
hoff, B. 22, 8213). Crystalline, v. sol. alcohol 
and ether.—AgA'. 

Semi-nitrile CO,H.Cn,.C,H,.Cy. [152"], 
Formed from the nitrile and HCl at luS®. 
Prisms, V. sol. alcohol.—AgA'. Crystalline. 

Nitrile-amide CHoCy.CsH^.CO.N^. 
[182®]. Formed from w-chloro-jp-ioluic amide 
and KCy. Plates. . 

Amide ■ nitrile CO(NH,).CH2.CrtH,.Cy. 
[196*6^. Formed from the nitrile and HCI at 
70°. Crystiiline, v. sol. alcohol."*. * , 

Toluene tri-oarbozylic acid 
0 *Hj(CO^)j.CH.,.COaH. Formed in small quan¬ 
tity by oxidation of *s-tri-etbyl-bcnzcne (Fricdel 
a. Balaohn, Bl. [2] 34, 635). Needles Sublimet 
before m4iting.—AgjA"'. Tables (from hot 
wttf'.er). 

T01U£N£ o-PHOSPEINlO ACID 
0 ,H 4 Me.P(OH),i. Obtain^ by decomposing its 
chloride with water (Michaelis a. Paneck,n<4. 
^112,223). Oil. Monobasic acid.—CaA'., aq. 
Chloride 0 ,H 4 Me.PCly (244®). Formed 


by the action of PCI 3 on mercury ditolyl [107°] 
aud by wanning toluene with AiCl, and PCI,. 
Liquid. 

Toluene p-phosphlnio aeid CyH 4 Me.P(OH) 2 . 
[105°]. Formed in like manner. Plates, v. si. 
sol. water. Oxidised by HNO, to the phos- 
phonio acid. Decomposed on heating into tolyl- 
^ospliine and toluene phosphonic acid.—KA'. 
—NH4A'.- BaA'., aq.—PbA'.,.—CoA'..4aq. 

' Ether C,H,Me.P(OEt),. [280°]. 

Formed from the chloride and dry NaOEt. 

Chloride C^H^Me.PCV [25®]. (245°). 
Formed, to;?cthor with the o-isoraerido, from 
toluene, Pf^ls, and AlCl, (Michaelis a. Panecif,' 
A. 212, 203). Formed also from Hg(C,Hj), 
[235®] and PCI,. Needles, v. sol. ether and 
benzene. 

licfcrencc.s.-'Nvtwo- and Oxy-tolukne Puos- 

PHINTC ACIT). 

TOLUENE PHOSPHINIC ANHYDRIDE v. 

PUOSPIUNO-TOLUKNE. 

TOLUENE o-PHOSPHONIC ACID 
C„H,Me.PO(OH),. [141°]. Formed by the action 
. of water on its chloride (Michaelis a. Panock, A. 
212, 231). Crystals, v. sol. water. —Ag,A". 

Chloride C.H..PC1,. This is formed from 
Cyllj.PCl., and chlorine. Yellow solid. * 
Toluene p-phosphonic acid CuIl 4 Mo.PO(OH).,. 
[180®]. Formed from C.n,.PCl 4 and cold water. 
Woolly needles. Oxidised by alkaline KMn 04 
to CO.,?I.C,.H 4 .PO(OU).,. Bromine forms bromo- 
toluene. KHaA".,: needles. --BaH,A" 2 —AgHA". 
—Ag.,A". 

6 '/tZori<Ze. C.II;.rCl,, [42°]. Formed from 
CjH.rCl., and chlorine. Yqllow mass, converted 
by dry SO., into liquid C,H,.POCl, (285°). 

Toluene («>-phoBphonic acid 
0„n .CII.,.PO(()H)... [ICC®]. Formed, together 
with (C,n,).,PO(OH) [191°], from benzoic aide- 
hydeand PH,I (Ijitthaner, 7^. 22,2145). Slid- 
late groups of prisms (from 110 Ac). 

Itcference. —Oxy-I'olukxk piiosi homc acid. 
TOLUENE w-SELINIC ACID C,H„SeOj i.e, 
C«Ha.CH.j.SeO.OII. [8.5®]. Formed by oxidising 
benzyl diselenidc with IINO^ (.Tackson, A. 179, 
8 ). Needles, si. sol. cold water, v. sol. alcohol, 
nearly insol. other.-AgA': slender crystals 
(from liot water). 

TOLUENE SULPHAHINE v. Amido-toluenb 

SULPUINIO ACID. , 

TOLUENE o-SULPHINIC ACID C,H,SO, i.c. 
C^HjMe.SO.OH, [80°]. Foimed by boiling 
C-Hj.NjH-SOm.CjH, with baryt* water (Lim- 
pricht, B. 20, 1241). Long needles, v. sol. 
ether.—BaA'., 3aq. Nodules, v. sol. water. 

Toluene p-sulphluio acid CBH 4 Me.SO. 3 H. 
[85®]. Formed in like manner (Linipricbt), and 
also from toluene p-sulphonic chloride and 
, sodium-amalgam, zinc-dust, orNa.SO, (Otto, A. 
142,92; 146, 19; B. 9, 1586; Blomstcand, B. 
0, 965). Plates, v. sol. ether. Fuming HNOj 
forms crystals [190°]. The Na salt heated with 
CHjj.CHCl., and alcohol at 150® gives a small 
quantity of ‘CH.-CHCLSOj C^Hi [48®] (Otto, 
J. or. [2] 40, 519). The Na salt with 01CO,Ei 
gives the ether (Qtto,'*/^. 20, 308).—BoA'^j 
1 lates.—CaA', 4aq.—ZnA', 2aq.—AgA'. 

Metli^ ether. Formed from the Na 8 %U 
and C10O..Et in MeOH. OU (Otto, /. pr. [2] ^7, 
166). * i 
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Ethyl tther EtA'. OiI« Oxidised by 
KMn 04 m HOAe to toluene jp^snlphonio ether 
(Otto a. Bossing, B. 19,122C). 

Toluene exo-sulpbinic aeid CeH^.CH.,.80»H. 
Prepared by reduoing C4H3.CHj.SOnCl witli 
Bodium>amalgam (Otto a. Litders, B. 13,1288). 
Very unstable.—NaA': leailets, sol. hot alcohol. 
Reference, —Amido-toluese suLi'niNic acid. 
TOLUENE o-SULPHONIC ACID C-H^SO^ i.c. 
C^H^Me.SO^H [1:2]. • 

Formation .—In small quantity logetlicr 
with tlie jMSOincriilc, by dissolvin'^ toluene in 
hot fuming (Kngclhardt a. IjaiiicliinolT, 

■^2J 5, 617; Anna Wolkoff, Z. (2] 0, 321).— 

2. Together with the m- and j)* isonierid«‘s hy the 
action of Cl.S0,,.01I on tolucuo (Cluesson a. 
Wallin, B. 12, *1848; Noyes, Am. 8, 

3. From o*toluidinc by diuzotisation followed 
by treatment with IT.SO., (Miiller a. \Vit:-iiigcr, 

B. 12, 1348).—4. lly reducing ^^-broinu-tolucno 
Bulphonic acid with sodium-amalgam (Terry, J. 
169, 27).—5. From (4,1,2)- nitro-tulucne sub 
phonic acid by climinatioji of NO;. (Jenssou, A, 
172, 235). 

Preparaf/on.—By adding toluene (<i0 g.) 
CISO3H (150 g.) in tlio cold, and pouriiig tlio 
product into water (Noyes). 

Properties. —Thin lealluts (containing 2aq), v. 
Bol. water. l)eli«iuo.scent. 

Salts (C. a. W.; Ilubnor a. I'osl, A. H'»9,1). 
—KA'aq.—NaA'ati: ftibles, sol. water. NlljA': 
thin leatlcts.--Ca.-V'.j: leathds, al. sol. water.— 
BaA’.,aq. S. 4 at 12^. BaAblaij. uq. — 

PbA'.’ 4aq. -MgA';,7aq. -ZnA',. 7a«i. CiiA'., -laq, 
—CdA'./2aq. -MnA j2aq.—AgA': si. sol. water. 
Chloride C.H1.SC).,G1. Oil. 

Amide C..H,.SO.,Nir,. [154'^]. S. *1 at 9- ; 
8. (alcohol) 3-5 at 5^ Oct.alicdra, si. sol. wati-r. 
Yields a benzoyl derivative [11- ]. which f irms 

C, H,.SO.^.NKBz I'.aq and (C,H;.S(),.NBziJla aq. 
(Wolkoff, Z. [2J 6, 57). Oxidised by KMtiO, in 
acid solution to o-siili»lio l)en/.<nc acid and in 

neutral solutioii to (Falilbcrg 

a.List, B.21, 212). 

Anilide 0,ll;.SO.NIirh. [130'^]. 
ToluidcO,llyiiO:^llCAL. [131"]. 

Toluene 7»-aulphonic acid O^ll.Me.SOjII 

[1:3], Foimation. .1. By the action of UNO., on 

m-diazo-tolueno salts (Sliilter a. Wiesing^r, li. 
12, 1349).—2. A prodtict of the action «>f 
ClSOjII on toluene (Claesson a. Wallin, B. 12, 

lg.i8)._3. From o-bromo-toluenc m-sulphoiiic 

acid and sodium-amalgaui (Miilkr, .1. 109,47). 

4. By the diazo-reaction from p tMlui.line sal- 

phonic acid and from o-toluidine Knlpluuiic acid 
(Pechmann, A. 173, 202; Pagel, .1. 170. 297; 
Neviie a. Winthcr, 0. J. 37, 028; Klason, JJ. 
19,2887). , , 

Pro 2 )erties.—Thin deliquescent scales (coi^- 
tainiii^ aq), V. sol. water. 

Salts.—KA'aq. - NaA'aq.-NIl.A': scalesv. 
Bol. water.-CaA'.,Haq: needles, v. Bol.water.-- 
BaA'/2aq.-BaA',aq.S. 2275 at 12- (C. a. W.);- 
15-3 at 15" (Vallin, B. 19, 29.'ft).—PbA'.,aq. 
rbV,2aq.—PbA' 3aa. — MgA^Haq.— ZnA jOuq. 
—ZnAb 7aq.—CdA'a 5aq.-Cd A', 6aq: crystals. 

v. sol. watery 

C/iioridc C^,.SO,Cl. Oil. • ^ ^ 
Amide C,U,.SO^NH^ [108-]. S. *4 at 9“ 
(0.». w.); -265 at 14° (V.). S. faloohol) 18 at 


6® (0. a. W.); 17-4 at 14® (V.). MonocUnto 
tables and octahedra (from alcohol). Melts at 
91- according to Noyos. Oxidised by alkaline 
K,FcCy« to CVsH.C 4H,.S0.,NH, (Noyes a. Walker. 
Am. 8, 187). • 

^niff^*^C,H,.SO,NHPh. [72®]. 
m-Toluide C.U..SO,.NKO;U,. [103®]. 
Toluene p-sulphonic acid 0„il,Mo.SO,H [1:4.] 

; The ehiot ptodiict of sulplionation of boiling 
toluene (Dt-ville, .4. Ch. i3j 3, 172; Fittig a. 
Tollens, .1. 131, 310; Miiivker, A. 136, 85; 
Ihigellmrdt a. ®rj!ilsebinolT, Z. 12] 6, 617; 
.liiworsky, Z. 1805, 221; Otto a. (Iniber, A. 142, 
92; 115,10; OhnihxholT, /f. 7, 1167; Fahlberg, 

, B. 12, 10 H).-2. From biUume and ClSO^U 
1 (Cl;i''SM)n ii. Wallin, It. 12, l8ls).—3. By the 
i action of 11..SO., on p-tli.i/.o-tolucno salta (M. 

i a* . 

Pioperl'u's. Thick leiiih ts or flat prisms 
(c'lnlaining JUj). Beliqueseent. Melts at 92" 
(Norton a. inten, .l?n. 10. 110). Fusion with 
sotlium foriiinte yielils o toliiie aeiil (U(‘inscn,B. 

8, 1112). ,Poltish-fu>^i«iff gives p-en-sol. llydro- 
Ivsis by steam begins at 150® (Armstrong a. 
Miller, a. J. ir> IIH). 

Salt.s. IxA'aq. Triinrhie crystals; aibxc 
«*Hi;i:l;3 ‘237."-NaA' 3u.|. Na-V 2aq.'-NII,A'. 

• —€:lA^•laq.—BaA'... BaA'..uq. 8. 21 at 12".— 
BaA',3aq (Kelbo.'B. 16, 621). - PbA',. — 
MgA'.iiaq. ZnAb6aq. Cd6aq.#-MnA', Caq. 
(:uA'..6ii(i. Ag.V: long plates, V. sol. water. • 
Metbylamine salt [125"J.— 
^NMc lIA'. [78"]. ■ NMe.lIA'. [92']. An i 1 i ne 
salt t223"J. — o • T o 1 u i <l i II 0 salt [180®] 
i(N'. a.O.). ♦ 

I Chloride C..ll.SO,ri. [69"1. Triolinio 
; crystals ; (/-:5:c‘• ••; o -97® 24' ; 

' 3 117" 6'; 7 Acetoxim and NaOH 

form C,ll;.S<),.O.N:CMe^ iH9"j (Wegc, B. 24, 
353.S). In etlu p-al solution ii is reduced by 
sodium-amalgam In tcilurtu* sulpbinio acid and 
. the compound C,.ll,„SO, 176"). In presence #f* 
isoamyl .itbf r (C,!!,,)/) the compound C,J1„S,04 
[36"j is formt'd (Otto, -I. 143, 21i>). 

Jtromide C.ll,.So4h-. [96"J. 

Iodide. CdL.SOJ. [85®j. Formed by 
adding an alcoiiolic solution of 1 to aqueous 
C.li..SU.,Na (Otto a. Troger, It. 21, 479). Yellow 
' erv.sialliiie iiowder, v. sol. ether, turning brown 
' in air. Jhated with w'afer at 109® it forms 
! C H,. Jb dueed silver acts in like 

' nAimer. ‘ZnKt., fojnis zinc toluene sulphinate. 
i Methyl eCher MeA'. fc. .30"]. 

I Klhijl ether VXS.'. [32''’). H.G. 1*174. 

■ Thick prisia.s (Kraft a. Boos, Ji. 25, 2259). 
i Phrnyl ether C,lI-.SO.OPh. (95®j. Formed 
by the action ofNaOPlfoii the chloride dissolved 
iMbcnzeiio((nlo, B.19.1832). 'IVimotriccryatalfl; 
a:b:c = elH'.l-fc -476. Not alToctcd by alcoholioNH,, 
cvefl at 200". * 

C,H,.SO,N!I.,. [136®]. S.-2at^. 

' s’. (alcoJiol) 7'4 at 5". Leaflets. Yields 
I C,H,.SO,NIlK aq. B/.Cl forms C,H,.SOg.NHBa 
j fl47"-15b'-J, which givi-a KA', CiiA'^aq, BaA'j, 
AgA', and AgA'NIlj. and is converted by^PCl* 
into C,II,SO,N:CCl.C4n, [100®], whence ammo¬ 
nium carbonate solution forrrftCjiHwNjSOj[114®] 
(Wolkoff, B. .5,140). Kuccinyl chloride forms 
. c^stalline C-U..SO„.NO,H40„ converted by 
: NH,Aq into [180®] and 
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( 0 ,H,S 0 a),N.^^( 0 ,H,O 2 ),^vhich crystallises from 
alcohol (Wolkofl. 1«70, 580). 

Methylamide 0,H,.804.NHMe. [76®]. 
Beotangnlar plates, si. sol. hot vaster. Yields 
0,H,.S0,NBzMe [68®]. 

Bihylamide C 7 H..SO.^.NH^t. [68®]. 

Anilide C;H,.80jNHPh. [lOS®]. BzCl 
forms CjHj.SOjNBzPh [149® cor.] (Itemsen a. 
Palmer, Am. 8, 242). , i 

Methylanilide C,H,,SO.^.NMePh [95®]. 
Monoclinio crystals (Otto, J. pr. [2] 47, 371). 

JSthyl-anilide [88®]. Pri^is, insol. water. 

V-Toluide OjIL.SO^NHC.H,. (U8®J. 

Toluene exo-sulphonic aqid CuUs.CJL.SO;,H. 
Formed by boiling benzyl chlorido with aqueous 
K^O, (Bdhlcr, A. 164, 60; 221, 215 ; Mohr, A. 
221, 316; Otto a. Liiders, B. 13, 1280). Formed 
also by oxidising benzyl disulphide with HNO^ 
(Barbaglis^, B. 6, 270, 088), and also, together 
with acetic acid, by heating benzyl methyl ketone 
•with SL^SOf (Krekolcr, B, 10, 2025). Very hygro¬ 
scopic crystals. The K salt heated with JvCy 
yields C,H».CH,.CN. 

Salts.—NH,A'.—KA'aq. Triinctreeprisms. 
—^BaA'.^2aq. Plates, el. sol. water.—CaA^2aq.— 
PbA'(OH): crystals.- PbAy—AgA': crystalline. 

Chloride 0„H5.CH,.80.,C1. [93®J. De¬ 

composed by hnt into SO^ ami benzyl ch|pri(1o. 

Amide CsHj.CHa.SO.NH^. [102®] (O. a. L.) 
[106®] (Peohmann, B. 6, 634). Needles, sol. water 
and alcohol.'' 

Toluene (o).di8ulphonic acid C 6 lLMc(S 03 H )2 
[l:2f4]. Formed by sulphonation of toluene and 
of toluene o- or j>-8ulphonic acid (Hakansson, Ji.* 
6 , 1084; Senhofer, A. 101, 129; Gnc^nm a. ' 
Forrer, B. 10, 542; Claesson a. Berg, B. 13, 
1170; Klason, B. 20, 354). Formed also bv 
boating toluenop-sulpitonic ohloiido will* 
(Fahlberg, B. 12, 1052; Am. \ 170; 2, 182). 
Thick liquid.-- (Nil.)_^ "aq.— K„A"aq.—BuA"aq. 
6. *76 at ^7®. Insoi. alcohol.—Ag.A" 2aq. 

Cnloride 0,11,(80,.Cl).,, [r/2®]. 

• ♦ Awidfi C,H,,(SO.,NH.;).,. [186®]. 

Toluene (/8)-di8ulp*houic acid C,jIl3Me(S0.,r[)j 
[1:2:6]. Formed by heating toluene o-sulphonic 
acid with fuming at 100'’ (H.), or toluene 

w-sulphonio acid with H.SO^ at 180^ (Klason, D. 
19, 2889 ; 20, 352).—K,A" aq.~ BaA" aq. S. 3-9 
at 16® (K.). 

Chloride C„Il 3 Me(SO..Cl).,. [90®]. 

Amide C«H,Mo(SO.^Nlijj. [224®]. 

Toluene disulphonio acid C,H 3 Mc(S 03 H), 
[1:2:3]. Formed by the action of sodiuil*- 
amalgam on ^-iodo-toluono disulphonio acid 
(Limprioht a. E. Kichtor, B. 18, 2179; A. 230, 
826), and by heating toluene m-sulyhonio acid 
with fuming BLiSO^ at 180® (Klason). Slender 
needles, v. sol. water ana alcohol.—K^A^' aq.— 
BaA'^Siaq. Prisms, v. sol. water. 

Chloride C,H3Me(803CI),. 

Amide 0,H,Mc(§O3NH.,).^. [214®]. « 

Toluene o-disulpbonio acid O^HsMejsO^H)^. 

a :2:6]. Formed by reduction of p-bromo-toluene 
Bulphonio acid with sodium-amalgam (Kor- 
naUki, A. 223^ 199).—K,A".—BaA"4aq. V. e. 
•oL water. 

O^lloride [86*6®]. Prisms (from ligroin). 
Amide [above*260®]. Needles, v. sol. Aq. 
Toluene disulphonio acid GaHsMelSOyH). 
[1:8:4]. Formed from p-toluidine solphonio 
•eld by conversion into 0,H,Me(SH).SO,H and 


oxidation of the prodact (Klason, S. 20, 866).-. 

K^"aq.—BaA^^2aq. S 15. Prisms. 

Chloride. [111®]. V.sol. CHCl,. 
Amide. [236®-239®]. V. sol. water. 

Tolnene-s-disulphonio acid 
03 H 3 Me(S 0 i,H )2 [1:3:6]. Formed from o-iodo-* 
(or bromo-) toluene disulphonic acid or o-diazo- 
toluene disulphonio acid by long boiling with 
cone. HI (Limprioht a. «Ha 8 se, B. 18, 2177; A, 
2M0, 295).—K,A" 2’aq.—(NH,). 2 A" 

Chloride Long prisms. 

.4 wide [over 240®]. Small plates. 

Toluene trisulphonic acid CaH 2 Mo(S 03 H),. 
Formed by •heating sodium toluene (o)-disul*- 
i phonatc with CISO3H at 240® (Claesson, B. 14, 
j 307). Slender needles (containing 6 aq), v. sol. 
j water. Salts. — KjA'" 3.^aq. —PbaA'''^ 8 aq.— 

! BuaA'''^ 14a(p Crystals, v. .“^ol. water. 

Chloride C«H,.Mc(SO,.Cl) 3 . [153®]. 

Amide 0 „H,Mc(SO,Nil,) 3 . [above 300®]. 
Minute crystals, nearly inspl. water. 

Amido-, Buomo-, Buomo-amido-, 
Bho.mo-nitiio-, Culoro-, Iodo-, 1oI>0-AUII)0-, 
Nituo-amido-, Nmio- and Oxy- toluene sun- 

PHONIC ACID. 

TOLUENE p-THIOSULPHONIC ACID 
C„n,Me.S 02 .SH. Formed by heating a solution 
of a salt of toluene p-sulphinic acid with sulphur 
(Otto, B-. 15, 129; 20, 2087) or by adding a mix¬ 
ture of Na^S and CjHj.SOjNa to an alcoholic 
solution of iodine (Otto af Troger, B. 24, 1132). 

A solution of Na salt gives a white pp. of cuprous 
salt on adding CuSO^. 

Jteactiom. —1. Iodine added to an alcoholic 
solution of the K salt forms the three com- 
t>oimds (C,H,SO,) 3 S [13-4®j, (C.HBO.J.S^ [109°], 
and (C,H,SOJ.Ba [182'’j. Tiie compound 
(CjII.SOal-S is also formed by the action of I on 
a mixture of C-H^.SO.SNa and CjHjSO.^Na, and 
[ crystallises from benzene in inonoclinic forms 
a:6:c-2*829:l:3-221; 3 ^60° 7'. The compound 
(C,II,S 02 ) 2 S 3 is split up by Ixiiling llOAc into 
(CjlIjSOj^y a»d (C,H-SO_.)aS 3 (Oito a. Troger, 
Ji. 24, 1126).—2. Cl.CO.jEt acting on the Na 
salt forms the ethyl and tolyl ethers and the 
compound (CjHjSO-IjS, [182'’] (Otto a. liossing, 

; B. 24, 1148). 

"Salts.—NaA' 2aq. Trimetrio tables.-.* 

KA' 2aq.—AgA' aq: small tables, si. sol. water. 

EIMlijI ether GjH-.SO.j.SEt. Tolyl ethyl 
disulphoxide. Got froyi NaA' and EtI. Oil. 

Ethylene ether C^HiA'.,. [77®J. Needles. 
Decomposed by zinc-dust into the zinc salts of 
, toluene sulphinic acid and elhylcn^ mercaptan 
(Otto a. Heydeckc, B. 25, 1478). 

Tolyl ether C,Ii,.S 02 .SC,H,. Tolyl d> 
sulpJioxide. [78®]. Formed by oxidation of 
4 p‘tolyl mercaptan (Marcker, A. 136,83). Formed 
also from toluene p-sulphonic acid and water 
at 100® (Otto a. Troger, B. 24, 480). MdDo- 
clinic prisms (from ^cohol). Decomposed on 
sappniiioation by alkalis into toluene j>- 8 aIphomc 
acid and di-tolyl disulphide [41®] (Otto a. 
t'lossing, B. 19, 1240). Reduced by zinc and 
dilute H 2 SO 4 to t 6 iyl mercaptan. Bromine forms 
( 0 , 4 H| 4 S 202 ) 2 Br .2 (Otto a. Gruber, A. 149, 105). 
Alcoholic H^S forms, on warning, toluene ji-sul- 
I phipio acid, di-tolyl disulphide, and. tolyl tetra- 
I sulphide. « 

I 4^/erenoe, —Aacu>o-tox*ubns thiosuz.phonxc 

' ACIp. 
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tOlVSHYZi* V. ToLEimr-. 
o-TOLUIC ACID OflH,Me.CO;H[l:2J. Mol. 
W.136. [104®]. H.C.V. 928,800. H.C.p. 920,400. 
H.F. 98,600 (Stohmann, J. pr. [2] 40, 13:^). 

Fonnation.^l,. By oxidation of o-xylene 
with dilute HNO, (Bieber a. FHtig, [2] 0, 
496 ; A, 166,242).—2. From toluene o sulphonic 
acid vid CjHj.CN (Kai^say a. Fittii;, Z. f2J 7, 
684 ; At 168, 246).—3. By the action of sodiunt- 
amalgam on a mixture of Cl(X>.Et and o-iodo- 
toluene and saponification of ’ the rcsultin;? 
C,H,.CO,Et (KeknUs li. 7, 1007). 4. Wy boiling 
• phthalidc (3 moU.) \vitli Hl.Vq(127•)‘‘"d yollow 
P (2 at.), the yield, being 97 p.c. (Ilosyort, />’. 11, 
238; Racine, A. 239, 72). —5. From o-toluidino 
vid the nitrile (Cahn, A. 240, 2S0). 

Properties. —Plates (containing 2aij), volatile 
with steam, bI. sol. cold water. Oxidised by 
alkaline KMnO^ to plitlialic acid (Weith, B. 7, 
1057). Bromine-vapour above 100’ forma 
phthalide ; in the cold Br forms bromo-toluic 
acid C^HgMcBr.COJI [1G7®J. 

Salts.—NaA' 2aq. [228°]. Flllore&eont 

plates.—CiiA'a 2a(i. llaA'. 2aq. * 

Ethyl ether EtA'. (220°). 

Amido-eihyl ether 

C,nj.CO,O.CJL.CH 2 .Nll 2 . Formed from o-tolyl- 
oxazollne and 1]C1.\(|. Oil. Yields B'llBr 
[156°], B'Call.NA [188°]. 

AmidO’jiropiil Hhcr \ 

C,n,.CO.O.CJJMo.Cli,NH,. Formed by evai>n- * 
ratingtolyl-methyl-oxuzoUnowith Yirlda 

B'llBr [MO®]. B'CAN A Ll-^^'^J* a platino- 
cldoride [214°1. 

Benzyl etker<\n,l^'. (Slu”). S.Ci. j; 

Oil (Hodgkinson. C. J. Bror. No. lo;j. p, 107). 
Chloride C^HjOCl. (211° at 73:{ min.). 
Anhydride. (C,H..C<>).0. [c. 38"J. (i bovo 
325 ■). Formed from tbc Na salt (0 inols.) and 
POC), (1 mol.). Insol. water, sol. etlicv and 
benzene. 

Amide (Hutchinson, 

B. 24, 174 ; 0. J. 57, 957 ; cf. Wdth, B. 6. 420). 
On reduction in acid solution it yicdd.s o-tolyl 
alcohol and a snnill quaiility of the diliydrido 

C, H„.CO.NH., [156°], ’vhich on ladling wit^i 

water yields an acid [6H’i. Tin- dihydiide is 
also formed by reducing the amide in alkaline 
solution. • * 

Anilide CA-CO.NJtPh. [125']. Formed 
from a«/t-phonyi-o-tolyl ketoxim ami PCI., 
followed by water (Smitli, B. 24, 40t7). 

Xylide r^H,.CO.NlI(’..Jl..Me, ] 1:2:t;. XO.? 
Formed by heating o-tolyl xylyl ketone with 
hydroxylaminc at 120° (Smith). 
Bromo-elhyl(imidc 

C.H,.CO.NH.ClL.CH Br. [71°] (Salomon, B. 
26, 1322). 

Chloro-ethyl amide * 

C,H,.CO.NH.CU,-CHA- [73®]. White needles. 

Bromo-propyl-amide 
C,H,.OO.N’H.CH,„CHBr.CU 3 . [86°]. Needles 

(from benzcne-ligroin) (Salomon/sB. 20, 1323). 

Chloro-propyl-amide 
C,H,.CO.NH.CH..CHI#eCl. [84°]. Formed by 
evaporating o-to!yl-methyl-oxazoline witUoxerj^s 
of HCl-^q. N'ccdles (from ligroin). • 

o-Nitro-bemyl-amide • 

C,H,.CO.N H.CH..C FT ..NO,. (1.35®]. Needles 

(from ftioohol). May be reduced to the o-amido* 


I benzyl-amido [116®], which yields B'HCi [314®] 
(Wolff, B. 25, 3034). 

Imide (g,H,.CO),NH. [148®]. 

! Nitrile C,II-CN. (204° cor.). V.D. 4*03 
(obs.). IU\ ~34,800 (Berthelot a. Petit, A. Ch. 
[•*j 17, 123). Formed by heating KCy with 
polas.sinm toluene (>-suli>lnmalu or with trl-o- 
tolyl p1h\^p!!^lo (Heim, li. Hi, 1776), by heating 
o-toIyl tliinearbimide with linely-dividod copper 
(Weilh, B. 6, 419), by boiling o-tolyl carbainme 
(Weitli, B. 7, #22). by lu-filtiig o-iodo-toliicne 
with AgCy at 350° (Moiv. a. Woith, B. 10, 751), 
by boiling tlio b't^iyl dniv.itive of o-toluidine 
with zinc-dust ftlio yi»’ld being IH p.c.) 
((iasiorowski a. Mer/., I'i. 17.74; 18. 1004). and 
by Sandmeycr’s n^action from e-tolnidino (Calm, 

B. 10, 75(>). Ijiquid. 11 .St;il tit) ’ to70' forms 

C. 11..C(Nll). Nil. (.'().0 H, ]li»3 ], \\hi€li is con¬ 

verted, by warming its aeid solution, into tho 
imide (C,II,.CO)._.NIl (Kralfl a. Kcrste.ris, B. 25, 
455). Coin*. JJlAq foniM C.11,.Cl,,.Nil. [98°] 
(Biltz, J). 2.1, 2540). • 

I IleXiPh yd t itle V. MKTIlVI.-nKXAMKTllVLENH 
c.vunoxYLie acio. 

m-Toluic acid CJl.M.-.CO Il 11:3]. [110°] 
(.raeobsen, /.’. 14, 2317; hoj iiemann, 71. 20, 
13-S2). (263’). II.C.Y. 92H,5O0. ^l.C.p. 929,100. 
H.F. 98.900 (Stohmann. J. pr. [2J 40, 134). 

S. -09 at 15 ’; l-6t; at lOO’. , , 

I'drinoflou. 1. IJy r>xiilising bromo-xylene• 
and reducing the la-sulling hromo toluic acid 
with sodium-amalgam (Aliiaais, Z. |2) 5,106; 
S{i«*hfe^ />. 5, 42t ; Ballinger a. IhmiHJiy, A. 
168, 2r«.»). 2. ity distilling uvili(^ aeid ^itli lime 

(l-'ittig, B. 5, 2<i8). :}. Byoxidathui of m-xylene 
with ililute UNO, (Tu\ildumlT. H. 4, 410; 
Bniekner, //. 40*',; Ihnlvr, B. 17, 2028).— 

4. By sai'<)iiifyiiig the iiitMlA*. 

1. By imiling w-chloro-xylcne 
with UNO, (1 vol. of S.tl. 11) ainl wal.er'(il.yola.) 
(SeiilT, A. 220, 217). - 2. By siil|))ionating crude ^ 
xylene, then jut jiaring (•,,lI,NIc.j.SO.^NH„ oxf- 
dising by KMnO„ in-ating the resulting 
C„H,Nre(SO,NH.,).Ct),H with HOI at 230°, and 
distilling with st«-ain (.(atafhsc n, B. 14, 2347). 

i’ro]nrt- LitW',' needles, V(datilo with 
steam, v. koL aleoliol and ethi'i*. Oxidised by 
chromic acid mixture to j^<l)dlthaIic acid. 

Sa 11 H.~Ca.\'Jtaq. S. 317 at 15''’; 8*2 at 
100°. — BaA'g2a(j: trimi.lric plates or tables.— 
AgA'. 

^Kihyl ether Kt\'. (226°). 

('hloride (218' at 721 mm.) (Ador a. 
Billi<-t, B. 12. 2300 •. 

^Uril^* (5,.H.CN. (209’). Formed by 

lieatiiig ja-tolyl Ihiecai •^mide with Cu (Weith a. 
•I.aiidoJt, Ji. 8, 720), and in oilier ways (Buebka 
i a. Schachtebcck, B. 22, 811). 

' ;i-Toftiic •acid C.H,Me.(.AH [l:4j. [179®]. 

■ (275** cor.) (Fischli, B. 12,<;i5). H.C.v. 920,800. 

Jf.C-p. 927,400. H.F. 100,600 (Stohmann, J.pr. 

I [2J 40. 134). 

• P'ormntinn. -I. By tho action of dilate 
i NHOa on cyiiione (Noad, P. Jf. [jP^ 32, 19; A, 

! 63, 289) on p-xylene (Beilalein, A. 137. 302; 

Bniekner, A. 20y, 113), and on terpenes (Hirzel, 

: Z. 1866, 205). -2. By saponification of the 
j iiUrilc.—3. By heating p-bromo-toluene with 
I CiCOjEt and sodium-amalgam and saponifying 
’ the product (Wurtz, C. li. 68,1208).—4. From 
I ^-bromo-toluene, COp and sodium (KekuUi A, 
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187» 184).—5. By the action of FOCI, (40 g.) on 
a mixture of toluene (40 g.), HOAc (80 g.) and 
ZnOl, (80 g.) at llO-^ (Frey, J. pr, [2] 43» 116).— 

6. By reducing bromo*j)4oIuio acitl with sodium- 
amalgaln (Iteinsen a. Morse, Am. 1, 108).— 

7. From the chlorido which is itinacd by the 
action of COCl, on toluene in presence of AlCI, 
(Ador a. Crafts, JJ. 10, 2176).—8. From the amide 
which is formed by tlio action of yvlCl, on a 
mixture of toluene, CS^, and Nll^.CO.OI (Gatter- 
mann a. {Schmidt, li. 20, 850).—0. Hy fusing 
CjHj.CO.Cglli.COjII with pdiasli (Friedel a. 
Crafts, Bl, [2] 05, 508), ami also by passing gase¬ 
ous cyanic acid and HCl intoV jiucne at 100 ^ con¬ 
taining AlCI, (Qattcrmurin a. Itossolymu, li. 23, 
1196). 

Properties. —Noodles, v. sol. hot water, v. o. 
sol. alcohol and etlior. Volatile with sloam. 
Oxidisod'hy CrO, or KMnO, to tereplithalic acid. 
Yields a di-nitro* derivative [158^]. 

Balts.—KA'.—IlaA'./2jui: needk-s(Ihichka 
a. Irish, B. 20,1761). - CaA'.^Oaq.— 

CuA',. —AgA'. * V 

Methyl ether MoA'. f32°l. (217^). 

F4thyl ether KtAk (228''). Oil. 
Aniido-ethyl ether C,H..CO.O.C HjNlI.^. 
Yields lVHBr,^167^j and 1VGJ1,N,0, [IsO J. 

P‘Ainido-prop>/l ether 
C,H,.CO.O.C,II«.NJIj,. The liydrobrc'mido 
B'HBr is formed by evaporating a solution of 
the bvomo-propyl-amide. It yields lVCelljN,Oj 
[186‘0 and Byi,l*tOl... 

Phenyl ether ThA'. [72*^]. « 

, Chloride (225° at 720 nmi.). • 

.4 mV.ic G,Hj.CO.Nil.. [159°]. I'crni^d by 
heating the Nil, salt in scaled ut 230° 

(Hallemann, B. T. C. C, 79). 

Methylamide Cjii7.CO.NHMe. [143°J. 
Formed by the action of NllMe.COCl on toluene 
in presence of AlCl, (Gattcrmann a Bchmidt,i?. 
20,120; A. 244,61). Tables. 

* .Bf Ay fawtde C-H7.CO.NnEt. [9C°J. 
Bromo-ethyl-amide 

C,H 7 .CO.NH.Ca,.Cnj)r. [129°] (Salomon, B. 
26, 1826). Formed from ^>-toluic cldovidc and 
bromo-ethylamine. Flutes. Converted by boil¬ 
ing water into the amido-ethyl ether. 

Chloro-cthyl-amide 
<^,.C0.NH.CH.,.C1I,C1. [122°J. Needles (from 
ligroin). 

Bromo-propyl-amide 
C,H,,CO.NH.CH.,.ClIBr.CH 3 . Melts at ’i4°, 
becomes solid, and molts again at 158° {B. 20, 
1326). 

Chloro-propyl-amide «- 
0,H,.CO.NH.CH..CUMeCl. [78°]. 

Anilide CjHj.CO.MHPh. [145°]. Formed, 
from toluene, phenyl cyanatc, and AlCI^ (Leuckart, 
J, pr. [2] 41, 306). % 

0 • Nitro • anj.lide. [110°]. Yellow 
prisms. 

p . Toluide CJ.l,.CO.miC,H,. [100°]. 
Formed by the action of sodium-amalgam and 
HOAo at on an alcoholic solution of di-j:?- 
tolyl ketoxim (Goldschmidt a. Btbcker, B. 23, 
2747'; 24, 2799). Needles. 

Nitro-tolukde C 7 H,.CO.NHC,H,Me(NO,) 
[4:1:8], [166®]. 

Diphenylamide C.H,.CO.NPhj. (165^. 
Prisms (from alcohol) (Lellmaxm a. Bonhoffer, 
fi, 20, 2118). 


XyHcfeC 7 H,.CO.NttC,H,Me-. [n0% TieWi 
C7H7.CO.NH.C,H,Me.,(NOj) [187°]. 

Phenyl-methyl-amide C 7 H 7 .CO.NFhMe. 
[70°] (Lellmann a. Benz, B. 24, 2114). 

o-Nitro-benzyl-amide • 

C;H7.C0.NH.CH...C,H,.N02. [142°] (Wolff, B. 

25, 3036). 

Nitrile CJI.Me.CN. [28*5°]. (218°). 

JPormed by distilling potassium tolueno />-suI- 
pliouato with KCy (Morz, Z. [2] 4, 33), by heat¬ 
ing C.IP.N.CB with Cu (Weitli, B. 6, 421), by 
lieatiug tri-p-tolyl phosphate with KCy (lleim, 
Ji. 16, 177'0, and by parsing CjH..NH.CHO over 
heaU“d zinc-dust (G, a. .M.). Obtained also from 
jr»-toluidintj by Samlmeyer’s leaCtion (Glock, B. 
21, 26.00). Sodium added to its boiling alcoholio 
solution forms a small tpiantity of a>-amido-p- 
xylene, the greater part Going Siiponitiod (Bam- 
iMU-ger a. laulter, 2J. 20, 1710). ILSO^ gives 
CjHj.ClN H).N IT.CO.Cjl 1. [M5°J. Easily con¬ 
verted into the imidu (C-H,.CO);.NlI [155°] 
(KnUTt a. KarsUns, B. 25, -154). Cone. HIAq 
forms G.1I..CL.N1L [I15°-l2U J, dccompos<id by 
, fusion (Biltz, ~Ji. 'J.’t, 25.39). 

Tetrahydrid 0 C„ 11,4).. (252°). Formed 

by reduction of with 

sodium-amalgam (F.inhorn a. Willslalter, B. 

26, 2(}0y), Needles, melting below 0°. Yields 
CaA'._.4a4j, CuA'.j2a<j, MeA'. (210'-220°), and 
an amide [158°1. Boiling Na(.>llA(i converts 
the acid into a solid isoineride [47°] (2r)4-’-2»)0°) 
which yields CaA'„ laq ami an amide [135°]. 
llexahydride (Sexad)ojakf»ff, B. 25, .3355). 

• iieferences. —AMii)o-, JivoMo-, Bnoiio-NiTuo-, 

Cur.imo-, NiTito-, Niruo-.vMtoo-, Oxy-, Oxy- 
AMIU0-, and SrLriio- toluic acio. 

a-Toluic acid is PiiKNvii-ACKTic acid. 

o-TOLUIC ALDEHYDE C„U^Mc.CHO[l:2]. 
o-Toluylic aldehyde. (200°). Prepared by boil¬ 
ing w-chloi'o-o-xylene with load nitrate solution 
(Luutli a. Grimanx, BL [21 7, 23.3; Rayman, 
Bl. [2] 27, 498). I’reparcd also from o-xyleno 
by tile successive action of CrO^Cl.^ and water 
; (Boriicmann, B. 17. 1167), and by oxidising 
j C,.lf,^[o.C11.^0fI with eliromio acid mixture 
I (lvi’<)ber, B, 23, 1029). Oil, smelling like bitter 
I alimnnls. Yields a crystalline compound with 
I NallkOj. RoduccU by sodium-amalgam to 
o-tolyl-carbinol. 

Oxim C„JI,iMe.CH^OH. [49°]. Is an anti- 
o.rim. White crystals (from ether), v. sol. 
alcohol. Yields a crystalline Ijydrochloridc. 
Ac.^0 yields an acetyl derivative [5G°J. AoCl 
acts in like manner. The acetyl derivative is 
decomposed by alkalis with regeneration of 
the oxim, no nitrile being formed (DoUfus, R, 
25, 1921). The oxim is convbttcd in ethereal 
solution by PCI, into the nitrilo (204°). 

• m-Toloio aldehyde OaII,Me.CUO[l:3]. «(199°). 
S^. 1*037. Formed by boiling w-chloro-m- 

xylene or a-bromo-m-xylene with lead nitrate 
■ solution (Gundelacb, Bl. [2] 26, 44 ; Muller, B, 
20, 1213), andcalso by the action of water on 
CjHgCrO.^CI, obtained from m-xylene (fitard, B. 
14, 848; Bornemann, B. ^7, 1464). Oil, smell¬ 
ing like almonds. Combines with NaHSO. 
Aniline forms C,H,.CH:NPh. (314°). 

^henyl-hydrazide C,H.Me.CH;NaHFh. 
[91^]. (B.); [88°] (Rudolph, A. 848, 100)* 

Prisms (from U^om), t. sol. ether. 
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^tolsle kldehyda C.H,Me.CHO[l:4]. (205°). | 
Formed by distilling calcium p-toluate with cal- ; 
cium formate (Cannizzaro, X. 124,254). Foniied 
also by the action of water on the product of com- ‘ 
•bination of p-xylene with CrOXl. (Bornemann). 
Oil, with peppery smell. Oxidised by air to 
toluic acid. Alcoholic potash forms potassium : 
toluate and tolyl-carbinol. I 

Reference. — Nitho- and Oxy- toluic alde- j 

HYDE. * I 

TOLTTIC CHLORIDE u. CliJoride of Touric 

ACID. 

T0LDIDE8. Compounds derived from tolui- 
■ dine by displacement of H in NH/by an acid 
radicle. 

o-TOLDIDINE C«H,Me.XH. 11:2]. Mol. w. 107. 
(108®). S.G. -0080 (Hnihl.i. 200,180). 

904,700. H.C.v. OO.’UoO. H.F. .3,800 (IVtil, C. If. 
107, 200). Ms l'58ur,. 07-.7O. S.V. I'iO i;. 

Formed from o-crosol, Znllr^, Nil.,, and Nll,('l 
at 335® (Mcrz a. Miiller, li. 20, .547). I’reparefl 
by reduction of rt-nitvo-toluene. ATay be sep.i- 
rated from p-toluidino by nicani of tin* ac.id»*\:il- 
ales (Bindschedler, B. 0, 14h; Fiile, J. pr. [2j 
14,449; Miniati, Boolb a. Coln'ii, .s’. 1. 0,' 

418), by fr<‘e7.in}» (llosonstielil, Bl. {21 17. 71. by 
means of the nitrat«-s (Scbad, B. 0, lib'.l), 
hytlrochlorfdes, sul|ih:it* s, or pliospbiitc'n (Lrwv, ' 
Fr. 23, 200 ; B. 10. 1717. 2728 ; cf. Wiilfing, 

19, 21.32). o-Toluidino c.-m b<( prepart-jl from 
C.MeHBr(NII.,}(N<>)»! M-m;iT(N( Mil, 

C„M<!lIBrl(NH..)lI, ■c.MoHr.rlUrll, foU-Avcd' bv 
C,Me(NO,)BrnHH, ami C,Me(Nll,U'.rlBrU. U 
can also be, from C, Mi (NH .}Hrl Bril fid 
C..McIBrlBrll, followed by (’..MoIBvf Bi (NO ] 
and C,jMcIBrlBr(^Il.,) thus |)r<-.viii'; lliat the 
toluidino C, lf,Mc(Nll,) [l:2l is idi.iilical with 
CJ-I,Me(NIl,) [1:0) (\Yl•obb•w^ky, .1. 102. 213). 

f Oil. .\ solution in ll..S<),ll,() is 

coloured uran; 4 u by UNO, ami bliu' by (’it.),, the 
solution in tlio latter <‘aso iKTomiii;^' n ddish- 
violet on dilution. Forms a erystallim- C'eu. 
pound with liquid CO. at 8’ (Ibtle, f k tl. li)'», 
014). With I’bO.j ami aqueous acetic U'-id eives 
a green colour, while lMj(.),,ind absdjolie acetic 
acid gives a reddish-violet colour t fiautli, C'. !i. 
Ill, 975). Unlike p-t.»Iuidine, it forms a crysjal- 
line compound with alloxan (I'llii/./.ari, C’. (.'. 
1887, 1288, 1300). If an ethereal solution of 
O-toluidine is shaken with tory diluU* bh^idiinc- 
powder solution the aqiioous layer bi-i’omes 
yellow or brown, and the ethereal layf-r, if d(!- 
canted and shaken with dilute If.SO,, colourg 
this reddish-violet. K solution of p-tolylcne 
diamine hydrochloride mixed with a little o- 
toluidine gives a green colour on addition of 
FeCl, or K,Cr,0, (Niet/.ki, B. lo. 11-,7).. 

licaciions. - 1. I’OCi,, forni'i lOnNlf(’;(T.)f 
[225®J (Michaolia a, Kudort, B. 20, 5051. v. hoI. 
water, whence Br forms VO(NllC„H,BrNy), 
[253^. Another product of tlie a<;tion of l‘()(Jlj 
on o-toluidine is I’OC^NIICtU jMe).^, whence \witer 
forms HO.rO(NHC,lL), [95d. I’SCl, forms 
PS(NHC;Hd, [135®]..-2. SiCl, roact.a fonninj^ 
SiCyNHC;!!;);^. a wh itegranulIVpowder (Harden, 
C. J. 51, 40).—3. On heating with mnlic acitl it 
yields the mono toluide [178®], di-toluide [181®!, 
and a to'yl-imido [IIC®] of malic acid (Bisn)ioff, 
B. 23, 2043).—4. ChlorO’Citryl\hloride forms 1 

CA.N<gg;[jSH,CO.NHC.H, ! 


a. Bubemann, O. /. 65, 239 ).t- 5. SOa, alcohol, 
and nitrous acid give rise to tlio ‘ snlphazido * 
C„H„N,BO, [142®j (liimpricht, B. 20,1241).— 
0. On niiratioii of o-toluidine or its acetyl deriva¬ 
tive XOj enters the p- and o- positions, but in 
presence of.H.^lO^ (10 pta.) the compound 
C„H,Me^N6,,)(Nild [1:4:6J [107®] is formed 
(KiUiing a. Collin. B. 17, 205), together with the 
(l,2,t»).isojnc>ydo (Oroen a. Lawson, C. J. 69,1018). 
— 7. Benzoic aldidii/de forms C„H 4 CH:NCfH,» 
an oil (311)®) (Ktard‘ Jfl. [21 39, 530; Pictet, B. 
I9,10ti3). s. /f u^/r.)/)on,rm/iMh>ir warming forme 
the saini' body (iUt)'') (Lnchovitelt. ^f. 9, 095).— 

9. Tohiidiiu' bciiti'd. with toluidinc hydrochloride 

ami lu'ii/.oic :\ldrby<lc in scald tubes at 120 'forme 
C,.II ..('U(0„U,M'‘.NII.,)^, a crysiiiliino powder 
turnin;^ blue in tiu' nir (niimaini, 2)r. [2j 30, 
251). - 10. 'rije mrthjil. i of p-orij-ben- 

loic aUrlmdr at 120 jundm-f.’; tlio^»unpound 
C,U,(OMc).(’H-.N.C U. 132’'] (Strinluirt, A. 241, 
310). 11. lUonto-i>n>iu,>lir ijcid ri'iic-ts, forming 

[185''i (Miilw'ry a. Krause, B. 22, 
3308).—pi. ati-f)i-hri>''^>-arri/Jit' acid produces 
pule-yell.fw nceilles a. Ii.). -13. The 

hydrochlnridi; heated with MeOll at 250®-300® 
gives rise to di-methyl-b'luidino, xylidine 
C,ll:,Me.(NlL,) [-1:3:11 and mcHidino (T.)impaoh, 
If. 21. O-iO).—14. ('b/umnen /aased into an 
alcohnli,? s«»)uiion forms crystalline C|„H,hN^, 
wliicli yield.s B"H,C1., and B"2HN(), fjjladin, 
BL [2] 41, P2H)._1.5. On Imatiffg wim ,S i^ 
yi«d»lsO,,H,.N,_,S IP20'] eryslallifling from alcohol* 
in yellow plates and yiobling a tlibromido 
•C,,ri, Jlr .N .S] 190 1 (Catt. rmann, B. 22, 42.5).— 

10. CiSoilf'inC/IOI, forms (Mi,..VH.SO^/f, which 
yields B;iA\, 2a<}. Both the neiil ainbi# salts ro- 
]iri)<iuce o-toluidim* when tri-ated witli hot water 
('rraulie, B. 2;i. IC).'));). 

Salt s (Bi-ilslem ;i. Kiihiberg, /I. 150,00; 
Boseiisliehl). B’lKbiui. S. 37'4 at lO’f)'-’. 8. 

(ulcoliol) 100. B'.ll 1’L(3,,. Di-eomposed by 
builii g water (dilTeietir-e from p-toluidinc) (De 
(’oninck, hi. {2) 45, 131). B',lij,Zn(‘l,. W’beU^ 
tables (BihiinotY. .IZ-mif. :■,< icni. [3j 4, 925).— 
B',ZnCl,2aq (T.achovileli, ,1/. 9. 51:1). lV.,HgCl^ 
(115 ^J. Brepaied hy hiiakinp an alcoholic solu¬ 
tion of the base witli Jlg(3, (Klein, B. 11, 743). 
(Jrystailiiie ]iowd<T, sol. aleolud an*l ether.— 
B'.MnCl.,. B’.H,Pn(3,. Yellow crystalline pp. 
got by aiMing PiiPi, to a solution of the liydro- 
chloridr- (I'oniey, ( /' in|, 305),—-B'lfBr. Tri* 

metric jirisms. - B'..ir;;Br„. (lOl' j. Leaflets 
(^lein, B. 13, 835). 'B'.Zn'Br.^ (Leeds, J. 1882, 
503j. -B'lII. 'J'riim tric piisiiiH (Sttide), B. 16, 
28). BMl!.;],. White m erdes. - B'..Zn4— 

BMJdr.. •B'JhXy.,. - B',II,FeCy„: crystals.— 
B’,lf Cu (SO.,*);,. Fonned by adding aqueous 
cupric Kulpbato and NmllSO, to a solution of the 
base in iiceiic aciil (DeuigeH, ( It. 112, 870).— 
B'IIgP!.(S(^.),^(ii]. B1I.,S(),. Crystals (Welling- 
lofl a.'iollrms, B. is, 3 :v1;-1). -B'.,H,S 04 . B. 7-8 
at 22 b S. (89 p.c. aksohol) 1*0 at 21*6®.— 
il'JINOa. S. 10 at 19^ S. (89 p.c. alcohol) 
23-5 at 10-.5 ’. B'H.l'C,. Crystals, v. sol. water 
(Lewy, //. 19, 1717). The Balls*B'jH.»P 04 and 
B'.,HaFO, coulil not ho prepare.tT Aniline Mis 
free o-toiuidine from B’Ji,P(),. jp-Toluidflie also 
sets free o-foluidino froar its phosphate,— 
B’USCyCr(SCy),2Nilv Bed plates, v. sot hot 
water (ChrisUmsen, J. pr. [2] 45, 862),—Osal* 
ate : small plates. 8. 2 38 at 21®, B»(84p,A 
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Alcohol) 2'68 at 21o. S. (ether) *66 at 21^— 
Chloroacetate B'C^HaClOj. [96®] (Bisohoff, 
jR. 21} 1267).— (0 ?)>naphtbolAte [81®] (Bysoti} 
a J. 48, 470). 

Formyl derivative 0;H,.Nfi.CH0. [68®]. 
(288®). 'Blatos (Ladenburg, B. 10,1129 ; Tobias, 
P. 16,2446). The crystalline polyniefide [211®] 
is V. boL hot HOAo, nearly insol. ether and cold 
alcohol. ^ 

Thioformyl derivative cJh,.Vh.CSH: 
[96®]; yellow needles; bitter taste; sol. alcohol 
and ether, insol. ^ater. Formed by heating the 
formyl derivative with P.Bv 'it dissolves un¬ 
altered in cold aqueous NaOH, aud is reprecipi¬ 
tated by an acid. By distiVation in vacuo it 

forms di-tolyl-formamidine with 

evolution of H.^S and CS... By heating for 7 hours 
at 190® under pressure'a crystalline compound 
0|«H,aN.jS [160®] is formed with evolution of 
HjB (Senior, B, 18, 2292; (7. J. 47, 762). 

Acetyl derivative C,H,.NHAc. [109®] 
(Bedson a. King, C. J. 7.53). (206®). S. -85 
at 19®. Formed from the base and llOAc *(Buil- 
stein a. Kuhlberg, A. 156, 77 ; Alt, A. 252, 318), 
or by shaking it with water and Ac^^O (Hinsberg, 

B. 28, 2962). jponverted by PClj, into the com¬ 
pound C,H,N:CblMo, which when curef ally heated 
gives a base C,H,N:CMe.cn.^.CCl:NC.lI, [.5.8®], 
and when treated with excess of o-toluuline gives 

•di-tolyl-acctamidine [69°]. Br in HOAc forms 

C. H3MeBr(NHAc) [1:6:2] [167®]. 

Chloro-acctyl derivative • 

CtHjNH.CO.CH.^CI. [112’]. Formed t>y the 
action oi johloro-acetyl chlorido on o-toli;/lino 
dissolved m benzene (Widman, J ^r. [2J H8, 
299). Needles (from dilute '.'.Iwonol). Converled 
by alcoholic potash a pyruzinc derivative 
[160®]. 

Di*‘nloro-acetyl derivative 
CjHjjwH.CO.CHCU. Needles, volatile with steam 

• (i^iigheimer a. Hoffmann, B. 18, 2087). 

Tri~chloro*acetyl derivative 
CjHyNH.CO.OGlj. [67®]. Formed from hexa- 
cbloro-acetoue and o-toluidino (Clocz, A. Ch. 
[6] 9, 215). Needles, si. sol. ooM alcohol. 

Brofiio-acctyl derivative 
0}H,JIH.CO.CH.,.Br. [113°]. Formed from 
O*toluidino and broino-acetyl bromide (Widman, 

* *7. [2] 38, 208). Needles. Converted by alco¬ 

holic potash into 0,oH„N.O^ [160®]. 

T/iio-acetyl derivative ai 

C,H,}NH.CS.CH,. [68®] (Wallach, B. 13. 629; 
16, 147). Converled by NaOEt and EtBr into 
oily 0,H,N:CMe.SEt (202®). * 

Propionyl derivative C.H,.NH.COEt. 
[87®]. (299® at 730 ^uu.)^ I’orined from o-tolui- 
aino and propionic acid (Pictet a. Duparc, B. 
20, 3421). Needles, si. sol. hot watt^, Uxidised 
by KMn 04 to propionyl-o-amido-benzoic acid 
[117®]. 

a^Bromo-propionyl derivative 
C}H,.NH.CO.GIlBr.CHy. [l.Sl®]. Needles, insol. 
ligrofn (Tigerstodt, B. 26, 2920). 

BefiMoyFderivative C,II^.NHBz. [131®] 
(Gud^man, B. 21, 2658); [143®] (Brilckner, A. 
206, 130). Long br^ad needles, fields benzoyl- 
o-amido-toluio acid on oxidation by KMnO.. 
FCi, forms 0 ^,N:CC 1 . 04 H, (Just, B. 19, 982). •' 
Oxalyl itrivative CI,0,(NII.C,H,), 


S* ISO) (Bladin, SI. [aj 

derivative C,H,N:0,O,:C„H.. 
[182°]. (near 860°). Needles, sol. hot HOAe 
(Frihlioh, B. 17, 2679). 

Phenacyl derivative 
0,H,NH.CH,.CO.G,Hs. [89°]. Formed from the 
base in alcohol and u-bromo-acetophenone 
ffiisohler, B. 25, 2865).* Needles. Yields B'HCl 
and an acetyl derivative [92°]. 


m-Toluidiae C.H.Me.NHj [1:3]. (197°) (Beil, 
atein a. Kiihiberg, A. 156, 83); (201°) (Buohka 
a. Schaclitebock, B. 22, 840); (205°) (Lorenz, A 
172, 180 ; Morz a. Miiller, B. 20, 518). S.G. 25 
•998. S.N. 128-1. H.O.V. 901,600. H.O.p. 
905,000. H.P. 2,900 (Petit, A. Ch. [6] 17, 155). 
Formed by reduction of wt-nitro-tolueno. Ob¬ 
tained also from y)-toluidine by euccessivc acetyl¬ 
ation, nitration, saponification, diazotisation, 
boiling with alcohol, and reduction (Lorenz, B. 
7, 448). Formed also by heating m-cresol with 
ZnlJr., ammonia, .and NII,Br at 300° (M. a. M.). 
Prepared from •benzoic aldcliyde by nitration, 
,conversion into «i-nitro-bcnzylidene chloride and 
rednetion of this body by zinc and HClAq in the 
cold (Vienne a. Steiner, Bl. [2] 35, 428 j Wid¬ 
man, B. 13, 670; Bl. (2) 30, 216; Ehrlich, B. 

I 15, 2011; Harz, 7i. 18, .339M). w-Toluidine can 
j bo shown to exist in commercial toluidine by 
I moans of tho nitroso- dc^:ivative of di-methyl- 
7w-tolnidine, since o- and ji- di-methyl-toiui«lines 
do not give nitroso- derivatives (Wurster a. 
Hiodel, /i. 12, 1790). 

Properties. -Oil. Its solution inH.^SOjH^O is 
•eoloured yellowi.^h-brown by«CrOa and blood-red 
j by UNO;,. It-i otlici’cal solution, shaken with 
• wattir and a little blcaching-powder, is coloured 
reddish, Iho aqueous layer being brownish yellow. 
HNO;, added to its solution in a mixturo of 
H.^SO, and IIOAc below 0® forms nitro-toluidine 
[134®] and some of its isomerides. Cyanogen 
passed into its alcoliolic solution gives the com¬ 
pound (C,H..NH.,)„C.,Nj [200°] which forms 
B'.JICI, B'..2llNO„ and ]r,2H,.SO, (CUvo a. 
Bladin, BL [2] 41, 129). Yields (4,2,1). xylidine 
when its hydrochloride is heated with MeOH at 
2(>0®-300® (Limpach, D. 21, 616). 

Salts.—B'HCl. S. 96-3 at 12®. S. (94 p.c. 
alcolK^f) Cl-9 at 9’,-B'.JI.PtCI,.-B'HNO,. 8. 
20* 1 at 23-5® S. (94 p.c. alcohol) 46 at 16®.— 
B'HBilj (Kraut, A. Ao, 323).—B'^H.^SOa. S. 
6*25 at 14®. S. (94 p.c. alcohol) at 15®.— 
B\H,FeCy„ (Eisenberg, A. 205, 270).—B'HoCjOz. 
Silky needles. S. 2*65 at 13®; S. (‘94 p.o. alco¬ 
hol) 1*77 at 16®; S. (other) *13 at 16®.— 
B'a 2 H;,Cn 04 . White plates, S. 1*45 at 16®; 

^ S. (94 p.o. alcohol) *96; S. (ether) ‘128 at 16*6®. 
—B'j 5 H.^C.G 4 aq. Very unstable. 

Formyl derivative C,lI..NH.OHO. (278® 
at 724 mm.) (Nicmentuwski, B. 20, A892). 
Converted by long boiling into 
C,HyN:CH.NHC,H, [123®]. 

« Acetyl derivative C,n..NHAo. [66®!. 
(303®). S.‘44 a# 13®. 

Di-chloro-acetyl derivative * 
C.H..NH.CO.CHCI 2 . [IC^®]. Silky pUtef 
(Rimheimer a. Hoffmann, B. 13, 2938). 

■ benzoyl ^derivative G}H..N^z. [126®] 
(Just, B. 19, 983). 

Phthalyl derivative 0,H,N^CA*0,II^ 





tOtWtotNS. 


fit 


pi#’], tfeedle*, T. iol. HOAo (IMhlioh, B. 17, | (Hofmann, O. /. I, 170; A. 68 , 144; ClJvo a. 
0679). BlaOin, Bl. [2] 41, 125). I’bo niothor-Uquoi 

p . Toltudlno C.H,Me(NH.J[l:4]. [45°] contains C.,H„Nj [182°] whioh yields the salts 

(Stiideler); [42-8°] (Mills). (198°) (M. a. H.); I B'HClSaq {a.red powder) and B'^PtCL. The 
(206°) (Stadeler, J, pr. 96, 65), S.G, 1'046. j compound CjeHigN^ is also formod when 
8 . 35 at 11’6°. H.C.p. 958,800. H.C.v. ! p toluidino V heated with oxalimido-ether at 
967,860. _H.F._9,700_ (Petite C. K. 107, 2 CG). j 100° (Voidauder, B. 24, 805).-9. Cyanurie 


IGl; Sell, G, J. 16, 186; v. also o*ToLirmNii). 
Formed also by beating jp-crosol with am- 
moniacal ZnCl, (Buch, B. 17, 2037; Morz a. 
Muller, B. 20, 545) and by trcalftig methyl- 
aniline hydrochloride at 350'^ (liofmaiin, JJ. 5, 
720). On sulphonating a mixture of o- ami p- 
toluidine the o-toluidine is drst attacked and 
the p-toluidine can then bo distilled oiT. 

Properties .—IMates (fiom li^roin or dilute 
alcohol). Its solution in H.;S()Jl/) is turned 
yellow by CrO, and blue by IlNO^, in tlic latter 


acetamide forms C lI.NH.tdl X'O.NH, (1*. F 
Meyer, B. 8, 1158). An alcoholic solution of 
chlt’io-ac4'tio aoiil and lit)yS yields G,yFI,..NgSOs 
[176 '-182 ’j (NeneW, pr. [21 16, 1).-U. !>». 
chlttro-acciic a\‘iiT f<inns t')ly)ainidt>-mothyI- 
oxindolo. -- 12. Cidontl rcai thi, with forma* 
tion of CC! 3 .CII(N 11(1,11,), [115 ’] (Walloch. A. 
173, 278), Wlicu c.hloial i;4 waiauod with an 
ahroliolio solution of p-tolnidino thfVo is also 
formed CCl,.CJl(()l';t).NIU;,H, [77^j. - 1». 
Ahlehiple form.s crystsilline ClI,,.CII(NnC.nj)^ 


case changing to red and linally brown (Hosen- ; [c. (lO 'j.—11. b'urfuntUhdujJc added to a hoi 
stiohl, Bl, 10, 200). Bleaching-powdc-r does | alcoholic sohition t»r /-eioluiiline and its liydro- 
not colonritsBOlution in water or eth('r. rhO.and chloralo forms hrown amorphous C,JI^.N.^08, 
HOAc diluted with water or alcohol gi\o a bright * which yicltls B'llGl and IVIINO 3 both crystalli- 
red colour (Lautli, G.R. 111,375). When hoilcd ; sing in jniriih* neofllos {Stenhoii.sc. A. 156, 203). 
with water, crystals of an ctllorescent hydrate | 15. Nascent fonnU- iilorhii-lc pj'oducos a base 
separate on cooling (Ijowy, B. 13, 2728). : C,,1I,.N,_. [134 1 which is converfod by nitrous 

Hmetions. —1. Oxidiscil by KMnO,, alkalino acid with evolution of C(h into C,bH,„N^O, 


KjFeCym or chromic acid to C,.jH..,N 3 i)r 
C«H.,Me(NC,H,),(NH.,)*[l:2:5:4]. whiJh may be 
readily reduced to C,,irMo(NIK.i.ll,)^(Nn.J 
crystallising from alcohol in colourh-ss jilalcs 
[166®], readily re-oxidised to (Uar- 


[26,0'’. 261^] ('I’ollens. J. pr. [2] ,36, 225).— 
16. Dt‘n.:oir allrlnid,' at 100 ’ reacts, forming 
C,.ir,.CIi(Nll(:,ll,);fH )0 i (32(; ’i.V. at723 mm.), 
wliich chaiigt\s at 160 ' into jiii isoinorido fl 20 ®« 
725 J '^nd is converted hy Br in CH._j into 


silowsky, A. 207, 102, 118; J. It. Ih.s?, 132; ^ C,,lJ'„nr.N [160'-16.V’[ (HchilT, X. 1^5,'400; 

" ■ .. --561'.; l-ii tel. B. 13, f0(;3). In 


Perkin, C. J. 35, 728; 37, 516; Klinger a. 
Pitschke, B. 17, 2433; Green, O. J. 63, 1335). 
Tho compound C.;,Ha,N 3 crystallises from 
xylene in dark-red plates [227'’dissolving in 
acids, forming maroon-rod Jhiuids. quickly de¬ 
composing with separation ofp-tohiidine. (Jonc. 

dissolves C;;,IIj,N 3 , forming a greenidr- 
blue liquid which on waniung becomes wine- 
red with production of p-tolui(Jine. - 2 . Oxidi.scd 
by CrO, and HOAc to tolucne-a/.o-toluenc 
CyHj.Nj.CylL. — 3. Niltwis add forma 

C, Hy.Nj.NHG,H,. When NaNO, is added to » 
solution of tho liydrochlorides of o- aud 77 - 
toluidine, the o-toluidine is first attacked, 
yielding G,H,.N 2 .C,H 9 NIi^ jfnd can thuf bo 
removed when mixed witl>p-tolnidiiie (Wtilfing, 

D. P. J. 263, 260).—4. Substituent.s usually 
enter positions 3 and 5 [iMe -1] but when 
p-toluidinc or*its acetyl derivative is dissolved 


Ma//.iua, /. 1880, 
thf' action of /»-l.ohiidinc mid its liydrochlorido 
on benzoic aldehvd<.* at 126 ‘ there is produced 
[178 j' and OJl ..Cll(G«Il,Me.Niy, 
[1^6 I (c. •130'’’), which yield u di-a(^etyl deriva¬ 
tive (2l8''J and a di bcnzoyl dorivativo [136®] 
(I’llitiann, J. pr. [2J 36, 267). 17. p-Mehu)xy- 

hi'n~oic aldehijdc forms C„il 4 {(JM<‘).ClI;(NO,H 3 
[32®] (Steinhart, A. 211, 332). -IH. p-Alelltoxy- 
l)<‘n.rophenone diloride yields tho compound 
C,lI,(OMc).CPh:NC;ri, [hO'-] llantzfich a. Kraft, 
B. 21, 3520).- 19. An ethereal solution of 
G,;lIi.CCl:NS(.) 2 Ph, obtained from benzene sul- 
plionic anilide and PCI,., forms tho compound 
C«fIvC(NHCJr.):N.SO;.Pii, which separates in 
nmnoclinio cry.slala; aihie *■ '650:1: *533; ) 8 » 
63’ 16', insol. water (Wallacli a. Gossmann, 
A. *214, 216).—20. Alcohol, SO.^ and nitrous 
acid form the aulphazido 0 ,,ii,„N .2802 [14P®] 


in H 3 SO 4 (20 pts.) nitrated the comi»ound j (Liinpricht, B. 20, 1241).-21. Heated with^ 
CaH,Me(NOj)(NH 2 ) [1:2:4] is formed instead of 1 pe^sulphocyl^Jlic acid it gives 77 -lolyl-tbiobiuret 
the (1,3,4)* isomcrido (NGlting a. Collin, B. 17, • {li. 17, 581).—22. On l*eatin,g with $ulphur it, 
26^.—5. Bromifie in cone. HClAq at 0® forma I fields dehydrothiotoluidine and primufine ; v. 


C,H,Br,Me(NHo) [6:3:1:4]; but C«II^rMe(NH. 2 ) 
[2:1:4] is formed in *presence of cone. 
(Hafnolt B. 22, 2538, 2902). — 6. ICl forms 
OsH 3 ljMe(NH 2 ) [5:$:1:4] (Michael a. Norton, B. 
11, 107).—7. Chlorine passed into p-toluidine 
dissolvea in H^SO, at 0® forms ^H,MeCl(NH.;) 
[1:3:4] a^d larger quantitiesof its isomer- 

ide. In HClAq (40 me.) the chief product is 
0 AMi^NH,) [l:3:5'l] (Hafncr).—8. Cyanogen 
pasM into an.^cofaolio solution forms 
ta fO,HaN),C^I crystallising in p%arly sc^es 
[822®-230®l and yielding the crystalline salts 
fr|8HCl, B',2HNO«. B'AS04 6aq, andB'AOaO^ 


rr-i^. -j23. Diaroheuiciir chloride yields 
SI.^.NHd7H, [«5®J which is identical with 


PniMur-iia 

C,U5^.,.N_. - . 

tho product of tho acti<fli of p-diazotoluene 
chloride on aniline (Nolting a. Binder, B. 20, 
3005).—24. Bromo-propiolic acid forms di- 
^olyl-acctamidino fl20'’] (Mabery a. 

Krause, B. 22,3307), which is also fdirmed bv the 
action of HOAc and PCI, on p-toluidine (Hof* 
maiMi. Pr. 15, 55).—25. ItacQiiic acid in boiling 

, ^ ^ /cn,.gH.co,H 

aqueous solution forma 

[IM®] (Scharfenborg. A. 254,150).—26ri<»<pZ- 
cifric anhydride dissolved in chloroform fonai 
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C,H.0(CI0^(C0.NHC,S,), [189°] Klingemaim, 
B. 22, 987).—27. Malic acid at 160° yields 
Ca,O(0O.MC,H,)2 [208°] (Biachoff, B. 23, 
2046).—28. The hydrochloride ‘heated with 
MeOH fields 0„H,jMe,(NH,) [1:3:4] (Limpaoh, 

B. 21, 640).—29. Ethi/lcne oxidi lorms oxy- 

ethyl-p-toluidine (Ueraole, B. 7, 635). — 

30. SOCl., forms thionyl-toluidine ( 5 . v.). —31. 
pool, forhis PO(NHC,H,)j [192»J‘wli:ch yields 
PO(NilO,H„Br), [180°] and PO(NH.C,H,.NO.,), 
[247°] (Itudcrt, 11.26, 569). Anotlicr product of 
the action of POVlla is POCl(14HC,H.).,, whence 
water forms HO.PO(NHC,H,), [124'J. — 32. 
PSCl, forms 1>S(NHC,I1,), [hfS"]. 

Salts.—B'llCl. S. 22-9 at 11° ; S. (89 p.c. 
(alcohol) 26 at 17°. lVnAuCl,.-ir.,I[,PtCl,. 
Not decomposed by boiling water (De Coninck, 
Bl. [2] 44 . 131).- B'..rtCl.j ((Jordon, li. 3, 177 j 
Cochin, Bl. 12] 31, 499).-B'.,H,l’tCy, (Sobols, 
U. 1, 90.5).—BT“tClHt.,l’0, (Saillard, J:L [2] 18, 
111). — B',PtCl,MH,,i'0,. — B’PtCl.;3I''.t,PO. 
(Cochin, J. 1878, 31.5).—B'.,ZnCl., 3aq (Bacho- 
viloh, M. 9, 513).—B .IIjZnCl, ((JralingbolT, 
Z. 1865, 599). - B'.lIgCl... [125'’]. •Thick 
needles, sol. alcrdrol and ether (Klein, 11. 11, 
743). —B',,NiC1.21'’,t()H. Green pp. (Bippmann 
a. Vortrnam% 11. 12, 81).—B'.CoCl 2 . Blue 
needles.—B'.^l..SnCl,. Monoclinic crystals 
(lljortdahl, /. 1882, 535).—B'.jH.,CuCl, (Pomey, 

C. 111104, l*00).- B',,Mn01..(Bccd8, J. 1882,503). 
- B'jUrO..Cl...-BTlBr. Plates (Stiidel, 11. 16, 
28).—B',,HpBr,. [12l°l. Plates (Klein, 11. 13, 
835). — B',/.nBr.,. — B'.CdBr..—BTII.—BMIgB. 
[81'’]. — B'llBil, (Krairt, A. 210, ‘321).— 
B'.(II,SC,,.),,H1, (Jorgensen, J.jir. [2] 14, 386).—, 
B',/nI.j.—B'..(jdI.,.- B'UNO,. S. 17-7 at 23-5°; 
8. (89 p.c. alcohol) 42 at 20°. B'. AgNOj. 
[101°] (Mixter, Am. 1, 239).-H'..CJ(N()j2.— 
B'.,Ilg.,(NOJ.,.—B'.,II,SO,. S. 500 at 22°; 8. 
(84 p.c. alcohol) 1*3 at 2:)°.—BT 1.8(5,. Crystals, 
coirveited into BMB^SO, by water (Tolleiis, 11. 
*8, 3312).-B’.Ag,;SO,2a(i (Mixter).-BTI,,1’0,. 
Thick needles, v. si. sol. cold water (Lewy, II. 
19, 1717).—B'.,(NH,.Ph)ll,CoCy.Haii (Weselsky, 
J. 1869, 314).-B''Jl.,Co(:y„2aii: B'..llgGy...— 
B'HCrlSCy),2NIl,. Plates (Christensen, pr. 
[2] 45, 362).—B'.Cu,JI,(S();,).;. Yellowisb-wbite 
lioxagoirat plates. - B'llgl 1 .(SO,),,aq (Deniees, 
C.,fi. 112,870). Oxalate ll'lBGO, iaq (liornc- 
niann, B. 22, 2710). 8. '87 at 14° ; S. (84 p.c. 
alcohol) *48 at 22°. Insol. ether. —Chlor 0 - 
acotates B'C.JI,C10.j [102°] (Baralls, J. ^84, 
698).-B'C..H.Cil.O,,. [141°]. (B.) [136°] (Unis- 
berg, B. 18, iOl').—B'G..H01,O.,. [137°].—Tri- 

• ohloro-lactate B'C,H,CI,0,. [13ij°j.- Mucate 
B'^CkHiuOm. Yellowish crystals, sol. hot water. 
—Picrate B'0„H.,N3C1^‘. [169°] (Smolka, .1/. 6, 
923). S. -61 at 18-5‘'; S. (95 p.o. alcohol) i 
at 18®.—Vhenate [31*1 (• bj' heating 

p-toluidine with phenol (Dyson, C. J. 43^ 4(»8). 
Noodles (from ligVoin). —Compound with 
pioramide B'Cair(KO;^)jNn.,. Black needles 
with green reflex (Mertens, B. 11, 813). 

Formjjl derivative C.H,.NIl.CHO. [46®j 
(Hubner a. Bu.lolph, A. 200, 371); [52®] (To- 
bUlb, B. 15, 2440) ; [53®] (Bamberger a. Wulz, 
B, 24, 2080). ^rmed by beiling p-toluidine 
with formic acid or, together with the oxalyl 
derivative CaOa{NHCyHT)a [263®], by heating 
p-toluidine oxalate. Prisms. Converted by 
hMting With into C^.NH.CHS £174®] 


(Senier, B. 18, 2294; C. /. 47, 766). Yields 
CyH,.NNa.CHOaq. 

Acetyl derivative C,H,.NHAo. [147®] 
(Hubner a. Wallach, A. 154, 302; Kelbe, C. J. 
44, 916). (807°) (Beilstein a. Kuhlberg, A. l.'iO, 
74). S. *089 at 22 ®. Dimorphous, crystallising 
in monoclinic forms; a; 6 :c = 1*216:1: * 788 ; 
^ =s 106° 7', and also in trimetric crystals; a:b:c 
= *651:1: *320 (Panebiaeco, O. 9,302). Oxidised 
J)y KMnO^ to acctyl-j:>-amido-benzoic acid (Hof¬ 
mann, B. 9, 1299). Oxidised in like manner in 
the animal body (Jaffe a. Hilbert, if. 12, 295). 
PCI., forms a liquid product which solidifies 
wlien strongly cooled, the crystals doubtlesft 
being CJIyNH.CCl. 2 .CHs. This readily splits up 
into HCl and C?H..N:CCl.CHg. This is a colour¬ 
less solid which is converted by Aq into aectyl- 
2 >toluidine; by toluidinc into di-tolyl-acct- 
aiuidino. The chloro-iiuido C,H..N:CC1.CU,, at 
100® forms a base C,„H,.,N.Dl [72®J, which may 
bo crystallised from alcohol. It is prohablv 
C-lI,N:CMc.ClL.CCl:NC;H,. It is dccomposi d 
by moist air or water with production of 
MeC{NCdP)NC,HJI, HOAc and MeCONHCJI,, 
and by heat with production of an amorphous 
base C,kH|hN.^ (Wallach a. Fassbender, A. 214, 
202). Nitrous acid converts acctyl-^)-toluidine 
into C,H-.NAe.NO [80®] (O. Fischor, B. 10,959). 

Chloro-acvtyl derivative 
C,rTyNH.CO.CII..Cl. [162®]. Needles (Tommasi, 
BL 12) 19, 400;'Mcyer, B. 8 , 1154). 

Di-chloro-acctiil derivative 
C,H,NH.CO.CIICl.,. [153®] (lUigheimer a.Hofl- 
mann, B. 18,2980). 

Tri ■ chi oro-acetyl derivative 
C,n,NH.CO.CCl 3 . [80®] (C.); [102®] (J.). S. 
(alcohol) 12 5 at 14®. Formed from jp-toluidino 
and (CCl,).,CO (Cloez., A. Ch. fC] 9, 145), and 
also froju p-toluidine andCCla-COCl (Judson, B. 
3, 784). 

Bromo-aceiyl derivative 
CJIjNH.CO.Ctl.dlr. [164®]. Needles (Abenius, 
J.pr. [2J 40, 43:1) convevti-d by alcoholic potash 
into an a/.ine and C;H,NH.C 0 .CH 3 . 0 Et [32®] 
which is V. e. sol. alcohol. 

Thio-acet yl derivative 
CdF.NII.CS.CII3. [131®]. Formed from the 
acetyl devivulivo and PjS^ (Jacobsen a. Ney, B. 
22, ^,06). Got also by heating tolyl-acetamidine 
with CS.J at 100 ®* or di-tolyl-aoetamidine with 
TI.jS (Uornthsen a. ffrompetter, B. 11, 1759 ; 
Wallach a. Pannes, B. 13, 529). Converted by 
NaOKt and FtBr into oily CjH,N:CMe.SEt 
(272®) (Wallach a. Wiisten, B. 16f 147). 

a^Bromo-propionyl derivative 
CJFNH.CO.CHnr.ClIa. [125°] (Tigerstedt, B. 
25, *2921). Pliitcs, V. sol. CliCl,. 

Jfemoyl dcrivative C,U,NHB 2 . [168°]. 
(232®). Funned from 2 ^-toluidine and BzCl 
(Jaillard, Z. 1865, 440; Kclbo, B. 8 , 875 ; Hub- 
nor, A. 208, 310; Wallach, A. 214, 217; Gude- 
hian, B.21,2553; Muller, B.22,2404). Needles, 
v. sol. alcohol. Converted by PCI, into 
C,n.N:CCl.C ,^3 [52®J (Just. B. 19, 980) crystal- 
lising from ligroin in prisms. « 

p-NitrO‘bemoyl derivative 
C 6 H,(N 05 ).C 0 .NHC,H,. [197°]. Penned from 
l^-toluidine and j>-nitro-benrt>yl chloride. Yellow 
needles (Qattermann, B. 25, 1082). Converted 
by PCI 3 into C«H,(N 03 ).CClyNHC^ ^19^} 
orysialU^g in golden prisms. 
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Phenacyt d«rivativ6 
0,H,NH.OH,.CO.C*Hi. [127®]. Formed from 
w^bromo-iicctopheuoneandp-toluidine in alcohol 
(Bifiohler, B.25, 2SCC). Yellow prisms, yielding 
B'HCl and an acetyl derivative [89®] crystal- 
Using in white needles (from alcohol). 

Phthalyl derivative O.H,N:C;,Oa:C^H4. 
[206®] (Frohlich, B. 17, 2079). 

References. —Biu)mo-, Dibkomo-iodo-, Buo5i(f- 

MITRO-, CHrX)RO-, Xltl-CiaoKO-NITRO-, loDO-, 
KiTRO-,and Nitboso- toluiiunks. 

TOLUIDINE SBLFHONIC ACID v. Amu>o- 
loLOBNB SULMIONIO ACID and alSO ^ITKO* aiid 
lOXK)- TOLUIDINE SULPIIOKIC ACID. 

TOLUIDINE THIOSULPHONIC ACID v. 
AuXDO'TOLUENE tuiosulpuonic acid. 

TOLDIDO- V. Tolyl-amido-. 
TOLDIDYL-CYANURAMIDE v. Cyanic acids. 
TOLUIDYL-MELAMINE v. Cyanic acids. 
TOLUISATIN V. Di-toi.yl-oxindoi.e. 
T0LU.(a3)-»APHTHAZINE C,-H,,N, Lc. 

[* 1 ]. 

Formed by oxidation of a mixlun! of tolylene-o- 
diamine (1 mol.) and {j8)-nap)itliol (1 mol.) with 
KaFeCy,,. Foi'nied also, togellior wil.li tho iso- 
meride [109°], by the action ot 0)-naphllio4iiiii. 
one on tolylcnC'O-diauiinc (Witt, JJ. *20, 677). 
Dissolves in cone. llfiO, with violct-rcMl colour. 
Forms with its isomeriJe a molecular conipouiid 
[142°]. 

Tola-(a/3)-naphthazine 0,,H,.N. i.c. 


C.H,< 




[‘l]. [lO'.l'’];. 


Formed as above, and also, together with ami<lo- 
benzene 2^*sulphoiiio acid, by b'.>iliM;< snlplio* 
bcnzcne-azo-(^)-naphthyl-;5-tolyl-ainin<' witli 
dilute U„SO„ and by boiling ‘ wo.d l.lack ’ 
C«H*(S03H).N,,.CJI,(S0,H).X,.tJ,„ll..NllCdh 
with dilute H.^SO^ (Witt, Ji. 20, 577). Yellow 
crystals, v. si. sol. alcohol. Cone. forms 

a brownish-red solution. 

TOLUNITBANILIC ACID v. Ninio-Di-oxy- 

lOLOQDlNONE. 

TOLUOlN V. Di-METiiYi.-m:N/oiN. • 

TOLUOL V. Toluene. 

TOLUFHOSPHINIC ACID u. rnosniojoLUic 

ACID. 

TOLUOUINOL V. HydRoto iii;o u in > >n I'- 

TOLUQTJINOLINE v. Mi THYL-yuiNor.iNH. 

TOLUQUINONE i.e. 

C,H,MeO, [2M:1]. [CO®]. 

1. By o.xidation of tolylcne- 
p-diamine or of o-toluidine (Kielzki, B. 10, 802, 
1934; A. 21$, 158; Ladenburg, B. 10, 1128).— 
2. By boiling crude creosol with MnO^ and 
dilute H^SO* (Carstanjen, J. pr. [2J 2.0, 425). 
Separated from accompanying xylotpiinonc by 
reductfon with SO,, crystallising the hydrotolu- 
quinone from benzene, and re-oxidising 1>y 
fuming HNO^~3. By oxidation of m-xylidino 
(Kolting a. Baumann, B. 18,11^). 

Pre;i^ralion .—20 g. of o-tofuidine are dis¬ 
solved in 600 O.C. of yater containing ICO g. of 
H-^SO,; 20 g. of finely powdered potassium 
bichromate are added by degrees, continSal 
agitation, keeping the temperature at 10®-15®. 
After standing over night, 33 g. more K,,CraO,ar6 
added; the quinone is then extracted with ether, 
dned over CaClp uid the ether removed by dis¬ 


tillation. The yield is about 80 p.o. of the 
theoretical quantity (Schniter, B. 20, 2283). 

Propcrfic.% —Golden-yellow plates simOling 
like quinone. Very volatile. M. sol. lw)t wafer, 
V. sol. alcdi^l and ether. Its aqueous solution 
is turned urown by alkalis. KO^ reduces it to 
liydrotoluipiinone. Dilute (50 p.o.)II^SO^changes 
it to isot0)lu»iuinono (C,H„0...)r, a powder not 
nii'ltod at 300 ’ (Spitm, O. 1*2. *i*25). An aqueous 
solution of toluipiinone mixed with one of hydro- 
tolii([iiinonc diqto^its sl{>ci-blSo ncodlos of the 
<iuinhvdionc [52'-'], v. o. sol. water. o-Nitro- 
aniline forms L‘d^l:l:C] C.,H.M.-0,.NII.O„U,NO, 
cry.^itallising from jibailiol in roiloivKtals decom¬ 
posing at *200 ' (ficitU'slor, />. 23, 279C). Nitro- 
7)-tohiidino C,ilI,Mo(NOJ.Nn.;[l;3:tJ forms a 
homologous body. 

ChlarimUU [l^J. [8«°] 

(Ilirsch, li. IB, 1514). ForiiK-d by tho action of 
a solution of hlcaching-powder on tho hydro¬ 
chloride of amido-o-en^ol. Yellow prisms (from 
alcol»>l) Volatile with strain. Di'ccmposes vio¬ 
lently at .100 ’-115°. By digeslb.m with NallHO, 
for sevi.'ral hours It is converted into ainido- 
cresol sulphoiiio aei<l. 

ChtorivUdoCJi^lvy^f'^ [i:]]. [75°]. 

Made in like nnumn fn»m aijii<lo-i;*-cre8ol 
(StiHibl, .1. *259, 21H). Yellow prisms (from» 
alcohol), volatile with sl< am. 

Oxiin OJI.MeO(NOl 1)12:1:1). Nllro.'iO-o- 
*cre.s()Z.^ [13.5 ■']. Formed l»y llio action of nitrous 
acid on o-^crrsol (NiUli'lg a. Holm, /^17, 37h). 
Formi d aDo by tho in tien of hyeffoxylamino 
livdr(»chlorido on tohujuinone ((iolilschmiilt a. 
S'ehniid. li. 17. 2003). Needles (from water), 
dcc.oiniio,-.;*-*! by fu.sioii. V. sol. alcohol and ether. 
Yicblsnitro-cresol !'.)•"> j on oxidation. NuA'3aq. 

KA' : brown in edle.., v. sol. water. 

Oriin CJI,,Me()(N<»ll) l-: 4:1]. A'ifroso-m-, 
cirstil. Formed by boiling nitruso-di-mcthyi- 
Di-toluidinc with dilute (U) p.c.) NaOIIAq 
(Wurstcr a. lUedol, B. 1*2. 1799). Formed also 
by the action of NO .SO,II on m-cresol and 
water at 0^ (l5erl,oui, (L 12, 303). Small needles 
(from water). Decomposes at 145°-150". SI. 
sol. hot Wilier. Give;:! Incbeniiann’s reaction. 
Forms an acetyl d(*rival.ive 0,,H3McO(NOAe) 
[921 crysUllisiiig in Ian.;.- juisms. 

^ bi-oxim C.df,Me(NOII),^[2:1:4J. Formed 

by tho action of liydroxylaniiiic on cither mono- 
oxiin (Nietzki a. Guitcnnanii, B. 21, 430) or by 
boiling nitroso-o-or m-toluidino witii hydroxyb? 
amine hydrochloride (Mehne. B. 21, 729). Yel¬ 
low needles, explodinjf at 220® *234'', v. si. sol. 
i* benzene, sol. hot water, alcohol, and other, 
llcdnccd by^n and HCIAq to lolyicnc-p-diamino. 
Alkaline K,FeCy„ fonns di nitroso-tolueno. Ac^O 
forms C„H,Me(NOAc)., [J‘20®J, crystallising from 
alcohol in colourless needles. 

Ditolyliviide C,,I I .,Me( N CjH,)*. [14C®], 

' Formed by oxidation of tolylcne-di-lolyl-diamins 
in alkaline solution (Green, C. 03, 1409). 
Bed prisms, v. sol. alcohol, v. e. sol, benzciAe. 

Jfe/crciM:c.s-. /-Di-BuoMo-, ^uloro-, Iodo-, and 
OXY- WLOQUINONR. 

« TOLUUUINOXALINE v. Methyl- qusM- 

OXALINB. 

0-TOLURIC ACID C„Ht|KO, U. 

C,H,.COJ«H.CH,.C04- Toluyl ■ ftyeociU 
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[162’5^> Formed from tolnyl chloride, amido* 
aoetic asid, and NaOH (Gleditsch a. Mdller, A, 
250. 876).. Found in the urine of ^ogs that have 
taken o-toluio acid. Thick plates, sol. water. 

m'TMuric acid. [189'^]. Formed as above, 
and also when m-xylene or m-lolhio acid is 
administered to a dog (Q. a. M.; c/. Sohultzen 
a. Naunyn, Z. 1868, 29). M. ^soL water.^ 
ZnA'^daq.—CuA '2 6aq. 

p-Toluric acid. [161®]. Formed from 
p'toluyl chlorid% and glycocojl {G. a. M.) and 
also by passage of p-xylono or p-toluio acid 
through the animal body (Kraut, A. 98, 860). 
Plates (from water), si. sol.^cold water, v« sol. 
aloohol.—CaA '2 Uaq.—BaA'^ 5aq. ~ AgA'. 

XOLTJYL. The radicle CHs.C,ll,.CO. The 
same name has been given to tlio radicle 
which is isomeric with xylyl, 
and has also been called tolyl, but may bo 
more conveniently named melhyl-bouzyl. Tolyl 
i8CH,.0eH,. 

o.-TOLUYL. ACETIC ^CID 

Ethyl ether C„lI,Mc.CO.OJ£,.Cft,Et.. Oil, 
got by boiling the nitrile witli alcohol and HCI. 
Gives a violet colour with FeCl.,. 

2^tfrtfeCJr,.CO.CfI-CN. [74-4°j. Formed 
by boiling o-toiuyl-cyano-acetic ether with water 
(Haller. C. R. 108, 1117). Prisms, sol. alcohol 
and alkalis. Diazobon/ene chloride and NaOll 
_ form * 0,H,^0.CHCy.N.,.0,H5 Cold 

alcoholic UOl forms the hydrochloride of 
C,H,.CO.CH,.C(NII).OEt [116®]. 

TOLUYL-ACHYLIC ACID C„H,„Os i.o. 
C.,H,{CH,).C0.CH:CH.C02H. [188^J. Formed by 
the aotihit.- of AlGl, on a rnixturo of maleic 
anhydride and toluene (Pechmunn, B. 15, 88S). 
TOLDYL ALCOHOL V. ToLvn-CAKniNon. 
TOLITYLAMIDE v. Aviidc of Toluic acid. 
p-TOLDYL-o-BENZOIC ACID C,,H ,..03 i.e. 
[1:4] CBH.Me.CO.0„H,.C02n [1:2]. P.iaujl ioli/l 
ketone carboxylic odd. Mol. w. 210. [14G^J. 

* Borrned by the action of phthalic anhydride on 
toluene in presence of AlCl^ (Fricdel a. Crafts, 

A. Ch. [6] 14, 447; C. R. 92, 8;i8). Prisms 
(containing aq) (from alcohol-tolueuc), v. si. sol. 
hot water. Its dilute oquoouL't solution tastes 
sweet. Potash-fusion yields benzoic and ^^-toluic 
acids. Worm cono. H..SO. forms (/8)-methyl- 
anthraquinone. — BuA'o-laq. —CdA^ iaq. — 
CuA'a laq. 

Methyl ether McA'. [58®]. 

Ethyl ether EtA'. [60®J. * 

Toluyl-beaaoio acid C,H,.C0.C«H..C02n. 
[222®]. Formed by oxidation of di-tolyl-mothano 
and of w-di-tolyl-ethano (Weiler, Hi. 7, 1184; 
Ador a. Crafts, O. H. 8£^ 1168; 0. Fischer, B. 
7, 1195; Anschutz, A. 285, 816). Slender' 
needles (from MeOU), si. sol. liot water.—KA': 
tufts of long needles.—AgA^. * ^ 

i?e/erencc.—Di-cuaoRo-TOLTii-BBNzoio Ach>, 
TOLDYLEKE- v. Tolylenb-. 
p-TOLUYL-PBOPIONIC ACID C,,H,..0, i.e. 
cA-C 0.CH,.CH,.C02H. [127®] (C.); [120®] (B.). 
Formed by the action of suceinyl chloride or 
suooinic anhydride on toluene and AICl, (Claus, 

B. 20. 1878; Burcker, Bl, [2] 4^, 448). Plates 
or needles (from wafer), v. sol. ether.—BaA '2 4aq: 
•ol. hot water.^AgA': small noodles, insol. Aq« 

•-TOLDYL-TOLUIO ACID. Lactone 

Gotbommtro-toljl. 


methylene-phthalide, HIAq, and P (Eteilmanii, 
B. 23, 8166), Thin prisms. Converted by al- 

oohoUo NH, into [190°]. 

oo-MTOlYt 0„H„ ».«. ’ 
[l: 2 ]O,H,)Me.C,H,M 0 ri; 2 ]. Mol. w. 182. (272°). 
S.G. *9945. Formed from o-bromo-toluene 
and Na (Fittig, A. 189« 178). Liquid. 

1 wnn-ditolyl [ 1 : 8 J C„HjMe.C„H,Me [1:3]. (280®) 
(Schultz, B, 17, 468); (288®) (Perrier, C. li. 
114, 484); (289®) (Stollo, B. 21, 1096). S.G. 
^ *9993. Formed by diazotising di-amido- 
o-ditolyl aAd boiling the product with alcoho!; 
Formed also by the action of Na on w-bromo- 
toluene (P.), and by reduction of di-oxy-m- 
ditolyl and di-chloro-wi-ditolyl. Oil; yields 
diphenyl di-m-carboxylic acid and isophthalio 
acid on oxidation. 

pjj-ditolyl il;4JO,H,Me.C,n,Me[l:4J. [121®]. 
S.V. 198*0. Formed by adding Na to a solution 
of 2>'bromO'tolueue in toluene (Ziuckc, B. 4, 
896; Louguinine, /^. 4,514). Monoclinic prisms 
(from ether). Yields on oxidation ^-tolyl-benzoio 
acid [241®] and diphenyl di-fj-carboxylic acid 
(Carnelloy, C. J. 32, 663). SbClj at 360® forms 
CCl, and per-chloro-diplienyl. 

ow-Ditolyl [1:2] C„lI,Me.C„H,Mo[l:3]. (270®). 
Formed from [2:4:1] CJI,Me(NH..).C,,H,Me(NH,,) 
[1:8:4J by elimination of amidogen by the diazo- 
rcaction (Schultz, B. 17, fl\). Yields isophthalio 
acid on oxi«lution by CrO,. 

op-Ditolyl [l:2]CJI,Mo.C„II,Me[l:4]. (272®- 
280®). l^orined from crude bromo-toluene and 
Na. It is also one of the products of the pas¬ 
sage of a mixture of behzene and toluene 
through a red-hot tube (Carnelk% C. J. 37,707 ; 
47,587). 0.\idised by CrOa and lIOAc to o-tolyl- 
p-bcnzoic acid [180®J and terephthalic acid. 

Ditolyls have also been obtained by Barbier 
(C. 11, 78, 1769) and Varet a. Vienne, Bl. [2] 47, 
919). 

Hefercnces. — 1 )i-amido-, Di-eitouo-, Di-iodo-, 
Nitro-amido-, OxY-AMfDO-, and Oxt-ditoiiYL. 

2 J-TOLYL.ACETAMID 1 NE CpH.^N-j i.e. 
C}l 3 .C(Nll).NIlC..n,Me[l: 4 ]. [96®].* Formed 
f^om p-toluhline hydrochloride and acetonitrile 
(Mernthsen a. Troiupctter, B. 11, 1757). Prisms. 
Alkaline in reaction.—B" 2 H 2 l^tCl 2 .—B"H 2 C 204 . 
Prisuts, V. sol. watcA* and alcohol. 
Di-o-tolyl-acetamidme 

[1 * 2 ] CJI,Me.NH.CMe:NC 4 H 4 Me [ 1 : 2 ]. [136®] 

(W.); [140®] (L.)., Formed by the action of PCI 3 
on o-toluidine and HOAo (Ladeaburg, B. 10, 
1262), and also by the action of o-toluidine on 
CMc(SEt):NC,n, or on CMeChNC.H, (Wallach 
a. Wusten, B. 16,148 ; A. 214, 208). Needles. 
Di-p-tolyl-aeetamidine 

[1:4] C,H,Me.NH.CMe:N.C«H,Me [1:4]. Acet- 

U>lyl4mid-tolyUamide. [120®]. Formed from 
7 >-toluidinc and CMeChNCjH,, which is the pro¬ 
duct of the action of PCI 4 on acetyl-p-tolui^ne 
(Wallach a. Fassbender, A. 214,203; B. 9,1214; 
16, 148). Forced also from p-toluidine and 
bromopropiolio*acid (Mabery a. Krause, B. 22, 
8807). Prisms (from begzene). Formed also 
from P'toluidine, HOAc, and PCI,.—^B'^H^PtCV 
—BUCl. [200°]. • 

qp-Di-tol;^l-aoetamidine 

C,H 4 Me.NH.CMe:NC,H,Me. [142®]. Formed 
from o-tol'iidine and the produot of the action 
of PC 4 on aee^l-p-tolttidine, and alao Irooi 
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V'tolnidine and the prodaot ot the aeiioni of 
P01| on »oetyl-o>iolaidine (Wallach a. PaDoes, 

A. dl4> 209). Formed also from p-toluidine and 
[1:2] OflH 4 MeN:OMe.SEt, and from o4oIuidiuo 
and [l:4}CsH4MeN:GMeSEt; the oompoutuU 
obtained, [148*^] and [140^] respectively, being 
perhaps iaomerio and not identical (Wallach, B. 
16,148). 

O.TOLYL-ACETIC ACID C„n,A 
[1:2] O.H,Me.CH,.COjH. Formed by 

saponitication of its nitrile (lladzis/.ewski a. 
Wispeck, B. 15, 1747; 18,1281), Ncodlos, si. 
sol. cold water. Yields plithalic acid on oxida. 
tibn.—CaA', 4aq.—AgA'. riiilca, 8ol.*hut water 
Amide [161®]. Plates, si. sol. ether. 
Nitrile C,H^. (244"). S.G. 1015(3. 
Formed from »-bromo-o-xyh-no and KCy. Oil. 

w-Tolyl-acetic acid [1:3J CoHiIirc.ClL.CO.lI. 
[61®]. Formed by sa;H)nifying its nitrile, winch 
is obtained from w-bromo-m-xylcne (H. a. W.). 
Needles, sol. Irot water.—CaA , Saq.—AgA'. 
Amide [141®]. SI. sol. cold water. 

Nitrile (241'^). S.O. s? 10022. Oil. 
Methyl ether (228^). S.G. UJIl Oll. 

Liquid (Senkowski, M. 9, 854). 

Ethyl ether (238®). S.O.1018. 

p-Tolyl-acetic acid [1:4] CJI,Me.CH;.CO-JI. 
[94®J. Formed in like manner from w-bromo-;?- 
xylene (R. a. W.; Strassmann, li, 22, 1230). 
Got alio by reducing p-tolyl-klyoxylic acid witii 
HI*(Claus a. Kroseberi^ B. 20, 2051). Noedie.s, 
si. sol. cold water. Phthulic anhydride and 

NaOAo yield [151°]. 

whence HNO 2 “-t 9® forms tlm compound 

•^«®<<Cc(NO,).Cri(NO;)C,TI, ^ [110°], which 
is converted by treatment with boiling alcohol into 
[207®], and is reduced 

by HI and P to [llfi“] (Biibo- 

jiiann,jB. 24,3065).—NaA': needles, sol. water.— 
GaA'jSaq.—AgA': needles, sol. hot water. 
Ethyl ether EtA'. (240®). 

Amide C,JEt,,NO. [185*^]. Plates. Formed^ 
from the acid, and also by the action of yellow* 
ammonium sulphide on p-tolyl methyl ketono 
(Willgerodt, B, 21,534). • • 

Nitrile C,n,.CN. ps®]. (243®). S.G. 
'9922. 

Reference,—“NitrO' and Oxy Tolyl acutio 
Acn). . 

m-TOLYI-ACETYIENE [1:3] C,lI,Mc.C;ClI. 
Methyl-atyrene. (104®). Forme<l hy distilling 
barium w-tolyl-propiolatc with lime (.Muller, Si. 
20, 1215). Formed also by saiiirating a solu¬ 
tion of wt-tolyl-acrylic acid with iillr at 0° and 
treating the product with NaOHAq. Oil, be¬ 
coming lolid on standing. Gives an explosive 
red pp. with ammoniacal Cu^Cl,. 13r forms 
OyHj.CnBr.CHjBr [45®j. 

Di-tolyl-aoetylene CyH,.GtC.O,IIy. [136®]. 
Formed by heating Gyllj.CllBr.ClfDr.C,!!, with 
alcoholic potash at 140® (Goldsehmiedt a. Uex>p, 

B. 6,1505). Needles (ffom alcohol). 
DX-TOLTL-ACIPIPEEAZINE «. On-nr- 

XOLTL'PTSAZIMS. * 

Di-tolyl-di-aoLpiperasise v* Pi-oxt-x>z- 
nmTirVTa&ztKX, 


m.T0LTL.ACBTl.X0 ACID 

{1:3] G4H4Me.CH:CH,C02H. MethyUinnami^ 
acid. [111®]. Formed by heating m-toluic alde¬ 
hyde with Ao .p and NaOAo (ilornemann, B. 17, 
1474; 20,1382; Von Miller. B. 20,1213; 18991. 
Silky nccdl^s^v. sol. alcohol, si. sol.ligroln. FeCl, 
gives a bright-yellow pp. in neutral solutions, 
lieduced by sodium-amalgam to m-tolyl-pro- 
pionic aciiL[4iJ®]. KMnO, oxidises it to m-toluio 
acid. 13r %rmH C.H .C.H .Ihc.CO.U [167®].— 
BaA'a—AgA'. Crystalline powder. 

p-Tolyl-acrylir acid • 
Cl:4!C.,ll,:\[o.CJl;CH.(:0,H. [197®]. Formed from 
2>-toiinc aMehyde, N!U).\c, and Ac^.O (Von Miller, 
Si. 23, 1897; cf. briber, 2>. 23i. 1033). Needles 
(from him/enc), si. sol. hot water. Itodiiocd by 
HI and P to ;;-lqlvl propionie acid, Br forma 
C^H,Me.CllHr.Clinr.(:0.,H. 

TOLTL ALCOHOL t;. ToLYr.-o\nnl^AL. 
yi-TOLYL-ALLYL-HYDRAZINE C,..H„N2 SA 
C,Il,N(C,ig.NH,. (100®-170‘ at 90 mm.). 
Got from lolyl-hydra/.ine and allyl bromide 
(Alichuelis^ B. 26, 2178^. Oil. Yields B'HGl. 
[12!!®!^ Benzoic aldeliyde foriuH the compound 
‘C-H-.N(C2U,).N:ClIPh*|61'J. while cinnamic 
aldehyde forms the corre.sponding bydrazide 
[118®]. Ferric chloride gives the tetrazoiio 
(0,n,(CJIJN),N, [104®]. 

o - T0LYL-ALLYL-THI0-8EMI-CAEBAZIDS 
C,n,NH.NII.CS.NHC,IIjv, [105®]. «’orm^d by 
warming o-tolyl-hydrazino with allyl thiocarb- 
imide (Avenarius, B. 24, 268). Needles, insol. 
\^4fiter, V. sol. alcohol and CS.^. 

;> - Tolyl. allyl • thio - semi - carbazide [128®]. 
•Formed in like manner (A.). NccdleSyP 

o-TOLYL-ALLYL-THIO-UBEA C ,Ff„N*S U, 
C,H,Nl£.CS.Nlia,lI,. 'J'olifUhiosinamine. [98®]. 
Formed from o-toiuidine Jind oil of mustard (Jail- 
lard, if. 1865,441; Maly,X. |215.258; \Vcith,B.8, 
1528; Prager, li. 22,2998). J’» aily crystals, m.sol. 
ether, V. 8<j1. HOAo. According to Dixon [C. J. 
55, 622), it melts at 76®. Converted by heating* 
with HClAq into tolyl-propyleno-4'-thio-urca 
[126°]. Cyanogen parsed into its alcoholic 
solution forms CjjH^N^S, which on warming 
with dilute H^SO, and alcohol gives a pp. of 

oxulyl-tolyl-allyl-thio-urea 

[157®]. 

Refernicc. - • Oxv-Tonvr--AnLyL-Tnio-URKA. 
o-TOLYL-AMIDO-ACETIC ACID O.H„NO, 
U. Vj,.Il,MeNII.CH.,.CO«lf. Tolyl • glycocoll. 
[150 J. Prepared hy the action of chloro-acetio 
acid and aqueous NuO.Ac on o-toluidine (Stoats, 

B. 13, 1.37; Cosack, IS. 13, 1091; Ehrlich, B. 
16, 201; Biscljoff a. Na^tvogel, B. 22. 1787).— 
(JuA'.^2ttq. Small mredles.-—-CaA',3aq: needles, 
m. sol, water (Mauthner, M. 11, 877). 

Kthy^ ctlicr VAX'. (281''). B.G. §|| 1*058. 
Oil (Irtschoir, n. 25,2270). • 

Acetyl derivative OTN,NAo.CHyOOgH. 
[212^]. Tables (from dilute alcohol). 

• Chloro -acetyl derivative 

C, n,N{CO.CH,Cl).CH.,.CO,H* [IH®}. Formed 
fmm the acid and chloro-acelyl chloride jin 
other (Widman, J. pr. [2] 38, 304). Eeotangalaf 
plates, v. sol. hot**alcohol, si. sol. water. 

Jiromo-aeetyl derivative 
0,H,N(CO.Cn,Br).CII,.CO,n. [124®], Beotaa- 
gular plates. 
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Olycolyl derivative 
C,H,N(CO.CHj.OH).CH 2 .CO^. [144®]. Formed 
by boiling the chloro-acetyl deriyative with cono. 
NajCOaAq (Abenius, J. pr. [2] 40, 603). V. e. 
Bol. water. Yields KA' aq, BaA'^Vag, and AgA', 
and is* converted by heating at 160® into 

[109^, whence alcoholic 

NH 3 produces 0 ,H,N(CO.CH 3 . 0 H).CH,.CO.NH, 
[162®], crystallising in plates (from alllohol). 

0 . Toluide C,H,.NILCH 3 .CO.NHC,H,. 
[92®]. Formed J)y boiling chloro-acetio ether 
with O'toluidino (Ehrlich, B. 16 , 206). Needles, 
insol. water and HGlAq. 

Yn-Tolyl-amido-acetio acifi 
[l: 3 ]C 3 H<Me.NH.CH^.C 03 n. Formed from 
chloro-acetio acid and w-toluidino in ether 
(Ehrlich, B. 16, 2011). Solid mass. —CuA'j 2uq. 

Ethyi- ether EtA'. [08 ]. Formed from 
chloro-acctio ether and ja-toluidine. Six-sided 
plates, V. sol. alcohol and ether, si. sol. Aq. 

n-Tolyl-amido-acetio acid 
tl:4]CeH,Mo.NH.CIL.CQ H. [119®]. Formed, 
together with a compound [108®],t fr<^m p- 
toluidino ohloro-acctic acid and NaOAc (dis¬ 
solved in a little water) at 100® (P. J. 
Meyer, B. 8 , 1158; 14, 1323; Stuats, B. 13, 
137; Sohwobit, B, 10, 2047; BiscbolT, B. 23, 
1997; 26, 2281). Got also by saponifying its 
ether^ Needles (from water). When fused 
with potasft it yields a producf which, when 
dissolved in water, is oxidised by air to an 
indigO' derivative (Ilcumann, B. 21, 1310). 
When fused with p-chloro-acct-toluidc it yieltW: 
methyl-indigo (Eckcnrolh, B. 24, 093^. The 
compouhv [108®], formerly supposed to bo • 
p-tolyl>amido-acctic acid, ought, according to 
Biseboff a. Hausdorfor {B, 25, 2281) to be repre¬ 
sented as CO,II.CH,.N(C,.ri,).ClI,.CO.ONH 3 C,H,. 

Ethyl ether EtA'. [49®]. Formed from 
ohloro-acetic ether and p-toluidiuc. Monoclinic 
plates, V. si. sol. hot water. 

• Amide C„H,^N„0. [103°]. Formed by 

heating p*toluidino with chloro - acetamide. 
Plates, V. si. sol. cold water. 

Anilide C;lI,NU.Ull,.CO.NHPh. [83®]. 
Formed by heating cbloro-ueetie acid with 
aniline. NeedlcH (from hot water). 

y>- 2 'of 7 <ii/eC,H,.NlI.C 14 .CO.NC,H;. [130®]. 
Formed in like manner, and also by heating 
toluidine with the coini)Ound of glyoxal w'ith 
NaHSOj (llinsborg, B. 21, 112). Plates, v. si. 
sol. hot water. Yields a chloro-acctyl dciivcrtivo 
[158®]. 

Nitrile C,Ti,mLCn.,.Cn, [120°]. A pro¬ 
duct of the action of heat on the amide. 

Acetyl derivative C.II;.NAc.CH.^.CO.M. 
[176®]. Formed from cbloro-acetic ether anck 
C,H,.NAcNa, the product being saponilied with 
potash (Pual a. Otten, B. 23, Plates 

(from w'ater).—NaA' 3aq : plates, v. sol. wo^er. 

Imide (C.II,.NII.CH,.CO),NH. [210®]. 
Got by heating the acid at 200® and adding 
NH,Aq to the product. Needles, si. soL water* 
and NH,Aq*jBischoff). 

pi-o-tolyl-di-amido-aeetic acid 
(CjHjNHhCH.COall. [240°]. Formed by 
heating ai-chloro%cetio acid Vith o-toluidine 
(P. Meyer, B. 16, 925). Needles, insol. water, 
il. tol. alcohol, V. sol. aqueous acids and alkalil. 

Heference * —Nitoo-toltl-amido-aoexxo acm. 


V-XOLTL-AUIBO-ACETOPSEirOinE 

[l:4]0,H,Me.NH.OH,.OO.O.H.. Phenaeyl-p- 
toluidine. [184®]. Formed from p-toluidine and 
bromo-acetophenone in alcohol (Lellmann a. 
Bonner, B. 23, 1C7). Tables, v. sol. benz. 
CDO, m. sol. alcohol. Yields, on nitration, 
[l:3:4]C„H3Mc(NOJ.NH.CHaBz [165®] and a di- 
nitro- derivative [156®]. Forms B'HNO, and 
B'HCl. 

4 o-TOLYL-AMlBO-AVmYLIC ETHEB 
[l: 4 JC«H 4 Me.NH.CH:CH.C 03 Et. [116®]. Formed 
from p-toluidine and formyl-acetic ether (Von 
Pcchmann, B. 25,1053). Yellow plates, insol. 
water and «ligroin. Alcoholic potash yields, 
plates [144®]. Ac^O forms acetyl-toluidine. 

TEI-p-TOLYL-TKI.AMlBO-BENZENE 
C 2 ,H.,,N 3 i.e. C 6 H 3 (NHaH,),. [187®]. Formed 
by Seating phloroglucin with p-toluidine at 
j 210® (Minunni, B. 21, 1984). Needles, v. si. sol. 

' cold alcohol. Cone. U 3 SO 4 forms a bluish-green 
j solution, turning black on heating.—B"'HC1: 
amorphous; decomposed by water.—B'"2HC1: 
small needles.—B^'^H.^PtClu. 

Tri-acetyl derivative [193®]. Plates. 

Tri-benzoyl derivative [282®]. Minute 
prisms. 

p-TOhYL-AMIDO-BENZOYL- (a)- NAPHTHO- 
ftUINONE 

[197®]. Formed by boiling p-toluidih^ with 
benzoyl-(a)-naphthoquin#no in alcoholic soki- 
tion for 15 minutes (Kegel, A. 247, 185). Bed 
needles (from UOAc), v. si. sol. alcohol. 

p-TOLYL-o-AMIDO-BENZYL.AMINE 
[4:1] C,H,Me.NH.CH,.CJI,.NH 3 [1:2]. [80-6®]. 

Got by reducing 2 )-tolyl-o-nitro-bcnzyl-amine 
(Sodei'baum a. Widman, B. 23, 2187). Thin 
loallels (from alcohol). Ac^.O yields a di-acetyl 
derivative [180°]. The mono-acetyl derivative 
C, 11 ,NAc.CU.,.C,H,NH 3 [99°] may be got by 
reducing C,II,NAc.CH.^.C,H,N 02 . 

o-TOLYL-a-AMIDO.«-BBTYBIC ACID 
C4I,.NH.CHEt.CO.U. [84®J. Long prisma. 
Forms an acetyl derivative [116°] and yields 
propyl-o-toliiidine on distillation. 

Ethyl ether EtW (278°). S.G. *§ 

Got by heating o-toluidino with o-bromo*.butyrio 
^ther at 100® (Uischoff a. Mintz, B. 25,2314). 

o-Tolyl-a-amido-isobatyric acid 
CJlAJll.CMoa.COaH. [62®]. Fonned together 
with the 8 - isomoridp [ 110 ®] by the action of 
KOH and a current of steam on the ether [57®], 
which is got by heating o-toluicUne with a-bromo- 
isobulyric ether (Bischoff a. Mintz. B. 26, 2334). 
The acid [110®] yields an acetyl derivative 
[219®], b 1. sol. ether. On distillation it forms a 
lactone [95°]. 

p-Tolyl-a*amido>}iobatyrio acid 
C;H,NH.CHEt.COjH. [163®~166®]. Got from 
the ether EtA' (279®) S.G. §§ 1-011, which is 
produced when p-toluidino is hoatq^ with 
o«,l)romo-n-butyrio acid at 105®. Leaflets. Yields 
propyl-p-toluidine on distillation. 

Acetyl derivative C^HjNAc.CHEt.COgH. 
[149®]. • 

p-Tolyl*a«amido-i 80 batyrie acid 
[1:4] C 3 H,Me.NH.CMea.Cd,H. [150®]. Fonned, 
together with the 8- isomcride, by the action of 
hot potash ki a current of steam on the ether 
EtA' [36®], which is got by heating p-toluidine 
with a-bromo-isobutyrio acid. Yields an acetyl 
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dtrivatiTe [148“]. 
on distillation. 

p.Iolyl-iS-amido-UabtityTio acid 
C,H,llH.CH,.CHMc.CO,H. [19G“]. Formed as 
above. Gives an acetyl derivative. [2011“] and 
decomposes on distillation into p-toluidine and 

a lactone 0 ,H,N<co“;omS)><=® 
o-TOLYL-AMIDO CROCONIC ACID 
[1:2] C,H,Me.NH.CMe;ClI.CO,,H. * 

Methyl ether MoA'. [31°]. Formed by 
the action of o-toluidine on inctliyl acol<vai‘( i;ilc! 
((fonrad a. Liu)pach, B. 21,523). Frjsnis (fiuiu 
alcohol). 

Ethyl ether KtA'. Yellowish oil. 
j^-Tolyl-amldo-crotonic acid. 

Methyl ether MeA'. [»»0°]. Prisma. 
Ethyl ether EtA'. [21)^]. Formed from 
acetoacetio ether and jo-toluidine. 

TOLYLAMIDO-CYANUEIC ACID v. 
Cyanuric acid, described under Cyanic acips. 
j).TOLYL.AMIDO-METHENYL-BENZAMID- 

OXIM CPh<^^j^‘^^C.NII.O,II.Me[] :■!.]. [l:J3’]. 

Formed by heating ;>-tolj’l*tlhocarblnudo wiih 
benzamidoxim (Koch, B. 21, 3'J«). Plato-s 
(from alcohol), v. sol. ether. 

DI.;>-TOLYL.AMIDO.METHYLENE.o.PHE. 
NYLENE DIAMINE i.e. 

C.H.<NH>°<Nl{:cfi;- 

Formed by heating C(NC 7 lI.).^ withr--jdienylcne- 
diamine at 135® (Moore, B. 22, 1330 ; 31 hh). 
Tables (from alcohol), v. si. sol. boiling wjitm’. 
—Salts: ^codlos.—B'.311.,l’tCl,-SH<j. 

—B’H-jSO,. Needles, insoi. ether, v. sol. hot Aq. 
Nitrosamine 

CJI,<^'<^®|>C(NCdX,.NO),. [l.'iO^. Ycliovv 

ne<!dles, v. sol. alcohol. 

Di^acctyl derivative Needles. 

Di-henzoyl derivatiie [135°]. Prisins. 
Tetra-bemoyl derivative [271°]. i 

Tetra-^-tolyI-tetra*amido • di • methylene -o- i 
phenyleue'diamine C,dI,:N,.(C(NIlC-H;).).. 
[110°]. Formed by heating C(NC 11;)^ wilho- ' 
pheuylene-diaminc at 2UU'-’ (Moore, II. 22, 31'.»5)* ; 
Needles, v. sol. alcohol. Dcoompo.scd by dilute 
HClAq at 150° into di-^i-bjlyl-urca un|l o- : 
phenyione-diainino. Ji'2H .S(.T,. Noedh s, si. sol. | 
cold water.—ByiHCl. - B',?llJ.^l‘iC),. loaq. i 

Tetra-acctyl derivative [115°]. I 

Tetra-hemoyl derivative 
DI-p-TOLYl-AMIDO. METHYLENE o PHE- 
KYLENE-PHENYL GUANIDINE 




C-H^ V:NIu >4 

\n/ • / 

by boiling C(NCjHy)j with o-phenyleno-phonyl- 
guanidi^e (Keller, B. 24, 2508). Needles (from 
boiling alcohol), si. sol. ether. 

DI. » - TOLYL . AMIDO - METHYLENE - o' 
PHENYLENE p TOLTL GUANIDINE 
C,H.:N.,(CNC,IL):C(NHC,H,) 4 . Formed 

by heating o-phenylene-p-lolyl-guanidino with 
C(NC-H,)a at 220° (Kclbr, B. 24, 2513). Prisma 
(from benzene). 

DI - p - TOLYl. -“AinDO . METHYLENE . o* 
TOLYLENE-p-TOLYL-ODANIDIHE 
0,H,:N,{C:NC,H,):C(NHC,H,)., [210°]. Fonnod 
<>y heating tolyleoe-tolyl-guamdine together 


Forma iaopropyl-p-toluidino | with C(NC.n 5 )j 220® (Keller, B» 24, 2521)« 

‘ Needles, si. sol. alcohol. 

o TOLYL. AMIDO - METHYL . MALONAMIO 

ETHEK COKUCMo(NIlC,.H,).CO.NH.,. Formed 
by dissolving a-c.vano'tolyl.a-amido-piopionio 
ether in eeni. (Oerson, li. 10 , 

Long needles, so), hot water. Converted by 
boiling NaOHA ‘1 into tolyl'amido-propionio 
acid. j » 

i>.T0LYL.AMID0-;* METHYL-OXINDOLK 

[1<)7 ]. Formed by Inaiing .li oliloro- (or dJ- 
brumo-) aoflic acid \\i(h y tidnnlmo (Dinaborg, 
IS. 18, I'JU). Noi-clles, V. ^ol. hot jilcoliol. llo- 
dnc«'s aimnoniaoiil AgNo., funning a mirror. 
Uojidily ahsoibs Irom tlu* air, (onning 

C,jll 3 Mc<fQ^.(^, jj j^CO. iM.niiolic forma 

a blood-red solution. Il'lK/l; cr^'sliilline 
powder. 

Di-acetyl derivative C^iUnAo^NjO, 
[117°]. 

Ni4ro!iamine [c. 220°). 

p TOLYL-AMIDO-METHYL-THIAZOLB 

oxy-mothyl-tlhuzolo and p toluidil^o (llantzeoh 
a. Weher, IS. 20, 3130). 

TRI.p-TOLYL.TRI-AMIDO-NAPI?;:rHA!ffiNB 
p„/C(NHCH):r(NllC,U,) ricAG. ‘ 

^^^^‘<C(NU(MI:!:C11 • nw)J. Formed 

by beating nitioso-t !liyl-fa).iiaphlhylaniine with 
j p-loluid^u' at 150' (I'iselK-r a. Ilepp, A. 260, 
1*214), Noodles (from alcohol). Uoadily iodised 
i to di ni(“thyI-ph» nvl roHitulnlino. ^ 

I O -TOLYL - AMIDO - (a) - NAPHTHOQUINONE 
i C,;T[,.N0.,i.c.C,„11..0-(NHC41-). |I42‘’]. Formed 
from o-toluidino and (a)-napi>tho(piiiiono (Els* 
bach. a. 15, 080 ). Bod ma tUos, sol. NaOHAq. 
P'Tolyhainido (a)-naphtheqainone 

[202 ]. Formed from (aj- ^ 
na})htlioi|iiin< no and/etoluidine in hot alcoholiif 
solution (I’liiMplon, C. J. 37, C38). Formed also 
by the action of p-lolnidino on (/3)'OXy-(a)- 
iiaphtho.piinono, and hy heating 7 ;-tolyl-araido- 
f/3)-nap}ilhoi]uinoncwith llCAc at 150° (Elsbach, 

B. 15, 087). Bed noedh.s. Forms a crimsoia 
sol ul ion in cone. Insol. NuOIIAq. 

Diloluide pOfX 

Formed by oxidation of tii-p-tolyl-ainido* 
iiatdithaltmo (Fischer u. Ifopp, A, 266, 240). 
Orange jihdirs. 

o-Tolyl-amido-(^)-iiaphthoquinone 
r,,H,0,(‘XTlc;iI,) or C,„1I,,(OH)0(NC,II,). [240®]. 
Formed from( 8 ) naphthuiiiirtonc and o-tolnidine 
d'^lsbach, IS. 15,083). Bod noodles, sol. dilute 
NaOH Am- N^)t aiTocJod by heating with HOAo 
at 15Q°. On boating witli dilute llCIAq It yields 
{j 8 )-oxy-(a)-naphthoquinone and o-tolnidine. 

p . Tolyl - amide - (/3 j - naphthoquinoae [246®], 
Formed from (i 8 )-naphtho«piinone andp-tolnidino 
(Elsbach, 7J. 15, 080). Ited needles, sol. hot al¬ 
cohol and NaOIf.Vq. On heating ifith HClAq 
at 130' it is split up into p-toluidine and .^A)- 
Iia)>hthoquinone 

Methyl ether MeA'. [l60°]. Red crystals 
(Zircke a. Brauns, IS. 16, 1309). 

Ethyl ether EtA'. [137°]. 

Isopropyl ether PrA', [139®]. 


,NPh\c(NHC.,U,),. (187']. Fonno.l 



TOLYl^AMTOO-NAPnrnOQtrmONE. 


m 

p.Toluidt C„H,(NHC,H,)0(NC,H,). [188° 
cor.]. Formed b; heating di.bromo-(a)-naphthol 
with p-toluidine (Meldola, C. J. 45,169). Formed 
ateo from (8)-naphthoqumoDa oxim, p-toluidine, 
and BOAo (Bromme, B. 21, 891). Orange 
cryetaU with green Instre. < 

DI-o-TOLYL.l)I.A]III)0-0UZIHX0I.E 

0,.H.,N,3 i.e. [186°]. Formed 

by boiling an alcoholic eomtion of o-tolyl*thio« 
urea with dilute HOlAq and HgOj (Hector, B, 
23,8G8). V. sol.'alcohol. Cyaiogenpastsedinto 
its alcoholic solution forma C,flni(iN4SCyj[89®J.— 
B'HClaq. [219°J.— B'^H.PtCle. [192®].— 
B'AgNO,. White pp.—B'Jd.HgCl*. [232®]. 
Needles.—Pic rate : B'CbHjN,0,. [201®]. 
Aceiyl derivative CigHuAcN^S. [221°]. 
Benzoyl derivative C,«H,.,BzN^S. [214°]. 
mtr^amine C,JI„(NO)N,S. [135®]. 

Bi • jp - tolyl • di • amido • oiazthiole G,„H,ttN,S. 
[127°]. Formed in like manner from j)-tolyl* 
thlO'Urea (Hector, B. 23, 3G4). Thick yellowish 
prisms, v. eol. alcohol. ’“Cyanogen forms B'Cy, 
[190®].—B'HCl. [233®]. White ncedlel, bo. 
coming reddish in air.—B'aH.,PtCls l.^aq. [109°]. 
—B'AgNO.lUq. [177®].—B',H,lIgCl,. [114°- 
119®].—P i 0 t e [238®^. Yellow prisms, si. sol. 
alcohol. 

Aeetyl derivative 0,«H,sAcN4S. [106®]. 
BKmzo\\l derivative C,bH,.,BzN 48. [186°]. 

* Nitroeamine CjBHjdNOjN/S. [247°]. 

o-TOLYL-m-AMIDO-PHENOL U, 

OjHyNH.CrtH^OH. (o. 373® cor.). Formed from 

* resorcin, o-toluidine, and CaCla at 270°, (Philip, 
J.pr. [2i^84, 70). Oil. Ueduced by hot zinc- 
dust to h^ro-acridino and acridine. 

Formyl derivative. [169°]. Tables. 
o-Tolyl-p-amldo-phenol Cy H .NH.C ,OH. 
[90°]. (867° cor.). Formed from hydroquinonc, 
o-toluidine and CaCU at 240® (Philip, [2] 

34, 67). White liimintB (from light pislroleum). 

^ Boduced by distilling with zinc to hydro-acridine 
£nd acridine. Converted by heating with cone. 
HCi into hydro(|ulnono and o-tolnidine. 

Salt.—B'HCl: crystalline imwder. 
MonO’forinyl derivative (I36*6®], 
Di'acetyl derivative[106°]: needles. 
Di-henzoyl derivative. [171®]. 
p-tolyl-m-amido-phenol C,,,H,sNO i.e. 
C,H,.NH.C„H4.0n. [92°]. (350° cor.). From 

resorcin, jj-toluidinc and CaClj at 260° for 8 
hours (Hatschek a. Zega, J. pr. [2] 83. 2t'9). 
Prisms or needles (from benzene mixed with 
petroleum ether). Distilled over zinc-dnst, it 
gives C,H;NHPh. ^ 

Salts.—B'HCl; decomposed by^water. 
Formyl derivatii e .— 
0,H,.N(CIlO).CJl4.OH. [146°]. V. sol. ether.' 

Di-benzoyl derivative .— 
0,H,.NBzC,(H,.OBz. [c. 106°]. Gives witiifupilQg 
HNO,a di-nitro-derivative, [110°]. 

Nitrosamin6.—C,iiy^^{iiO).G^U^.OH.OmJ- 
pheH yl - tolyl - ttifrosrtwitie. [105®]. Yellow 
needles (from dil. alcohol). 

P'Tolyl^-Ainido-phenol C,H..NH.CaH4.0U. 
[122?]. (360°-360®). From hydroquinone, p- 

toluidine, and CaCl, 8 hours at 260® (Hatschek 
a. Zoga, pr. [^ 33, 224). Plates. Heated 
with zinc-dust it gives phenyl-p-tolyl-amine. - 
Balt.—B'HCL Powder, decomposed by Aq. 
pi^acetf/l derivative. [101®]. Tables. 


7>i»h6nzoyl derivative. [ 169 ®]. 
Nitroso- derivative OyH,,N(NO).0,Hj.OH 
[180®]; needles. Very unstable. 

o-TOLTWAUIDO-FHEHTL’ACSTIO ACID 
NHC,H,.CHPh.CO^. [143®]. Formed from a- 
bromo-phenyl-acetic acid and o-toluidine (Stdek- 
enius, J. 1878, 781). Plates, almost insol. 
water. 

^ p-Tolyl-a-amido-phenyl-acetio acid. Formed 
m like manner, using p-toluidine. Insol. water. 

Ethyl ether EtA'. [90®]. Yellowish 
prisms. 

o-TOLYL - AMIBO-TEI-PHENYL.METHANE 
CPh 3 .NHC,H,. [142®]. Formed from CPh^Br 
and o-toluidine (Wittich, B. 17, 705). Prisms 
(from ether). 

p-Tolyl-amido-tri-phenyl-methane [177®]. 
Crystals (from ether). 

l^itrosamine CPh,.NO,H,.NO. [145°- 
148®]. 

p-TOLYL-AMIBO-BI - PHENYL - N APHTHO. 
dUINOXALINE. Fhenylo-chloride 

-c. N-=gph 

^8^4\C(NH.C3H4Me):CH. C. NPhCl: CPh. 

Got by heating C,oH,(OEt)<^^p^(jj.§|^ withp- 

toluidine at 120® (Witt a. Schmidt, B. 26, 2005). 
Bronzed plates, v. sol. alcohol, forming a crim¬ 
son solution. Con^. H 3 SO 4 forms a slate-blue 
solution, becoming first blue and then violet on 
dilution. 

TRI-p - TOLYL - TBI - AMIBO - BI-PHENYL- 
TOLYL-CABBINOL C^jHa^NjO. Tri-tolyhrosanU 
line. The salts are formed by heating rosaniline 
. salts with p-toluidine (Hofmann, A. 132, 290).— 
CfiHsgNjCl. Small blue crystals (from alcohol), 
insol. water. 

TOLYL-AMIBO-PIPITZAHOIC AGIB w. 

ToZMirfo-riprrzAHOio acid. 

o.TOLYL-a.AUIBO-PBOPlONIC ACIB 
CH,.CH(NHC,H,).CO,H. [116®]. Formed by 
saponification of the nitrile (Tiemann a. Stephan, 
n. 15, 2038; C. C. 1886. 470). Got also by 
boiling o-tolyl-amido-metbyl-inalonic acid with 
NaOllA(i (Gerson, B. 19,2963). White crystals. 

Ethyl ether EtA' (278°). S.G. §§ 1-047. 
Formed from a-bromo-propionio ether and 
o-toluidino (Bischoff u. Hausdorfer, B. 25, 2298). 

A/'etyl derivative CyHyNAo.CHMeCO^H. 
[177°‘J. Lcallets. 

Amide. [12.5®]. '"Minuteneedles. 

Nitrile CH 3 -CH(NHC,H,).CN. [78®]. 

, Formed by digesting the oyanhydrin of acetic 
aldehyde (lactonitrile) with o-toluidine. 

p - Tolyl - a-amido - propionic acid. [153°]. 
Formed in like manner. Plates, si. sol. water 
and ether. May be sublimed. 

Ethyl ether "EitA.’. [35^]. Tables. 

Acetyl derivative [166°]. 

‘ Amide, [145°]. Needles, sol. hot Aq. 
Nitrile. [82°]. Plates, si. sol. hot Aq. 

' p-Tolyl-i9-amido-propionic acid 
C,n,Me.NH.CH,..CH,.COaH. [80°]. Fomiedfrom 
^-iodo propioni-' acid and p-toluidine (Bischoff 
a. Mihtz, B. 25, 2352). Pearly scales, v. e. soL 
ether. 

Reference. ^ Di-BfiOMo-tpLVL-inxno-PitOPXO- 
Kl'iRU.B. 

o-TOLYL-AXIBO-PYBOTAETBUCIBS 
OH,O^HC^).CO‘ Obt#inedbys»p«il. 



TOLY]VBEN?YHSOBOTTt>tmBA. 


m 


fioation ol o-tolyl^amido-pyrotartramio ether, 
which it formed by the action of upon 

Uie a-oyano a-o toluido-butyrio ether (Schiller* 
Weohler, B. 18,1050). White needles. V. sol. 
alcohol and benzene, el. aol. ether and hot water, 
insol. cold water and ligroi'n. Has both acid 
and basic properties. 

I>I.p.T0LTL DI.AMIDO.8UCCINIC ACID' 

CO,H.CH(NHC,H,).CH(l^HO,H,).CO„n. [c. 
200°]. Formed, together with * di-tolil succin ^ 
C, 8 H,..N 202 [228°), by boiling di-bromo-siiecinio 
acid with p-tolnidino (Junghahn a. Iteissort, B. 
20, 17CC). V. sol. alcohol, insol. wa^cr. Yields 
a di-nitroso- derivative [125 'I, and a di-acetyl 
derivative aq, which yields (•aA"a*q, 

llaA"aq, and anhydrides C.^.1I...N’,.()4 [2:i2°J, and 
C,2n,.,N,0, [222°J. -Na-A".—CVvA".-CuA", 

Kthi/l ether KtA". [100°]. Needles. 

DI-p-TOLYL-TEI-AMIDOTOLUENE 
C„U;jMe(NIIC.II,).,(NlL,) [l:2:r>: l]. [100°], Formed 
by reducing aniido-toluquinono dilolnido with 
z.inc-dust and UOAo ((Jrcen, 6’. J. Od, 1403 ; </. 
Darsilowsky, B. 0, 1200). IMatcs (from dilnie 
HOAc). A very feeble base. 

DI. p . TOLYL -DI - AMIDO - TOLUaDINONE 
C,HMeO,(NHC,H,)Jl:2:5:l:Oj. flTH-]. Formed 
from azotoline, MeO'M, and oene. H.,S 04 (i‘'ischer 
a. Hepp, A. 202, 251). J{rownish*rcd needles. 

Di-p-tolyldi-amido-toluquinono 
CJIMeO,(NilC,H,)a[l^:o:3:Oi. [211°]. Foin.ed 
by boiling toluquinono with /idolnidino and al¬ 
cohol (Fischer a. Hepp, A. 250, 259). Yellow 
needles. 

Di- 7 J-tolyl>di-amido-toluquinon 6 p-toluide 


T0LTL.AR8IKE e. Arsekxo. 
TOIYL.AUBAMIKB U. 

0 ,H 4 Mo.N:C(OjH,NMo.J,. Formed from auramfne 
hydrochloride end p-toluidine (Fehrmann, B. 20, 
2853). Decomposed by H^S in alcoholic solution 
at 50° into €S(CJI,NMo.j)./ and pdoluidine.— 
B'^HoPlOl... lle«i Hakes, v. si. sol. water. 

o. Aztutno* 


TOLYL-AZIMIDO-TOLDENE 

COMl'OUNI)^ • 

DI - p. TOtYL - fETRAZINE C,.n„N, i.t. 

[185’]. Mol. 

w. 209 (olis.)- Fornu'd hy the action of chloro¬ 
form and alooholiw pota di on 7 )-tolyl hydrazine 
(Ifiihomann, (7. J. 55, 218 ; ,57, 51). Yellow 
plates (from hot alcohol). Yields a nitro* 
derivative 0,.jr,,,(N{>.,)N, [141°]. 

TOLYL - DlSAZO - compounds Disazo- 

COMl'OUNnS. 

TOLYL BENZAUIDE v. licti^oyl fJeriv<ttivt 
of ToLmniNK. 

p * TOLYL. BENZAWIDINE C„UhN, U. 

^ 0,ill [99 ). Formed from bonzo* 

nitrile and tolnidino hydrochloride (Uornthsen, 
77. 8, 1*119 ; 9,429). Forms a ei;.Klallino nitrate 
and oxalate. 

j Di* 7 >-tolyl-benzamidino * 
i CJI,.{:iNC,II ).NHO,II,. [131°]. Formed by the 
action of p-loliiidino on iH-u/onitril^, andvonw* 
chloro-henzylidorns-p.tolnidino OjIljNiCCl.CJl, • 
(Bernthson ; Just, If. 19, 981). May he subliine<l« 
i . licfercnce. —AM)i><)-TniiYji-HKNZAMii>iM«. 

p-'KlLYL-BENZAMIDOXIM 0„H„N,0 tA 


C.,«H,.;N,0. [19r J. , (.’lurot-red plates (I’ischcr • C,1I..C(N0I1).NIIC,1I,. (17(»°J. Fqr^ned by 


a. ll« pp, B. 21, C79) 

TOLYLAHINE is TomTinisB (?.v.). 

Di*o*tolyl-amine NI1(C„II,M(.‘ 1:2;).. ('112° 
i.V.) at 728 ram. ((iraehe, A. 23H, 303). (>l»taiiH!fl, 
together witli tlqihenylaniinc by heating o-inlij. 
idine with aniline hydrochloride at 280 ’ (flirunl 
a. Willm, lit, [2] 25, 248). Formed also hy 
heating t)-cr«\sol with ZnHr.,, ammonia, ami 
Ml,Cl at 335° (Merz a. Miiller, li. 20, 547). Oil. 

Di-m-tolyl-amineNII^CjliJ.^. (322°). Formed 
in like manner (Cosack. B. 13, 1091; Morz a. 
Miiller, B. 20, 519). Oil, volatile with steaift. 
SI. sol. acids, V. sol. alcohol. 

Acetyl derivative N4c(C,n,).^. [4^°j. 

Nitrosatnine (C.H.).N.NO. [103°]. 

Di-j).tulyl*amiiie NJliCJI,),. [79 ], (331° 

i.V.) (Oracbe, A. 238, 303). Forim d hy heating 
p-toluidine with its hydrochloride (Oirard, .<^ 1 . 
140, 346; Gerber, B. 6 , 440). Formed also by 
heating p-cresol with ZnCl^, ammonia, nnd 
NHjCl at 335° (Merz a, Miiller, 77. 20, 510). 
White needles. Its salts are dccompo.scd by 

Niirosamine (CJIJ.N.NO. [103^], 
Ycllow^trimetric crystals (Lehne, B. 13, 1514? 
Cosack). ^ 

Acetyl derivative (C;H;)^NAc. [85°]. 


healing liydroxylamino Ijydioehliifide with 
C«H,.CS.NliCJI, and Nnd’O, at 100” (II. MUller, 
75.22, 2400). While nccillcs, fil. sol. hot water.— 
B'JICl: wlnte needles, si. sol. water. ClCO.J'lt 

converts it into >CO. [163°]. 

TOLYL-BENZENE v. Mi-rrnYn-Dienp.NTL. , 
Tri-p-tolyl-bonzeno C^Jl.^, i.fl. 0„Ha(C,H,)5. 
[171°]. Formed by passing (Iry HCl intop-tolyl 
inctliyl ketone for some days (Claus, J, pr, [21 
41, 402). Needles. Oxidised by CtO, to 
C„II,(CO,,H),. Yields C,JI„Br, [212°]. 

7J.T0LYL.BENZIMID0 PHENYL ETEEB 
CJl...C{NC,Hd.OFli. [120°]. Formed from 
CJIft.CChNCjil, and NaOPh (Hantzsch, B. 
2(>, 927). 

•om-TOLYL-BENZOIC ACID 
[l:3]CJI^Mo.C«H,.COJI[l':3']. [204°]. Formed 
hy oxidation of [1:3] OeH^Me.OJI^Me [l':3'J with 
dilute HNC^ (Perrier, C'. It. 114, 484). Silky 
needles, sol. alcohol, m. sol. Aq. 
p 2 j-Tolyl-benzoio ac(d 

[l:4jCJI,Me.C,H,.CO,H(r:4']. [244°]. Formed 
hy oxidjjtioifc of j/p-dlLolyl by CrO, and H 0 A .0 
(Cauicllcy, J. 1877, 384). SI. sol. hot water.— 
AgA'. 

o 7 >*ToIyl-benzoic acid. [180°]. Formed by 


Benzoyl derivative {Cjii;).^Nnz. [125°]. *o.xidation of [l:2JC„H,Me.C„H,.Me[l':4Q (Oar 


Jff(?/ercncM.—TjfiTRA-imoMe* lind Nitiio- Di- 

TOLYL-AMINK. 

DIp-TOLYL-ISOAHYL AMINE 0„H,,N t.e. i 
(C,H,) 3 NC,H^j. (2^°-300° at 15 mm.). Formed , 
by heating di-p-tolyl-amine with Isuamyl alcoltol ' 
and HCl in sealed tubes (Girard, fJl. [2] 24, 
120 ). 

TOLYXt-ANILINE p, PuBMYL-TOLVIPPllt* 

VoL. 


nelley, C. J. 37, 707). Insol. water, sol. hot 
alcohol. 

TOLYL-BENZYL-AKINE v. Bbnztl- 2 ^ 0 * 

tDISK. • • 

p.TOLYL.EENZYL-IBOBtTTTL-DBXA 
0 ».H 3 .N., 0 . [41°]. Got from p-tolyl-benzyl- 

oarbamic chloride and isobdtylamine (HammO' 
rich, B, 26,1824). Cr^rstals (from ligroln^ 



m 


TOLYI^BENZYL-OABBAMIO OHLOBIDB, 


a.TOI.TI.-BBHZTL-OABBAKIC CHIOBIBE 

( 0 ,H,Me)N(CH.J’b).COCl. Fonaodfrom p-tolyl- 
benzyl-amine and COCl, (Hammetioh, B. 26, 
1822). * 011 . 

«).T01YI.-BBI2YI.-0ABBIH0L 0„H„0 «.e. 
O.H,Me.CH(OH).CH,Ph. [ 66 °]. . (above 360°). 
Formed by reducing p-tolyl benzyl ketone in 
alonholio solution by Na (Mann, B, 14,1646). 
Small concentric needles, sol. alccJioV.and ether. 
|).TOLYl,-BENZYLElfE-ACETAMlDINE 

0,.H,.N, f.e. C.i^.<N = CMf.'- formed 

by reduction of the acetyl derivative of o-tiitro- 
benzyl-j>*toluidino in acetic acid Bolution with 
tin and HCl (Lellmann a. Sffckcl, B. 19, ICIO). 
Small glisteidng plates. V. sol. alcohol, ether, 
and chloroform. 

p-TOLYL BENZYL KETONE C,jH,,0 i.e. 
C,H*Me.OO.CH.,Vh, [109°]. (above 3G0 ’). Forinod 
by the action of AlCl, on a niixturo of phenyl- 
acetyl chloride and toluene (Munn, If. 14,1040; 
Strassraann, B. 22, 1220). I'lales, sol. alcoliol 
and ether. Na added its alcoholic solution 
forms the carbinol and un acid [''*3°]. 

Oxim [131°). riates, insol. water. 
o-TOLYL BENZYL OXIDE i.e. 

[1:21 C.H,Mo.Q,CH,Uli. (285°-200°). Oil (Stao- 
del, B. 14, 899). Converted by IlNOa (S.G. 1*5) 
into a tri-nitro- derivative [145 ']. 

m'Tolyl benzyl oxide. [43°]. (300°-305°). 
Tables (from alcohol), v. sol. ether. 

p-Tolyl benzyl oxide [41°J. Forincd from 
C,H,Me.OK and CH,PhCl (Frische, A. 224,154). 
Crystals. Converted by UNO, (S.O. V®) 
di-nitro,u-croRol [81°]. 

TOLYfc-BENZYL-lSOPHOSPHINE C.Jl.^P 
or 0„Ha,Py [187°]. An indilleient body formed 
by the action of zinc on a mixture of benzyl 
chloride and CylliMerClj (Michaolis a. Gleich- 
mann, B. 15,19(>3). 

«.TOLYL BENZYL SULPHONE 
g,H,Me.SOi.CIl.aPh. fl45°J. Formed by the 
MtioD of benzyl chloride on sodium toluene 
o-sulphinate (Otto, B, 13, 1278). Needles, sol. 
not alcohol. 

p-TOLYL-BENZYL-THIO-SEMICAEBAZIDE 
0„H„N,S. [121' ]. Formed from benzyl thio- 
oarbimide and p-tolyl-hydrazine (Dixon, C. J. 
61,1022). Prisms, si. sol. cold alcohol. 

o-TOLYL-BENZYL-THIO-TTflEA C„H,„N,S 
♦.e.O.H,MeNH.CS.NnCH,Pli. fl30°J. Formed 
by boiling o-tolyl-thiocarbiinide with bcnayl- 
amine in alcohol (Dixon, C. J. 59,650). Tufts of 
priffins, m. sol. hot alcohol. 

m*Tolyl-benzyl-thio-urea. [114°]. Formed 
from benzyl-thlocarbimide and m-toluidine. 
'^toeouB crystals, v. si. bol. hot Aq. , 

p-Tolyl-benzyl-thio-nrea [121°]. Crystals. 
p-TOLYl-BENZYL-BBEA 
CI^Ph.NH.CO.NHC,H,Me. [181°]. Formed 
from potolyl oyanate and benzylamine (Kiihn a. 
Hensohel, B. 21, 606). 

p-Tolyl«di-beuzyl-urea C^II^aN^O i.e. 
(CH,Ph)^.CO.NHC.H,Mo. [109°]. Got from 
(0 ,H,),N.CCAj 1 andp-toluidine (Hammerich, B. 
25,>820). Needles (from alcohol], insol. ether. 

i>*Tolyl-di-benivl-area C..aII^>N^O i.e. 
OH^hN(0,^e).CO.NH.CH«Ph. [ 86 °]. 

Formed from tolyl-benzyl-carbamic chloride and 
benzylamine (H.). * Prisms, v. sol. alcohol. 
Hn^-tolyLoeniyl-iurea 


Formed from p-tolyl-benzyl-cA-bamlo oWoride 
andJ^toluidine. Needles, t. sol. hot alcohol. 

K-p>tolyl*di-beiLzyl-area 
(CH.,PhN(O.H 4 Me)),CO. [93°]. Got from p. 
tolyl-benzyl-carbamic ^chloride and p-tolyl- 
benzyl-amine. Crysttuline, sol. alcohol. 

DI.p.TOLYL-BIURET (C«H,MeNH.OO)^H. 
[c. 220°]. Formed from p-tolyl-urea and p-tolyl 
cyanate at 160° (Kiihn a. Henschel, B, 21, 506). 
tVbite needles (from alcohol). 

Tri-p-tolyl-biuret 

(CJl^MeNH.CO)jNC,H^Me. [166°]. Formed 
from di-p-tolyl-urea and p-tolyl cyanate. 

p-TOLYL-BORIC ACID CJI^Me.B(OH),. 
[210°]. Formed by the action of water 6n boron- 
p-tolyl-dichloride {v. vol. i. p. 631). Needles, 
sol. hot water. HgClj gives a white pp. of 
C,H,HkC1. 

TOLYL-BKOMO-ETHYLENE r. Buomo-tolyi- 

BTHYLENE. 

TOLYL BHOMO-MBTHYL KETONE 
C„n,Me.CO.CH J3r. [65°]. Formed by the ao- 
lion of hot water on di-exo-bromo-eso methyl- 
atrolaotic acid (Bottinger, B. 14,1598). Crystals, 
volatile with steam, sol. water and ether. 

P-TOLYL BROMO-METHYL SULPHONE 
CfiU^Me.SO.j.CII.Br. [92°]. Formed by the 
action of bromine on an aqueous solution of 
C,H,.SO,.CH,.CO,IT (Otto, J. pr. [2] 40, 614). 
Formed also from C^T^^-SO-^Na and CII^Brj,. 
Tiiin inonocUnic needles, sol. hot alcohol. 

p-Tolyl di-bromo-methyl sulphone 
C«H,Me.SO.»CUBr,. [117°]. Formed from 
tolyl-sulphono-acctic acid and Br (O.). Mono¬ 
clinic prisms, v. sol. hot alqohol. 

TOLYL-BUTANE i’. Butyl-toluene. 

w-TOLYL-BUTYLENE C,lI^Me.CH,.0,H». 
(195°). Formed from CJI.Mo.CHjCl, allyl 
iodide, and Na (Aronheim, B. 9, 1790). Oil. 
Yields a liciuid dibromule. 

p.TOLYL-/)-BUTYL-PHENYLTHIO-UREA 
C,H,Me.NU.CS.NH.C„H,.C,II„. [137°]. Formed 
from isobutyl-phenyl-amino and p-toiyl-thio* 
carbimido (Mainzer, B. 1C, 2021). Plates, sol. 
alcohol and ether. 

DI-p-TOLYL-ISOBUTYL-UREA C.JI^.N^ 
[119°]. Formed from (C,H.)jN.COCl and iso- 
butylamine (Haninierich, B. 25,1822). Prisms, 
V. sol. alcohol and ether. 

w-TOLYL-ISOBUTYRIC ACID 
C,H,Me.CHyCHMe.CO.^. [92°]. Formed by 
oxidation of m-isobutyl-toluene by dilute HNO, 
(Kelbe, B. 16, 620). Needles (from ligroin).— 
AgA': pp. 

Reference. —Nitho-toltl-isoduttmo aoib. 

o-IOLYIi-CABBAMIC ACID C,H,NO, t.«. 
C.H.Me.NH.CO.^. 

Ettu/l ether EtA'. [42°] (0.); [46°] (I,.). 
Formed from o-toluidino and ClCX),Et (Cosack, 
©. 12, 1450; Nevile a. Wintker, B. 12,. 2324), 
Formed also from OgH^Me.CChNOl and alcoholic 
potash (Lachmann, B. 12, 1349). Tables, sol, 
alcohol and benzene. Volatile vvith steam, 
j Yields o-tolyl cj-anato on distilling with P,0,. 

I Isobutyl ether C,B,k'. (276°-280°). Oil 
I (Mylius, B. 6, 974). Paiiially decomposed on 
j distillation into tolyl cyanate and isobutyl 
alcohol. 

■ Bentyl ether CH,PhA'. [84°]. Formed 
i from o-tolyl oyanate and benzyl tdcohol (Qatter- 
' mann a, Cantzler, B. 25,1087). Naedlea 
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jp^anyt ether PhA'. [02*]. Ponnad by 
boiling dt-o-tolyl’Urea with di-phenyl carbonate 
for some hours (Eckenroth a. Bucket B. 23,699). 
Crystals (from ligroin). 

tn-Phenylene ether [154®]. 

Formed by heating o-tolyl eyanate with resorcin 
at 120® (G. a. 0.). Colourless plates. 

p-Phenylene ether CaH 4 A'.. [206*.')®]. 
Formed by heating o-tolyl eyanate* with hydro- 
quinone at 150®. • * 

o-Tolyl'ether C,H.A'. [126^]. Formed 

from o-tolyl eyanate and o-cresol (G. a. C.). 
kleedles. 

{$)-Na 2 )hthyl ether [149^]. 

Formed by heating o-tolyl eyanate with (j 8 )- 
tiaphthol at ICO*' (G. a. C.). Plates. 

Di’phenyl-cthylcne ether CjjHjPh.A',. 
[234®]. Formed by heating o-tolyl eyanate with 
hydrobenzoiin at 100® (Auwers, B. 24, 177H). 
Needles. An isomerido [103®] is obtained 
from isohydroben/oVn. 

tn-Tolyl*carbamic acid 
[1:3]C,H4 Mo.NU.CO,H. 

Ethyl ether OjoHuNOj. Prepared from! 
m-toluidinc and chloro-formic ether (Cosuck, B. 
13, 1090). Oil, V. sol. alcohol and ether. 

p-Tolyl-earbamic acid 
[l:4JC,H4Me.NH.CO,H. 

Ethyl ether EtA'. [ri2®]. Formed from 
p-toluidirie and ClCO;,Et (Hofmann, Pr. 19. 108; 
B. .3, 65C). Monooliuic prisms, v. sol. alcohol 
(Levin, J. 1882, 381). 

Phenyl ether PhA'. [115®]. Formed by 
distillingdi-p-tolyl-urea with <U-pbenyl carbonate 
(Eckenroth a. lliic^el, B. 23, 098). Ncedles< 
(from hot ligroin). 

Bi-p-tolyl-carbamic acid (C.UJjN.COJI. 
Ethyl ether EtA'. [02®]. Formed 'rom 
(C,H,)jN.COCl and NaOEt (Ilaminerich, li. 25, 
1824). Large plates, v. sol. alcohol and ether. 

Chloride ( 0 «H 4 Mo),N.COCl. [103 J. 
Formed from COCl 2 » a Bolnlion of di-p-lolyl- 
amine in benzene, and cone. NaOHAij (Ham- 
mericb, B. 25, 1821). Needles (from alcohol), 

V. 0. sol. ether. AgCy forms the compound 
(C,H,) 2 N.CO.CN(AgCy )2 crystallising in needles 
which begin to melt at 103®. • 

o-TOLYL-CABBAMINE [l:2jC.H4Mo.N;C. 
(184®). S.G. ’908. Forn^ed by the uc^on of 
mcoholio potash on o-ioluidinc and chloroform 
(Nef, A. 270, 309). 011^ volatile with steam. 
When heated at 245® for 3 hoars it changes to 
the iaomerio o-toluic nitrile. Heated with S in 
CS| at 130® it yields o-tolyl thiocarbimidc. H.S 
at 100® forms C H^Me.NH.CHS [101®]. 

Chloride (J^H^Mc.NiCCl,. (21.5®). Formed 
by passing chlorine into a chloroform .solution 
of the carbaminc. 

p-Tolyl*carbamiae C.IIiMo.NiC. (99® at 36 
inm.). ^ Formed in like manner from p-toluidin 6 
(Nef). Oil. 

Chloride C.H^Me.NtCClj. (226®). Con- 
verted by p-toluidino into tri-p-tolyl-guanidine. 
O-TOLTL-SEMI-CABBAZID^ C.H,,N,0 t.e. 


n 

Tablet, 


oarbamio ether (Prennd. B. 24, 4197). 
insol. water, t. sol. hot alcohol. 

TOLTL-CABBXldBS q. Totn, isootahats, 
vol. ii. p. 316# * 

o-TOLYL-CABBINOL C,H„0 i.e. • 
ri: 2 ]C«H 4 Moi 3 H..OH. w^Oxy-o-xylene. MoLw. 
122. (223®i.V.). S.G.«1-02. S.linthe 

cold; 1*5 at lOO®. Formed by boiling w-bromo-o- 
xylene wijli liOIlAq (Colson, Bl. [2] 48,8 ; A.Oh» 
[ 6 j 6,116). Formed also by reducingtho aldehyde 
CgH 4 Mo.CIlO (Haymatm, Bl. [2] 27,498), by the 
actiim of HNO^ ^n tlio amino#Ogll 4 Me.CH 2 .NH|, 
(Kroff^r, B. 23, 1028), and by reducing o-tolnie 
amide in acid a'dution by sodium-amalgam 
(Hutchinson, B. 2t, 17-1). Needles, v. sol. 

alcohol and ether, sol. hot water. Oxidised by 
allvulinc KMiiO^io o-tolmc acid [103°]. 

m-Toly l-car bind [1:3 |C,11 4 Mo.CHj.OH. 

(217 ;). S.G. 2 1 036 {a.)i n •916*(n. a. W.). 
S. 5 in tlmcold. ’ Formetl by boiling the bromide 
C^H 4 Me.CJI;.Ilr with alkalis (C.). Liquid, v. 
sol. alciiliol and etIuT, si. sol. cold water. 
Yields m^olhic acid f^fl 8 ®J on oxidation. 

min/l ether 0,lL.Clh,.OEt. • (202®) at 740 
mm. S.G. -93. Oil. 

Acetyl C,H,.Cnj.OAo. (226®). 

Formed from C,ll,,CIl.^Hs and KOAo (Badzi- 

szewski a. Wispek, B. 15,1717). Oil. 

?)-Tolyl.carbinol [l: 4 JO..H 4 Mo.Cn,OH. [59®]. 
(217°). Formed from ^)-toluio aldehydt and 
alcoholic potusli (Canniz/uro, C. It. 54, 1225)* 
A. 124, 2.").5). Noodles, si. sol. cold water. 

^ Ethyl ether C„H„.OEt. (203°) at 740 
inm. Ir.G. A2 *93. Formefl from «-bromo-p- 
xylene ami alcoholic potiish (lladziR'VWskt a. 
Wis]>ck, B. 15, 174,5). Oil. ^ 

Di-tolyl-carbinol (OJ I.Mo) OH.OH. (69®J 
(W.); [62°] (Ador a. Crafts,* B. 10, 2176). 
Formed by reducing di-tolyl ki tone with sodium- 
amalgam (Weller, B. 7, 1184). Needles (from 
alcohol), insol. water. 

Bcfercncc. —Oxy-tolyl-cauuxnol. ^ • 

TOLYL-CARBINYL-AHINE v. MxTBlt- 

BENZVL-AMINK. 

BI-p-TOLYL-CARBlNYL AMINE 

(C,H,)^CII.NIl 3 . [93°]. Formed by reducing 
the oxim of di-p-tolyl ketone in alcoholic solu¬ 
tion with sodium-amalgam and HOAc at 60® 
(Goldschmidt a. Sh5ckcr, B. 24, 2798). Tablet. 
—B'HCI. [235°]. Wliito needles. 

Acetyl derivative [159®]. Needles. 

• TOLYL-CARBINYL-UREA v. Mbthtz.- 

UKNZYL'UUEA. 

lli 7 )toryl-carbinyl.area 
NU,.CU.NiLcH(C,H,)j. [162®]. Formed from 
tl)e hydrochlorido of the amine and ECyO 
I (Goldschmidt, B. 24, 2Y99). Needles. 

' DI-p-TOLYL-CARBONATE 7o,H,0),CO. 
[115®]. 0 Fotmed, together with di-efhyl carbon- 
atc,*by heating y^tolyl ethyl carbonate at 800® 
(Bender, B. 19,2268). V. si. sol. cold aloohoL 
DI-TOLYL DICARBOXYLIO ACID 
[3:4;l]C„n,Me(COjH).C.H,Me(CO,H)[l;8:4] 

[over 300°]. Formed by heating iy nitrile with 
dilute HjSOf (Lowenherz, B. 26, 1086 ). Platett 


NHj.CO.NjUjC,H,. [160®]. Formed by heat- 
ing o-tolyl-hydrazine %ith urea (Pinner, B. 21 , I insol. water, s). sol. hot alcohol. 
1219). Flat needles, m. sol. water. ^ 

p-Tolyl-seini^arbazide C,H,.^0. ni 6 ^j. 

EL sol. cold water. Beduces Feming's solution* 

Di-f-tolyl-earbatidd CO{NH.NHC,H,)j. 

1^01®]* Formed from p-tolyl-nydraztne and 


Nitrile C^H,j(CN)- [ 1 ^ 0 ®]. Formed from 
di-amido-ditolyl by 8 an(imeyer*t dSaso- reaetioo. 
Nbedles, m. sol. cold alcohol. 

Beference .— Oxy-ditoltl dioabboxtuo Acm, 
TOLYL CHL0BID2 p. wOsLOBO-miini. 
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p TOLTL OHLOSO BENZTL SULFHONE 

C,H,Me.80y0HCLC,H4. [203®]. Formed by 
beating sodium* toluene |}-8ulpbiDate with 
bcnzylidene chloride (OttOt J. pr» [2] 40, 519). 
Keedlea.(from HOAc). 

o-TOLYL CHXOEO-ETHYL Slf^^FHOlTE ' 
ri:4]C„H,Me.SOj.CHCl.CH,. [48®]. Formed by 
boiling CH,.CCl,.CO.,Na (1 mol.) with 
C,H 7 .BOxNa (2 mols.) in aqu^^ug^ solution. 
Formed also by heating' ethylidone ohlorldo 
(2*5 g.) with sodium toluene 2>'Su1phinate (4*5 g.) 
and alcohol at 1^0® (Otto./.prj [2] 40, 515,634). 
Trimetrio tables, v. sol. hot alcohol. not 

act upon C,H..SO.^Na even at *200®. 

p-Tolyl cbloro-ethyl sulptione 
C,H4Me.S02.CH.,.CH,Cl. [79®]. Formed from 
CJl,Me.SO,.OH,.CH,.On and.l'Clj (Otto, J.pr, 
[2] 80, 357). Needles or plates, v. sol. hot 
alcohol. « 

p-TOLYL CHLORO METHYL SULPHONE 

CJl4Me.802.CH2Cl. [84°]. Formed by he.aling 
an aqueous solution of CHCl 2 .CO^Na (1 mol.) 
with CfHf.SO^Na (2 m4's.) on the wutor-bath 
(Otto, J.pr, [2] 40, 628). Tables (fronfbeir/.ene), 
V. sol. hot alcohol. 

jD-Tolyl di'Chloro-methyl sulphone 
O„H4Me.SO,.CH01^. [114°]. Formed by passing 
chlorine into^ a warm aqueous solution of 
0 ,H,.SOj.CH 2.CO,H (Otto, J. pr. [2] 40, 644). 
Crystals, inaoh water, v. sol. hot alcohol. 

TOLYL-CRESOL C,ll4Mc.ClI,.C,n,.OU. 
(260®-266® at 10 mm.). Formed by heating «- 
chloro-xylene with phenol and zinc filings 
(Mazzara, G. 9, 421). Oil, sol. alcohol,, etherl 
and alko-Hs. Not coloured by FeCla- 

Acet^^ derivative (250° at 9 mm.). 
Decomposed in moist air into ItOAc and tolyl- 
cresol. 

p-TOLYL-CUMINYL-AMINE C„II„N i.e. 
C.H*Mo.NH.CIl,.CJI,rr. [30°]. (above 200°). 
Formed by the reduction by Bodium-ainalgain 
of the product of tho action of cuminol on 
^4olaidiD6 (Uebol, A. 245, 293). riutes or 
prisms.—B'UCl. Plates or needles, si. sol. hot 
Aq. 

Nitrosamine C„H,.oN.NO. [67®]. Prisms. 
p.TOLYL-CRMINYL-tEEA C,Hn..,N.,0 i.e. 
0„H,rNn.CO.NHC„H,Mo. [160®]. Formed from 
ouminylomineandjp-tolyl cyanate (Goldsohmidt 
a. Gessner, B. 22, 928). Needles, v. sol. alcohol. 

P-TOLYL-CUMYLIBENEAHIKE 
0,H,Me.N:CH.C.H,Pr. [61®]. Formed fram 
cuminio aldehyde (cuminol) and j)-toluidine in 
alcoholic solution (Uebel, A. 245, 292). Yellow¬ 
ish plates (from alcohol). Decomposed into tho 
parent substances by heating with acids and 
alkalis. 

p-T0LYIr4-CUHYI-FR£A 
0^*Me.NH.CO.NH.C«H,Me,. [218®]. ,Formed 
from ^-oumidine and p-tolyl oyanate (Qold- 
Schmidt a. Bardaoh, Ts, 25,1361). Needles. 

o-TOLYL-CYANAMIDE C.H,Me.NH.CN. 
[77®]. Formed by heating 0,H,NH.CS.NH.OU J 
or by the action of hydroxylamine on o-tolyl 
thiooarbimiil& (Tiemann, B, 22, 1040; Voltmer, 
JB. 2^, 881). Tables, t. sol. alcohol andKOlIAq, 
m. sol. water. . • 

SI-o-TOLYX-OTAHAMlBE i.e, 

C(NO,H.)a. Carhoditolylimide, (above 300^). 
Formed by heating the ^yl derivatives of di-o- 
Icdyhthio-urea (Will a. Biel^howski, B* 15, 


1317). Amorphous, v. sol- benzene. Converted 
by dilate HClAq into di-o-tolyl<urea. 

Di-p-tolyl-oyanamide C^Hj^NsSO or 
C(NC,H,).^. [60°]. (above 230®). Formed by 
the action of HgO on a benzene solution of di- 
tolyl-thio-urea (Will, B. 14, 1488). Thick 
prisms, sol. benzene and ether. On heating 
with aniline it gives phcnyl-di-tolyl-guanidine. 
Acids and alkalis convert it into di-j)4olyl-urea. 
0n distillation it yields compounds melting at 
49® to 60° and at 149® (Schall a. Paschkowetzky, 
B. 25, 2892). Phenyl-hydrazine at 190® forms 
[163®], which crystallises from alcohed 
in plates, dnd yields B'a4IICl and B' 32 II^PtCl«. 
On heating with phenyl-hydrazine at 165® there 
is formed NPlill:C(NC,H.)^ [138®], crystallising 
in pale-red needles, yielding B'^II^PtCl,, (Wessel, 

B. 21, 2274). Tolylonc-o-diamine at 140® forms 

C, J1,,N, [196®], which yields B',31IC1 [143®] 
(l3abin a. Gasiorowski, B. 19, 3057). 

TOLYL CYANATE v. Cvanio acid. 

TOLYL CYANIDE v. Nitrile of Toluic acid. 
TOLYL.CYANDRIC ACID v. Cvanic acids. 
TOLYLENE ALCOHOL v. Di-oxy-xvlknr. 
TOLYLENE - DI - ALL YL -DI-THIO -DI- UREA 
[1:2:3] CJI.,Me(NII.CS.NHO,H,).,. [152®]. 
Formed from c-tolylcno-o-diamino and oil of 
mustard (Lellmann, A. 228, 246). Needles (from 
alcohol), decomposed on fusing into tolylene- 
thio-urca and di-allyl-thi^-urca. 

Tolylene-di-allyl-dithio-di-urea 
[1:3:4] CJI:,Me(NH.CS.NIICJI,)2. [150®]. 

Formed from i-tolylene-o-diamine and oil of 
mustard (Lellmann, A. 221, 24). Decomposed 
, by heat like the preceding iaomcride; melting a 
second time at 210°-230°. 

Tolylene-di-allyi*di-thio-di-urea 
[1:2:5] CJ1 ,Mo(NH.CS.NUCsH 4),. [176*5®]. 
Formed from tolyleue-^-diamine and allyl thio- 
! carbimide (Lellmann a. Wiirthner, A. 228, 209). 
Plates or prisms, nearly insol. ether. 

Tslylene-di-allyl-di-thio-di-urea. [151®'. 
Formed from tolylene-m ?-di-amine and allyl 
thioearbimide. Prisms (from alcohol), insol. 
ether, v. sol. ilOAc. Melts without decomposi¬ 
tion. 

. TOLYLENE-DI-AMIDO-DI-ACEnC ETHER 

[1:2:4] CJi,Me(NH.CH,.CO.,Et).,. [70®]. Formed 
from ^tolyleiic-)a-diamine and chloro-acetio ether 
(Zimmermann a. Knyrim, B. 16, 516). Needles 
(from water). ** 

c - TOLYLENE - 0 - DIAMINE G,H„Ns i.e, 
O.ILMc(NH.J. [1:2:3]. Mol. w. 122. [62®]. 

(255°). Formed from 0,n,Me(NH.i)(NOj) [1:2:3] 
by reducing with Sn and llCl (Lellmann, A. 228, 
243). Reddish crystals, smelling of acetamide. 
—B"2HCl. Sol. water, ppd. by HCl. 

c-Tolylene-ru-diamine CJI,Me(NH 8)2 [1:2:6]. 
[104®]. Formed by reduction of nitro-toluidine 
^2°], or of liquid di-nitro-toluene (Ullmann, B, 
17, 1960). Prisms, sol. hot water, dives a 
brown colour with nitrous acid. CrO, and FeCl, 
give a brown colour.—B'HCl: crystals, v. e« soL 
water. 

i-Tolylefl.e-7H-diami&e G,H,Me(N£y 3 [1:2:4]. 
[99®]. (o. 280®). Formed by reduoing di-nitro- 
toluene (Hofmann, Pr. 11, 518) by reducing 
(4[l,2)-nitro-(oluidine (Ndlting a. Collin, JB. 17, 
268), and by the action of SnCl, on amido- 
toluene-azo-amido-cresol (GraefF, A, 229, 348). 
Needles (from water), v. soL alcohol, ether, and 
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hot water. Chloroforinic ether, ClCO.Et, forms 
[1:2:4] C.H,Mo(NH.,)(NH.CO.^t) [91»], amt 
chiefly C.H,Me(NH.CO.Et). [I.'t7°] (Schill, 
A. 268, 314). Phenyl-thio-eftrbimido yloltl.^i 
CO,Et.NH.C.H,Me.NH.CS.N HPh [155-"]. Hop- 
toic ald^hydo in the cold forms C;H„No(Cj H,,), hut 
whenlicatcdityiclds an orange mass which foi ius 
a highly iluorcsceiit solution (SclulTa.Vanni, A. 
253,319). Bonzoiculdehydhfovm3C;ll..(N:CUi‘li)- 
[122°-128°J, while cinnaniio aldchvdo gives 
C,H,(NC.H,), [1C2'"] (Schitr, A. 140,’ 08; 

384). CI.CO.CO,Et forms 

[c. 200“] amt [1:2:1] C„n,,Jte(NII.).Nn.CO.C().lVt 

[170°J, wliich yields an netdyl derivalivo 
Plieiiyl-thioearbiniido forms tlio compound 
NHl»li.CS.NH.C..H,Me.Nll.CO.C(),Et [155^J and 

>Nni [l‘).S»J (.Schill, A. 208, 

307). Tolylcne-m-diaminc Ijouted with citric 
acid at 12.5'' forms C,.,ll,.Ndl„ crystallising from 
boiling alcohol in minute octahedra, dccom- 
posing at about 1«7‘’ (Schneider, JJ. 21, 6U5). 
Acctyl-acetono at lOO"^ forms a syrup, which 
when heated with If.,SO, yields C,..II,,N., | IDi'^l 
(Combes, 0. U. 108, i252)._ir'nci.™ir'2IU:j. 
— lj"2HBr.— B"irsU 4 2iUj: prisms. S. 5 0 at 
19-5 (Hcilstein a. Kuhlhorg, *1. 158, 351). - 
B"H.^l*tClg.—B"21I(’y.S. IMsms (Lussy, B. 7, 
1205). • 

O'Acctijl derivative 

C,n,Mc(Nl I .\c)N I r. f 1:2; 1]. [140'}. Formed 
from 0«ll,Mo(NH,)(N()J [107'’J by acetylation 
and reduction (Walliich, A. 234, 350). Needles. 

—Byi.,i»ici,. 

p-Acetyl derivative 

C,H,Me(NJX,)(NHAc) [1:2:1]. [IfiO"]. Formed 
by acctylating the diamitie, and got also by 
reducing CJI,,M<‘(NOJ(.\n.\c) [l;2:IJ ('riemann, 
i?. 3, 221 ; Walhich, B, 15,2820, 2831). Lung 
white needles. 

Di-acetyl derivative CJT.,Me(NiIAc)^. 
[224°J. Got by boiling the haso with Ac,,0 or 
HOAc (Koch, A. 153, 132; Ticmann, B. *3, 8: 
Ladenburg, B. S, 1211), Needles. 

Benzoyl derivati,. e 
C,H,Me{NO.J{NIIBz) [1:2:4]. fl I2^J. Got 

reducing C,H,Mc(NOJ(NllBz) (ih ll, D. 7, 1505). 

Di’benzoyl deriva liv* [221 Tiblcs. 
sl. Bol. alcohol (Uuhemaim, 7i. 11, 2050). 

ThiobemoyI derivative 
C,H,Me(NH.JN-li.CSPh. [197®J (Ucrntliscn a. 
Trompetter, 11, 1700). 

Phthalyi derivative 

[192°]. Formed from 

the base and phthalic anhydride (l<i<doi Miann, 
B. 10, 1161). Needles, split up by flilutc liCi 
into phthalic acid and a base Ca.IJj,N^O^. 

Di'^hthalyl derivative 
CrtII,Me(NC„H, 05 ) 2 . [233®]. Crystals, insol. 
water and alcohol. 

s-Tolyleae-»i-diamine CJI,Mc(NIIj)j [1:3:5], 
(284®). Formed by reducing s-Jl-nitro toluene 
(Slaedel, A. 217, 2021. Syrup.—— 
B"HjSnCl,; crystals, v. sol. water. 

Tolylene- 2 >.diaoii&« CeH,Me(NB ,)2 [1:2:y. 

i 64®]. (274®). Formed by reducing (5,1,2)- and 
2,1,5)- nitro-toluidines (Beilstein a. Kuhlberg, A. 
.58, 352; FUeti a. Cross, G. 18, 306), and 
CU3«BidJlrO«H^e.NH, [2:1:5] or [6:1:2] 


rta 

I (Nietzki, B. 10, 832, 1158). Plates (from beni- 
enc), V. sol. water, alcohol, and other. Forms 
I tolu»iuinono on oxidation. FeCl, added to n 
j Solution of ft>lyIeno-p-diamine hydrochloride 
mixed with o.h*luidine gives an iiiionsb green 
colour.-B'*2HC1. Pliites.—B"1I^S04. 8. *84 nt 
11*5®. 

l)i-aectyl derivative 0^n,Me(NHAo)a. 
[220 ’]. rSisids (frolu dilute alcohol) (Niotzki, 
B. 10, 1157; 12.2237). 

Tolyleno-o-diamine CJf JtlefNHJ., [1:3:4]. 
[H8-5 J, (‘iOrg’). ^ l-\)rmo<l bv reducing (3 1,4)- 
nitro./'-tolui.lino (Hcilslcin a. Kuhlberg. A. 158, 
•t51 ; (IraelT, .1. 22g, 31.3). I’lab's, m. sol. cold 
water. Its n«|ueous suintioii ijuickly blackens 
when i‘\|>(»sed to lur. Fef'l^ forms liy oxidation 
cryslSItising fi«utj wood spirit in 
bro\vnish-i4'd plate.> [217 (O. Fischeta. Siedor. 

B. 23. 3802). 

lituutiona. — 1. Bcu aldehyde at 140® 
forms C_,,If,,,N;, or C. 

(r.nde^bultj. R 11, 501, 1(556; llinsborg, B. 19. 
f2ii26; 20. 1585), wl.ifdj yif‘ld.8 B'Mcl [209®], 
t Ji'l'itI am! lI'Mlfa []25'^|, and is oxidised 

' by KMjiO, to an acid C.j,l [254®].—2. Fur- 

furaldehyde, acting on lint liydroflilorido, forms 

C, -1I,,N X), il28-5'’J. which yields B'MoI [196*5®], 
B'lMe!, [128^], ami B'McI, (109®j.-y3. Acetic 

I aldehyde (2 mols.) added to a cold solution of , 
the base (I mol.) in glacial acetic acid forms 

(Hin,sborg).—4. Anisic alde- 

* hiyh\ adfh'd to a dilute aqueous solution* tolyl- 
enc-o-diamino hyihochlorido c«inta.nlT>g a little 
alcohol, forms [152'^.-I56^J, which 

Bcparate>5 4)ti ;idditioii of amtnimia 6. Halu 
cyllc aldehyde at 110'- forms [100® 

110"*], and at 135® it forms azurino CI„H„N«Og 
[25(t-5''’j, which cxliibits hluo fluorescence in 
alkaline solutions. —6. (2 rnols.) added tg i 

an alcoholic solution of t<ilyleno-o-dianiinoforms 
crystalliHiiig in satiny needles, 

V. sol. water [c. 160 ], which gives a red colour 
with FeCI;,. Glucose converts tolylcne-o-di- 
aiiiinc acetate into amorphous 'giycodiamido- 
tolueno ’ C,.,Jf,„N^Oj, m. sol. water (Hinsberg, B* 
26, 495; Gries.s a. Harrow, B. 20,2209). GJu- 
co.son acts in aqmtous solution on 

phenylcno-o-dianjino, forming 0„H,eNj,0^ [o. 
IH^J (J*;. Fischer, B. 22, 93). -7. Arabinose 
forms C,.dl,„N^O, [238®] (G. a. If.).—8. Acrolein 
in boiling aqueous solution forma tolylene-o-di* 
aiuine ucrossn [185®] (FiscJier a. Tafcl, B. 22, 
Formic aldehyde forms [222®J 

^Fi seller a. Wrezinski, J?. 25,27Li). —10. Butyric 
aldehyde forms tulylenc-butenyl-diamirio 

[158°], ^and the oompound 

C,.II,.N, or (Hinaberg, B. 

<110, 1590).—11. Nitrous acid or, better, amyl 
nitrite acting on a salt of toIyle*o-o-diamine 
forms aziraido-toluene 0,H,N, [84°] (8g3®), 
#vhich is V. sol. alcoliol and hot toluene (Zinoke 
a. Lawson, A. ^40, 115; c/i^Ladenburg, B, 9, 
22f ; BOssneck, B. 19,1759 ; Nolting a. Abt. B. 
20, 3001). Azimido-toluene forms the salte 
B',H,rtCl., NaC,H.N„ ng{C,H^,), [236®]. and 
AgC^N^ AcCi converts aaiznido-tolaene into 
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(he (fl)-aoetyl elerivative 0,H,^^]>NAo [94®], 
Rrbile the isomerio (a)*acetyl derivative 
[132®3 is formed' tiy the action of 

oitiooB acid on the acetyl derivative of tolylene- 
!>'diamin6.r-12. Boiling chloro-acetic ether forms 
oxytoluqninoxijine dihydride and a compound 
0„H„N,0,(?) [MT”!, whence HNOjfoims a com¬ 
pound [248°] (Hinsberg, i4.'237,365).—13. Isatin 
yields 0,jH,,N, [290°], si. sol. alcohol (Hinsberg, 

A, 237, 344).—Equal mola of tolylcne-o-di- 
amine and acetoacctic c/hcr when gently warmed 
together eliminate and form a condensa¬ 
tion product OigHiBNjOj [B2°]if this is heated at 
100®-120° acetic ether is evolved, and atolylenc- 

ethenyl o-dlamine O^aMcc^^^^C-CIIa is pro¬ 
duced (Ladenburg a. Biigheimor, B. 12, 953; 
Witt, B. 19, 2977, 3209).—15. Ghloro-ace.to- 
acetic ether forms CjUtt(NH)..CMo.CHCl.COaEt 
[110°], crystallising in,needles (Autenrieth a. 
Hinsberg, B.25,C06).—H>. Ox^Jdeh 1 fdn^^cetic acid 
forms C,H,05(C,H3Me(Nn,),) [147°] (Fetst, B. 
25, 325).—17. O’AldehydO’bemoic acid in hot 

water forms Q H3Me^j^^O.C,H4.CO.in [258°] 

(Bistrzyeki, B. 23, 1043).—18. Di-oxy-quinone 
formal* di-<piy*mothyI-phcnazine C.aHj^N.Pa [o. 
266°], which yields a di-acetyl derivative [160°]. 
19. Opianic acid gives, in alcoholic solution at 
0°, the acid C,H3Me:(N,H):C.C,II,(OMe)2.CO.;lI, 
crystallising in needles, decomposing ^at 234’ 
(Bistrzyj^i. B. 24, 027).-—20. Di-bro)}io-pyrt(.vic 

acid (1 mol.) forms, on boiling, 

[235°]. 

Salts—B"2HC1. Needles (Ulibner, A. 209, 
864). -B"II,S04l\aq. Scales. 8. 9-29 at 19*5°, 
-B"2HAO, aq (Uiusberg, B. 16,1532). 

Oompound with pyrocatoohin 
[78°]. Needles (from ligroin) (Morz, 

B. 19.726). 

Oompound with cyanogen B"Cyaaq. 
[o. 244°]. Formed by passing cyanogen into an 
alcoholic solution of the baso (Bladiu, B. 18, 
666). Crystals, m. sol. alcohol and ether. Con¬ 
verted by heating with water into NU^ and two 
isomerio compounds Cjn^NaO, one melting at 
290°, the other beginning to decompose at 2.30°- 
240°. B"Cy, yields the* salts B"CyJlCl lh\q, 
B"Cy32HCl, B"Cy^^tClB 2aq, minute needles, 
(B"Cyj).4BtaPtClB2aq, and B^CyaH^SO^ aq; minute 
tables. 

p-Aceiyl derivative 

0,H,Me(NHa)(NHAc) [l?d:4]. [131°]. Formed 

by reducing OBHaMe(NOa)(NHAo) with iron ana 
dilute HOAo (Boessneck, B. 19, 1757), Plates 
(from water). Converted by nitrous acid, into 
ooetyl-azimido-toluene. On distillation it yields 

tolylene-acetamidine C,HaMe<^^^^CMe [203°] 

(Niementowski, B.’25. 861). 

Di^acelyl derivative CaH,Me(NAcH)a. 
[216°]. Formed by boiling the base with Ao^O 
(Bistrayeki, B, 2a 1878). Thin prisma (from' 
water). Yields HoAc and tolylene-acetamidine 
on distillation. * 

Di’propionyl derivative 
C^^{NlLCO.Et)r [133°]. Formed in like 


manner (B.). Tlelde tolylen4-propeiiyl-amin6 
[166°] on distillation. 

Benzoyl derivative 

CBH,Me(NHd(NBBz) [1:3:4]. [194°]. Formed 

by reduction of CB^Me(N02)(NHBz) with tin 
and HOIAq (Hdbner, A. 208, 314). Crystals, 
split up by distillation into water and tolylene- 
benzamidine [240°]. 

Di-benzoyl derivative GBH 3 Me(NHBz)^ 
[*264°]. Got by shaking tolylene-o-diamino with 
BzCl and NaOIlAq (Hinsberg, A, 254, 256), by 
the action of Bz.^0 on the diamine (Bistrzyeki, 
B. 23, 187(|; 24, 631), and by the action of BzQl 
on the benzoyl derivative (Hubner, A. 208, 314). 
Needles (from HOAc). 

o-Chloro~benzoyl derivative 
0«Il3Me(NH,).NH.C0.CJl4Cl. [153°] (Sohreib, 

B. 13, 467). Converted by benzoyl chloride into 
CBH3Me(NHBz).NH.CO.C,H^Cl [178°]. 

Di-cinnamyl derivative 
CBn3Mo(NH.CO.C,H,),. [206°]. Formed from 
tolyleno-o-diamine and cinnamic anhydride (B.). 
Groups of small needles (from dilute alcohol). 

Oxalyl derivative C,j02(NII.0jHB.NH.^).i. 
[above 300°]. Obtained by the reduction of 
CA(Nn.C,H,.NOJ., (Hinsberg, B. 16, 2691). 
Small needles (from alcohol-ligrom). On fusion 
it splits up into Aq and CibHuN* [193°]^ 
Salt 8. -B''H,Cla aq. —B^H-^PtCl*. — 
B"HaSO,5aq. Colourless needles. 

Bhthalyl derivatives. 

The compounds CbPI 3 MoN,^ 2 (CbH, 03) [104°] 
and CBHaMo(NCBH40J..,[272°]aroknown (Bieder- 
mann, B. 10,1165 ; Ladenburg, B. 10,1125). 

Benzene-sulphonyl, derivative 
CBH;.Me(NIl,).NH.SO,Ph. The hydrochloride, 
B'HCl, is formed by tho action of benzene sul- 
phoiiic chloride on tolylcno-o-diamine in benz¬ 
ene (Bistrzyeki a. Cybulski, B. 24, 633; c/* 
Lollmann, A. 221, 18). 

Phenyl-acetyl derivative 
OAMe(NH.,).NH.CO.CII,l°h. [195°]. Formed 
I from tolylenc-o-diamine and phonylacetyl chlor¬ 
ide (B. a. C.). Needles, v. sol. hot alcohol. 
Di-phenylacctyl derivative 

C, H3Me(NH.CO.CHj.Ph)2. [176°J. Needles, in- 
Sol. ether, v. sol. hot. alcohol. 

Be/erences.—BRouo; CuLono-, and Nitbo- 

ToLV^^ENE-blAMlME. 

T0LYL£NE-DlAl)tIN£ STJLPHINIC ACID v. 

Dz-AMIDO-TOLUENE SUnPBlNlO ACID. 

TOLYLENE-o-BIAUINE SX7LPHOKIC AGIB 
0„H,Me(NH3)3.S03H [1:2:3:6]. Formed by re- 
ducing nitro-toluidine sulphonio acid (Nietzki a. 
Pollini, B. 23, 139). Needles. Forms azinea 
with o-diketones. 

c-Tolylene-tn-dlamiue sulphonio acid . 
0,H,ASO,i.s. CJLMe(NH,),SO,H [1:2:6:43. 8. 
u07 at 14°. Formed from toluene p-sulphonio 
acid by nitration and redaction (Scnwaiicrt. A» 
186, SCO; Marckwald, A. 274, 349). Prisms, 
not melted at 280°.—BaA'j 4aq.—HA'HCS 2aq.— 
HA'HBr2aq.-7HA'HNO,aq: needles, sL soL 
aioobol.—(HA')2 H.j,S 04 aq: plates. 

Tolylene-m-diamine sulphonio aeid 
CaH,Me(NHJySO^[l;2:4:5]. 8. *1054 at 10°. 
Cwt by reduction of 0,H,!ae(NOjt)(NHa).SOjH 
[1:2:4:6] with SnClg (liimprioht a. Foth, B. 18, 
2186; A. 280, 309). Smallprism8.—BUL'aq.— 
BaA',6^aq.—HA'HCIaq.—HA'HBraq: prism% 
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iiamiad mlphonie aeid 

OfH-Me(NH 3 ) 3 .SO,H Formed from 

tolylene-w-diamine and fuming H^SO^ (Wica- 
inger, B. 7, 464). Small prisms.—NaA'4aq.— 
KA.' aq.—MgA'j 6 aq. - CaA\ 6 |aq.— Sr A^ 7aq. — 
BaA'„ 6 |sq.—MnA'.Saq. 

TOLYLENE . BIAMIKE THIOStTIFfiONIO 
ACID V. Tol. i. p. 188. 

TOLYLENE-BERZAMCDINE v. Benzenyl- 

TOLTLENE-DIAMINB. * 

TOLYLENE-BENZENYL.DIAMINB u. Ben- 

EBKT1.-T0LY1<BXE-I>ZA3IINB. 

• pTOI.YL£N£-B£NZYL.BlAMlN£ 

[1:2:5] C,H,Me(NHJ.NHCH,Ph. Go\ by redu. 
oing |>'nitroso-benzyl-o-(o]uidino by alcoholio 
ammonium sulphide (Hoeddiugliaus, A. 

800).— B''2nCl. Needles, si. sol. alcohol. 

TOLYIENE BLUE C,,ir„N,llCI. Formed by 
mixing solutions of nitroso-dimothyl-aiiilino 
hydrochloride and (l,‘2,4)-tolylenc*«j.di.amirio 
(Witt, C./. 35, 358 ; B. 12, OiH). Prisms (con¬ 
taining aq) with coppery lustre; forming blue 
solutions in water and alcohol. Acids turn Iho 
solutions reddish-brown. Alkalis pp. the base 
as a tarry mass. Tin and JIClAq reduce it to 
tbo leuco- base, wbieh forms a di'liqiu'scent 
hydrochloride and crystalline (C,.,H^.,N,)IISnCI:,. 
On boiling tolylone-bluo with \vaU*r for some! 
time part is reduced to leucs-tolyleno blue and 
part oxidised to tolyleao red C,iH,„N,. Tolylorio 
bluo heated in aqueous solution containing 
HO.\o for 12 hours at 10^ forms tolyleiie violet 
CnH^N^, characterised by an insoluble sulphate. 
Hydrated tolylonc-violot C,,II,^N,aq is a scarlet 
powder which dissoUes in alcohol and in otlier, 
forming solutions with orange llnoresccnco. 
Tolylene red 

[l®] C.H,(NMeJ<^>C.H,^r<.(NIIJ [»:C:l] 

(Bcrntliscn a.Schweitzer,yl.23C,.‘Id*; Andreson, 
B. 19, 2217). Orangc-red needles (containing 
4aq). Forms a rod Huorcscont solution in al¬ 
cohol. Its neutral salts arc rod, its acid salts 
are blue. By elimination of NIL by the diazo- 
rcaction it is converted into di-motliyl-amido- 
methyl-phenazino. 

Isomeride of tolylene red ♦ 

Formed from chloro-di-iytro-tolneue and di- 
methyl-p-phcnylene-dianiine and reduction of 
the product (Witt, B. 25, 3008). Coppery 
needles, sol. warm water. 

TOLYLEM^-BUTENYL DIAMINE v. Bu- 

IESYL-IOLYI.BNK-DIAMISE. 

TOLYLENE-DICAEBAMIC ETHEK t). t- 
ToLTLENK-m-DIAMINE. 

TOLYLENE DICYANATE C„M.N,p, U. 
[1:2:4] C.H,Me(N:CO)a. [24°]. Formed from 
tolylen# m-diamine and COCl, (Snapo, C. J. 42* 
258). Needles, sol. eOier. When heated with 
phenol at 130’ it yields C.H,Mc(NH.CO,Ph), 
[147'5°] crystallising in needles. 
TOLYLENE-ETHENYL-DIAMIHE 

i.e. 0,H,Me^^lj^O&ie. [203°] (Niementowshi, 

B. 25, 861). (850*) (Nolting a. Witt, B. 17,8y. 
Formed by boiling (l,3,4)-tolyleae-o-diamine 
with HOAo {Ladenburg, B. 8 , 677) by redacing 
the aeetyi derivatire of nitro-ji-toluidine (Ho- 
bnekar, B. S. 920), and by adding aldehyde to a 


solntioD of tolylone-o-diamlne in very dJIota 
HOAo (Hinsberg, B. 20, 1582). Tables (from 
water). Forms with ooetone and SO, the com- 
pound (C,H„N,C,II,0)SO, (Boessneclt, B. 21, 
1202).- n',H ,rtCl„.-B'HNO,. 

TOLYLEltE.ETHENYL.ETBYL-DIAMXNE 

c.,n,.N, u. ^H“;ca8;SEt>°’“®- 
Formed Lou. [l;:i:41 C.Ii ,Mc(NIL).NHEt and 
Ao,0 [O. Fiselicr, B. 46, 200). 

Tolylene.ethenyl.ethyl-diamine 

CH*^;cll!aN' Hot by ethyla- 

tion of tolylcnc-cUionyl diamino (IXubner, A* 
210, 351). Formed also by Iho action of alde¬ 
hyde (2 mols.) on tolyono-o-diamino (1 mol.) 
(Hinsberg, fi. 60, 15s5) utid by heating 
C,ilI,Me(NO.^)NKtAc willi y.iiic-dust and HOAo 
(Niementowski, B. 20, iKHl). Ni cdle* (contain¬ 
ing Sail). Combines with ethyl iodide, forming 
B'Etl and IVKtfj (lli' J, which yield B'KIOU 
and B'KtJHCl^. Salts. -- K'lJIaq [143®]. — 
B'HNOjag. [1)9®]. al^lts at 95® when anhy¬ 
drous# lr(\ll,N.,0,. (hystais, si. sol. alcohol. 

TOLYLENE-ETHYL-DIAMINE 
CMciClLO.NIL ,, , . , 

CH :ClI.C.NHHf *>7 reduc¬ 

tion of nitro-othyl./;-toIuidino ((/attermann, B. 
IH, Fi.'^clier, If. 26, 199). Wliito plates, 
quickly blackened by Iij;l)tand air. 4lotaTcs on 
water. 

Jicactions, —1, Biuulphido of carbon yields 
[139 2. AcjO fornxa 

tolyleno-ctbenyl-ctbyl-diamine [ICO®].' 98. Ben¬ 
zoic aldohydo yields CuH 3 Mc*^^,^^CPh ; 

wlhle 0 - and p-nitro- a)id o-oxy- benzoic alde¬ 
hydes from corresponding boiUea [170°], [176°], 
and [78°]. 

Salts. B'HCI. enry^].- [151®]. 

Tolylene-othyl-diamine 

CJl 3 ML(NlIKt).NU., [1:2:5]. (264°cor.). Formed 
by reducing nitroBO-elhyl-o-loluidiuo (Koch, A, 
21.3, 807). Oil, V. Bol. ether.- B"2UC1. [124®]. 
Crystals, insol. etlier. 

Tolylene-ethyl-diamine 

0,H,Me(Nl[.J(NHKt) [1:2:1]. (282® uncor.). 

Formed by reduction of nilro etbyl-p-toluidine 
(N'olting a. Strieker, B. 19, 549). Oil. Gives 
the reactions characteristic of m-diamines. 

*ToIylene-di-etliyl-diamiao 
C.;H,Me(NHEt),[l:,3:4]. (26.5® uncor.). Oil 

(llin.sherg, A. 205, 191). Turns block in air. 

Tolylene^i-ethyl-dianiine 
C,Il 3 Mc(NEt,)(NJL) [1:2:5]. (240® i.V.J. Formed 
Jiy reducing njtro-diethfI-o.ioluidino(Bernth8e«, 
B. 25, 3138). Oil. FeCl, slowly gives a purple 
colour ia ai^aqucous solution of the ifhlphate. 
Nit^ft-O, and K.Or.p, adtl^d to its solution in 
IlOAc slowly ppt. SO,II.S.C„HjMe(NEtd(NH.j) 
[210°-215®J.— B'H^SO,. Large colourless tables. 

• DI.TOLYL£ir£-£THTL£ir£.T£TBA.AltIKS 

V. ETlIYLENK-ni-TOLYLENK-TEfnA-Aliaoe, 

TOLYLENE-DI-ETHYL-DI -THIO -DI-UBEA 
^1:3:4] MeC.H,(NH.CS.NHEt),. [140®]. •Got 
from ethyl mustard oil f5‘5 g.) and tolylane-di- 
amine (3 g.) in alcohol (15 e.o.) (Lellmann, A. 
2fit 23). V. sol. alcohol, more soL HOAo, si. sot 
water. Decomposes when melted into tolylene* 
thio-area, Me.0«H,(NH)/;S, and CS(NHEtJ^ 
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(1.3.4)-Iiomeride [225°]. Formed from tolyl- | 
ene-di-tbio-di-Qrea and £(I at 105° (Lussy, B, 
8 , 663). CryetaU. 

TOtYI,ENE.DI-ETHTI..0I-tJ^EA 
ri: 2 ; 4 ]q,H,Mc(NH.CO.NHEt),. [175°]. Formed 
by heating tolylene-urea with EtI aj 110° (frussy, 
B, 8 , 292). Crystals, v. sol. alcohol and ether. 
TOLYLENE HYSBAIE V. PniiNXL-BENZYIe- 

CABBINOL. . . 

DI-TOLYLENE KETON® OXIDE ^ 

[l®] C,H,Mo<g(^>O.H,Me [®lj. [166°]. 

Formed by heating oxytoluio acid with Ac.^ 
(Weber, B. 25, 1745). White Hakes, sol. alcohol 
and ether. * 

TOLYLEITE MERCAPTAN C«H,Me (S H), 
[1:2:4]. Dithiocrcsorcin. ,,[37°]. (203'^) 

(Klason, B. 20, 355). 

Di«toly^ene mercaptan 

HS.OaHaMe.CJIaMc.yiI. [113°]. Formed from 
the diazo- compound of di-amido-o-ditolyl hy 
combination with potasainin xanthato at 70 - 
75° and saponilication erf; the resulting oil with 
^coholic potash (Xjcuckart, J. pr. [‘ij* 41|,,214). 
'Yellowish plates, v. sol. alcohol and ether. 
Methyl ether Needles. 

TOLYLENE METHENYL-AMIDINE 

ix. 0,H,Mo<^jj^CH. [114°]. Formed by 

boiling froq 3 )(l, 3 , 4 )-tolylcne-diaminc with formic 
. acid (Ladenburg, B. 10, 1123; O. Fischer, li, 
22, 644). Yellow prisma. 

TOLYLENE-METHENYL-DIAMINE v. 
Methentl-tolylkne-diamine and the pijecedin^ 
body. _ 

TOLti: METHENYL - METHYL - DIAMINE 

0 , 3 „N, ».«. 

Formed by heating C,l-l„(NTL).NnMo with 


formic acid (0. Fischer, B. 26,105). 

liomoride gn“;gH.O.N^'>ClI. (279°). 
Formed by heating tolylene-mothonyl-amidine 
with Mel (0. Fischer, B. 22, 014). Formed also 
from (l,3,4)-tolylcne-diaTnirio and formic alde¬ 
hyde (Fischer a. Wres/.inski, li. 25, 2711). Oil. 
—B'HI aq.—B'lICl. Prisms (from EfClAq). 

TOLYLENE-METHYL-DIAMINE 
[1:3:4] C„n,Mo(NH,).NHMe. [44‘^]. Formed by 
reducing nitro-mcthyl-p-toluidinc (Gatterinanii, 
B. 18, 1487; 0. Fischer, B. 26,194). Formed 
also by heating motliyl-ju-umido.loluone-a 4 io- 
benzone sulphonio acid with SnCl.j and ilClAq 
(Bamberger a. Wulz, U. 21, 20.S2). Four-sided 
tables. 

lieactions, — 1. Acetic anhydride yields 
[142°]!—2. CS^reacts,forming) 

0,H,<^y^CS [194°].—8. BeniOic nldehyle 

forms C,H,<^jjg^Cl>h [127°], while o-nitro- 

and o-oxy-benzoio aUlehydo form corresponding, 
bodies [163°] and ^180°). 

Salts.— j 3'HC1. [176°-180°]. Plates (from 
aloo!lol).-B'H.C,0.. [124°].-B'C.H,N,0,. 
[164°]. 

Tolylene-di- methyl-dismine 
0,H,Me(NMeJ(NHJ [1:6:2]. [28°]. (2707). 

Formed by reducing nitroso-di-metbyl-,rt- 
(Kdaidine (Worster a. Biedel, B. 12, 1801; 13, 


126). Needles or prisms; v. soL water, alcohol, 
and ether. Yields tolaquinone on oxidation. 

Acetyl deritiaf.os [168°].— 
B',H,PtC1.4aq. 

Tolylene-di-methyl-diamine 
C.H,Me(NMe,)(NH.,) [1:2:5]. [47°]. (240° i.V.). 
Formed by reducing nitro-di-methyl*o-toluidine 
(Bernthsen. B. 25,3134). FeCl, gives an intense 
bluish-red colour in n^itral solutions. Na-S,0, 
and K.,Cr,0, added to the acetic acid solution ppt. 

C.n.,Me(NMeJ(Nn,)3.SO,,II [o. 240°]. Salt_ 

B'jHjSO,. Needles, v. e. sol. water. 

Tolyleae-tetra-methyl-diaraine 
CeHjMe(N>:Oo), [1:2:5]. (c. 26,0 ’). Formed hf 
heating the preceding body witli jMcOII and HOI 
at 180° (W. a. R.). Liquid. Coloured blue in 
aqueous solution byFeCl^. 

Methylo-iodide B'Mel. [100°]. Needles. 
Tolylene-tetra-methyl-diamino 
OJ[,Me{N'Mo,),[1:3:4]. (220’) at 717 mm. Got 
by methylation (Niementowski, B. 20, 1888). 
l.aquid, V. si. Kol. water. FcClj at 40° to 50° 
gives a rcddisli-brown colour. IINO 3 added to 
its solution in H..SO, gives a rod colouration.— 
B'.,H,PtClg.—B'HHgCla.—B'OJIaNjO,. Yellow 
tables. 

Reference.— Nrnio - TOLvnr.NE - TETitA-MRTnYL- 

PUMINK. 

TOLYLENE-METHYI-ETHENYL-AMIDINE 

C,„H,.N, i.e. jjjj 

Forme'll, together with C,„II|.jN.^O [10.3°], which 
crystallises witli 2aq, by reducing the compound 
C,.lI:,Me(NO.J.NMcAc (Niementowski, B. 20, 
1878), and by acting on tolylono-mcthyl- 
diamino with Ao.^0 (O. Fischer, B. 26, 196). 
Ni'odlos (from hot water). BMI.lHClo (dried at 
100°). 12;U°-24L’].—B'flOl.\aq.-*B'.MoI. [221°], 
—B'MeOH. [115°-1.35°J. 

TOLYLENE TETRA-METHYL DI-PYRROLE 
TETRACARBOXYLIC ACID C,,14N,0g i.e, 

[l:2:4]O.H.Me(N<gJ{^;g;^«;«).- 

sol. hot alcohol and ether. 

Ethyl ether Et,.\''. Formed by heating 
di-aeetvi-succiuic etlicr with tolyli'iic-ni-diamiue 
and il6,\c at 150’ (Kniirr, A. 2:16, 314). Oil. 
TOLYLENE-METHYL-THIO-BEEA 

6 h ;SniNSc>‘^3. [194°]. Fonned from 
C,HJNH.,)(NnMe) arKl CS., (Fischer, B. 20,190). 
Needles (from alcohol). 

TOLYLENE-DI-OX AMIC ACID t.rt. 

C«HjMo(Nn.CO.CO.,n)^ [1:2:4]. Formed, together 
with the amide, by the action of alcoholic NH, on 
the ether. Crystalline. Very sweet. Decomposed 
by warm KOHAq into oxalic acid and tolylone- 
diaminc.—Ag .A".—PbA".—BaA" 2aq. 

Di.awi</eC,HqMe(NH.CO.CONnj)2[l:2:4]. 
^J'ormed from the elhe • and alcoholic ammonia 
(Schiff, A. 208, 3 3). White powder, hi. sol. 
afcohol. 

Ethyl [1:2:4] 

C H 3 Me(NH.CQ.CO;,Et)... [130°]. Formed by boil¬ 
ing C«H,Me(NH.).NH.CO.CO.Et with alcohol and . 
oxalic ether (Scliifl a. dVanoi, A. 268, 340). 
Small needles (from ether). 

Amide X ether ‘ 

O.H.Me<N|CO gO^‘ [l:®] [210°]. Formed 
from 0,H,Uo(NHJ.NH.0O.COJ(H, by boiling 
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witb alcobol and oxalio ether (Schiff. 2fi8, 
841). 

Amide ether 


Got 

by fusing C^HaMe(NH.J.NH.CO.COj.Et with ox- 
amio other. 


lOLYLKHE-OXAMIfE 0,H3Mo<^|J>C,0,- 

[O.2G0®]. FormcJ from (1,2,4)-talyloti(.'-iH:imrtio 
and chloro-glyoxylio other, and nlfso hy lieuting 
tolylonc-diamino o^calato to 100 ’ (Schii’f a. Vaniii, 
»A. 20S, 312). 

TOLTLENE.PEKTENYL.BIAMfNE 

[l^ Formed 


CXC 0 S 8 of NH.SCN by boiling with water, 
evaporating, and heating to 120*’ (Iiellniann, A» 
228, 245). Small red oryatala (from alcohol). 
Does not melt below 320®; may bo sublimca. 
Inaol. water, si. sol. alcohol, dissolved* by warm 
NaOU; ro*i^)d. by HOI. When boiled with lead 
act’tiUo and excess of NaOll, no PbS is formed. 

Tolylmo^. thio - urea 0.1I,Mo<j^^>08. 

Formed b^" heuling (l.^.ll-tolylene-o- 
diaiiiiiiu siilpljofyaniih) at 130'^ {r*elljnami, A, 
221 , 10]. Fornytl also l)y llnWnelioii of alcoholic 
NH, on o-lolylenn di thioiMvb’nrdo (llillctor a. 
Steiner. />*, 20, 1^11). Silvery plates, sol. a)oo* 
liol, lU).Ve, and coM NaOILVti, si. sol. water and 
CHCL. 


by reducing the valeryl derivative of nilro- 2 >-tohi. 
idine (Friedorici, B. 11, 1071; Iliihm r, A. 200, 
3C5). Prisms (from ligroin), v. o. std. alcohol. 

TOLYLENE - DI. PHENYL - DI - AMIDO- 
METHYLENE-DIAMINE C,,lI,oN. i.c. 

C.II.Me<]J{[>0(NlIl>ll).. [llil”]. Fuliiled fmm 

C(NPh).^ anti (l,3,4)-tolylone-di}unine at 130'^- 
140'’(Dahm a.Clasiorow.^ki, /A10,.3().')7). Nenlles 
(from benzene), V. sol.alcohol.—I>\:)J1CI. [I7i']• 
—B'H.SOj. Plate:^, v. sol. wal<’r uinl alcohol. 

TOLYLENE-PKOPENYL-DIAMINE 

C.II,Mo<^**>Ci;t.^ [Kwrj. Forniod by dia- 

tilling the dipropionyl derivative of tolyU'iic-o* 
diamine {Bistr/iVeki, It. 23, ISZtl). Needle.s, m. 
sol. water, almost insol. ligroin. 

TOLYLENE RED v. Tolyi.kne blub, 
DMOLYLENE. DISULPHIDE • 

gMc:CH.(:.S.(\ClI:nU ,, . , 

on :Cir.C.S.O.ClI:O.Mi! t'ormed by tiio 

action of heat at 200^-250^ on tol^lene liazo- 
Bulpliido CuIIaMc<[^^^N [13obLaiued fiom 


m-Tolyieno t thio - urea OJI jj^CS. 

[It0’’l. Formed from (l,2,l)-lul\%'no-diamlno 
«nd alcoholic CS, (hii'^sy, 7/. 8, 203). Crystal' 
line powder, v. e. sol. aleolnd. 

7u-Tolyleue-di-thio-di uro.i 
[1:2:1 j ai I ,Me(N 11NI f,),. [218®] (Ti.) ; 

[20<#'J (B. n. S.}. Foinii'd by In-ating tolyleno- 
m-diajuino Eulphoeyanide (faissy. It. 7, 1205; 
(}<ddianlt, 7>. 17, 3iit0; a. Stoijjcr, It, 

IH. ;)20.3; 20, 22Sj. Cryslallijw powder, insol. 
water and ether, nearly ins»>l. ufcoliol, m.sol. hot 
llO.Ve. 

TOLYLENE-TOLENYL-AMlDItfE 

t.c. Formed by ro- 

diu ing !l:l]r. it, Me.ro.N 11.0,.II^(NO.,)Mo [4:3:1] 
(I Iiii»»or, .1. 210, 331). N<'eilles, k 1 sol. walcr.— 
JVaci.-ini.NO,. B'dI,SU,. Crysi-as, si. sol. 
vahr. ^ 

TOLYLENE - DI - p -TOLYL . DI. AUIDO • 
METHYLENE-DIAMINE ().. i.e. 

Nils 


CjrMc<‘^rjJ>C(NlI.C,ll,Me)3. 


[190®]. 


ethonyl • amido • tolyl mercajdan and 
(Jacobson a. Ney, 77. 22, 011). Cone. 
gives an intense blue colour. 

TOLYLENE - DI - THIO - DI - CARBAMIC 
ETHER [l:3:4j CJI,Mc(N:C(ST{).OKt), [J20'j. 
Formed by boiling tolylonc-di-thiooarbimid'-with 
alcohol (Billeter a. Steiner, 77. 20, 230). Pl.ttcs 
(from benzene). Yields a yellowish-white silver 
Balt. • • 

TOLYLENE . DI - THIOCARBIMIDE [1:2:4] 
CJI,Mo(N.CS),,. [5C®]. (c. 3J)0^). F.njuedfrom 
tolylcnc-7n-dinmIne and CSC!.., and also by 
heating tolvleno • di - thio ♦ di-urea with cone. 
HGIAq (Bilieter a. Steiner, 77.18. 3292; 20, 230). 
Needles. Converted by NH.Aq into tolylone-di- 
thio-di-urea [206'^], by aniline intc; di^plnmyl- 
tolylcno-di-thio-di-urca [108®]. Copper at 250®, 
produces CgUa^IcCya [141®]. 

Tolyleae-dl-thiocarbimide [1:3:4] 
CHlIg^e(N.GS) 2 . [42®]. Formed from an aquerfha 
BolutioD of tolylene-o-diamine hydroohlorid^and 
CSC4 in CHCla (B. a. S.). Plates. Converted 
by HOI at 200® into o-tolylene-thio-urca. • 
TOLYLENE-DI-THIO-DIGWCOLLIC ACID 
C,H,Me(S.CH,.CO,HL. [152®]. Formed from 
tbio-orciQ 0,H,MeraH), ohloro-acctig 

acid, and NaO^Aq (Gabriel, B. 12, 1^40). 
Needles, m.*sol. hot Aq. • 

TOtYtENB Tmo-TIIIEA O.H.Me<^g>C3. 

Votmed from C,H,Me(NH,HGl), |1:2:3) wd 

m 


Pormtd by lioating C(NCan,Me)j with (1,3,4)- 
tulyhuie-dianiliie (l)ahm a. (lasiorowski, 77. 19* 
3i)."»9). Needles (from alcoliol).—Jl'..j3ifcl. 
[1-13 ’]. Deliqueseent needles, v. sol. water. 

TOLYLENE-TOLYL-DIAMINE 0„U,.N, i.e. 
[1:3:4!C,.lI,Me(NiI,)NUCJI,Mc[l:4]. Amido^di- 
2 >-fo!f/l-umini% [lOy'"']. Formed by reducing 
nitro-di- 2 )-tolylamino (O. Fisethor, 77. 23, 8798 ; 
20.187). PrisniRffrom ligroin), turning brownish- 
red in air. Il^SO, forms a blue solution changing 
to green. Fo(3;, forms (L,.n.jN,0 [188°] crystol- 
Bsing in red plates, yielding JF^U.J’tClj. Boiling 
with acetic anityilri'lo and sodium acetate 

pi.;.liioca ^ taj”], which 

forms Byi.PtCh. Benzoic aldehyde forms 
C,II„<^(J!'lY'^>CIU*h [ir.C°:, which yieldB 
(C„irfcN,)|l4jl'tCI, and C,,H,„N,nAuCI,. 

• jS/iUs.- B'H,,C;jO,. .Nearly insol.cold Aq.-~- 
B'C«HjN.,0,. Brownish-rod crystals. 

• Acetyl derivative [120'^}. Prisms. 

Tolylene-p-tolyl-diamine 
[1:4:3] C,H,Me(NHJ.NilC.H,Meil:4]. [107«1. 
Formerl from tolucne-azo-toluencor s*di^tolyt* 
iiydrozine (hydrazo-toluene) in alcoholfb solu¬ 
tion by the action of HnC^.. and HCl (Tdabw, 
77. 25, 1022; cf. Melrufl, B. 8, 664; Gold- 
*Bchinidt, J7. 11,102C). Plates, v. e.sol. alcohol. 
NaNO, colours its solution in H,SO« deep 
blue (?). Benzoic aldehyde reacts, forming 
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[166T (of. LeUmanni B. 
16, 832). BenzU in alcohol and HCl tonna 
C»H„NjO [173“]. Ethyl nitrite and H^SO, 
added to,its alcoholio solution form the azimide 

[ 930 ]. On oxidation together 

with jr.tolaidine it forma the ditolnide of amido- 
toluqninone (Green, C. J, 63, 1408)j , 

Tolylene-di-n-tolyl-diamiae 
[1:2:6] O.H,Mo(NHC,H,),. [113“]. Formed by 
heating hydrotoluquinone (40 g.) .'vithp-toluidine 

e and ZnCl, (80g ) to 200“-280° tor 5 hours 
, C. <r. 63,1408). PlatcSj sol. HOAc, insol. 

TdLYLElfE.j).TOLTL.GirA»IDINE 
0^,Me<^y>C:NC,H,. [198“]. Formed from 

fcolylene>o-dh.mine and C(NC,II.)^ (Keller, B. 24, 
2618). Prisma (from alcohol), or tiiblea (from 
benzene). Phenyl oyaiiatc forms the compound 

0,H.<N^NC;H,^">Nfh [233“], crystal- 

Using from hot alcohol in noodles.—— 
B'jH.^rtCl,.— 6 a(j. Needles, si. sol. cold 
water. 

Acetyl derivative C:NC,II,. 

[149°]. Needles, v. sol. alcohol. 

Di-ienzf-yl derivative [201°]. Needles. 

• Nitrosamine C,Hu:N.1I(NO}:C:NCtII,. [c. 
140°]. Decomposed on fusion. 

TOLYLEN E ;>T0LYL-THI0-USEA 

CMe:Cn:Q:NH’“’^>OS. [270“]. Formed from 
tolylenc-tolyl diamine and CS^ in alcohol 
(Fischer a. Siedcr, B. 23, 3799). Prisms, insol. 
water, si. sol. ligroin. Cone. H„lSO, forms a 
green solution. 

TOLYlENE-tJREA C,H,N.,0 i.e. 

[ l:^]o,H,Me<^ll>CO. [292“]. Formed by 
neifting tolylenc-o-diamine with urea and got 
also by the action of HCIAq at 140° on 

C,H,Mo<;^^^^C.OEt [163°], which is formed by 
the action of nN:C(OEt )2 on tolylcne-o-diamino 
bydroohlorido (Snndmeyer, B. 19,2(161). Formed 
also by heating 0,H^(NH..).NlT.CO.NPh.. (Lcll- 
mann a. BonhdlTer, B. 20,2*121) or the compound 
0,Ho(NHj).NH.CO.NllPh (JLeuckart, J, pr. [ 2 ] 
41, 324, who states that it melts above 300°),'^' 
and by heating tolylcno-o-diamine in benzene 
with COCl, in tolueno in sealed tubes at 100° 
(Hartmann, B. 23, 1048). Needles, ah sol. hot 
water.—B'HCl: prisms. 

TOLYLENE - DI. UEEil O.n.^N.O, i.e, 
[1:8:4] 0 ,H,Me(NH.CO.NH,.) 2 . [282°]. Got from 
tolylene-diamine hydrochloride and piotaapium 
oyanate in aqueous solution (Lollmann, A. 22f., 
14). Needles, si. sol. water and chloroform, 
sol. alcohol and hot cone. HCI; v. sol. HOAc. 

Tolylene-di-urea C,H,..N .02 i.e. 

[1:2:4] C«H,Me(NH.CO.NH 2 ) 2 . [ 220 °]. Formed 
from tolylene-m-diamine sulphate and KCyO 
(Straus^, A. 148,167). Formed also from tolyl* 
ene oyanate and amiponia (Luseyi B. 8 , 29^. 
Boales, si. sol. alcohol and hot water.—B" 2 H^; 
TOLYLEKE-YXOLST v. Toi. 7 le!mb blub. 
c.BI-TOLYI».STfiANS 

CI^ 4 Uc.CHj.GH,.G^ 4 M«. (296°). Fonnedfroa 


OsH^Me.CHgCI and sodium (VoUreth, Z» 1866. 
489). Oil. 

tt-Dl-p-tolyl-ethane OH,.CH{ 06 H 4 Mo) 2 . 
(296°h S.G. *974. Formed by shaking paral* 
dehyde with toluene and H^SO^ at 0° (0. Fischer, 
B. 7,1191). Formed also by heating di-a^tolyl. 
propionic acid with lime (Haiss, B. 16, 1476) 
and by the action of ethyUdene chloride and 
AlCl, on toluene (Anschutz, B. 18, 664; A. 
26 ^, 315). Oil. Yields toluyl-benzoic acid and 
di-tolyl ketone on oxidation. 

s-mp-Iii-tolyl-ethane CaH,(C,Hy)^ (297®- 
300°). Formed from ethylene bromide, tomene, 
and iVlClj (f riedol a. Balsohn, Bl. [2] 36, 62 ; 
A. Ch. [ 6 ] 1 , 487). Yields iaophthalio and 
tercphtlialio acids on oxidation. 

Bc/ercjicca.—A mido-, Chloro-, Tbi-culobo-, 
UO-, and Oxy-tolyl-, ethanes. 

TOLYL ETHER v. Di-tolyl oxide# 
o-TOLYI-ETHYL ALCOHOI. Hexa 

hydride 

(105°-200°). Formed, together with the tetra* 
hydride Cn,<^{l--^^®^C.CHMo.On (142“ at 

60 mm.) by reducing C^H^Me.CO.CIIa in moist 
ethereal solution by sodium (Kipping a. Perkin, 
jun., C. J. 67, 22). Oil. Yields an acetyl deri¬ 
vative (201°-208°). • 

p - TOLYL - ETHYL - wV AMIDO - PHENOL. 

Ethyl derivative C,H,.NEt.CuHq.OKt. 
Formed from CyHy.NH.CuH^.Ofl, potash, and EtI 
• (llatschck a. Zega, J. pr. [2] 33, 217). Oil. 

p-ToIyl-ethyl-p-amido phenol. Ethyl dcri> 
‘dative 0„II..,NO i.e. C,H-.NEt.OJIi. 6 Et. (c. 
310°). From* C,U,.NH.C,H,.OH, potash, and 
EtI (II. a. Z.). Oil. 

TOLYL-ETKYL-AHINE v. Etuil-toluidznb. 
Di-tolyl-ethyl-amiae (C„H,Me).,NEt. (266°- 
260° at 20 mm.). Formed by heating di-p-tolyl- 
amine with EtOII and IICl at 260°- 280° (Girard, 
Bl. [2j 21, 120). Oil. 

o-TOLYL ETHYL CARBONATE 0,jH,.,O, i.e. 
[1:2] C,H^Me.O.CO.OEt. (236°). Formed from 
sodium y-crcsol and ClCO..Et (Bonder, B. 13,700). 
Oil.- 

m-Tolyl ethyl carbonate. (210°). Formed 
in Uke manner from yjt-crosol. Oil. 

p-Tolyl ethyl carbonate. (215°). Oil. By 
long heating at 300° it y/blds di-p-tolyl carbonate 
and di-cthyl carbonate (Bender, B. 19, 2268). 

DI. p . TOLYL - ETHYLENE C„H,„ i.e. 
O«H,Me.CH:CH.C«H,M 0 . Di-vietjfyUiilhene. 
[179-’]. (above 300°). Formed by distilling 
(C,.U^Me)qCH.CCIa with zinc-dust (Goldschmiedt 
q, Hepp, B. 6 , 1501; Elbs a. Forster,. J*. pr. [2] 
39, 300), and by heating di-p-tolyl fumarato, CO, 
being evolved (Anschutz, B. 18, 1948). Plates, 
V. 4bl. CIICI,. Yields a dibromide r204°]. 4 
tt^Di-tolyl-ethyiene CHa:C(CeH;Me),. (305°). 
Formed by the action of alcoholio potf^h on 
0:H,C1,CH(C,H,), (Hepp, B. 7, 1413). OiL 
Yields di-tolyhketrne [94°] on oxidation. 

Tetra-tolyl-ethylene 0 ,oHh i.e. ■ 
(p,Hy),C:C(Cyn,)y [216°]. «A product of the 
action of chloroform and Alfl, on toluens 
(Sch4^arz, B. 14^ 1629). Plates, with greenish- 
"yellow fluorescence, sol. benzene. 

Referenca. —Bbouo- and Dz-oslobo- fonn#- 

XIHYLBNS. 
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d.TOZ.TL-BTfinaEKS.DUMIKE 
0,H,NH.aH,.NH^ ( 0 . 267®). Formed from 
o.(olylaniiao-ethjl-phthaIimide and HG) (Now* 
man, B. 24, 2194). Sol. water and alcohol.— 
B''2HCI. [168^-173®].—B'*2C.H,N,0,. [148®j. 
Green needles. 

Di-beneoyl derivative [164*5®]. Ncodlos. 
^-Tolyl'ethjlene-diamine. Formed in like I 
manner (N,). Liquid. - B"2HCi. [‘218'^J.— ! 

Yellowish plates. • j 

Di-acetyl derivative [107®]. Needles. I 
Di-heneoyl derivative [101®]. Cubes. I 
, Bi^o-tolyl-ethylene-diamine C.^IT..uN.. i.c. I 
0,H,NH,Ca,.CH,.NUC.n,. [71®]. *S. 'd at 100 \ j 

S. (cold alcohol) 9. S. (ether) 14. Formed by 
the action of o-toluidine on ethylene bronii<lo in 
presence of NaaCOalBischolT, B. 23, 1982, 2031 ; 
25, 3257; cf. Mauthner a. SuiJa, d/. 7, 230 ; 
Colson, Bl. [2] 48, 799). Plates (from ligroin), 

T. sol. alcohol. Yields imlole on lieatin^ witli 
zino-dust. 011^01.0041 and NaO.Yc from di- 
tolyl-pyrazine hoxahydrido [15P|.--B"21I01.— 
B"H..PtCl«.—B"1I,S0, (dried at 100 ’).- B' 2m3r. 
[222®]. S. 3 at 100®. 

Acetyl derivative C.^IIdNAc.C,II.)J. 
[153®]. 

lironio-acetyl derivative 
0,H,(N0,lI:.C0.0lI,Br),. [*205 J. SI. sol. cold 
HOAo and lijjroin. * 

BromO’propionyl derivative 
C,,H.^N,Ur,0,. [181 »J. 

lirotno-n-butyryltlerivative 
(Cj,II«,N.,Br,0,)C,.Il, (from bciizono). [190“]. 

Bromo-isobutyryl deriiuilivea * 

C,H,NH.C,U,.NC41..CO.CI3rMej [137“] amj 
C,,H„N,Br.p, [173®]. 

Di./j-tolyl-ethylene-diamine [97*5°]. Formed 
by heating ;>*toluidino with ethylene bromide at 
150® (Grel'llat, M. S. [3] 3, 383; BischolT, B, 
25, 3260). Crystals, V. o. sol. aleoliul. -Hydro¬ 
bromide [255®]. 

Acetyl derivative Cjr,(N.\c.C;lI,)^ 
[139®]. 

Brotno-acetyl derivative C..^H.,N..13r..O;^. 
[196®]. 

13romo-propioni'l derivative. [182®]. 
Bromo-n-hutyryl derivative • 
C„H,,N^rA* [125®]. 

Bromo-iaobutyryl derivative ^ 
C^H,oN^rA- [175®]. ^ 

Bi-o-tolyl-di-ethylene-diamine CigH^Ns. 

[171®]. Formed, together with di-o-tolyl* 
ethylene-diamino, by lieating o-toluidlne with 
O^UiBr, (^MI. a. S.). Needles, si. sol. alcohol. 
Forms indole when distilled with zinc-dust. 

Bi.j)-tol 7 i-di>ethylen 8 -diainine [100®]. 

(360®). Formed by hedting C^,H,C1 .i 5H with 

g toluidine at 220® (Wurtz, A. Suppl. 7, 94; 

emole, A. 173, 138). Prisms, ▼. si. sol. alco- 
hol.j-B"H,PtCl,^ • 

Tn-p- tolyl.tri-ethyiene-triamine 
N,(0,H,),(C;,HJ,. [186°]. Formed by heating 
p-toluidine with C^H^Br, fG.). Needles, v. s^ 
sol. alcohol. Is perhaps iuendical with the pre* 
ceding body. Its hydrochloride melts at 189®. 

Bs/erence.—N iTTO • M • TOLYL - BTHTLEKB - w- 
AlOKB. « _ 

p-TOLTL AkTLENE ETETL DIOXIDE 
0,H4Nfe.O.CH^0H,.O£t. (244®). Formed from 
OvH,.O.OJS«Br and alcoholic potash (8ohreih6r» 
24» 195). 


I DI.p.T0£TL STHYIfiirS DIXSTONB 

OiaHihOj i.e. 0 ,H 4 (CO.O«H 4 Me)^ Di-toiuyU 
ettianc. [159®]. Formed by the action of suo- 
cinyl ohloridg and AI01| on toluene (Hollemann, 
n. T. C. 6 , 70; Claus, B. 20, 1877). Neodlos, 
V. si. sol. co^d alcohol, insql. alkalis. AcCl con¬ 
verts it into di-p-tolyl-furfiirano C„H„0 [164*]. 
Ammonium acetate and llOAo on boiling form 
di-/>-tolyl-p 3 yrolo [197’]. P^S, forms di-p-tolyl- 
j thiophene [171®]. • 

I DI;).TOLYL-ETHYLENE-DI-METHY£-DX. 

I AMINE %.e. CJldNl^e.G^U^Mo)^ [80®]. 

Formed by boiling its di-inethylo-di-brofhide 
with NlI^Aq (HUluu r, A. 221, 337). Tables or 
prisms (from ftlcoli«)l), v. si. sol, water.—* 
B'HJlgCi,. [190^]. - B"Il,l*tCU. Orange- 
yellow powtier., 

Methylo-iodido B"Mer. Needles. De¬ 
composed ut 100®. M. fiol. liot waWr. 

MctUylO’broviide I>‘'2McBr. Formed by 
heating di-mcthyl-p-toluidino with CaHjlir^ at 
105' for soino <iuys. Yichls B"Mo^Hg..Cl, [159®- 
162 n, irMe, 8 u#i„ B"Mc,riCl„ and 
B''i9\.lffMeN^O„ [197‘''J, which crystallises from 
alcohol. 

TOLYL ETHYLENE OXIDE r. ErnYLENB 

ETlinU OE CIIKSOL. 

DI ;).TOLYL ETHYLENE* DISDLPHONE 

(C.-ir .SC.JX^II,. [201*]. Mutle by boiling sodium 
loluone p-sulpbinntc witli GJl^Br^ an <4 alcohol 
(Otto, J.pr. [2] 30, 351 ; 40. 534). Got also by 
boiling the same salt with Cfl,.OOl 3 .COj,Na. 
Noodles or plates. Dilute KOMAq converts it 
into tfduerio siilphinicaoifl undo. 11..S 02 . 0 ^U,.Oil 
[55®], wliich yiel.ls C,ll..S(),.C,im [79’], 
C,II,.SO,.CJI,I [100n,0,u, [176®] 

and (C-ll..SO.j.C.H,).S [150'-160®]. Ammonia 
forms (C;l£;.s 6 ..C^li,;;,NlX, which yields a hydro- 
chiorido [ 201 ®]. 

DI-p-TOLYL-ETHYLENE-UKEA 

CiIT.N(C ll I'ofn'.cl from di- 

y-tolyl-cthylcnc-iliainino and COOL. (Micblilt a. 
Keller, B. 14. 2181). Neelies. 

;!.T0LYL-DI.ETHYL-PH0SPHINE 
0,Il,.l>Et,. (210“). Pormed from C,H,P01, 

and ZnEt., (Czimatis, B. 15, 201C). Liquid.— 
B'Mel. [i37“]. - 13' Me,PtCI.. Yellow plates. 

p-TOLYL ETHYL SVLFHONE 
C,H,.SO,.O.iIIj. [ 66 “J. Formed by oxidation ol 
C;H,.,SEt and by the action of Etllr on sodium 
dulueno p-sulidiinnto (Otto, B. 13, 1276; 18, 
161). Formed also by warming the ooid 
C,.H,.SO.,.CHjro.CO,U with KOflAq. Trimetrio 
plates; i^b:c ~ ‘526:1: ‘721. Hub alcohol and 
ether. 

pTOLYL ETHYL SYLPHOHE a-OAHE- 
OXYLIC ACID 0,II,.SO,.CHMo.CO,H. TolyU 
sulpJwno^ropUmic acid. [37®]. Formed by 
hsttting C,H,.SO.,Na with ClI,.caBr.CO,Et and 
alcohol at 150“ and laponifying th. produet 
•(Otto, /. pr. [2] 46, 555). Crystals (from aloo- 
hol), oonvorted by Cl into CH,.CH01.BO,.O,H,. 

TOLYL ETHYL DISVLPHOXIDE o. iSf ApJ 
ither of ToncEini nnnstiLpnoMfB xon>. 

TOLYL ETHYL IHIOBIYBET 
[134“]. Formed from tobd-tbiobioret, uronol, 
aqueous NU,, and EtI ^ursini, B. 17, 685). 

> Needles (from alcohol). 

o-TOLYL-ETHYL-THIOSEiaOABBAZIDX 
OAd<H‘lIH.OSJfHEt. [UlO-J. FoRiMdo-to^yl. 



r 


fOLYL-Ed?Stl/-TtilOSfiMtOARBA^DE. 


hydrazine and an alooholio solntion of ethyl- 
thiocarbimide (Dixon, C. J. 67, 262). Needles, 
V. si. sol. cold water. CnSO, colours its alco¬ 
holic solution deep blue. • 

TOIY,!, £IHTI DI-THIO-OABBONATES 
CS(OEt).S.C„H,Me. The o-, m-, end p- com¬ 
pounds formed by the action of potassium xan- 
thate on cold solutions of o., m-, and p-diazo- 
toluene chloride are oils (Leuckart, tl. yp*. [2] 41, 
188), They are converted iilto tolyl mercaptans 
by boiling with alcoholic potash. 

o-TOLYL-ETHYL-THIO-UREA 
CS(NHEt).NHC.II,Me. [84°]. Formed from 
o-tolyl-thiocarbimide and ethyl jmino (Staata, B. 
13,136). Prisms, insol. water, sol. alcohol and 
other. 

p-Tolyl-ethyl-thio-urea [96°]. Formed in 
like manner (Weith, B. 8,1630). Tables, v. sol. 
hot water. » 

o-Tolyl-di-ethyl-thio-ureaCH(NF;t,).NllC,n,. 
[102°]. Formed from o-tolyl-lhiocarbiniido and 
NHEt, (Gebhaidt. B. 17, 3038). Needles or 
prisms. •' 

p-TOLYL-ETHYL-TOLUTKIAZINE DUIY- 

DEIDE C.,II,.N. i.e. O.H,Me<^-^«®* 

[168®]. Formed by heating toluen.e-a/,o-toIuidine 
with propionic aldeliydo at 1 tO® (Goldscliinidt a. 
Poltzcr, B. 24, 1000). Needles (from hot benz¬ 
ene).— [06°J. — PJatinochlorido 

p22i®]. Small yellow needles. 

p-TOLYL-ETHYL-UREA C,„IT, ,N.,0 i.e. 
NHCyHj.CO.NIIEt. Formed from ^.f-toliiidino 
and ethyl cyanate (Sell, A. 126, 162). Crystals, 
insol. wat(ir, v. o. sol. alcohol. 

BI-o-TOLK^L-FORKIAUIDINE C,.H,«N.. i.e. 
NHCyHy.CH:NCyny. [151®]. Formed by'boil- 
ing the formyl derivative of o-toluidino for a 
long time, or by heating it with o-toluidinc and 
I’Cls (Ladenburg, B. 10, 1260). Formed also by 
distilling tliQ thioformyl derivative of o-toluidine 
Vt vacuo (Senior, G. J. 47, 7()2). Prisms (from 
alcdnol), insol. dilute NaOIIAq. Yields crystal¬ 
line C.jOiaNaUra,—B'.,H,,rtCl„. 

Dl-w*tolyl-formamidine NUCJI^.CJliNC,!!;. 
[128®]. Formed by boiling m-tolui<lino with for¬ 
mic acid (Niementowski, B. 20, 1800). Needles 
or plates, in^ol. water. Br in CS.. yields crys¬ 
talline NHC,ll;.CUBr.NBrC.H-.- B'ilCl. [211®!. 
—J3',n.,PtCl,.-B'CJI,N,Oy.' Yellow needles. 

Di-p^olyl-formamidine [141®]. Formed by 
distilling GyHyNlI.CHS in vacuo (Sonier, O. J!' 
47, 767 ; B. 18, 2200). Prisms.-B'.JI.PtCL. 

DI-p-TOLYL-FURFUBANE i.e. 

Ch' 0(C action 

of AoOi on OaH^(CO.C,H,).j (*rIolleman, It. T. G, 
6, 72). Small plates, converted by P.^S, into di- 
tolyl-thiophene, and by ammonium acaiat(vinto 
di-tolyl-pyrrole. 

p-TOLYL-GLYOXAI CjH.Me.CO.CHO. 

[102®]. Formed from the oxim by dissolving in ’ 
aqueous NaHSO,, stirring the crystalline mass 
with alcohol ar^d a little HOAo, tiltcring, and 
boiling with dilute H2SO4 (Muller a. Pechmann, 
B. 22, 2556). Needles (from hot water), ▼. sol. 
alcohol. Beduoes cold animoniacal AgNO„ but 
not Febling’s solution. When shaken with 
benzene (containing thiophene) and H28O4 it 
colours the benzene green. Yields ^-tolyl-gly* 
pi^Ud acid andjp-tolole acid on oxidation. 


Phenyl hydrazide 

0,H,.C(N.HPh)^CH(N.HPh). [146°]. Yellow 
needles (from dilute alcohol). 

Oxim 0,H,.CO.CH:NOH. Tolyl nitroso- 
methyl ketone. [100°]. Formed from tolyl methyl 
ketone, amyl nitrite and NaOEt. Needles (from 
benzene). 

Acetyl derivative of the syn-oxim 
^7p7'C^’^H:NOAo [68®jl From the oxim and 
I Ac/) (Soderbaum, B. 25, 3161). Tables (from 
I MeOH). Cold NaOHAq splits it up into NaCy 
I and p-toluic acid. Cone. H^SO^ acta in like 
manner. Ac^O at 100® forms C,Hj.CO.CN [62°],* 
whence boiling NaOIIAq forms ^-toluic acid. 

Acetyl derivative of the anti-oxim 
C;U,.C(OTI).2 .CH:NOAc. [148®]. From the oxim 
and AcCl at 0°, followed by water. Cold 
I NaOIIAq forms CyH;.CII(OII).C0.2H [146®], v. 

] sol. ether. Cone. Il._jS04 converts this acetyl 
I anf't-oxim into the oxim. Converted by KCy 
: dissolved in dilute alcohol into n-toluyl-formoin 
; C.II..C().CH(OH).CO.CO.C,H, [161®] (Soder- 
baum, B. 25, 3173). 

„ j|> - TOLYI - GLYOXALINE Cj,Hi,N, U. 

(285"). Got by warming 

with dilute HNO, (Marck- 

wald, B. 25, 2365). I'ale-yellow crystals, si. sol. 
water. Smells like muslirComs.-—B'^H.PtCl,..— 
B'AgNO,.—P i crate. [170®]. Goldonneediea. 

;).TOLYL.GLYOXALYL MERCAPTAN 

« rt TY XT ✓'CII - H roAroi /n_4 ,_jj__ 


|•c,Il,N<;’ 


• vC(SlI):N 
boiling ITCIAq on the product of the action of 
aniido-acetal on p-tolyl tliiocarbimide (Marck- 
wald, B. 25, 2303). Silvery leaflets, m. sol. hot 
water. Yields (C,„H„.N,.S).d’tCl4. Mel in alcohol 
' forms (C,oH.,MeN,^S)HI [U'o®], which yields the 

^ base [90®], which forma a 

picrate [140®], 

jf-TOLYL-GLYOXYLIC ACID C.H.O, i.e. 
C,.H,Me.CO.CO^H. [97®J. Formed by the ac¬ 
tion of AlCl, on a mixture of toluene and 
Cl.CO.COAH,, (Bosor. B. 14, 1750). Formed 
also' by oxidisingp tolyl methyl ketone with cold 
j alkaline K.,FcCyg (Buchka a. Irish, B. 20,1762, 

' 2213). ♦Needles (from ligroin), si. sol. hot water, 
V. sol. aleolml and eth^r. Yields jj-toluic and 
tereplithalic acids on oxidation. Benzene (con¬ 
taining Biiophenc) when .shaken with tolyl-gly- 
oxylic acid and H.2SO4 is turned red, p.ud finally 
bluisli-violet. 

1 Salts.— KA'.—NaA'7^aq (Claus a. Erose* 
berg, 73.20,2018).—BaA'.j.—BaA'^Baq.—CaA's^W* 
-r-AgA'. Needles, v. sol. hot water. 

Bihyl ether VAK\ (260®-270®). 

CjiHbNO^. [100®]. Prisms. 

^Phenyl hydrazide [144®]. 

Dy-o-TOLYL-OUANIDINE C.^H.-N, i.e. 
C(NH)(NHC.H,)2. [179®]. Formed by the ac- 
t^n of NH,, lead acetate, and EOIlAq on di-o- 
tolyl-thio-urea (Bt^ger, B. 12,1855). Crystals, 
sol. ether. Cyanogen passeeP into its alcoholic 
solution forms the dicyanide 0,,H,,N2 [174°] 
which is converted by HCl into the oxodyl deri¬ 
vative OijHijNaOj [207®], whence boiling with 
aloohoUo HOI forms 

The dicyanide is converted boili^ with Aai>' 

♦b 


[205®]. Got by action of 
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line into which yields crystalline 

B'HCl aq.—B',U^tCl«: yellow pp. 

Di<;p.toljUgnanidi&e NKC/NHCiH,).. [ICd^. 
Formed by passing cyanogen cnloride into fus(.>d 
p'toluidine (W. Wilson, C. J. 8, 154; A. It. 
Verkin, C. /. 87, C9C). Formed also by de- 
Bulphuration of di-tolyl-tbio-urea in presence of 
NH, (Hofmann, B. 7, 1789). Needles (from 
UgroVn). Nitrioacid (S.^l*5) gives adi-nilro- de¬ 
rivative [197°J, which forms crystalHiio IVlINCta. 
Alcohol and HNO, (S.G. 14) produce di-nitio- 
p-tolyl*urea. Cyanogen passed into its etlicronl 
solution forms C, 4 H,;NjCy..., crystallising from 
ether in prisms, converted by dilute*HClAij into 

[188'6°] (LanJgicbo, D. 10, 

1587). The cyanide is converted by boiling in 
alcoholic solution with aniline iiydrovliloridu ijito 
C«H,,N 4 «aq [110°-115‘’].-Salt ]r.,H,PlCl,, 

Tri . 0 • tolyl - guanidine 0.,*U..,N, i.c. 
0(NC,H,)(NHC;U,.),. Formed by tlio 

action of o-toluidino in alcoholic solution in 
presence of lead oxide on di-o-tolyl-lliiourea 
(iJerger, B, 12, 1857; cf, Girard, B. (5, 415). 
Formed also when di-o-tolyl-thiourea is boiic<l* 
for a long time (Barr, //. 19, 17<J9). Minuto 
prisms. Yields a dicyanidc [141'^], con¬ 

verted by cone. IlClAq in alcf)lu)]ic solution into 
C^^n^,,NaO.^ [179°J. : yellow prisms. 

Tri.p.tolyl guanidine C-.H^aNj. (128 ]. S. 
(alcohol) 7'4 at O'. Formed by heating di-p- 
tolyl-tliio-urea with copper (Merz a. 

1808, GIO), or, in alcoholic solution, wiih /»• 
toluidine and PbO (Hofmann, //. 2, 159). Got 
by heating p-tolui^)ino with PCI, and p-lolyt, 
cyanato (Weith, f!. tl, 820). Fonnetl also when 
di-p-tolyl-urea is boiled for a long lime (Barr, //. 
19, 1768), and like\vi.so by the aciion of 
p-toluidine on the product of tlic ae.ti«in of 
chlorine on tolyl cyanate (Ncf, A. 270, 822). 
Needles (from ligroin). Yiehls a dicyanidn 
[184-'], whi(di forms B'HCl 8aq and 
B'JlolHCl,, and is converted by boiling with 
alcoholic HCl into di-tolyl-parabanio acid. 

Salts.—B'HCl aq. S. -6 at ■ B'.H.PtCl,,. 
B.-OdSatO®.— B HNO,. S. OTatOA 
Plates (from hot water). Neutral in reaction.* 
^j.TOLYL HEPTADECYL KETONE 
[HdjCgH^Me.CO.C,,!!^. (67^. (278 at l^min.). 
Formed from toluene, slcaryl ebbnide, and 
AlCl, (KraCrt, B. 21, 226^. OxidistMl by HNO, 
(S.G. 1*12) to^-toluic acid. 

V - TOLYL - HEXYL - TOLTTTRIAZINE DI. 
HYDRIDE e,,n.^,N3 U, 

[105“]. Fonned by 
beating cenanthol with toIucnc-o-azo U?luidino 
%i 175° (Goldschmidt a. PoUzer, B. 21, lOlU).' 
Needles, sol. hot benzene.—BJICI, — 

B'jHFtCl,. [171°). Yellow crystalline pp. • 
o-TOLYL-HYDANTOitN 0,oH,„N,0,. [17^°]. 
P'ormed by lieating o-tolyl-amido acetic acid 
ffith urea at 180° (Ehrlich, B. IG, 742). Light- < 
rellow plates, sol. alcohol and^hot water. On 
miling with baryta-water it gives o-tolyl• 
aydantolo acid, whi4h, when sot free from its 
;a!ts, at once sp^ts up into water and o-tolyl-^ 
Qydantoln. * • • 

j>-Tolyl-hydantoin C,^„N,0, sa 



Formed, together with p-tolyl-hydontoie odd 
CO(NH.J.N(C,H,).CH,.CO.il, by fusing jp-tolyl- 
aiuido-acotio acid with urea (Sohwebel, B. 11, 
1128). Ncedk's (from water), v. sol. alcohol. 
p-Tolyl-hydantoio acid is crystallme, 
si. sol. hot ojcohol and hot water. 

Di.o.tolyl.hydantom CO<N(0,H,).QO^. 

[275°]. («o^ from o-tolyl-amido-acetio toluido 

and CO«. (Bischof^ B. 25, 2275). 

Di.i,.tolyl-hydantoJa CO<N(0,H,j.pO. 

' [175°]. I'ormodTrom tolyl-aniido-acctic toluida 
and COCIm (BiscbolY, B. 25, 2280). Plates (from 
ttlcoliol), si. Hol. ifgroin. 

TOLYL - HYDRAZIDO - M ETHYL-THIAZOLE 
DIHYDEIDEFormed 

.by lieating tolyl-allyl-tbio-scmiearliazide with 
c«inc. JiClAq at 100' (Avenarins, B, 21, 270). 
'J'Jic 2>- compound melts at 188°. Both the 
0 - and the j). ciunpoiinds form crystalline 
liydrocbIori<Ii’H. w 

1 OTYL - H YDRAZIDO - PROPIONIC ACID 
' C,n,Me.MI.NH.CIIMc.CO,H. [118°]. Formed 
by the action of sotlium-amaigam on the o-tolyI» 
liy*lra/id<j of pyruvic acid (dapp a. Klingeniuun, 
C. J. 5.8, 519). Sniall necdli-n (tVom MeOlI). 

o TOLYL-HYDRAZINE 0;H,NIi.NIL. [58°] 
(P.); [5G°1(F.); [59''J (Gallinck {yllioiitor, B, 
18, 8175). Pn-paretl from o-toluidine in the# 
Bamo manner as pbonyl-liydru/.ino is obtained 
fiom aniline (l iscber a. Busier, A. 212, 388; 
'I’reiind, B. 24, 4200). Glittering plates, slowly' 
oxidised by air, forming a brown oil.aq : 
incslles. B'JINO.,: ]datcs. Wi'WSOCl, and 
ether it. forjiis C,IJ,NH.N:SO, a yellow oil 
smelling like geraniums (Miebaedis, A. 270, ] 19). 

(llueonc yicld.^ o-tolyl-gbjcosazoiic C.JI;.„N,0. 
(201 J (Kaseben, A. 289, 229). l)i-raethyl di¬ 
ketone forms CI4C(N.,IIC.ii,).C(xN.UCyIi,).Cn, 
[198°J (dapp a, Klingomann, A. 247, 221). 

Formyl crioafnm C.if,Mo.NH.NHCIIO. 
[121°]. Fornuid fivmi o-hdyl hydra/.ine and 
fonnurnido. Needles (Gatlermunn, B.25,1078). 

Acclijl dcriuafit’cCjilj.NlI.NHAc. [104°]. 
Formed from o-tolyl-bydraziuo and Ao^O (G.). * 
Fropionyl derivative 
C;H,.Nll.NH.CaII/). [84'-’]. P’ormed from o- 
folyl-byilrazino a)ul propionic acid (G ). Colour- 
Icsi tables. „ 

• Benzoyl derivative C.Hj.NII.NHBz. 
flKO']. Got from Ibo hydraziiic and BzCl in 
lit/) (G.). Ne<<nes. (Jives f)!!" all its nitrogen 
in tl»e frec-stiilc on boilirig with Febling’s solu¬ 
tion (Stnichc a. Irilzer, M. 14, 88). 

nr - Tolyl - hydrazice CjHj.NH.NHj. (242°) 
(Buchka a. Schaebtebek, JS. 22, 841; cf. V. 
Meyer,a. J^ecco, B. 16, 2976). Oil, — B^Cl. 
Neqdles, v. sol. water and alcohol. 

p . Tolyl - liydrazine CjH^Nn.NHj. [61°]. 
(242'). Obtained from p-tolnidine (Fischer, B. 

8, 589; 9. 890). White plates (from ether), sL 
sol. water. 

lii-actions.—l. With SOCl^'^nd ether it 
forms CJl-Nn.K:SO [112°], crystallidlSg in 
yellow ncedies>(Michaeli8 aJtuhl,A.270,116).— 
2. C„H,PC1, forms C,H,Rh.N:PO;H, [162°], 
arystallising in prisms. — 3. POC3. forms 
(C,U,NH.NH),PO [189°].-4. AuUme forms 
0Me2(N;^C,H,} [52°J. — 0« AcUoacMic etkef- 
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forms 0„b„K,0s [93^ (Knorr, B, 17, 650),— 
6. Oxalic ether forms NHC;^.NH.C0.C02£t. 
[183®J (l^und, B. 24, 4198).—7. Di • methyl 
<fiAsfoneyield8CH,.C(N^aH,).C(K«HO,H,).CH, 
[280®], and CH,.C{Nja:C,H,}Ao [ICl®] (Japp, C./. 
63,644). • 

S a \ t.-B'C,H,PHaO^ £148®] (Michaelis, A. 
270,184). 

ToluoDe>p-phosphinate 
[161®]. ^ 

Formyl derivative 

C„H^Me.NH.NH.aHO. [164®]. Formed by heat- 
ing the alcoholic solution of p-tolyl-hydrazine 
with chloroform and potash.^ Formod also by 
heating p-tolyl-hydrazine with formamide at 
130® (Ruhomann, C. J. 56, 248). Flates (from 
water), v. sol. alcohol. 

Acetyl derivative Cun^Me.NJI.NTIAc. 
[121®]. F6rmed from p-tolyl-hydrazine and. 
AcOH (Gattermann, Ti. 25,1080). Plates. 
Propionyl derivative [170®]. Needles. 
Dibemoyl derivative [188®] (Fischer). 
Dl-O'tolyUhydrazino. 

Formyl derivative (C;H-)..N.NH.i/IIO. 
[139®]. Formed from C,H,NH.NH.CIIO and 
CuSO^ (Gattermann, D. 25, 1078). Plates. 

Acetyl (derivative (C,TI;)^,N.NHAc. 
[191®]. Formed in like manner from ucetyl-o- 
tolyl-hydruzine and CuSO^. Noodles. 

Propionyl derivative [1^)1'^]. Needles. 
Benzoyl derivative [209®]. Needles. 
tt-Di-p-tolyl-hydrazine (CjII,).N.N 1[172®]. 
Formed by reduction of di-tolyl-nitrosamino 
with zinc-dust and HOAc (Lehne, B. 13. 1540). 
Plates, V. S'!]* alcohol and ben/.ene.—B'HCl. 

Formyl derivative (C;H;)^N.Nn.CnO. 
[146®]. Formed from forinyl-p-tolyl-l.ydrazino 
and CuSOf (Gattermann, B. 25, 1070). Plates. 
Acetyl derivative. [170°]. Needles. 
Propionyl derivative Needles. 

Benzoyl derivative. [187®]. Needles. 
s-Bi-o-tolyl-hydrazine C.H,NH.NHC,H,, 
0 ‘Hydrazo-toU(ene. [105®] (P.‘); [140 ] (S.). 
Formed by reduction of o-tolueiie*azo-toluene by 
sodium-amalgam (PotriclT, B. 0, 557; Schultz, 
B. 17, 467). Converted into di-amido-dito1yl 
[8:4:l]0«lI,Mo{NH,).O..H,Me(NH,)[l:3:4] [128®] 
by heating with HCl. The diamido-dorivati vo 
0,H,(Naj.Nn.NfI.C,H„(NH,) [180®] is a product 
of the action of sodium-amalgam on nitro-p- 
toluidine (Buckney, B. 11, 1153). , 

s-Di-m-tolyl-hydrazine C,H,NH.NHC,Hj. 
Formed by reducing m-toliicQ0-9n-azo-toluene by 
alcoholic ammonium sulphide (Goldschmidt, B. 
11, 1Q26; Barsilowsky, A. 207, llO). Liquid, 
converted by H^jSO* into - di-amido-ditolyl. 

s-Dl-p-tolyl-hydrasiae 0 -H;NH:nHC,H,. 
[126°]. Formed in like manner fror^p-tplucne- 
p-azo-toluene (Melms, B. 3, 553) and by the ac¬ 
tion of zinc-dust and NaOHAq on p-nitro- 
toluene (Janovsky, AT. 9, 829). Tables or needles, 

V. e. sol. alcohol. In alcoholic solution it is 
readily ozidi^d by air to C,H;.N,.G,H,. Dilute 
’ EL^SO. converts it into toluidine and toluene- 
azo-tblnene. On treatment in alcoholic solution 
with hydrochloric acid it ohang-3s to tolylene- 
tolyl-diamine. The di-amido-derivative 
[l:2:430AMe(NH^.NH.NH.CAMe(NH,)[4:l;£3 
obtamedfromOA^e(NH«}.N^O^,Me(N^ by 
l^ooin^ with goaiam-amalgami is oi^talline 


and yields B"H.SO„ B"2HCI, B"3HBi'. and 
(Graeff, .1.229,-852). 

JSs/ersnee.—OxT-ToiiYL-HroBAzma, 
o-TOLYL-HYDBAZINE SUIPHOKIC ACID 
CoH,Me(N;jHa).SOgn [1:2:4], Formed by adding 
o-diazo-toluene p-sulphonio acid to a cold solu¬ 
tion of SnOl* (Limpricht, B. 18, 2193). Colour- 
less needles, v. sol. hot water, nearly insol. 
alcohol.^KA'2aq: orange-red prisms.—-BaA',: 
ybllow crystalline powder. 

o-Tolyl-hydrazine sulphonio acid 
0«HaMc(N2ll3).S0aH [l;a::2]. Formed by heating 
o-tolyl-hydrazine (1 pt.) with cone. HjSO^ (6 pts.h 
at 109® (Gallinck a. Richter, B. 18, 3175). Thin 
needles (containing ^aq). By boiling with 
aqueous CuSOi it is quantitatively decomposed 
into a toluene sulphonic acid and nitrogen.— 
NaA' 3^aq.—BaA^i4aq.— ZnA'jSaq.—PbA',6aq. 
Pb3A'2(OH)4. Sparingly soluble needles. 
p-Tolyl-hydrazine-o-sulpbonic acid 
0,H3Me(N.,II,).SOaH [1:4:2]. [274®]. Formed 

by reducing p-diazo-toluone o-sulphonio acid 
with Na^SO, (Brackett a. Hayes, Am. 9, 401) or 
IICl and SiiCia (Pasche, B. 21, 3410). Tables, 
b). sol. cold water. Decomposed by fusion. Not 
attacked by warm EL^SO^. 

p-Tolyl-hydrazine w-sulphonic acid 
CbH.,Mc(N^ 11.,).S(),H [1:3:4]. Obtained by re¬ 
ducing p-diazotoluqne m-sulphonio acid by 
cooled SnCL^ (Limpricht, B. 18, 2193). Slender 
prisuis, sol. hot water. FeClj, evolves nitrogen 
in tho cold. Couc. at 80° forms a red 

amorphous substance (Schneider, Am. 8, 271). 

p-Tolyl-hydrazine disulphonic acid 
.CBH2Mc(NJIa){SO^)2. Formed by adding 
P-diazo-to1uene disuiplionio aold to a cold solu¬ 
tion of SnClj (Limpricht, B. 18, 2193). Nodules, 
V. sol. water.—BaHyA^^^iaq: tables. 

Bi-tolyl-hydrazine disulphonic acid 
C,n,Me(S0,H).Nn.NlI.CBll3Me(S03H). A pro- 
duct of the reduction of the corresponding azo- 
compound by SnCL (Neale, A. 203, 72). Crystal- 
line powder (containing 2ia<|), si. sol. water.— 
BaA"5aq.—CaA"3^aq: mondclinio etllorescent 
prisms. 

Reference.—^iTuo ’ toltl - byorazinb scl - 

PUONIC ACID. 

0-XOLYL-IMIDO-DIACETIC ACID 

[1:2 ](]H,Mc.N(CI 1,,C02H)2 . [c. 160®]. Formed 
by heating o-tolyf-amido-acetic acid (1 mol.) 
with chioi-o acetic acid (1 mol.), Na^CO, (IJ 
mols.) and a little water at 140® (Bisohoff, B. 
23, 1994 ; 25, 2270). White crystals, inaol. 
ligroin, si. sol. ether, m. soL alcohol.—NH4A'. 
[160®]. V. sol. Aq. 

Ami<isC,H,N(Cn2.CO.NH..),. [164®]. Plates. 
Di-o-toluide C,H,N (CH,.CO.NHO,H,), 
[150®]. 

, Imide 0,H,N<™^°°>NH. [146°], 

Pr]sma (from alcohol), si. sol. water, 
o-Tolylamic acid 

C,H,N(CH,.CO^).CHj.CO.NHO,H,, [148°], 
Crystals (from cloohol). 

yj-Tolylimido-diacetic acid 
[l:4]C,H.Me.N(CH..CO.,HV Diglycotolylamie 
acid. [o. 140°]. Formed by the action of 
Glx,Cl.CO„H .on j)-tolyl-glycoimll (Meyer, B. 14, 
1328; BisoboS, B. 23, 2000). Needles (from 
water). Very unstable.' — CuA', aq: green 
needles.—Ag^'(NO,): needles.—^-Tpiqidin, 
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$%\i (0;B[,NEyHA'. Crystals, sol. 

bot water. 

Mono-amide, [222®]. A prodnct of the 
action of AogO on the compound [IGd®] got from 
chloro-acetio acid and p-tolaidine (Biechoff, B. 
25, 22B0), 

Di^amide C,H,N(CH3.CO.NH,)4. [2o0®]. 

Di-p-toluide O.Il;N(CH,.CO.NnC,ir)y 
[251®]. Long needles (teom alcohol). 

Amide p-toluide ' • 

O,H.N(CH*.CO.NHJCH,.CO.NH0,H,. [210®]. 

p-Tolylamic acid 

^,H,N(Cli,.CO,H).CH,.CONHC,H,. [222®]. 
Needles, insol. water, sol. hot alcohdl. 

p TOLTL-IMIDO DIACBTLIC £TK£B 
C.H,MeN{Cn:C;n.CO,El)2. [73 ']. Formed from 
/>-toluidine and formyl-acetic ether (V(m I’etdj- 
mann, B. 25, 1053). Yellow needles (from 
dilute alcohol). 

o. TOLYL - IMIDO - BENZYL - MALONIC 
ETHEB C,,H..3N0, i.e. 

C,H,.C(NC,H;).CH(CO,Et),. [05®]. Formed by 
the action of w-chloro-ben/.ylidono-o-toluidino 
upon sodium-malonic etlior (Just, ll. 10, 0Hr>).^ 
Crystals, v. sol. ether. Split np by dilute IlCIA<i* 
at 120® into acotophonono ando-toluidino. The 
yj-isomeridc is liquid. 

o-TOLYL-a-lMIDO-BOTYBIC ACID 
C,H,Mo.N:C.Me.CH,.C(),H. *[112^]. Formed by 
floating acotoaeetio Alicr with o-toluidino at 
‘l.^O® (Knorr, B. 17, 512; Fawlcwski, B. 22, 
2203). Needles (from hot water), converted by 
cone. ILSO, into {Py. l) o\y-{B. 4, I'y. 3)-di. 
methyl-quinoline. 

;)-Tolyl-j8-imidO'butyric acid. Formed iij^ 
like manner from jj-toluidine. Crystals. C<m. 
verted by ILSO< into {Py. l).oxy-(/j\ 2, Py. .1). 
di-methyl-quinoline. 

p-TOLYL lODO-ETHYL SULPHONE 
C,II,.SO;^.CILj.CHjI. [100®]. F<u’nied from 
tolyl oxy-etbyl sulphone and lIIAq at 100® 
(Otto, J. pr, [2] 30, 357). Crystals, v. sol. hot 
alcohol. 

TOLYL lODO-METHYL SULPHONE 

CyH,.80yiCH.^r. [120^]. Formed by heating 
sodium toluene sulphin'ate with ClIJa and 
alcoliol (Otto, B. 21, C55). Small needles, v. c. 
tol. hot alcohol. 

DI-^-TOLYL KETONE (?0(C.H,Mo),. •[92‘>J. 
(333®) at 72.5 mm. p’ornfed by oxidation of di- 
tolyl-mcthane (Weiler, B. 7, 118.3), of «-di-tolyl- 
ethane (0. Fischer, B. 7, 111)5), and of w-di- 
tolyl-ethylen% (Hepp, B. 7, 1411) by ciirornio 
Mid mixture. 

Preparation, —50 g. AlCl^, 05 o.c. toluene, 
50 O.O. CSx> and 11 c.o. of a sohition of in 
CS. saturated at 0® are put into a corked half* ' 
litre fiask and gently warmed. After 20 luinutos 
HCl is allowed to escape and a second 11 c.c. Of 
CS, saturated with phosgene is added. The 
operation is repeated 2 or 3 times; the yield is 
50 p.c. of the calculated (Elba, J, pr. [2J 35, 467; » 
ef. Ador a. Crafts, B. 10,2174). ^ 

Properties. —Crystals (from alcohol). Con¬ 
verted oy HNO, at 250^ into benzoyl-terephtlrniic 
acid. B^uced bv HI andP to di-tolyl-methanc '' 
(Ador a. BUltet, B, 12,2303): , • 

Oxim (0,H,),C;NOH. [163®]. Prisms (Gold- 
Schmidt, B. 23, 2746)*. Decomposes on keeping 
with sadden evolution of nitroos fames. Cono. 


HjSO, at 100® forms the p.tolaide of p-tolok 
acid. 

Dl.p.tolyl diketeoe 0,H,.CO.OO.C,H,. 
p-I’tdu. [105®]. Formed by boiling toluoln 
(1 pt.) with HNO, (2 pts.) (Stlerlin, JS,^2, 381). 
yellow plates (from warm alcohol). Gives a 
vioh t colour when boiled witli alcoholic potash. 

{a)-Oxim C,n,.C(NOn).0(NOH).C,H,. 
[217®]. riat<js ornecdlos, si. sol. alcohol. Yields 
a diaccfvT derivative [134®]. 

{&)-OTim [225’]. Formed, together with 
the (a).oxim, ^ the actum hydroxylamins 
liydroclilorido on the kclono. Needles, v. soL 
aleohol. Yields a di-ncotyl derivative [141®]. 
Di-p-to^yl tetVaketone 

C;lI...CO.C(OTT),.C().CO.CdI,. [88®]. Formed 
by the action* of nitric acid (S O. 1*3) on 
C;H,.CO.ClI(OII).C().(/(>.0 11, (Sod<u*baum, B. 
25, 3471). Pri.snis (containing (C/|lIi*Oj).^CS,) 
(when crystallised from CSJ. 

Di‘Oxiin 

C;II..C(N011).CO.CO.C(NOIl).C,n,. [181®], 

I'iatcB (containing Klf)ll) (from alcohol). 
Bi'Oxim 

C 11 .CO.C(N()II).C(NOIl).ro.C,II,. So called 
* (/3}-nitro-cymene.’ [125‘'J. Mol. w. 32-1 (by 
Ihumlt’s nu.’thod). Fornud b;^ the action of 
nitric acid on eymone and on ‘p-tolyl methyl 
ketone (Holleman, li. T. C. 6, 60; cf. Landolph, 
B. 6, 9.37; Fitticn, A. 172. .311). l4edloB, v.sol. 
warm alcohol. Convertinl by NaOIlAq intop-* 
toliiic acid, /iiic-dnst and ilOAc reduce it to 
I C.n,.CO.CII,.CH.,.CO.O,ir, [iso®]. Alcoholic 
I Nil, f(ym3 7)-t(iluic amide and C|,1I„N;,0,[162®]. 

Boiling Ac/) forms 0,^11,„N,p^Ac.p [K^®]. 

I 7/e//nn<r.--()xY-j'i-Tm,YL KK-t iWB. 

TOLYL-MALONAMIC ACID v. Malonio acid. 
TOLYL-HELAHZNE v. Cyannramide in th« 
article on Cyanic acius. 

O.T0LYL.MEECAPTAN [l:2]CJLMe.SH. 
[15®]. (188 ) (11.); (193®) (V.). Foiled by re¬ 
ducing (4,l,2)-bromo-tolyl tiiorcapian (Hdbnor,® 

A. 169, 30 ; Vallin, B. 19. 2953). Prepared by 
boiling o-tolyl ctliyl ditliincurbonato with alco* 
liolic potash, tho yield being 70 p.c* of the 
theoretical amount (Lcuckurt, J. pr. [2] 41,188). 
Plates. — Pb(SOjn,)y Brick-red pp., turning 
white in air. 

m-Tolyl mercaptan [1:3]0„H,Me.SH. 

[c. 2'i0 ']. Formed by redticing toluene m-sul- 
pkonic chIori«lc witJi tin and HCl (HUbner, A. 
169, 61) end by boiling m-tolyl ethyl xanthate 
with alcoholic potash (L.). Colourless liquid 
with intenje odour of inorcaptan. Volatile 
A’ith strain. In ammoniaeal alcoholic solution 
it is oxidised by air toen-tolyl disulphide.* 
p-Tolyl mercaptan fl:4jC«H,Me.SH. [48®]. 
(188®) tr.) a (191°) (Crafts. B, 19, 8130; Ottm 

B. ,19, 31291; (194°) (Vallin, B. 19, 2953). 

1* ormod by reducing toluene p-sulphonic ehloriite 
with tin and IICl (Marcker, A. 136,79 ; Javorsky, 
Z. 1865, 222). Formed also by heating p-tolyl 
ethyl xanthate with alcoholiopotash(L.). Formed 
also from di-p-tolyl disulphide, alcohol, and HLS ' 
(Otto a. ROssing, B. 10,3180). Unctuous llfainie 
(from ether), wlatile with s^am. Cone. HgSO. 
forms a blue solution. Readily oxidised to di* 
l^tolyl disulphide [40®]. Chloro-acetoue forms 
C^H,.S.CH,.CO.CH, (151® at 15 mm.); B,(i, 
ttf 1 0986 which yields ft pbenyl-hydrasids 
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[62^ PeUsle, A. 260, 268).-Hg(SO,H,U- 
C,H,S.ngCJ. Plates. 

Ethyl ether C,H;SEt. (221®). 8.0. 
1*0016. Colourless oil (Otto, B. \3, 1277). 

Befei^nces.—Ams>o- and Bbomo- tolyi. 
uebcjlptIn. 

0-TOLYL-UES1TYI..THIO-UBSA 
C,H,.NH.CS.NHO,H,Me,. [167®]. Formed 

from o-toluidine and mesityl ^iocarbimide 
(Eisenberg, B. 15,1014). Needles, in'lol. Aq. 

DI-TOLYL-METHAHE [23®]. 

(286°). 

Formation. —I. From forraSo aldehyde (or 
xnethylal), toluene, and H-^SO^ (Woiler, B» 7, 
1181).—2. By reducing di-toljTl ketone with HI 
and P (Ador a. Itillict, B. 12, 2302).—3. A pro¬ 
duct of the action of AlCl, a^d toluene on 
CH.^Clj, on CHaCl, or on CCl.,.NO„ (Friodcl a. 
Crafts, A. Ch. [G] 11, 2GG ; BL [2j'43, 60 ; Elbs 
a. Wittich, B. 18, 347). 

Properties. —Pr.lsms, v. sol. other. Oxidised 
by chromic acid mixture to di-tolyl ketone, 
toluyl-bonzoic acid, and C'''(C„H,.COj.lI)a* Yields 
a di-nitro-dorivative [IGP]. 

Tri-tolyl-methane Cl 1(0,11-),. [73®]. (.377®). 
Obtained from tri-nraido-lri-toIyl-carbinol(I.losen- 
Btiebl a. Gerber, A. Ch. [C] 2, 363). Crystalliuc. 

Ttefcrcnccs.^'Di-m^.o^o- and i)i-ciif.ono-, ni- 

TOLYL-METHANE. 

o-TCLYI METHYL-p-AMIDO.PHENOL 

Methyl derivative C,ILNMc.C,jll,OMo. 
(33G®cor.). From C,H-NlI.CJI,OII, KOU, ami 
Mel (Philip, J. pr. [ 2 ] 31, 59). Oil. 

TOLYL-METHYL-AMINE v. MRTnYn- 
T0LUIDIN3, MaTUYL-BKNXYXi-AMINE, and AsilUO- 
ZYLKNB. * 

Di-p tolyl-methyl-amine (C.H;) 2 NM'). {235°- 
240° at 20 mm.). Formed from ditolylamino, 
MeOH, and HCl at 250°-280" (Girard, Bf. [2J 
24, 120). Boca not combine with acids. 

DI-TOLYL-DI-METHYL-DI-TRIAZYL 

(250°-260»). 

Formed by boiling p-tolyl-hydra/ine cyanide 
(0,H,Nn.Nig..Cy, with Ac,0 (Bladin, B. 22, 
8114). Crystals (from alcohol), m. sul. alcohol. 

j)-TOLYL-METHYL-BENZYL KETONE 
C„HjMG.COCH,.C„II,Me. [102°]. Got by re- 
ducing p4oluom with zinc and alcoholic IICI 
(Stiorlin, B. 22, 883). Needles, insol. water, v. 
sol. benzene. 

o-TOLYL-HETHYLENE-AUINE 
CjHjNiCHj (?). Formed by adding o-toluidine 
to a soli/tion of formio aldehyde (Wellington a. 
Tollens, B. 18, 3307). Colourless syrup. ' 

p-Tolyl-methylene-an* ine C,H,N:Cn, (?). 
[o. 122°]. Formed, together with a polyracride 
si. sol. benzene and alcohol, by adding,p-toluidinQ 
to a solution of formio aldehyde (W."a. ^T.). 
Crystals, v. sol. benzeife. 

Bi- 0 'tolyl-methylene-diamine(G,H 7 NH)oCIT,. 
(over 350°). Formed, together with the follow¬ 
ing solid isomerido, by heating o-toluidine with 
O^OL at 11G'’-115° (Griinhagen, A. 256, 305). 
Liquiu, Y. sol. ether and alcohol.—B',H^tCl«: 
brown amorphous ^wder. « 

Zfomeride [o. z35°]. Crystalline powder, 
•1. sol. cold alcohol. — Salts: n- 

B''2pBr.-B"H.,SO,. - B" 2 H^ 04 .—B"3H,OgO^ 
Badiating ag^gates. 


Bi-p-tolyl-metliylaaa-diamliia 

(C,H,.NH) 2 CH 3 . (above 360°). Formed, togethei 
with the solid isomeride, by heating p-toJuidina 
with CHjjCIa (0.). Oil, V. soL ether,— 
B"aH.^tOI,.-B'^HAuOI,. 

Isomeride OijH.aNr [o. 166°]. (over 350°). 
Amorphous, si. sol. ether. — B"2fl0I (?). — 
B"H,PtCl,.—B"2HAu01,.—B"2H,OA. Crystal- 
line crusts. 

1 Di-;P*tolyl-di-methyle!ie-diamin6 
0,H,N<;^“*>NO,H,. [90“]. A product of the 

action of CHjCL on p-toluidine at 100 ° (Grfln- 
liagen, A. 250, 206). Granules, sol. hot alcohol! 
Converted by nitrous acid into a crystalline 
nitroso- derivative (C,H,N).^C.,H^(NOH) (?) — 
B "2UCI.—B"2HAuCI,.-B''2HBr.—B"H, s 6 ,. 

o-Tolyl-trimethylene-diamine 
C^njNIIJ.NIICjH;. (281°). Formed by re- 
ducing o-tolyl-pyrazolo dihydride in alcoholic 
solution by sodium (BalVfiano, G. 18, 354). Oil. 

7 ;-Tolyl-trimothylene-diamine 
C,H,(NIF).NHO,H-. [c. -15°]. (287°). A 

product of the action of Na on an alcoholio 
solution of p-tolyl-pyrazole (Balbiano). Liquid. 
Oxalate. [208°]. Spherical groups of minute 
needles. 

?>TOLYI. METHYLENE METHYL SUL- 
PHONE KETONE CyH,.SO,.CH,.CO.CII,. [61°]. 
Formed from chloro'-acctone and sodium toluene 
p-sulphinate (Otto, J. pr. [2] 3G, 401). Silky 
needles. Yields a brorao- derivative [130°]. 
m-TOLYL-METHYLENE-PHTHALIDE 

CJI|<n[' P [153^. Formed by hoat- 

ing m-tolyl-acotio acid with* phthalio anhydride 
and a lilllo NaOAc (Heilmann, B. 23, 8157). 
Needles (from ligroYn), s). sol. ether. 

p-Tolyl-methylene-phthalide 0,aH,oO^ 

p-Xylal-phthalUle. [151°]. Formed in like 
manner from p-tolyl-acetic acid (Uuhemann, B. 
24, 39G5). Yellow needles (from alcohol), si. sol. 
ether. Nitrous acid passed into its solution in 

chloroform forms 


[140°J, whicli may bo reduced to the compound 
Reference. —Nixno-TonYL-MBrnYLRKKPHxnAii* 

I1>E. 

m-TOLYL-METHYLENE-PHTHALIMIDINE 
[105°]. Formed by 


heating m-tolyl-methylone-phthalide with alco¬ 
holic ammonia (llcihnann, B. 23, 3161). Yellow¬ 
ish needles. 

p-Yolyl-methylene-phthalimidina 0 „H,^NO« 
[204°]. Formed by heating p-tolyl-methylene- 
phthalide with alcoholic NH 3 , the compound 
NH.,.CO.C«H,.CO.CnAHT being first formed 
(Kuhemann, B. 24, 30G8). Converted by passing 
nitrous acid through its solution in chloroform 
into O^H, <.Cgl (NOJ 0.5 ,)[227°]. 

iBomoride [228°]. Formed 


by heating C 4 H,<[qq with alcoholio 

ammonia (B.). 

Brrno-xoitiL-ifBTBQjwS'raTQ&b- 

XUiniNB, 


o 



tolyl-mbthyi,thiazolinb. 


m 


oi'f.TOLn XRiuxTRTiiEira sisn,. 

raO»B O.H,(SO,0,H,)r [125°]. Formed Irom 
trbnethylene bromide and sodium toluene n-eul- 
phioste (Otto, B. 24,1834). Plates. Converted 
by aloohoUo potash at 120° into the oompound 
O(CHrCBLOlL8O.0,H,), [80°]. 

T0LTL»ETH7I.-IKESATIir v. Toluids of 

Jfettyl-isiTiN. _ 

m-TOLYL MBTHYl MTONE 0,H,.CO.OH, 
Methyl-aeetophenime. (219°). Formed by dise 
tilling calcium m-toluate with calcium foriuale 
(Buchka a. Irish, B. 20,1760). 

Tolyl methyl ketone. (225°). S.G. 22 -Osgi. 
V?D. 4*58. Formed, together with tho p- com¬ 
pound, by the action of AcCl on tolucno and 
AlCl, (Essner a. Gossin, Bl. [2] 42,95). This is 
perhaps the o- compound. 

p-Tolyl methyl ketone. (217°) (M.); (230° 
cor.) (W.). Formed by the action of AlCl, on a 
mixture of toluene and Ao,0 or AcCl (Michaelis, 
B. 15,185: Claus, B. 19, 234). Formed also by 
heating toluene with HOAo, ZnCl.,, aud POCI, 
(Frey, J-pr, [2] 43, 114) and as a by-product in 
the oxidation of (a)-nitro-cymeno (Widman, JJ. 
19, 687). Oil. Yields a dibromido C,H,llr,0 
[100°]. EMnO, forms terephthalio acid. Alkaline 
KjFeCy, forms p-toluio and p tolyl glyosylio 
acids (B. a. K.). HNO, forms C„H„N,0, [125°|, 
which is reduced by zino-dust and HOAo to 
0^,{CO.O,H,)j (Hollemann, li. 1\ C. 10, 211). 
Oxim [88°J, Crysfals (from iigroi'n). 
Phenyl-hydrazide [97°]. Prisms. 
Jfc/crence.—A mido-, Iodo-, and Oxy-, Tonyi, 

METUYl, KBTONE. 

0-TOlYL HETHYL KETONE TETBA- 
HYDHIIIE OH,<g"^^™^C.CQ.CH,. (200°). 

Formed from aw'di-acetyl-pontano by treatment 
with cone. H^SO^ (Kipping a. Perkin, jun., C. J. 
67,18). Oil, smelling like peppermint. Docs 
not combine with NallSOj. In moist ctlicr it is 
reduced by Na to tho hoxahydride. 

Oxim OjHjjNO. Liquid. 

Phenyl hydraeidc Oil. 

Tolyl methyl ketone hezahydrlde v. 

BBZAUETHYLENTL MRTnYT, KETONE. 

m-TOLYL-METHYL MALONIC ACID 
[1:3]O,H,M0.CH,.CH(CO,H),. [133’^J. Formed 

by saponification of tlie ether (Poppo, D. 2'.i, 110). 
llhombohedra, si. sol. water.—: needllk. 
Methyl ether Me.^". • (o. 300^), 

Ethyl ether (320^). Formed from 

t#°bromo>m-xylene and sodium malonio ether. 
Oil. Converted by alcobolio at 160^ into 
C,H,Me,CE^.CH(CO*Et).CO.NH,[186°], wliich on 
warming with water forma the ammonium salt 
CAMe.CH,.CH(CO,Et).CO,NH, [77°]. Et^" is 
eonyerted by methylamine into themethylamide 
CaH4Me.CHi.CH(CO^t).CONHM8 [120°), and 
by aniltna into 0«H4M6.0H,.0H(C0.NHPh), 


Dt.m-tolyl-di-metliyl-inaloah) ether • 
(0,H,Me.O^,C(CO^t),. [122°]. A product of 
the action of (»°bromo*m-xyleoe on sodium 
malonio ether (Poppe, B. 23, lOOlf 

o-TOLyL-]I]raHTL.Q;SAZOLIN£ 0„H,^O i.e. 

J268°). Formed by boiling 

C^,.CO.NB.CHr^H^^' alcoBoiic potash 
(Salomon, B. 26, 1323). Oa.-B’C.H,N,0,. 

tl2^).-B^T>t01, 


jp-Tolyl-m,thyI-osM4llBC 0„H,,NO. (285°). 
Formed from the bromopropyl-amide of p-toluio 
acid (Salomon, B. 26, 1826). Oil.—IHorat* 
BCJH.N.O,. |i83°].-B'H,Pl01.. [184°]. 

p-TOLYL-SI.METHYL.PHOSPHIHE 
0;H,PMe, (210°). Formed from 0,H,tfci, and 
ZnMe, (Ozimatis, B* 16, 2014). Oil, oxidised by 
UgO to 0,H,PMe,O. CS, forms 0,H.PMe,OS, 
[110°] crystallising in red plates. 

[256°]. Needles. 

Yields P'Mel, and 

BenzylO’Chlorid'e. Yields 
B'j(C,Ilj).;PtCl„ [tftri®), a yellow crystalline pp. 

p-TOLYL-METHYLPHTHALIM IDE 
[4:2;ljCaH,Me:C-^Oo^N.C^HjMo. [180 ]. Formed 
by distilling (•l,2,l)-inolhyl-|>htliiiUc acid with 
p-toluidine (Nienumtowski, ilf. 12 , G30). Crystal¬ 
line mass, V. o. sol. chloroform, insol. water. 

p-TOLYL-METHYL-PHTHALIMIMNE 

[149°]. Formed 

from p-tolyl-methyleno phthaliniidine, HI and P 
(liuhemanj^, B. 24, Needles. 

DI^.TOLYL.METHYL.PIPERAZINE 

[lO.'j®). Formed from di-p-tolyl- 
propylene-diainine, ethylene bromide, and 
NoaCOa. Needles (from alculioI),>{Uischoff, B* 
26, 3278). 

o-TOLYL- METHYL - PROPYLENE -«/. - JHIO- 
0REA (o. 205°), Formed • 

from o-tolyl-propyhme-if-tino-urea and McI 
(-Vrager, iJ. 22, 21190). YioldH (/^)-nicthyl-taurine 
on oxidation. [138^’]. — B’HI. 

‘^166"].—IVjTI^PtCl,. Decomposes 200°, 
p-TOLYL-DI-METHYL-PYREOLE 

[46°]. (256°). Got by heat¬ 
ing the di-carboxylic acid (Knorr, B, 18, 808). 
Cry.stals, volatile with stejim. 

AMiiio-Toi.Yi.-rn-MKTUYfA'YnnoisR. 

P-T0LYL.DI.METHYL.PYRE0LE DICABB* ' 

OXYLIO ACID Got by 

saponifying its ether, which is formed by mixing 
acetic acid solutions of di-acctyi-succinic other 
and p-toluidine (Knorr, IS. 18, 304). Needles, 
decomposes at about 250°, with evolution of COa. 

—K.,A".—AgUA". 

Ethyl ether Et^A". [67°J. Tables. 
^iefercnce. —AMii>o*TOLYL-i>i-UBTUTL-pyRaoLc 

DICAUROXVI.IO ACID. 

j>.TOLYL.DI.MBTHYL.8DLPHAMIDE 
SO.^(NMe.^).NHCyH,. [91°). Formed from 

N. Ie^.SO;jCI Ind p-toluidino (Behrend, A, 222, 
129). Crystals, v. sol. ajobhol and ether. • 

♦ p-TOLYL METHYL BDLPHONE 

O, H,.S02.CH.. [87°]. Formed by the action of 
conc. KGlI/n} on* jp-tolyl-sulphono-acetio acid 
(OttofB. 18, IGl). Got aiiso from 0,H,.60^a 
and Mel «(Otto). Needles (from very difnte 
alcohol), y. sol. hot water. 

* o-TOLYL-METBYL-THlAZOLINS 

(284°-295°). Conned by 

beating o-toiuie bromo-propylamide with ?,S, 
at 150° (Saloifion, B. 26p 1828). Oil. — 
B'aH,N.O,. [186°]. 

p-Tclyl-methyl-thiaioUn. 0,,B„NS. (995°). 
Oil.—B'C.H,N,0.. [141 °].—B'ApIOV 
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tolyl-methil-thiohydantoih; 


o-TOLTL-KETETIi-THIOETSAHIOIH 

*'0™ea from 

o-tolyl-thiocarbimido and alanine (Msrokwald, 
B. 24, 8281). Cryetala. 

p ■ tolyi-metliyl - thiobydantoln. [197°]. 
Fonned in like manner from p-lolyl-thiocarb- 
imide and alanine (Asohan, B. 17, 427). Minute 
prieme. On heating with alcoholic potash it is 
converted by hydrolyeia ipto a salt M the oily 
NH0,H,.CS.NH.CHMe.C02H, which slowly 
changes, in th^ free state, back into the 
hydantoln. *- 

o-Iolyl-dl-methyl-thiohydantofn 

[176°]. Armed fromo-tolyl- 

thiocarbimide and o-amidoisobutyrio acid 
(Marckwald, B. 24, 8284). Needles, v. sol. hot 
alcohol. V 

p-Tolyl-dl- methyl-tbiobydantom. [85®J. 
Formed in like ipanner from i>-tolyl-thiocarb- 
imide. Crystals, v. sol. most solvents. 

o.TOLYL.Mi:THyL-XKIO.FREA 
NHMe.CS.NHC7n,. ForrLed, from 

methyhthiocarbimide and o^tolaidine in alcohol 
(Dixon, C. «r. 85, 022). Pearly crystals, m. sol. 
hot water, sol. alcohol. 

p-Tolyl-rndwhyl-thio-area. [126®J. Formed 
inliae manner fromjp-toluidine. Vitreous prisms, 
y. soUhoi ;?ater. 

Reference. —ToLTL-Tnio-oBEA. 

O’ TOLYL.(a)-NAPHTHYLAMINE O^Hj^N 
i,e. OuHy.NH.CnH^Mo. [95®]. Formed by heat¬ 
ing (a).naphthol (1 mol.) with o-toluidin«fi 
(2 mols.) and CaOl^ (1 mol.) in sealed*'tubcs at 
290°, tfie a’lield being 37 p.c. of the theoretical* 
amount (Friedlandor, B. 16, 2084). Flat needles, 
V. sol. alcohol and ether. '' 

o-Tolyys)-naphtbylamine OioHjNH.CjH^Mo. 
[96°]. Formed by heating a mixture of 
(j3)-naphthol with o-toluidinc and CaCl.^ at 280°. 
Silvery {hates (from ligroi'n), v. sol. alcohol.— 
<B'20BH,Ng07. [110°]. Beddish-brown needles. 
Benzoyl derivative [118°]. Plates. 
p-Tolyl-(a)-iLaphthylamine C^HjjN. [79°]. 
(360° at 528 mm.). Formed by heating (a)-Daph- 
thol with p-toluidine and CaCl^ At 280°, the 
yield being 50 p.o. Short prisma (from alcohol). 
Its solatioug exhibit blue duoresccnce. 

j).Tolyl-(/3).naphthyIamine. [104°]. Formed 
by heating p-toluidlno hydrochloride with 
(j8).DaphthoI for 8 hours at 200° (Witt, B. 20, 
678; c/.Friedlander, B. 16, 2078). Plates (from 
alcohol). Its solutions have violet-blue iluor- 
escenot. Dissolved in isoamyl alcohol it is re¬ 
duced by Na to a hydride [44°] (tJamberger/a. 
Miillerf B, 22, 1309J. nitroso-dimethyl- 

aoiline hydrochloride and HOAo it yields a 
saffranine 0,«H.N,01(0,H,):CeH,NMe, (Witt, B. 
21,724). p-Tolyl-naphthyl-amiueVlOg.),heated 
with nitroso-dimethylaniUne hydrochloride' (4 g.), 
ZnCl, (10 g.), and HOAo (100 o.o.), forms 
Oj#H,.(NH.O,H,Me)2 [225°], which yields an 
acetyl derivative [225°]. ^ 

AeetyVf>derivative [85°]. Needles. 
^Benzoyl derivative [189°]. Needles. 
Refermee, — Tbtba-bbomo-toltl-naphthti • 

iJfXNB. 

OI-p-TOLYL-K APHTHYLENE-BI AMI N E 
CjoH,(NHC^H,)|. [237°]. Formed by heaCing 
di-oxy-naphthalene with p-toluidine and p-toln- 


Idine hydrochloride fAnnaheim, B. 20, 1378 
Needles (from xylene). Gives a red oolonr o 
heating with solid ZnCl,. 

o.TOLYI.-{o).HAPHTHYl.THIO-imEA 
C8(NHO„H,)(NHOH,). [168°]. Formed b 
the action of o-tolyl thiocarbimide on (a)-napl 
thylamine or of (a)-naphthyl thioca^imide o 
o-toluidine (Mainzer, B. 16, 1416). Shoi 
needles, sol. alcohol. Split up by cono. HCIA 
r.t-»160° into o-toluidine, fa).naphthylamin< 
o-tolyl-thiocarbimide, and (o).naphthyi thi< 
carbimide. 

o - Tolyl - {$). naphthyl - thio - urea [194° 
Formed frem o-tolyl thiocarbimide and (i9)-napl! 
thylamine (M.). 

p - Tolyl - (a) - naphthyl - tblo - urea [168° 
Formed from p-tolyl thiocarbimide and (a)-napli 
thylamine (M.). Slender white needles. 

p - Tolyl - (3) - naphthyl - thio - urea [164° 
Formed from p-tolyl thiocarbimide and (3j 
naphthylamine (M.). Decomposed byHClAq a 
150° into p-toluidino, (3)'naphthylamine, p-tolj 
thiocarbimide, and (/3)-naphthyl thiocarbimide. 

p-TOLYL p-NITRO-BENZYL OXIDE 
• 0 ,jH 4 Mo.O.CHj.C„H^.N 02. [91°]. Formed fror 
p-nitro-benzyl chloride and alcoholic C^HjON 
(Frische, A. 224, 144). Yellowish plates, sol 
ether. 

TOLYL NITBPSO-METHYL KETONE t 
Oxim of Toltl-oltoxal., 

TOLYL-OXAMIC ACID v. vol. iii, p. 664. 

TOLYL-OXAMIDE v. Oxalxo acid. 

O-TOLYL-OXAZOIINE 

(255°). Formed by dissolving o-toluio bromo 
ethyl-amide in hot water and adding alkal 
(Salomon, B. 26,1.322). Oil. Evaporating wit! 
aqueous HOI (1 mol.) forms the compoun< 
C,H,.C0.0.CH2.CH2.NH2, while excess of HC 
gives C,n,.CO.NH.CH2.CH201. — B'0-H,N,O, 
[145°1.—B'2n2PtCI„. [189°]. 

p-ToIyl-oxazoline CiftH„NO. [66°]. (265°) 
Formed by decomposing C,H7,CO.NH.CH2.CH2B 
with alkali. Needles.—B'0.HgN,O,. [188°].— 
B'jH^PtOl,,. [186°]. 

■ DI-o-TOLYL OXIDE (CgH4Me),0. Cresy 
ether. (272°-278°). S.G. « » 1*047. A produc 
of the distillation of Al(00gH4Me)2 (Gladstone a 
Tribe, C. J. 49, 27).« Oil, smelling like geraniun 
leaves 

Dilw-tolyl oxide (C.H,),0. (284°-288°) 
M. 1*5576 at 16°. V.D. 193*9. A product o 
distillation of aluminium thymol Al(00|gH„) 
(Gladstone a. Tribe, C. J. 41, IS). Oil. 

Pi-p-tolyl oxide (O^H,),©. [60°]. (270°~300'') 
Formed by distilling aluminium p-oresol (G. a 
T.). Prisms (from aloohc^. 

Isomeride [165°]. Formed by heatinf 
I p-oresol with ZnClj (Busoh, B. 17,268^ Crya 
tals, volatile with steam. 

DI-TOLYL-OXINDOLE 

Toluisatin. [2003]. Formed by adding tolnem 
to a solution of isatin in H3SO4 (Baeyer a 
Lazarus, B. 18, 2638). Needles, v. sol. alcoho! 
and ether, sol. aqueous alkacMs. Yields an aoety 
derivative '02tH,gO(NAo) [148°] and an eth^ 
derivative 0,^gO(NEt) [108°], both being cryi< 
ialUne. 
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TOLTL-OZT-AGBTIO ACID o. Tolyl dtHmtiot 
ttt OtTCOtuo icn> and OxT-ionTt-acBTio aon>. 

d-IOLTI. OXY-BTHTL SVLPHOirE 
O^.SOrOH,C^OH. [55°]. Qot from sodium 
tolnene p-aulphinate and glycol cblorhydrin 
(Otto, J. pr. [2] 30, 355). Needles (from alcohol) 
with bitter ^aste. Heating with KOHAq gives 
C,.H„S,0. [84°]. 

Bentoyl dtrivattv^ 0,H,.SO,.0,H4.0Bz. 
* [176°]. Neales, si. sol. hot alcohol. • 

SI.O-T0I.T1..FABABANIC ACID 0„H„NA 

U. [203°]. Formed by boiling 

axf alooholio solution of oxalyl-di-tolyl'^^uanidine 
with COQO. HOlAq (Bergor, B. 12, 1850). Small 
needles. 

Di-jp-tolyl*parabanio acid [144^]. Formed 
by boiling di* (or tri>) p-tolyUguanidiuo dicyauido 
with alcohol and HCt (Landgrobe, B. 11, 078). 
Plates. Oxidised by potassium permanganate to 

p.TOLYL PENTADECYL KETONE 
C,»H„.CO.O«H,Me. [60°j. (202" at 16 mm.). 

P'ormed from palmityl chloride, toluene, and 
Aid, (Krafft, B. 21, 2266). Needles (from 
alcohol). Yields p-toluio acid on oxidation. 
o-TOLYL-PENTHIAZOLINE C„T1„NS i.e, 

heading trimethylouo 

ohlorobromide with thio*b*toluic amide (Pinkus, 
B, 26, 1081). Oil, volatile with steam. Its 
hydrochloride gives a white compound with 
HgCl,. 

P'Tolyl'penthiazoline [53^. 
p-TOLYL-PHENTHAZINE. Dihydride 

(3 jj [161®]. Formed by the action 

of HNO, on o-amido-benzyl-p-tolnidine hydro¬ 
chloride (Busch, B. 26, 4.5^. Yellow plates 
(from alcohol).—B'Hd.—B'^H^PtCI,. [lOU'^J.— 
B'C„H..N,0,. [132®]. Dark-yellow needles. 

p-TOLYL-PHENYB-ACETAMIDINE C,,H„N, 
ia. C,H,.CH,.C(N.O„H,Me).NH,. [110®]. Formed 
by heating phonyl-acetonitrile with p-toluidino 
hydrochloride (Bornthson, A. 184, 342). Crys¬ 
tals (from alcohol).—B'^H^PtCl^: yellow prisms. 

DI - p . TOLYL - DIPHENYLACETYLENE - 
DIAMINE t.e. CyH,N:Cini.CPh:NC,H,. 

[161®]. Formed, together witti Bz.CPh:N®,II, 
[116®], by heating benzi! (1 piol.) with p-toluid- 
ine (2 mols.) at 130® (Baodrowaki, M, 9, 600). 
Triclinio plates. 

DI . TOLl^. PHENYLENE -DIAMINE o. 

pHENTLENS-DI-TOXtTL-DZAUZNE. 

TOLYL PHOSPHATES. 

Tri-o-tolyl*phosphate (C,H,0},PO. Foamed 
by heating o-cresol with POCl„ the yield being 


C,H,PC1, [20®] (346^, betoN converted bt water 
into C,H,P(OH)„ which splits op on heating into 
tolyl -phosphine and toluene phoaphonio acid 
(Miohaolis, B. 13. 1009; IS, 663; 

A. 212, 230). dll with strong odour. Bapidly 
oxidised by air to 0,H,P(OH),. HI ‘forms 
C,H,P11J, cryiAallising in colourless needles. 

p . TOLYL - PHTHALIDE 0„H„O, U. 

ducing C-U..Cd.CJl,.dOJl In alcoholio solution 
with Zn and HCl (Gresly, A. 234, 236). Needles, 
sol. hot alcohol, issjol. NHaAq. • 

Di - j). tolyl - phthalido 

[116®]. Formed by heating phthalyl chloride 
(100 g.) with toluene (-160 g.) and AlCl, (Berchem, 
JJl [2] 42, 108; cftFriodol a. Crafts, Bl. [2] 85, 
606). Prisms, sol. alooliol and ether. 

TOLYL. PHTHALIMIDE v. Tolj/timide of 

PllTlIALIO ACID. 

la-TOLYL-PHOPIOLIC ACIL 0,H,.OiO.COaH. 
[109-6®]. Formed by boiling di-bromo-tolyl- 
propionic aicid OJI;.CllJ3r.GIiBr.CO,,U with 
I alcfiliollc potash (Rltillor, D. 20, 1216). AgNO^ 

: gives an explosive wliito pp. 
j 0 TOLYL-PKOPIONIC ACID C,H,.0,H,0,. 

I Monoclinio prisms (Young, B. 25, ^102). 

! wt-Tolyl-propionio acid 0,H,.Cllj.Ck,.CO,H. 

I [43®J. Formed by reducing m-tolyl-acrylio aoid 
with sodium-amalgam (Miiller, B. 20,^214^; von 
: Miller, B. 23,1899). Needles (from ligrofn), sol. 
water, alcohol, and ether. Volatile with steam. 

m-Tolyl-propionio acid [125‘^J. Formed by 
oxidatioMof la-isobutyl-tolucne byHNO,(Kifront, 
JJ. 17,2330). Needles, si. sol. hot water.-*AgA': 
crystals, sol. hot water. 

p-Toiyl propionic acid. [116®] (Von Miller, 

B. 23, 1898); [I20°] (Kr.ihor, B. 23, 1033). 

Formed by reducing p-tolyl-acrylio acid. Oon- 
(lonsod by hot U^SO, to oxy-motbyl-indonaph- 
thene. • 

Di-a-tolyl-propionic acid CII,.C(C,H,)^CO,II^ 
[162®]. Prepared by adding toluene to a solu¬ 
tion of pyruvic acid Inll^SO^ at - 10°(B6ttinger, 

B. 14, 1696; 16, 1474). Monoclinio crystals, 
sol. hot alcohol. Give li-di-toiyl-othane on 
distillation with lime. Oxidised by KMnO« to 
di-phcnyl-othane tri-carboxylio acid.—AgA'. 

Ethyl ether KtA'. [145®]. J'risma. 
Hefervnees. — Biioaio-, Nirao-, and OxY-, 

TOLYL-l’Jll)l*IONIC ACIDS. 

jJ-TOLYL-PROPIONIO ALDEHYDE 

C, H,.CHj.CH.,.CUO. (223°). S.O. U . 9941 . 
Formed by the action of water on the cozrpound 
of CrOuCl, wisli the oymene got from camphor 
and P,Oj (Uichter a. Schiiclmor, B. 17, 1931). 
Qot also by distilling calcium p-tolyl-proptonatd 


95 p.c. (Heim, B. 16, 1767; Bapp, A, 224,173). with calcium formate (Miller, B. 23,1082). OH, 
Oil, sol. alcohol and ether.__ smelling like^eppermiut. Volatile with steam. 


j>.Tolri phosphate PO(OC,H,)(OH)r [116®]. 
Formed by the action of water on POfOCyHyjCl^ ‘ 
which is a product of the action of PO(d, on I 
js-cresol (Bapp, A.224,168). Plates, sol. alcohol, 
ether, and water. t 

Tri-^tolyl phoBpha|e P0(00,H,),. [78®]. 

Formed by heating p-oresol with POCl,, the 
yield being 95 p.c. eColourlesa tabled, insol. A^ 

- TOLYL • PHOSPHINE [4®]: 

^178®). Formed by the action of AlCl, on a 
miziore of toluene and PCI,, the resulting 


Yield# p-tolulc and terephthalio acids on ozida- 
tion. • 

DI-o-TOLYL-PBOPYLENE-DIAMXNS 
0HMe(NHC,H,).CH2.NHC,]^. (280® at 120 mm.). 
Got by heating o-toluidine wit2^ propylene 
bromide (Bischoff, B. 25, 8276). 

• Acetyl derivative [120^. 

Div^tolyl-prdpylene-diamive 
OA(NH037)r (277® at 48 mm.) (Bisohoff, B. 
25, o277). Got from p-toluidine akd 
OiL 
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Aettyl Serivative 0„H„N^y [114®]. 

BeitMoyl derivative 0„H„N,0j. [163®]. 
o.!rOLTL-FBOPTLXSX.<^-THIO-irBBA 
0,H,NH.O^® Formed from 

*.o.toljl-allyl-thio-area and HCl (Prager, JB. 22, 
2999). Tables, el. sol. hot watet.—B'JHjPtOl,. 
[178®]. Prisms.—B'0,H3N,0,. [IVO”]. Cubes. 

SI-o-TOITIi-PSOFTLENE VBEA 

tSS”]- Pormed''lrom di-o- 
tolyl-propylene-diamine and COOl., (Bisohofl, B. 
35, 3276). Prisbs (from dilufe; alcohol). 

Bl-p-tolyl-propylene-urea. [130°]. 

d-TOLTI. ISOPBOPYL KETONE 
O^H,Me.CO.Pr. (236®). Formed from toluene, 
isobutyryl chloride and AlCl, (Clous, J. pr. [2] 
46, 480). ^ Oil, with bitter taste and aromatic 
odour. E’elds p.toluio and terepbthalio acids 
on oxidation. Yields an oxim [92®]. May be re¬ 
duced to p-tolyl-isopropyl-carbinol; an oil boil¬ 
ing above 300®. 

DI-o-TOLYL-PYBAZKlE HEX^YDBIDE 
0,H.Mo.N<®g»;™j>N.CJI,Me. “Di-Uolyl-. 

mperaHne. Formed from ethyleno 

byomide, o - toluidine, and Na^COj at 1G0° 
(Bisohoff, B. *^2, 1781; 23. 1982; cf. Mauthner 
a» Saida, M, 7» 233). Crystals (from other). 

Isemevde. [164®], Formed by heating di- 
o-tolyl-ethylene-diamine with chloro-acetio acid 
and NaOAo (Bischoflf, B. 23,2031). Thin needles 
(from alcohol). 

Di*j>-tol7l'pyTazine hexahydride * 

0,H..N<®{J»;°^N.C,H,. [188°]. ' Formed" 

from jp>toluidine and in presence of 

NaOAo or NajCO,. Prisms, si. sol. alcohol. 
With NaNOj and HOAo it yields a di*nitroso- 
derivative [167®]. 

o.T01iYl..PYKAZOI.E 

f246-6° cor.). S.O. g 1-0868; 1-0753. Formed 

by boiling epichlorliydrin (1 mol.) with o-tolyl- 
hydraxine (2 mols.) and benzene, boiling off tho 
benzene, and heating tho residue at 160® (Bal- 
biauo, G. 18,368). Not reduced by boiling with 
alcohol and Na.—B'jHjPtCl,. [201®].—B'Etl. 
[100°]. Needles, v. o. sol. water. 

Dihtjdrine 0,H5Nj.C,H,. (271°). S.G. g 
1-084. 'Formed from acrolo'in lolyl-hydrazido 
and dilute (2 p.o.) ll.,SO|. Oil. 8ol. fuir lug 
HClAq, but reppd. by water. K,CrjO, and 
HgSO, give an indigo-blue colour. 

p-Tblyl.pyrazole. [33°]. (259° cor'. 

Formed, m like manner, from opichTorhydrin and 
p-tolyl-hydrazine. Yelliwish plates, si. sol. hot 

water.—B',H,PtCl,2aq: needles. [184°]_B'EtP. 

[105°]. Prisms, v. sol. water. , 

DihydHde. [60-5°]. (282° i.f.). Formed 
from acrolein p-tolyl-Bydrazide and dilute H^SO,. 
Got also by reducing p-tolyl-pyrazole id alooholio 
eolation by Na. iridescent plates, si. sol. ho,* 
water. Its aoidifted solution is coloured violet- 
red by K-iOrJO,. 

^lOEYI^PYBIBINE HEXAHYOBIDE 
O.H,Me.N.O,H,,. ^ (262°). Formed by heating 
piperidine with p-bromo-tolnene at 270° (Lell- 
mann a. Just, 24, 2099). V. sol. alcohol and 


CH:CH^*^®*®‘^°- *’7 45«tiU«tion of 

p-toluidme mnoate (Idohtenstein, B. 14, 933). 
Converted by AoOl into crystalline O,H,N0.Ao, 
-B'jHgOly 

Dl^-tolyl-pyrrole 

[197®]. Formed by treating di>2}>toIyI-furfurano 
(0,H,.CO)aOjjH4 with NH4OA0 (Hollemann, 
a. T. Ce 6f 73). Small plates with bluish lustre. 
Does not form a K derivative. Boiling HClAq 
gives a red resin. With isatin, after several 
days, it g^s an intense red colour. * 

o-T0I*1rL.atriNAZ0LINE BIHYDEIDB 

0,.H„Nji.e. = Formed by 

redneing the formyl derivative of o-nitro-benzyl- 
o-toluidine with tin and HClAq (Paal a. Busch, 
B. 22, 2701). Oil.—B'HSnCl,.—B HCl: amor¬ 
phous.—B'jHjPtCl,. [210°]. Needles (from al¬ 
cohol containing HCl). 

p-Tolyl-qninazoline dihydride. [120°]. 
Formed in like manner. Plates, v. sol. alcohol. 
—B'HSoCl,. [165°].-B'HC12aq. [85°].— 
B'HCl. [251°].—B^H^tCl.. [216°]. Yellow 
needles. 

Uethylo-iodide B'Mel. [186°]. Needles. 
p-Tolyl-quinazoline tetrahydrido 

®"H.<CH;NaH,Me- ri27°]- Formed by re- 
ducing the diliydride in alcoholic solution by 
sodium. Needles, m. sol. alcohol. Yields a 
nitrosamine [100®]. Yields a crystalline hydro¬ 
chloride. 

liefcrcncc, —Oxy-tolvii*.quinazounb. 

{Vy. 3).o.TOLYL.QiriNOLINE C,JI,,N i.e. 

pcr.pT-T ** 

[770J. Formed by dis¬ 
tilling oxy-tolj?l-quinoline (pscudofiavenol) with 
zinc-dust (Wcidel a. Bamberger, M. 9, 108). 
Silky needles (from benzene). —B'3*.PtCL [dried 
at 105°). Orange tables. 

jh-Tolyl-isoquinoline 

[52°]. Formed by heating (l)-ahlaro- (3).m- 
tolyl-isoquinoline with HI and P tor three hours 
ut 170® (Hcilmann, B. 23, 3168). Needles (from 
MeOn). 

jJtToIyl-lsoquiiAjlme 

[78®J, Formed in like manner (Buhemann, B, 
24, .3975). Needles.—B'HI.—B'H.,Or04.— 

B'jHjPtOl,.—B'0«H,N,O,. Yellow needles. 
Jieference. —Oxy-tolvl-quinolInb. 
TETEA-jn-TOLYL-SILICANE Si(0,H,),. 
[151®1. (above 650®). S.G. 2ii 1*1188. Formed 
from m-bromo-toluene, SiCl„ and sodium (PoUs, 
B. 19,1021). Prisms (from ether), v. sol. bena* 
ene. 

Tetra-p-tolyl-sillcane Si(C,H,)<. , [228®]. 
(ftbove 450®). S.G. *2 1*0793. Formed from 
SiCl^, p-bromo-toluene, ether, Na, and a little 
EtOAo (Polio, B. 18, 1642; 19, 1019). Mono- 
clinic crystalsc(from chloroform). Decomposed 
by. cone. HNO,, forming silica and di-p-nitro- 
toluene [72®J. *■ 


ffw y.u. UA biieurviitmu 

quantity (Bertkom, B. 18, 1686). OU, T. soL 
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«leoliol. Decomposed by hot water into sillea 
and o^oresol. 

Tetra-m-tolyl slUoate Si(C)C,H,)4. (445^) 

at 720 mm. Syrup (H.). 

Tatra^tolyl silioate Si(OO.H,)4. [70®]. 

^444®). Tables or prisms, v. sol. benzene (H.). 

j>-T0LTl. 8ILICO.CHIOBIOE 0,H,SiGl,. 
[219®). Formed from Ke{O^Hj)^ and SiCl4 at 
)10® fLadenburg, A. 173,165). Liquid, converged 
»y dilute aqueous ammonia into 0,fi,.Si0.0H 
0. 150®], which is converted at 200® into solid 
;C,H,.Si0),0. 

• TOLTL SULPHATES. 

o-Tolyl sulphuric acid 

[1:2] OfHiMe.O.SOj.OH. Occurs in small quan- 
tity in the urine of horses (Preusse, H. 2, 355). 
Prepared from OaHiMe.OK and K.S.4O, (Bau* 
mann, B, 11,1911). The E salt crystallises in 
plates, m. sol. water. 

m-Tolyl sulphuric acid C^H4Mo.O.SOs.OH. 
Occurs in very small quantity in horses’ urine 
(P.). 

jp-Tclyl sulphuric acid C«H4Me.O.SO,.OII. 
Occurs in the urine of horses and cows (Bau¬ 
mann, B.9, 1389, 1716; Sladelor, A. 77, 18). 
Formed by boiling potassium p-cresol with 
EjS-^O,. The K salt is si. sol. cold alcohol. 

DI-o-TOLYL.SULPHAZIDE C„H,„N,SO.. i.e. 
[2:1] C,H4Me.NH.NH.SO,.C,i:L4Mc [IriJ. Tolyl- 
toluene-sulphazide, [1^2®]. Obtained by the 
action of SO.^ upon o-diazo-toluene in alcoholic 
solution. White glistening needles (Limpriclit, 
B, 20,1241). When boiled with baryta*water it 
decomposes into o-toluenc-sulpliinio acid, 
toluene, and nitrogen. 

Di.p.tolyl-gulphazide C,4H,8N.,SO, i.e. 
[4:1] C,H4Mc.NH.NH.SO^.C,Il4Me [1:4]. Tolyl- 
toluene-sulpfiazide. [110®]. Formed in like 
manner from p-diazo4olueno (L.). Small 
needles. By boiling with baryta-water it is de¬ 
composed intop-toluene-sulpliinic acid, toluene, 
and nitrogen. 

Reference. —NzTRO-nz-TOLTirSULPiiAzinB. 

BI-p-TOLYL SULPHIDE S(C„H4Me)y [57®]. 
(above 300®). Formed by distillation of lead 
p-tolyl-mercaptide (Otto, B. 12, 1175). Small 
needles, insol. water, sol. alcohol. Yields di-p- 
tolyl Bulphone on oxidation bv KMnO,. 

Di-m-tolyl disulphide* C„n„Sg * i.e. 
(C«H4Me)2S^ Formed frodi m-tolyl morcaptan 
by treatment with dilute HNO^ (Uiibncr a. X'ost, 
A. 169, 61). Liquid at —22®. Decomposed on 
boiling or by atmospheric oxidation of its am- 
moniacal alcoholic solution (Lcuokart, J. vr, [21 
41,189). 

Di-^tolyl disulphide (C^4Me)gS5,. ^43®]. 
Formed fromp-tolyl mercaptan by atmospheric 
oxidation (Marcher, A. 136, 88) or by the ac¬ 
tion of C180,H (Beckurts a. Otto, B. 11, 2000),« 
or by ftoatment with ICy (Thurnauer, i?. 23, 
769). Formed also by the action of ^8 on*B 
vmrm dilute solution of toluene p-sulphinio acid 
in alcohol (Otto, J. ^r, [2] 37, ^1). Orystals, 
▼. a. sol. ether. Begins to boil at 807® i.V. but 
decomposei on distillation. Aloobolio E«S 
forms j^tolyl mercaptan (Otto a. BdBsing,*B. 19, 
8129). • • , • 

Bip-UHfl tetrasulphide 

[75®]. Formed by the action of H.S on a ooao. 
solution of toluene p-eulphinie acia (Otto, /.pr. 


[2] 87, 211). Small plates, Insol. water, ▼. sot 
ether. 

References. —Dz-amido-, Di-B«exo-, and OxT» 
Dl-TOLYL-SOLVBfDB. 

0-TOLYL 8ULFHO0YAH1DS 0,H,Mfi.S.ON. 
(c. 245®). Formed by adding cuprous sulpho* 
cyanide in ESCy to a solution of o-diazo-toluene 
(Thurnauer, B. 23, 770). Yellowish-red oU with 
unpleasant odour. 

p-Tolyf sulphooyacide. (0. 248®). Formed in 
like manner, and also by passing OyCl through 
alcoliol contain^g lead p-telyl meroaptide. 
Liquid, solidifying below 0®. 

DLp-TOLYL 8ULPH0EE (O^.Mol.SO,, 
[158®]. (405®) at* 714 !mn. Prepared by the 

action of AlCl, on a mixture of toluene and 
toluene p-sulphoaio chlorido (Beckuils a. Otto, 
n. 11, 2068; 12, 1177; cf. Michael, B. 10, 684). 

I Formed by the action of fuming H,90, or SOg 
j on toluene (Devillo, A. 44, .-106; Otto a. Grttber, 

; A. 154, 193) and by the acti-n of EMnO, and 
; HOAc on di-p-tolyl sulpliido. Prisms (from 
i bonz<?no),sl. sol. cold Alcohol and ether. Potash- 
i fuf^ioir yields p-cresol and diphenyl {Otto, B, 19, 

I 2420). 

j DITOLYL DISULPHONIC ACID 
j [1:4:5] 0,H,Me(SO,H).O..HgMe(SOHH) [6:1:4]. 
Formed from di-auiido-ditolyl disulpbonie acid 
by dia/.otisation followed by boiling with alco¬ 
hol (Halle, A. 270, 363). Grystalaa v. sol. 

I wuter.m. sol. alcohol, insol. ether.—K.A". Uexa- • 
gonal plules.—KHA": j)riRms,—BoA"6eq. 
Chloride [229®]. 

AmiAe 0,4H,gS,..64(NHg)j,. Needles. 
p-TOLYL-SULPHONO-ACETIC ACID. 
CJl4Mo.SOg.CU,.CO.,H. [118®]. Hw/med from 
sodium honzeno sulphinato and chloro-aoetio 
acid (Gabriel, Zf. 14,834). Crystals (from benz¬ 
ene), b1. sol. hot water. 01 passed into its 
aqueous solution forms CjH^Og-CHOlj [114®]. 

Br forms C,H,.SO,.CilBr^ and C,H,.^,.CH,Br 
(Otto, J.pr. [2] 40,542).—AgA': trimetrio tables. * 
Ethyl ether Eik*. Converted by bromihl 
(2 mols.) at 90® into C.H,.SOj.CBr,.CO,Et which 
on saponiheation by cold NaOHAq yields 
C,H,.SO.^CHBr, [117®]. 

p.TOLTL.SULFHONOACETONE 
CH,.CO.CH^.SOa.CuH4Mo. [61®]. Formed by 
heating sodium toluonojp-sulphitiatewithohloro- 
acetone in alcohol (Otto, J. /»r. [2] 86, 426). 
Needles, v. sol. alcohol. Bromine forma 
CMi.Br.CO.CHg.SO,C,H, [130®], m. spj. alcohol. 

Di-p-tolyl-di-sulpbono-acetone 
C0{CHg-80j.C,H4Me)g. Formed by heating 
rHgBr.OO.C^2*^^2^7f4f with sodium toluene jh 
sulphinato in alcoholic solution. Plates, v. sol. 
hot HOAc and chloroform. 

DI-TOLYL D1 - SULPHONO - DI - ETHYL . 
AMIHE^a(C2H4.S02.C,H,)2. Formed by heat¬ 
ing ethylene disulphone with NH^Aq 

(Otto, /. pr. [2] 80. 859).-B'HCL [201®].— 
B'HAuO^: dark-yellow needles. 

• DI - TOLYL - DI. SULPHOHO - DI • ETHYL 
OXIDE 0(C2H4.S0,.C,H,)2. [84®]. Formed by 
the action of cono. EOHAq on 0^4(80.0,H,)| 
as a by-product in the preparatifft of 
Xl,H,.S0g.C4H40H [56°1 by action of dilota 
EOHAq on the same body (Otto a. Tr6gw, B. 

26i 944 ; cf. J.pr. [2] 80, 171, 821). 

TOLYL DI8ULFKOXIDE v. Tolyl ether ot 
Tolueks TsioaunpaoNzc Aczn. 
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Di-^tolrl inlplitxida SO(aAMe)r [92°]. 
Formed from tolaene, S0G1„ and ^Cl, (Parker, 
B. 28, 1844).. Flat needles ({tom ligroSb), v. e. 
■ol. benzene. Beduced by sodinm and tdcobol 
to di-tblyl sulphide [66°]. EMnO, in HOAo 
forms di.tolyl snlphone [168°]. . 

DI-o-TOLTL-TETEAZIKE 0„H,.N. i.«. 

0,H,N<^^®>N0,H,. [141°]. Formed from 

o-tolyl-hydrazine* chloroS^rm, and* alcoholic 
potash (Buhomann, C. J. 57, 52). Crystals. 
Yields orystffUine C„H,.(SOyH)N. and 
Oi 9 H,j{NO,)N 4 [207®].—B'HCl: needles. 

Melhylo-iodide [198^]. Nodules. 

Di-p-tolyl-tetrasine 0 „H,bN^. Formed in 
like manner. B'HCl: very unstablewhite needles. 
Meihylo^iodide B'Mel. [242*=*}. Needles. 
0-TOLYL.THIAZOLE DIHYBBIDE 

0^.Me.0^g-^g‘. (282°). Formed from thio- 

o-toluio amide aivd ethylene bromide ^Gabriel a. 
Heymann, B.24,786). Got also by beatingo-toluic 
bromo-ethyl-amido with^'P^S* (Saloqion, D. 20, 
1329). Converted by bromine-water into biiirine 
and 0 - toluic acid. — B'jH^tCl,. —* 

B'0.H,N,0,. [132<»J. 

j^Tolyl'tl^azole dihydride. [81®], Prepared 
in like manner. Tables. 

jp-TOLYL-THIOBIURET [158®]. 

Formed fusing p-toluidino (2 pts.) with per- 
Bulphocyanic acid (1 pt.) (Tursini, B. 17, 584). 
Minute needles,sol.NaOIIAq. YieldsC„H,oN3SaEt 
[134®], crystallising from alcohol in needles, and 
OaH,«AoN,S3 [106®], crystallising in needles* 
0-TOLYL-/8-THIOCARBAHIC ACID « 

[l;2]O.H.Kb.NH.CS.OH. 

Ethyl e^7ier 0,H,N:C(RH).0Et, .Tolyl^thio- 
urethane. Formed by heating o-tolyl-thiocarb- 
imide with alcohol at 130® (Liobermann a. 
Natanson, B. 13,1676; A. 207, 161). Oil, sol. 
alkalis.-i^O,eH„AgNSO : white pp. insol. NH,Aq. 
Converted by Mel into G,H,N(OEt).SMe, and by 
Etlinto C,H}N(OEt).SEt, both being oils boiling 
above 250®. 

9n°Tolyl-/3'tbiocarbaniic acid 
ri;8]O.H,Me.NII.CS.01I. 

Ethyl ether C,H,N:C(SH).OEt. [08®]. 
Formed in like manner (L. a. N.). Yields 
C|»H,.,AgN80 and oily 0,pH,jEtNSO. 

p-Toiyl-jS'thiooarbamic acid. Ethyl ether 
0,H,NC(SH).OEt. [87°]. Formed in the same 
way (L. a. N.). Triolinic crystals. Ammoniccal 
AgNO, added to its alcoholic solution ppts. 
0,HfNC(OEt).SAg, which is converted by Mel 
into C,H,NC(OEt).SMe. and l^v EtI in^o 
0yH,NC(0Et).8Et, both being oils boiling above 
260®. 0,H,NC^OEt).SEi is decomposed by dilute 
H3SO4 at 180® into p-toluidine and thiocarbonib 
ether. 4 

o>Tolyl>a>thlooarbamio acid C.H,NIl.CO.SH. 
Methyl ether MeA'. [70®]. Formed by 
heating 0^yNH.C(NO,H,).SMe with dilute 
HySO^ at 140® (Will a. Bielsohowski, B. 15 
1817). Plates. 

Ethyl ^ther EtA\ [60®]. Tables. 
^tPlolyl-o-thiocarbamic acid NHC,H,.CO.SH. 
Methyl ethef MeA'. L1(X7®]* Formed b^r 
heating 0,H,NH.C(NC,H,),SMe with dilute 
1LS0| at 170®. Needles, v. soL alcohol and 
ether. 

Ethyl ether EtA'. [79®]. Formed from 


f tduidine and 01.GO.SBt, Keedlea, Tieldi 
tSH and tolyl oyanate on distillation* 
Ethylene derivative 

[88°]. Long ilenaet 
needles. ti 

o*Tolyl*dl>thio*carbamio acid 
0,H,NH.CS.SH.—NIA',. Brown needles, insol. 
water.—BaA',. Plates (Loaanitsch, B. 24,3027). 
Forms di-o«tolyl>thio-urea on heating. 

Methyl ether MeA', [133®]. Formed 
from the Ba salt and Mel. W^te needles. 

Ethyl ether EtA'. [72®]. Formed l^y 
heating C;H,NH.C(NC,H,).SEt with CS, at ICO® 
(Will a. Bielsohowski, B. 15,1317). Prisms. 
Ethylene derivative Oj^HnNS, i.e* 

[129®]. Formed by heating 

C,n,N.Ck:;®^^5^C,H,with CS,at 200°. lielda 

OjoH,,NS.^MeI, crystallising in prisms [151®]. 

m-Tolyl-di-thio-oarbamic acid 
C,H,NH.CS.SH. 

Salts.—BaA'.^. Formed from m-toluidine, 
CSm, and Ba(OH)3 in alcohol (Losanitsch, B. 24, 
3027). Needles, sol. water, insol. cold alcohol.— 
NiA'j. Yellowish-brown plates. 

Methyl ether MoA'. [89®], Needles. 
p-Tolyl-di-thio-carba;^o acid C.H7NII.CS;.H. 
Salts.—NH4A'. Formed from p-toluidine, 
CS3, alcohol, and NHgAq (Losanitsch, B. 24, 
3026). Yellowish prisms, sol. water, insol. alco¬ 
hol.—BaA'j. Needles.—NiA'^. Formed from 
p-toluidine, CSj, ammoniac^l NiSO^, and alcohol. 
Brown neeclles, sol. alcohol, insol. water. 
Methyl ether MeA'. [84®J. Prisms. 
Ethyl ether EtA'. [74®]. Formed by 
heating NHC,H,.C(NC,H,).SEt with CS, at 100® 
(W. a. B.). Needles, split up by beat into 
p-tolyl thiocarbimide and EtSH. 

Ethylene ether CS<f 

[126®]. Crystals. Yields a methylo-iodide [107°], 
which is converted by aniline into 
[128®], and by o-toluidino into CjjHjbN^S [82®J. 
Reference. — Nitro - tolyl - xmocAaGAuio 

ETUKli. 

Q-TOLYL-THIOCARBAZIC ACID o. Tolyl 
hydrazide (Jf,H.NH.NH.CS.SNH..NIIC,H,. 
Formed from o-tolyl-hydraziue, ether, end CS, 
(Preund, B. 24, 4200). Prismatic tables, insol. 
ether, decomposed by water and alcohol. The 
p-isomeride melts at 109®. «- 

DI-o-TOLYL-THIOCARBAZIDE O.jH.gNgS i.s. 
CS(NH.NHO,H,Me)3. [130®]. Formed from 
o-tolyl-thiocarbazic acid and o-tolyl-hydrazine 
at 90® (Preund, B. 24, 4201). Needles, sol. alco¬ 
hol, insol. Aq. 

Dl-p-tolyl-tbiocarbaslde. [121®]. Formed 
Iq like manner at 110® (Preund, B. 21, 4194). 
I^lates, V. sol. hot alcohol. 

Di-o-tolyLthiosemioarbaslde 0,.H,.N,S ».«. 
NHC,H,.OS.NH.NHO,H;. [149®]. Formed by 
heating o-toXyl-thiocarbimide (1 mol.) with 
o-tolyl-hydrazine (1 mol.) in aicohol (Dixon, 
0.«r. ol, 1017). Ootahedra, m. sol. hot lucohol, 
iLsol. Aq. ^ 

Di-p-tolyl-tkiesemioarbaslde. [154°]. Formed 
in like manner (D«). Prisms, t. e. soL hot alc6> 
hoL 
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[4:l1oiH4Ua.NH.OS.2fH.NH0^4M«[l:91. [143°]. 
Form^ tram jhtoljl'tiuooarbimide and o^UiijU 
hydrazine (D.). Pnsms, sL sol. hot alcohol. 

Isomsriae 

[3:l]0.H,Me,NH.CS.NH.NHC,H,Me[l:4].[ie3«]. 
Form^ flom o-tolyUthiocarbimido and j><toIyl* 
hydrazine (Dizon, C. /. 61, 1016). Prisms, m. 
•oL hot alcohol. 

X)lH>-TOLYL.THIOCAftBAZON£ 
0,H,N:N.CS.NH.NHO,H,. [168«]. Formed froA 
di>o*tolyl>thiocarbazide and alcoholic potash 

i Preund, B. 24, 4201). Bluo-block needles, v. 
61. chloroform, si. sol. alcohol. Cotic. H^SO, 
forms a blnish^green solution. 

l>i-p>tolyl>thioearbasone. [105°]. Formed 
in like manner. Dark-blue amorphous Hakes. 

o-TOLTL-THIOCABBIHIBE CJI.N8 i.e. 
Cl:2]C;H,Me.N;CS. (2.39®). Formed from di-o- 
tolyl-thio-urea by distilling with P3O5 (Slaats, 
B. 13, 136), by heating with aqueous IIiPO, 
(Hofmann, B. 15, 966; Mainzer, B. 16, tf017), 
or by boiling with fuming HClAq (Girard, B. 6, 
445). Oil. 

Reactions. —1. Chlorineforma C,H..lsCl.CSCl 
(218°), which is converted by alcohol into a 
mixture of di-o-tolyl-urea and o-toIyl-carl>aiuio 
ether (Lachmann, B. 12,1349).—2. Ckloro-acetic 

acid and alcohol at 150° fora 


crystallising in needlfta [120°], decomposed by 
boiling baryta-water into o-toluidine, CO.^, and 
thioglycollio acid (Voltzkoff, B, 13. 15H0).— 
8. PhOMe and AlCl, on warming form 
C^HjNH.CS.C^H^OMe [95°] (Tust a. Gatterinann, 
B. 25, 3528). PhOi^t and AlCl, give C,J1„N SC 
[116°]. 

w-Tolyl-thiocarbimide C,II,.N:CS. (214°) 
at 732 mm. Formed by boiling di-?/t-tolyl ur<‘a 
with cono. HGlAq (Weitb a. Landolt, B. 8, 719). 
Heavy oil. Converted by copper-powder at 220° 
into m-toluio nitrile. 

p-Tolyl-thiocarbimide [1:4] CJi ,Mc.N :CS. 
[26°]. {237°). Formed by healing di-p-lolyl- 
thio-urea witn PjO, or aqueous HjPO^ of S.G. 
1-7 (Hofmann, If. 1, 173; 16, 986; Staats, B. 
13, 135). Formed also, together with phenyl- 
thiocarbiraide, by heating PhM:G:NG-H, with 
OS, at 190° (Huhn, B. 19,2409). Needles (from 
ether), v. sol. alcohol. • % 

Heachons.—1. Amnuffiia forms tolyl-thio- 
orea, and other bases act in like manner.— 
2. Bromine forms C,H;NBr.CSBr, which readily 
gives oil Br^leaving {C,H,NCS)aBr3 crystallising 
in plates decomposing at 210° (Holmers, B. 20, 
790).—2. Chlorine forms (0,H.NCS).^Clj, whence 
^lute alcohol gives (0,H,NGS),0 [139°Lcrystal- 
Using in needles.—8. GHjChCO^ ana alcoho^ 

at 160° form C,H,N:C<q^q> [162°] (V 6 Uz- 


koBtiB. 13,1679).—4. Warmed with toluene a3id 
AlOl, it gives 0,H,NH.CS.0,H, [104°].— 

6. Heated with AlCl, it yields (C,H,N.CS),S 
[176°) [Friedmann a. Oattermann, B. 25, 3626)e 
6. C.H,OMe and itlCl, react, with formation of 
0,H,NH.CS.O.H,.OMo [157°].—7. C.H.OEt and 
AlCl, give 0,,H,,nOS [151°], which may be 
oxidised to Cj,flfc,NOS [170°]. 

m-p-KSLth bl-moXASBAHATB • 
CO(30.H,Me)r [91°]. Formed from jj-tolyl 
mercaptan and OOGl^ It is also a by-produot 


in the action of p-diazo-toluene ohioride on 
potassium lanthats (Iicuekart, f. pr. [9] 41, 
190). Needles (from alcohol). 

TBI-mn TSI-IHIOOTAHUBAIB 
(0,H,Me.SCy),” [114°]. Formed from sodium 
P'tolyl mercaptan and oyanurio ehloride 
(Klason, J, Jpr. [2] S3, 120). Crystals (from 

o-mYl-THIOHYDANTOlK 0,H„NSO U 


o-toIyl-thiocarbiniide and amido-aeetio acid 
(Marckwald, B,di, 3281). Plains, v.sol. alcohol, 
si. sol. ligroin. 

p-Tolyl-thiehy lantoln [210°] (M.). Formed 
as above (M.; c/. Aschan, if. 17, 426). Flat 
prisms, sol. alkalis. 

Isomeiide [183°]. Formed by fusing 
ClI.,Cl.CO.NHC,n, with thio-uroa (P. Meyer, B, 
10,1066). Small crystals. • 

p-Tolyl-t[f-thiohydantoio acid 
C,H,N:C(NH.,).S.C14C0,H. [176° -182°]. 

Formed by boiling^ clUoro-acetio acid with 
amiiyinium sulphooyanidc, ji-toluidine, and 
alcohol (Jdger, J. pr, [2] 16, 21). Prisms, not 
attacked by Ac^O and Br. 

BI-p-TOLYI-THIOPHENE 0„H,„8 

Si:Suo)>s- 

heating di-p-tolyl*furfiirane with f.^SB^(lIolle* 
miinii, B. T. C. 6, 74). Small plates (from^ 
alcohol). Gives an intcuso durk-greou colour 
witii isatin and 


o-T^LYL-THIO-UREA NIL.CS.NHC^H^Mc. 
[155°]. Formed from o-tolyl thiooarbimido and 
Nll;,Aii (Slants, 7f. 13, 136). V. ^1. Iiot water 
and alcohol, si. sol. ethor. 

Acetyl derivative NHAo.CS.NHC^H^Me. 
[184°]. Formed from acetyl ihiooarbimide ando- 
toluidine in alcohol (Dixon, C. J. 65,304). Pale 
lemon-yellow prismB, insol. water, sol. alcohol. 

Benzoyl derivative * 

NHBz.CS.NHC,H,Me. [110°]. Formed in muT 
manner (Dixon, 0. J. 65, 623). Pale-yellow 
prisms, blackened by AgNO,. 

Bi-o-tolyl-thio-urea CS(NH.O„H,Me),. [168°]. 
Formed from o-toluidino and CS, (Girard, D, 
4, 986; Berger, B. 12, 1864; Ador a. Rilliet, 
B. 12, 2301). Long needles, v. sol. hot alcohoU 
Converted by healing with Mel into the hydro¬ 
iodide of di-tolyl-methyl-thiourea 0,eH,BNjjS, 
which may be represented as ‘methyl di-o-tolyl- 
imido- thiocarbamato ’ C,1!,N:G(SMe}.NHO,Hy. 
This body medts at 60°, while t^e corresnonding 
ethyl derivative melts at 51°. The elhylene de¬ 
rivative [^°] may be represented by tho formula 


C,H,N:0< ^ (wm a. Dielsohowaki, 


B. }6, • 1310). Tho isomoric compound 
fK21C.H.Me.N:C<rgj^* ^°*^^~‘^> [82°] b 

got bylboiling the methylo-iodideof theetbylens 
derivative of p-tolyl-di-thio-carbamic acid with 
o-toluidine. 

m-Tolyl-thio-urea NHOyHy.«S.NH^ [103°]. 
Formed from m-tolyl tbiocarbimide ma am¬ 
monia (Weith a. Landolt, B. 6, 71^. ^isms, 
m. sol. not water, v. sol. alcohol ana cthar. 

» Bi-m-tolyl-thio-iirea CS(NHC;H,)^ [132°]. 
Formed from m-toluidine, CS|, and alcohol (W. 
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». Ik). Needlef. t. soL slooboli nearly insoL hot 
water. 

t>Tolyl.tliio.uraa NHO^OS.l?H,. [188<^. 
(0. s. W.) { p82®] (S.). Formed by heating »• 
toluidine hy^oohloride with ammoniom am- 
phocya9ide (De Clermont a. Wehrlin, 0. B. 83, 
347). Formed also from p-tolyl-(hiooarbimide 
ammonia (Staats, B. 18, 136). Plates (from 
alcohol) with bitter taste, si. sot cold water, m. 
sol. alcohol. , 

Acetyl derivative’^ NHO,H,.CS.NHAo. 
[176*^]. Formed from acetyl sulphooyanide and 
p-toluidine (Miguel, Bl. [2] 26| 103). Needles, 
y. e. sol. hot alcohol, v. sol. ether. 

Di-p-tolyMbio-urea 0S(N50,HjMe)^ [176®]. 
Formed by boiling p-toluidine with CS, and 
alcohol (Sell, A. 126,160). It is also a product 
of the action of allyl-thiocarbimido on an 
alcoholic solution of p-toluidiue (Maly, F. [2] 6, 
238). Trimetrio prisms (Levin, J. 1862, 384), in¬ 
sol. water, nearly insol. cold alcohol. In 
alcoholic solution it is converted by HgO into 
di-p-tolyl'Urea. In benzene solution COCl^ forms 
0„H„N,80 [116®] (Will, V[i. 14, 1487,'. CSCl, 
forms C,.HuNsS* [109®] (Freund a. Wolf, B. 26, 
1466). Mel forms C,H,N:C{NHC,H,).SMe 
[128®], crystallising in needles, split up by heat 
into C(NO,H,L [60®] and lISMo, converted 
by heating witn acids or alkalis into di-o4olyl- 
urea and MoSH, andfonuing the salts B'HCl 
[173®] andE'HgSO, [160®]. EtI forms the corre- 
■aponding OpH^NaS [87®], while ethylene bromide 

gives 0,H,N:C<g*p’^>> [112°], which yields 
B'H,SO, [191°] and a" hydrochloride [219‘!.] (WUl 
a. Bielsohowski, B. 14, 1492; IS, 1309). 

Reference .— Nitko- and Oxr- ToiiYL-xnio- 

URSA. 

p-TOLTL - TOLUTBIAZINE PIHYDBIDE 

O H N 4^ QH:CH.Q.ljI.gHa 

OMe;CH.O.N.NO,H,Me* 

Formed by heating o-amido*azo-tolucne with 
,formic paraldehyde and alcohol at 140® (Gold¬ 
schmidt a. PoUzer, B. 24, 1008). Prisma, v. 
sol. hot alcohol.—B'HCl. [220°].—B',HaPtCl,. 
[216°]. Yellow crystalline pp. 

o-TOLYI-FBAZOLE 0,H^,Oa t.c. 

tolyl-hydrazine hydrochloride with urea (Pinner, 
B. 21,121§). White leaflets, v. sol. hot water. 

p-Tolyl-urasole. [274®]. Yellowish needles, 
▼. Si. sol. hot water. 

o-TOLYL-XTREA C,H„NaO U, 
NH,.CO.NH.O,H;Me[l:2]. [186®]. Formed from 
o-toluidin^'hy^ochloride and potassii^u cyanate, 
(Oosaok, B. 18,1089). Plates, sol. alcohol, ether, 
and hot water. * 

Beneoyl derivative CO(NHBz).NHO,H,. 
[210®]. Formed from o-tolyl cyanateund benz- 
amide at 126® (Gattermsnn a. Cantzler, B. 25, 
1088). Needles. 

m-Tolyl-urea NHrCO.NHO,H,Me [1:8]; 
[142®]. Formed from m-toluidine hydrochloride 
and potassium oyanate (Cosack, B, 12, 1450; 
18, 1089). Neldlea or tables (from alcohol) or 
plates (from water). 

p-Tolyl-nrea , N£LOO.NHO,H«Me [1:4]. 
[172®] (0.); [180®] (St.; P.). Formed in like 
manner (0.; c/. Sell, C.J. 16, 190). Formed' 
also by the action of p-toluidine on mercuric 


fulminate (Steiner, S, 8, 619), and also from ^ 
toluamidoxim, benzene snlpl^nic acid, NaOH, 
and OHOlt (Plnnow, B. 24, 4167). Needles, 
sol. hot water, v. si. sol. ligrofn. 

Bi-o-tolyl-urea CO(NHC,H,)r [246®] (B.); 
[254®] (W.) 5 [266®] (Barr, B. 19,1769). 

Formation. —1. By the action of 'alcohol or 
water at 100° on the diohloride of o-toluio 
nitrile (Lachmann, B. 12, 1849).—2. From o- 
tol\ndine hydrochloride and cyanamide (Berger, 
j 3. 12,1869).—8. From tolyl oyanate and water 
(Nevile a. Winther, B. 12, 2326).—4. From o- 
toluidine and OOCl^ (Girard, B. 6, 44^.—6. By 
heating o-^oluidine with urea (G.).—6. A prt^ 
duet of the distillation of o-tolyl-amido-acetic 
acid (Widman, J. pr. [2] 88, 803).—7. By the 
action of Ao,0 and benzene on the o-tolulde of 
o-tolyl-imido-diacetio acid (Bischoff, B, 23, 
1996). 

Properties.—Needles (from HOAo), insol. 
ether, si. sol. alcohol. Not volatile with steam. 

Di-w-tolyl-urea CO(NH.C,H.Me)j. [203°] 
(G. a. C.); [217®] (0.). Formed from m-tolyl 
cyanate and m-toluidine (Gattermann a. Cantz- 
.ler, 25, 1089), by the action of ClCOaFit on m- 
toluidine, by heating m-tolyl-oarbamic ether 
with water, and by heating m-tolyl-urea with 
i m-toluidine at 160® (Cosack, B. 12, 1450; 18, 
1090). Needlos (from alcohol), insol. water. 

Di-p-telyl-urea CO(NH.O«H*Me)a. [266®]. 

Formation. —1. By b(^mg an alcoholic so¬ 
lution of di-p-tolyl-thio-urea with HgO as long 
as HgS is formed (Sell, C,J. 16, 190; A. 126, 
161).—2. By passing GOCL intop-toluidine dis. 
solved in chloroform (Michler, B. 9,710; Kiihn, 
•u. Henschel, B. 21, 605).—3. By heating tolyl- 
urea withp-toluidine at IGO® (Weith, B. 9, 821), 
4. From p-tolyl-eyanate and p-tolnidine (Gat¬ 
termann a. Cantzler, D, 25, 1089). 

Prpper/iee.—Needles, insol. water, si, sol. cold 
alcohol. 

Tri-p-tolyl-urea C^jn^jN^O. [189®]. Got from 
(C7H,)^N.G0C1 and p-to1uidine (Hammerich, 
B. 26, 1822). Needles, sol. warm benzene, in¬ 
sol. ether. Gives a benzoyl derivative [137®]. 

Tetra-p-tolyl-urea Cj^.^NjO. [80®]. Got 
from (CyH;)2N.GOGl and di-p-tolyl-amiue. 
Ne'edles, v. e. sol. alcohol. 

References. —Amido-, Niibo-, and OxT* 

TOLTL-)^ BBA. 

TOLYL-XYLIDINI^ O.jH.yN i.e. 
C«H,Me.Nn,0,H3Me2. [70®]. (c. 800® at 487 
mm.). Silky needles (from alcohol) (Girard a* 
Vogt, Bl. [2] 18, 69). 

o-TOLYL m-XYLYL KETONE 0„H„O lA 
A [1:2] O,H4Me.CO.O,H,M0, [1:2:8]. (830®) at 

726 mm[, Formed from o-tsluic chloride and 
.m-xylene (Smith, B. 24, 4050). Oil. Converted 
by hydroxylamine at 120® into a mixture of 
anilides. 

* TONKA BEANS, the fruit of Biptsrimodo- 
ratck, contains ooumarin (q. p.) (Boollay a. Boa- 
tron-Charlard, /. PA. 11,426; [8] 7,160). 

< TBAOACANTH OFlf. ExudM from Aetra- 
galue vents, a trdt) growing in Armenia and the 
north of Persia. It swells^up in water, about 
pne-half.of it dissolTing. It contains arabin, 
bassorin, starch, and water. t 

fBANSFIBdTION. Graham, in 1846 and 
' 1849, applied the term* transpiraUon* to the pas¬ 
sage of gases through oapillary tubes Into A 
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taanoai T* 1846. 578; 1649.849). The ntes 
o< tnntpiratloo of different gases l^ar constant 
relatione to each other; bat these rates have 
not been connected in any, definite ways with 
the compositions of the gases. M. M. P. M. 

TBSE QnX V. Xtl^'. 

TJEtEHAtOSS V. Sogab. 

TEEHALITM S. *06 at 17®; 1-8 

at 100®. Wp^+179®. .Occurs in TreJtala 

* tnanna (Soneibler a. Mittelmeier, B. 2l)» 1336).« 
Tasteless, minute prisms. Very bygroscopio. 
Does not reduce Fehling's solution. Does not 
react with phenyl-hydrazine. Boiling dilute 
H^804 forms glucose. At 180® it slo vly forma 
(rebalin. which is v. sol. water and ppd. by alco¬ 
hol. Trchalin dissolves in phenyl-hydrazino. 
Iodine colours trehalum and trehalin violet. 
Diastase, yeast, and invertin have no action. 
ACjO and NaOAo yield an acetyl derivative 
[above 210®]. 

TR1>. In the alphabetical arrangement of 
this dictionarytheprefix'tri,’ \vl\en indicalingtho 
presence of throe radicles, is treated as if it did 
not form part of a name, except wliere the en¬ 
tire name is numerical, as in * tridecane.* 

XHIANOSPEBIdXN. A crystalline substance 
occurring in Triamsjyernia Jlci/olia, a climbing 
plant of Brazil (Peckholt, Ar. Ph. [2] 11.3, 101; 
Parodi, Ph, [3] 10, 067). It has a pung(!nt 
taste, is alkaline in reaction, so), water, alcolml, 
and ether, and is ppd. bf PbiOAc)^ and PtCl*. 

TEXAZOLE , Pyrrwliazole, 

[120-6®]. (260°), V.D. 2*39 (calc. 2*49). Formed 
by heating its carboxylic acid alone or with 
boiling water (Andreocci, B. 25, 229 ; Bladtn, B. 
25, 745). Needles (from ether), v. sol. water and 
alcohol, may bo sublimed. The di-oxy- deriva¬ 
tives of alkyl-trinzoles named by 

Pinner * urazoles,* are obtained by heating 
hydrazines with urea (Pinner, B. 20, 2358). 

TBIAZOIE CABBOXTLIC ACID 

Obtained by oxi- 

dising methyl-triazole (Andreocci, B, 25,229) or 
amido-phenyl-triazole carboxylic acid and alka¬ 
line EMnOf (Bladin, B. 25, 744). Amorphous 
powder.—CuA'^aq. Green crystalline powder. 

XBICABBALITLIC ACID fi. vol. i. p. 6718 

XBICOSANE V. Tri-ioos.»je. 

TBIDBCANE 0„H„. [-6®]. (234®). S.O. 
a *771; y *761. Formed by reduction of methyl 
dodecyl ketone/>r of tridecoic acid by 111 and P 
(KraCft, B. 15,1C99). Formed also by distilling 
barium myristate with NaOMe (Mai, B, 22, 
2184). • 

TBIDECOIO ACID 0,^j,.COsH. [41®]. (230® 
at 100 mm.). Formed by oxidation of methyl 
trideoyl ketone (Krafft, B. 12,1009). Crystals. , 
—AgA'.a 

Amide 0„H„.CO.NH^ [98*6®]. Formed 

by digesting the nitrile with cono. H,SO, and 
taring into water (Lutz. B. 19,1439). Plates 
(from alcohol). * 

Nitrile (276®). Formed from 

trideoylamine, Br, and NaOH. Oil, re sol. 
alcohol and ether. • • 

TEIDECYL ALCOHOL (04H„),0lf.0H. [42®]. 
Formed by redaoing di-hexyl ketone (Kipping, 
0* J* 57» 536). Plates (from dilate alcohol), 


insoL water. Hay ba distilled. forma 

(04Hu),OHBr [89®]. 

IBlDECTLAinKBO^,H^H,. pi7®]. (965®). 
Formed by boiling myristyUtrideoyl-area with 
KOHAq (Lutz, B. 19, 1437). Unotaous mass, 
V. sol. alcohol and ether. Absorbs watbr and 
GO^froin the a^r.—B'HCl; needles, decomposing 
at 100®.-B',H.^tCl,.—B',£I,SO4; needles, insol. 
cold water. 

XKIDEfYLilNE (233® oor,), S.G. 

® *8445. Occurs in petroleum from BurmaJh 
(Warren a. Storer, Z. 1868, 232). 

XBIDECYL-DBEA. Myrisfyl derivative 
C.,H«N,0, i.e. C„H„NU.OO.NnO„H„0. [103®]. 
Formed by the acti..n of Br and KOHAq on the 
amide of myristio acid (Ucimor a. Will, B. 18, 
2016). Crystals (from alcoliol), almost insol. 
cold water, 8ol.eth*br. 

XBIQENIC ACID v. EruYLiDiiNE-uxauar. 

TEIGONELLIN C,n,NO, t.c. 

..CR—0^ -CO 

CH^ >CU I • Occurs in the seeds of 

\cn;NMe/l- O ^ 

, Triyonfilla'’i*\enufn’gracum{Jii]ms, B. 18,2518; 
20,2840). It is also produced by saponification 
of the product of the reaction of Mel on potas¬ 
sium pyridine (8)-carboxyJato (Flantzsch, B. 19, 
31). Colourless prisms (containing-iq), converted 
by HGlAq at 205® into pyridine (/3)-oarboxyUo 
acid {q. v., Rmetion 4).—B'lIOl.—B'./H^*iPL.— 
B'HAuCl, [198®]. -B'^ailAuC!,. [l8C'l. Slender 
needles. 

jt.XBX.IOOSANE 0„n,H. M8]. (234®atl6mm.). 
S.O. *7785; *7570. Formed from laurone 

(C,iH.,)^00 by treatment with PCIj and reduction 
of the resulting (C,,H^)..GC1,, with HI add P at 
240® (Krafft, B. 15, 1712). Obtained also by 
fractional uisiillation of paraflln oil from brown 
coal (Krafft, B. 21, 2263). Glittering plates 
(from cthcr-alcohol), si. sol. alcoliol. 

XBI-ICOSAKE BXCABBOXYLIO ACID 
Cr,H„{CO,H)^ [102*6®J. Formed by® heating 
di-oxy-penta-icosylonc with soda-lime (St&rckof 
A. 223,300). Flocculent pp. (from ligroln-ether). 
—PbA". 

XEI-ICOSYL ALCOHOL (0„H„),CH.OH. 
[76®]. Formed by reducing laurone with Na and 
water (Kipping, C. J. 67, 983). Plates (from 
ether), insol. water. Yields an acetyl derivative 
(C„H«)/5n.OH [35®]. 

XEt-ICOSYL ALCOHOL 0„H„.On. [82®]. A 
warlike body extracted by hot alcohol from 
flax fibres (Cross a. Bovan, C, N. 59,135). Yteldi 
an acetyl derivative [65®j. 

XBXHELLIXIC ACID v. vol.iUrp. 20k 
^ XEIHE3RI ACID v. vol. iii. p. 230. 

TEIME8IXI0 ACID^ v. Pykidinx zoioabjn 

(KVLia ACID. 

XRIMETHYLENE v. vol. iii. p. 304. 

TEITJCIH C„H„0„. [a]D--.43'6® (Beld©. 
meisfbr,«!. Th, 1881, 69).* Kxtraoted by dilute 
alcohol from the root of couch-grass {TriUeum 
r^ins) (H. Muller, Ar. Ph. [3J 2, 500 ; 8, 1). 
Tasteless hygroscopic powder, v. sol. water, insoL 
alcohol and ether. Lnovorotatory.w On boiling 
with water, especially in presence of aoi4[|, U 
gbahges into laovulose. Its solutions are not 
ppd. by metal1ie*saH8, nor cokured by iodine* 

^EOPiBOLIHES V. Azo- covPOUitM, 

XROPElNES. A name given 1^ Ladmtboig 
to alkoyl derivatives of tropine (q. o.}« 
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XBOPIO ACID 


Oxi-FHxnTL-riiorzoino 


XBOPlSm V. MsTHn-BTHVUtiO rxBii>n« 
nXBiHXDKISB. 


(a)-i[ethjl-tropidiiM 
OH,-aH.OH:CH.CH:CH.OH,.NM^ (Ladenbnfg) 

or OH<q| o|[j>OH.CH,,NMe," (McrHng). 

Formed by distilling tropidine methylo«hydrozide 
with water (Both, B. 17. 157;'Mezliog, B. 24, 
8118). Oil. HClAq forms ' hydrochloro>(a)< 
methyl-tropidine * which gradually changes iizto 
the isomerio ^‘tropidine mv thylo>chloride. — 
B'^PtCl.. [174«‘].—B'HAuCl,: golden-yellow pp, 

Methylo^iodideB'U^. [162®]. Needles. 

(8)-Methyl.tropidine 0,H,5N. (206®). S.G, 
11 *922. Formed by heating (a)-m6thyl>tropidine 
at 160®>200®. Oil. GonvAted by HCl into 
tropilene. 

TBOPIQENIN C,n„NO. [161®]. Got by 
oxidation of tropine by alkaline KMnOf (Merling, 
B. 16, 287). G(ft also by boiling ' homohydro- 
apotropine * with baryta^yater (Pesci, 0.12,320). 
Needles, sol. water and alcohol. Beojnv^rted by 
Mel into tropine. Oxidised by chromic acid 
mixture to eegonio acid and a small quantity of 
tropic acid (Liobermann, B. 24, 615).—B'Hl.— 
B'„COj; cryitalline pp. — B'jjHjPtCIfl aq. — 
B'HAuGl^: golden-yellow plates, sol. alcohol. 

TROPILENE C,n„0 i.e. 

“ ®H,<°^°2^>CH.CnO (?) (Merling) (182°) 

(L.)s (lOT^) (M.). S.O. 2 1-0091. V.D. 102-3 
(oaio. 110). Formed by distilling tropidii o 
znetbylo-iodide with KOH (Ladenbuflg, B. 14, 
2403 ;16, 1028 ; A. 217, 138). Formed also fronf 
(8)-methy)‘-tropidiue and cold HCIAq (Merling, 
B. 24, 3123). Oil, smelling like tfil of bitter 
almonds and acetone, sol. dilute HGlAq, v. sol. 
alcohol and ether. Boduces warm ammoniacal 
4gNO„ forming a mirror. Bcduces Fehling’s 
loiution^and KMnO^in the cold. Not attacked 
‘ <.i>y AcGl. Combines with NaHSO, (M.). Nitric 
acid forms an adipic acid OaH,oOv Slowly 
combines with niethylamine, forming (^)-methyl- 
tropino. 

TBOPILIBENE 0,H, i.e. 

Formed by distilling methyl-tropine mcthylo- 
iodide with KOH (Ladenburg, A. 217,133; B« 
14, 2408; 26, 1067). Formed also, together 
with methylamine, by distilling tropino with 
soda-lime. Oil, smelling somewhat like toluene, 
but combiniLig readily with bromine, forming 
O^HaBr^. Gives no pp. with ammt*niacal 
Oxidised by CrO^ to benzoio aldehyde and aoid 
(Merling, B. 24. 8122). 

TBOPINE 0,H,,NO i.e. 
CH.OH,.OH,OH..ril,.OH A v** X** 
OH.C^NMe ^ (Ladenbnrg) or. 

tetrahtjdride. [62°] (229“;. 

^^tfl^ether with tropio acid, by hydro- 
«ee(L«-g jjy hyosoyamino by baryta or 
,jPonnei™"^‘ d. 129, 291; 133,87; LaSoir- 
fc'ftofaW, 217, 116; ”S. 18,008; 20, 


, A, 206 9 ?' ®^** aiconoi. juoeg 

1668 ; 28 &i>^< Ils aqueous solu- 
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^ tion ppts. metallio oxides from their salts. Not 
attacked' by nitrous acid. Not volatile with 
steam. According to Eykman (B. 26,1400) the 
refractive index qgrees best with Merlmg’s 
formula. 

Beaciicne .— 1. Decomposed by distilling with 
soda-lime into tropilidene, me^ylhmine, and 
H,0.—2. Loses RjO, being converted into tropi¬ 
dine by heating with fuming HCl and HOAc at 
^IPO® or by heating with H^SO, (1 pt.) and water 
(1^ pts.) at 230®.—8. Cone. HlAq and red F at 
160° form tropidine and tropidine periodidc, but 
at 140® they form Hropine iodide ’ CtH„KI, 
which cz^stallises from water in prisms [115®J, 
whence silver chloride followed by PtCl, give 
( 0 «H„NICl) 2 PtCl, crystallising in red octahedra. 
By treatment with Ag^O followed by HOI and 
PtCl, very soluble (C,H„NCL,)PtCl, is got.—4. 
Alkaline KMnO^ forms tropigenin and, finally, 
oxalic acid and NH, (Merling, A. 216, 341).—6. 
CrO^ forms tropinio aoid CbH,,N(CO^) 8 .— 6 . 
Aqueous IIOCl yields prisms [111®], whence 
alcohol produces C„H,NCl|.CH.OH [108®], which 
forms a hydrochloride [162®] crystallising in 
plates (Einhorn a. Fischer, B. 26,1301). 

8 alts. — B'HCl. -B',a,PtCle. Orange-red 
monoclinic crystals. [20b®J (Schmidt. A. 208, 
214).—B'HAuCl,. [212'^J.—B'nC16HgClj. [246°] 
(Ladenburg, B. 24, 1631).—B'CgHjNsO,. 

Niiroxyl Ucrivative ChH, 4 ( 0 N 08 )N. 
Nitro-trojye'in. Formed 7>y warming tropino (2g.) 
I with HNO, (12 g. of S.G. 1-25) at 100° (Laden¬ 
burg, B. 15, 1026). Alkaline liquid, sol. water, 
alcohol, and ether. Yields KNO, on boiling with 
I KOH.-B'.^;PtClg. Needles.—B'HI. Prisms. 

' Benzoyl derivative CbH,4(OB/.)N. 

BcmotjUtropc'inc. Formed by heating tropine 
; hydrochloride with benzoic acid and dilute FICl 
I (Ladenburg, B. 13,1083; i4.217,96). Crystallises 
a8C,jH,pNO,2aq[58°J, C, 4 H,„NO,Jaq[ 37 ®].oran- 
i hydrous [42®J. SI. sol. water, v. sol. alcohol and 
I ether.—B'HNOj.—B'sH^PtClp 2 aq.— 
j O’Oxy-bcnzoyl derivative 
I CJI, ,(O.CO.ObH^.OII)N. Salicyl4ropcine. 

i Formed in like manner, using salicylic acid 
j (Gaobe a. Caro, B. 13, 106; L.). Silky plates. 
I ^Feeble poison, *025 g. killing a frog in a few 
: 'hours. Has no apparent effect on the pupil.-— 
; B'HCl.—B'H,PtClp.—B'nAuCl 4 : yellow plates, 
j f.'n-Oxy’benioyl derivative C,sH,oNO,. 

I [226®]. Small plafes, v. si. sol. water. Acts 
: slightly on the pupil of the eye.—B'HOl.— 
; 4aq.—B'jHjPtCl,: orange plates, 

i p^Oxy‘benzoyl derivative C,pH|pNO^ 

[227®]. Trimetrio plates (containing 3a^).— 
B'HNO,.—B'jH-^PtCla 2aq. Orange plates. 

rhenyl-aoetyl derivative 0 „H„NO| 
i,6. C«H, 4 N (O.CO.CHjPh). Phenylacettropeine* 
Aromatic oU.—B'HBr.—B'^H^PtCli^—B'HAuCl^. 
—B',H,S 04 ,. Soluble tables. 

Mandelyl derivative 0 ,tH„UO, i.s. 
C«H, 4 N(O.GO.CHPb.OH). Homatropine, Formed 
by heating tropine with mandelio aoid, HCl 
(1 pt.), and water (40 pts.}, the yield being 50 p.o. 
of the tbeorehcal amount (Ladenburg, C, B. 90, 
921; A, 217, 82). DePquesceot prisms (from 
ether), si. sol. water. A solution of its hydro- 
(;hloride is ppd. by potosaio-uzerourio iodide, but 
not by tanmn. It enlarges the pupil of the eye 
almost as energetically as atropine, bat the en¬ 
largement passes off much more rapidly (VblkerSf 
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4 . 817 * 86 ; BerOxetai, B&rU Klin, Wochensehri/lt 
1680. No. 41; Tweedy a* Binger. Lancet^ 1880. 
No. 21).'^B'HBr. Trimetrie orystals; aibio 
m *414:1: *472.—B'C,H,NsO,. Yellow plates.— 
B'HAuOl,.—B'ASO,. Needles. 

Cin^amoyl derivative C,.Hj,NOj. [70®]. 
Small plates (from dilate alcohol). Gives pps. 
with tanmn. piorio acid.potassiomercurio iodide, 
and 1 in KI. Strong poison. *03 g. killing a frog 
in three minutes. Has little action on the ^ipii. 
—B'HCl.-B'^,PtCl,.—B'HAuCl*. Needles. 
Airopyl derivative C„H,,NOa. Atrop- \ 
mtropeine. Oil.—B'HAuCli. Small needles. 

Atrolaetyl derivative C,,U.^,NO,. : 
Pseudo-atropine. [1‘20®J. Formed from atro- ! 
lactic acid, tropine, and dilute HGl (1:100) by 
repeated evaporation (Ladenburg. A. 217, 87). 
Needles (from water). Bcsombles atropine in 
physiological action, two drops of a 1 p c. solu- I 
iion expanding the pupil and paralysing accom¬ 
modation for aweek.—B'HAuCl,. [H4®J. 

Phthalyl derivative [70®]. 

Formed, in very small quantity, by ovapoiating 
phthalio aoid with tropine and dilute 1101. 
Mass of silky needles. -B'H FtCl^. 

MethylO'iodide GHH,jNOMeI. Small 1 


151; Iiiebermann, 2f, 2687). Jfonned also by 
dissolving its benzoyl derivative in hot cono. 
HGlAq (Hesse, 4.271,210). Hygroscopic prisma 
(from chloroform), v. e. sol. water, xiel^ iro* 
pinio and eegonio acids on oxidation,—B'|H,SO,. 
Hygroscopio orystals. — B'HAuCl,. * [198®] 
(LadenburgJ; [202*^] (H.); [226®] (Liober- 

mann). — B'aHaPtOla 4aq. [20U®, anhydrous]* 
Trimetrie prisms; a:6:c = *702:1: *879. 

Methylo-iodide B'aMcI. [270®]. Bhom- 
bohedra. Yields B'MoCl and B'^H^tGV 
[210®] crystallising from water. 

Benzoyl *C,aH,flNOa. [48®]. 

Occurs in the leaves of Java coca (Liobermann, 
B. 2i, 2336; Uosso, 4. 271, 208). Oolourioss 
plates (from other).-- B'flCl. [270®].— 

! B'..H.^PtClu. Pulo-vcllow noodles. — B'Mel*— 

! li'McCl.--B'Me*AuCl,. H'Mu.PtCl, 2aq. 
Mandelyl dorxvative ^ 
C^H,,NO(CO.GlI(OlI).CuII,,). ^-llomalropine. 
Formed by heating '|'-tropinn with mandelio an¬ 
hydride at 200-’ (Licbermann a. liiiupach, B. 25, 
031).—B'HCl.—B',li,PtCI„. - B'lIAuCl,. 

f-^ro'Jyyl derivative CJ-X,,N0{0Bn„O.^). 
Isomerido of hyoscine. [88®J. [a]©* —'i-O®. 

Nodules, iihsol. water, sol. alcohol.—B'HOl. 


crystals, nearly iiisol. alcohol. Yields B'MoOll 
and B'.Me.^PtCl^ (Merling, B. 14, 1820 ; Laden- 
burg, A. 217, 131). 

Bthylo-iodideA^'EH. GrystalUne. Yields 
B'jjEt^PtCl,, a yellow crystalline powder, 

(a)-Hethyl-tropine CJI,,MeN(.). (243®). 
Formed by distilling tropine methylo-iodido. 
Liquid, v. sol. water and alcohol. Strongly' 
alkaline. Its hydrochloride, distilled with solid 
KOH, yields dimethylamino.—B'HAuCl,. Very 
unstable. 

Methylo-iodide (CHH,,MeNO)MeI. Doli- 
quescent needles, decomposed by distilling with 
solid KOH into tropilideue and triinethylamino. 
—(C„H,,MeNO)2Me.^rtCl,.. Orange crystals. 

(i8)-Hethyl-tropine CylI,,NO. (108 -205®). 
Formed by shaking tropiicne with an aqueous 
solution of dimethylamine (Ladenburg, li. 14, 
2404). Liquid, split up by gaseous HCl into 
tropilene and NMe..H. B'll.VuGl,. Prisms. 

(7).Hethyl-tropine C„lI,,NO. Formed in 
small quantity by distilling the metliylo-hy- 
droxide of (o)-methyl-tropine (Merling. B. 15, 
288). V. si. so!. Aq.—B'jH^l’tCl,,. V. si. «ol. Aq. 

Metatropine C,H,,N6. (238®). F'ormed by 
shaking tropine iodide with water and Ag^O. 
Not solid at — 30®.—B'HCl; tables. 

Hydrotfopidlne CJI,»N. (1G8®). S.G.fi*937; 
1* *026. Formed by reducing troi>ino iodide 
G,H,^NL with zinc-dust and llCl.\q (Ladenburg, 
B. 16, 1408). Liquid, m. sol. water.* B'HCl: 
deliquescent orystals.—B'aHaPtCls. Tables. • 
Norhydrotropidine 0,H„N. [CO®]. (161®). 

Formed by distilling hydrotropldine nydro- 
chl^de in * current of HCl (Ladenburg, B. 
20. 1649)^. Cry8tallme.-B'HC1. [28r].— 
B',H,PtCl,.—B'HHgCl,.—B'C,H,N,0,. Needle^ 
Nitrosamine C.Hi^NyO^ [117^. Cubes. 
Paratropine 0*H,iNO. (202®). Formed 
from hydrotropind%nd K,FeCy„ (Ladenburg^, B. 
24, 1626).—R'jHjPtCl,. [197^].—B'HAuCiJ. 
[182®].—B'HCreHgCL. [225®]. ,V. sol. wa#er. 

^r-Tropine C,H,^NO. [108®]. (242°). Formed,. 
together with tropic acid, by warming hyoscine 
with bary^water (Ladenburg, B* 13,1651; 17, 


[183®].—B'.,H 2 PtCl 8 .—B'HAuCl,. [136°]. 

Atropyl derivative. fl29']. Formed 
from tropiiJe and t|»-tro|)ine at 200®. Crystals, 
Bol. water. Split up by HClAq iut^ at^ppio acid 
and il'-lropino. 

Oxy-tropine carboxylic acid * 

CH.C1L;.NMo ' ' Dbayan. 

liydr(fbc(jninnr.. I’orniuii by oxidising hydro- 
eogonitio with KMiiO, and aquooi,^ NitjCO, at 1* 
(l‘iinliurn a. UaasoiT, Jf. *d5, Docompoaea 

at 2H0"'. V. 0. 8ol. wati r and MeOH, insol. 
EtOH.-ll’irCl. ladl”]. Ji'C il,N,0,-—KA'. 

Mcthf/l ether Mr\'. [13y°J. Tablea. v. 
e. sol. CllCl,. Yields Jl'dl.l’tOI.. [210^. 

Benzoyl derivatira of the methyl 
ether C,II,MoN.CIl(OH).OH(OBz).C9,,». 
[lOH^. Nci'dles.-Ii'HNl),. L21(i'’].—B'HCl. 
1,20;)’].—B'UAuCl,. lj',U,PtCl.. [208’]. 

Di-benzoyl derivative of the methyl 
ether C,H,MeN.CII(OB/.).CH(OBz).CO.U. 
Needles.—B’HNO„. [1!I0’J.—B'HCl. [280“].— 
B',HjPtOV [205“].—B'lIAaCl,. [203“J. 
iieference. —Oxytiioj-ink. 

TROPINE DIHYDEIDE C,H„NO i-e. 

rf?n,.cH,.gH.cn,.cH,ou 

CH.„CH,,.NMo • Jlydrolroptn*. 

Afcthyloxyethylpyridine hezahydrUle, (288“). 
b’onued Irom oxy-etiiyl-pii)eri(liae and EMeSO. • 
(Ladonbftg, B. 24, 1022). V. sol. water and 
alcohol. - B'UCluIfeCl,. [2U“]. — B'HAaCl,. 
[170“]. Crystals. 

TEOMNIC ACID 0,H„NO,. [26S“] (Ii.) 4 

[220'^ (M.). A product at oxidation of tropino 
and ot eegonine by chtemio acid mixture (Mer. 
.ling, S. 216, 348 ; Liobermann, B. 28, 2519). 
Needles, t. sol. water, si. sol. alcohol, insol. 
benzene. Gives off CO, when heated. Forme 
ealts with acids and bases.—BaA',. Very hy- 
groscopic.—CaA'...—AgA'. Eeadily ttjaaei,— 
(HA'),PtCI,.—HA'UAuCl,. Golden ptiems.— 
HA'HCl aq.' • 

TEOPVLENE v. Tbomles*. 

TBUXENE (C.H,),. Formed by heating 
tmxone with red F and HlAq (S.Q. 1'7) at 180“ 
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^eberm&nn ft. Bergami, J9. 03, 786 ; 38,817). 
Farmed alao by heating hydrindone vith oono. 
HCIM, fto6 by heating pbenyl-propionio aeid 
with F,0, (Hansmann; mpping, C. 65, 369). 
Needles or plates, melting above 860°, insol, 
CHOlr Oxidised by boiling HOAo ,and CrO, to 
oryitalline ‘ tri-benzoylene-benzene,’ which is 
not melted at 860°. HNO, forms (4,2,l)-nitro. 
phthalio acid. , 

(«)-TBUXimO ACID OnH„0, 

(yhl^^opic acU 

[274^]. Formed, together with (iS)-truxillio aoid, 
bj the action of boiling HCIAV on isatropylco- 
oalne, which is a by*produot in the preparation 
of cocatne (Liebermann, B. 21, 2342; 22, 124, 
783, 2242). Small needles (from alcohol), sol. 
hot HOAc. Yields cinnamic acid on distillation. 
Nitric aoid (S.O. 1'52) forms two di-nitro- deri¬ 
vatives, [229®] and [290®]. Yields two isomeric 
Bulphonio acids.—ria.iA" lOaq (Drory, B. 22, 
2256).—BaA" S^aq. Crystalline, v. sol. water. — 
CaA"aq.—Ag,A''. Fiocculent pp., sol. KH^Aq* 
Methyl ether Me.A". [174°]. (o. 300°). 
Ethyl ether KLA". [146°]. H.C.p. 
2,720,900 (Liebermann, B. 25, 92). Yields 
C,«H„(NOJ.,EtA (Homans, B. 24, 2590). 

Isoamyl ether (C4H,,)jA". [83°]. Prisms. 
ACgO at 150° forms (a)-truxillio anhydride, while 
at 170° the pVoduct is (7)4ruxiUio anhydride. 

JDt-awttdc 0,gH,403(NHj2‘ [265°]. Needles, 
V. si. sol. hot water, si. sol. alcohol (Drory, B. 
22, 2261). 

Di-pi»flH<li<i0C„H„(CO.NC4n,o)v. [259°]. 
Got from Che ^chloride and piperidine (Horstein, 
B. 22, 2264). OrystalUne powder, sol. alcohdl. 

Mono-piper idide ’ 

0„H,g(CO^).CO.NC3H,o. [250°]. Yields MeA' 
[151°] crystallising from ether in needles. 

Anhydride (O^gH^O,),. [191°]. Mol. w. 
1712 (1703’t)b8. by Itaoult’s method). Formed 
Ly heating the acid with Ao^O and NaOAc at 100°. 
Needles (^om benzeuo-ligroin). Gives no iluor- 
esoeln. when heated for an hour at 200° it 
changes to (7)4111x11110 anhydride. 

(/8)-TnixiUic aoid i.e* 

gHPh.gH.CO.Ji 
CHPh.CH.C'0.;H 

{Hyisatropic acid. [206°]. Formed at-the 
same time 'as the (a)- acid (Liebermann, B. 21, 
2342; 22. 783, 2243; 25. 90; 26, 837). Mor^ 
sol. water than the (a), isomoride. Yields benzil 
on oxidation. Nitric acid (S.G. 1*52) forms a 
di-nitro- derivative [216^ (Homans, B. 24,2590). 
Forms cinnamic acid on distillation.—N’a^'' 2aq. 
—BaA" 2aq. 81. sol. water.,—CaA"8aq.—Ag2A". 

Methyl ether [76°]. Mol. w. 309 

(by Baoult’s method); calc. 324.^ H.C.p. 
2,422,900. Mox^oolinicprisms; ’ 

•826:1:2-019; )B.89° 22'; 

Ethyl ether [47°]. 

Chloride 0||H,403Cl2. [96°]. Tabular’ 

prisms, V. sol. ether (Drory, B. 22, 2260). 

Monopipet,idide 0,4H,4(C0,H).C0NC,H„. 
[224^. Formal from (i6}-traxilIio anhydride and 
pineridme (Herstoin, B, 22, 2264). Needles, si. 
sol. cold alcohol. * 

Bipiperidine 0|^i4(GO.NO,H,e)^ [180°]., 
Formed from the chloride and piperidine. 
Prismsi T. sol. alcohol. 


PktnyUmiii 0,A,<^^HPh. [180°]. 

Mol. w. 851 (ob^. Got by heating the anhydride 
with aniline. Cfolourless needles (from alcohol). 
Cold alcoholic potash forms the compound 
COjH.O„H,4.CO.NHPh [197°]. t 

Phenyl hydratide 

[218°]. Formed from theacid, phenyl-hydrazine, 
and ISOAo on warming. Crystals (from HOAo). 

Pluoreaoe’in 

Formed by heating the aoid or its anhydride, 
with resorcin'at 240°. Amorphous brownish-red 
powder, sol. alkalis forming duoresoent solutions, 
V. sol. alcohol, insol. benzene. 

Anhydride CigH^Os. [116°]. Mol. w. 
276 calc., 289 obs. by Baoult’s method. Does 
not change to an isomeride when heated. 

( 7 ) -Trttxillio acid 9-Isatropio acid. 

[228°]. Formed by heating the anhydride of the 
(a)-isomerido with HGl at 160°. Needles (from 
dilute alcohol), v. si. sol. hot water, v. sol. ether. 
Yields oinnomic acid on distillation. Gives the 
Same anhydride as the (a) - isomeride (Ladenburg, 

B. 22, 124). Heated with HGlAq at 260° it is 
changed to (a)-truxillio acid. HNOj (S.G. 1*52) 
forms a di-nitro- derivative [293°]. 

Salts.—BaA" ll^q.—CaA"3|aq.—- 
CaA" 6.^aq.—Ag,^"; crystalline pp. 

Methyl ether Me^A". [126°]. Needles. 
Mol. w. *382 (calc. 324). 

Mono-ethyl ether G,gHi,(C02H).C02Et. 
‘‘[172°]. Formed, together with the di-ethyl ether, 
saturating an alcoholic solution of the acid 
with HCl (Liebermann, B. 22, 2240). Needles, 
yielding AgA'. At 320° it is converted into a 
mixture of (a)-truxillio acid and (a)-truxillic 
ether. 

Di-ethyl ether [98°]. Needles, y. 

sol. alcohol (Drory, B. 22, 2260). 
Mono-piperidide 

C, «H„{CO.NC*H,o).C02 H. [261°]. Plates (from 
water or dilute alcohol). Yields MeA' [201°J 
and a piperidine salt (CjH,,N)HA' 8aq [218°], 
which crystallises (witlx 3aq) from alcohol (Her- 
stein, B. 22, 2262). 

Di-piperidide Ci.H„(CO.NO,H„). [248°]. 
Needles, insol. water, sol. alcohol. 

Mo%o-anilide " C„H„(CO.NHPh).CO.^. 
[220 ^]. Formed by heating the acid with aniline 
(Liebennann, B. 26, 838). Needles (from dilute 
alcohol). 

AniHns C,«H„(CO.NHPh),. [255°]. 
Anhydride GigH^O,. MoL w. 282 (ealOb 
^278). Gives no fiuorescem. 

(8) .Ku3dlUeaoidC,gH„04. [174°]. Formed 
Ly fusing (3)-truxillio aoid with potash. Needles 
(from water), v. sol. alcohol (Liebermann, B. 22, 
22,^0; Hesse, A, 271, 205). Yields a di-mtro- 
derivative [226°]. Yields cinnamic aoid on disnlla- 
tion.*^CaA": rosettes of needles.—BaA"4aq: 
prisms, si. sol. Aq.—CuA*' 2aq.—Ag^A". 

^ Methyl ether [77°]. Needles, 

ile/rrcncs.—OxT-TBUxiLLio aoid. 
TBlTZOK£(G,H,OL,a;.aur8.[289°]. Fonned 
A'om (a)-iruzUiiQ acid and faming HtSO« (S.G* 
1*96)-at 15° (Uebermann a. Hergami, B. 22, 
784 ; 23, 320). Plates (by sublimation), insoL 
water, acids, and bases.' Not attacked by HNC^ 
Yields (0,]^Og« [178°]. Aniline and HOAe on 
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bdUag htm lh« anilide (O^H«:KPli), crystaUiaing 
in oe^ea, ^70*^, decomposed by fusion. 

Pk$nyl-hy4raMid$ (CeH.iN^HFh),. [o. 
270^. Neediest y. si. aol. alcohol. 

Oxitn (OfH^OH)*. Very nnstable, easily 
changing to an anhywde. Boiling Aa^O yields 
(B^N&Ac), [261*^, m. sol. HOAo. 

TuLuCUNXN Occurs in the bark 

ot TarM^ Tulueuna (Cayentou, J. Pk. [3] 35, 
189). Light^yellow amorphous resin, with very 
bitter taste, si. sol. water, v. sol. alcohol, fhaol. 
ether. Turned blue by cold H.SO,. 

TUH&STAT£S, and derivatives of\ o. Tcno> 
^BT£N OXtACtnS, SALTS, AND DERIVATIVES OP, p. 802 ; 
also Tttnostzn Tino>ACiDS, and sali^ of, p. 810. 

TUNOSTEK. W. {Wolfram.) At. w. 183*0. 
Mol. w. is unknown. S.G. 18*77 (Waddell, Am. 
8, 280); 18*77 (Moissan, O. 22.116,1226); 19*13 
at 4*^ (^scoe, 0. J. [2] 10, 286); for otlier de¬ 
terminations V. Bernoulli (P. Ill, 676), Zettnow 
(P. Ill, 16). S.H. (6® to 16®) *035 (Do la Hive 

а. Marcet, A. Ch, [2j 75,113). S.V.S. o. 9*7. 

Historical. —In 1785 a now acid was prepared 
by 3. and F. d^Elhujar from themineral wolfram¬ 
ite, and shown to be identical with an acid ob¬ 
tained three years before from tungstcin by Schcele 
(Ppi4so. 2,119). The metal of the new acid was 
ismated by J. and F. d’E. For many years the 
new metal was known as wolfram or Umgsten 
(from Swedish » heavy stOQo); the latter name 
has gradually driven put the former in England 
and France, but the metal is generally called 
wolfram in Germany *, the symbol W is univer¬ 
sally employed. 

Occurrence. —Never uncombined. Wolfram- * 
He (tungstate of I^e and Mn) is found in cony 
siderablo- quantities in Cornwall, Saxony, Bohe¬ 
mia, <&o.; tungstenite, or scheclite (tungstate of 
Ca), seJuieUtine (tungstate of Pb), and ''omo 
other tungstates occur in various localities; 
wolframine or wolfram-ochre, WO^, is also found. 
Some tin ores contain compounds of W, and W 
is therefore not infrequently found in specimens 
of tin. 

Pomafton.—1. By reducing WO, by heating 
to redness in H (Berzelius, P. 4, 147; Wohler, 
A, 77. 262; Zettnow, P 111, 16 ; Iloscoe, C. N. 
25, 61, 78).—2. By heating WOj with Na rmd 
NaCi (Z., 1.0.), —3. By reducing WO, by mixing 
with 10 p.o* charcoal an^ 2 p.c. resm, and 
heating in a closed crucible for some horns to a 
white heat (Filsinger, S. V. 1. 1878.229).—4. By 
passing vapour of oxychloride of W and 11 
through a red-hot tube (von Uslar, A. 94, 255). 

б. By heating WCl, in H, in a zinc bath 

(Roscoo, lx,), —6. By strongly heating the salt ^ 
(NHJ^WO^ in a carbon crucible (Bucholz, P. 
ill, 676).—7. By strongly heating the* nitride 
(g. V,, p. 800) in H {W6hler, A. 73, 190). * 

Preparaiion.^1, PureW0,i8 heated to bright 
redxmss, in a Pt tube, in a stream of pure dry 41 

Amnation, No. l).->-2. A mixture of pure 
WO, and dry lampblack is heated in an eleorio 
furnace (Moissan, C, R. 116,1225). ^ 

WO, u prepared from wolfmmite by heating 
tiie very finely powdered mineral with oonc. 
HClAq, pouring off ethe solution from time to 
time and addins more HCLAq, and aftbr eomcT 
time adding a Intle HNO»Aq aD|U most ofethe 
^rown solid is changed to yellow WO,.xH,0, 
gashing the lesidue thoroughly by decantation, 


adding a considerable quantity of NH,Aq and 
warming, filtering from quarts, unchanged 
wolframite, <ko., evaporating the solution untU 
small lustrous crystals of an acid ammonium 
tungstate separate, boiling these crystals for a 
long time with HNO,Aq, washing, and heating 
the residue^Scheibler, J. nr. 83, 239; cf. Ber¬ 
noulli, P. Ill, 590). 

Properties.—A steel-grey, hard, brittle, crys¬ 
talline Dow(^r (Riche, A. Ch. [3] 60, 6). By re¬ 
ducing fho nitride ki H, Wfthler (A. 78,190) ob¬ 
tained W as a black powder- By reducing wO* 
by G in an electric furnace, ^uiasan (C. 22.116, 
1228) obtainea a lustrous, very hard, greyish 
white solid. As nroduced by passing the vapour 
of WO.^Cl,mixed^vith II through a red-hot tube, 
W forms a sinning, dark ateeUgroy, mirror-like 
deposit, which ^an bo dctaclied from the tube in 
hard, brittle crust.s (von Uslur, A. 94, 255). W 
can be melted in the 0-H llamc, part of it burn¬ 
ing to WO, (Riche, l.c.) ; or by using a current 
from 600 Bfiusen celia, in »n atmosphere ot N 
(Desprez, C. B. 29, 640). Considerable masses 
may be^ncltod by oAploying the current from a 
dynamo' {v. Huntington, C. N. 46, 163). W was 
regarded by Faraday as diamagnetic (T. 1846. 
49). The emission specliuin is described by 
Thaliin (A. Ch. [4] 18, 202). W is unchanged in 
air, but when the pulverulent iffetal is heated it 
burns to WO,; compact W burns in air only at 
very high temperatures ; as obtained byvoducing 
WCl, by H, W is said to bo pyrophoric. Water 
is decomposed by W at a r<5<i heat. The motal 
is scarcely acted on by IIClAq or ll^SO^Aq ; it is 
oxidised by HNO^Aq to WO,.a'H,0; the pulve- 
rulenrmetal dissolves slowly in cau%tio alkali 
solutions. Finely divided W redwees and ppts. 
many iqotals from solnlions of their salts. W 
combines directly with Br, Cl, I, or S. W is not 
acted on by heating in Nil.,nor in GO (v. Rideal, 
C. J. 65, 45; Smith a. Oborholtzer, Zeit, /. 
a7iorg. Chemie, 6, 63). ^ 

The at. w. of W has been determined (1) bj^ 
reducing WO, in H, and again oxidising iW to 
WO, (Berzelius, P. 4, 161 [1826]; Schneider, 
J. pr. 60, 158, 161 [1850]; Marchand, A. 77,263 
[1850]; von Borch, J.pr. 64,264 [1861]; Bioho, 
A. Ch. [3] 50,10 [18661; Dumas, A. Ch. [8] 66, 
143 [1859]; Bernoulli,2\ 111,597 [I860]; Porsoz, 
A. Ch. [4] 1, 93 [1864]; Roscoo, C, N. 25, 61, 
73 [1672] ; Waddell, Am. 8, 280 [1887]); (2) by 
determining H,0 in BaW,0,,.911^0'(Soheibler, 
d. pr. 83, 324 [1861]); (8) by reducing WO, in 
H and determining HjO produced (Bernoulli, P. 
ill, 597 [1860]); (4) by analysing Ag,WO« and 
FeWO, (^ttnow, P. 130, 16, 240[18OT]); (6) by 
^analysing wCl, (Iloscoe, C. AT. 26,61,78 [1872]); 
(6) by determining 4^.H. of W (Do la Bive a. 
Marcet, A. Ch. [2] 76,113 [1840]); (7) by deter- 
miniD|; VJl>. of WC1„ WCl, and WOCl, (v. these 
compounds). The older dotemiinations gave 
vsuuGs for at. w. varying from IBG to 189; the 
most fbcent determination (by Waddell) gave 
184*04; Boscoe’s determinations, made by re¬ 
ducing WO, to W and oxidising W again to WO„ 
by finding the ratio of WCl, to A'^1 and to Ag, 
and by reducing WCl, in H, gave valuesNarying 
from 183*25, to 188*77. The number 188*6 it 
probably correct to half a ftnit. The atom of W 
«s pentavalent in the gaseous molecule W01,f 
and hexavalent in the gaseous moleoula WOV 
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W is Ihs lotsrili member (the third Is u yet 
anknowu) ol the even series, orohromiumifsnmy 
of Gronp VL in the periodic arrangement of the 
elements. W is followed in its family by U, and 
it succeeds Mo and Cr. W very dosely resem¬ 
bles Mo ^ like that element W is both metallic 
and non-metallio; the balance of these proper¬ 
ties being, however, not quite so evenly main¬ 
tained in W as in Mo. It is doubtful whether 
any definite salt has been isolated deriyed from 
an oxyacid by replacing H4>y W. The oxide 
WO, acts as a fairly acidic oxid^e; like MoO, it is 
remarkable for the large numbo^ of compounds 
it forms, simultaneously .with oxides that are more 
basic and oxides that are less basic than itsolf. 
The chemical relations of Ware'discussedin the 
article Chbohiu&i oiioup or blbuxnts, vol. ii. p. 
168. 

RBactionB. —1. Heated in air burns to WO,; 
6noly divided W burns easily; compact W only 
at a very high temperature {v. Boscoe, 25, 
61, 73).—2. Heated* to redness in gives H 

and oxide (? WOJ.—3. Ileaots with hot nitric 
acid, or aqua regia, to form V/0,.«H,0; the same 
product is obtained by heating W with cono.^^t^f- 
phuric or hydrochloric acid, but oxides inter¬ 
mediate between WO.^ and WO, are formed at 
first (|Biche, A. ph. [3J 50,15).—4. Pulverulent 
W dissolves in boiling cone, potash solution, 
giving H and a tungstate of K (Biche, l.c.). 
5. Heated ir carbonyl chloride to 150^-200® 
WOCh is produced, mixed with C {Smith a. Ober- 
holtzcr, Zeit. /. anorg. Chcmic, 5, 63).—6. 13y 
heating to redness with sulphur chloride a red, 
crystalline thiochloride, probably W.^S.^l,, is 
formed aa a sublimate, unstable in air (S. a. O., 
f.c.).—7. FinoVy divided W reduces solution,s of 
several metallic salts; AgNO, and AuCl, solu¬ 
tions are reduced to Ag and Au, HgCI.^ to IlgCI, 
Cu, Fd, Ft and Bh are partially ppd. from solu¬ 
tions ; Bi, Gd, and Fb are not ppd. (Smith, Zeit. 
/. amrg. Chcmic, 1, 3G0). 

* Combinations. —1. Heated in oxygen, WO, is 
feigned.—3. Combines with chlorine, to form 
W01„ at e. 800'’; with bromine, to form WBr„ 
at a higher temperature; and with iodine, to 
form WL, when strongly heated.—3. Heated 
with sulphur, forms WS^—4. The oorapound 
W,?, is said to be formed by strongly heating 
W in phosphorus vapouf (Wohler a. Wright, A, 
79,244). , 

Detection and Estimation. —Compounds of 
W form colourless bea<ls with borax or mierdJ 
oosmic salt in the outer blowpipe Home. Tjie 
borax bead is yeFow in the inner ilamo if a con¬ 
siderable Quantity of a compound of WJs present. 
The miorocosmio salt bead is blue in the inner' 
ilame in the absence of compounds that them¬ 
selves form coloured beads; in presence of iron 
oompounds the bead is blood-red, baC addition 
of tin causes it io become blue. Soluble alky'll 
tungstates are formed by fusion with alkali 
carbonate or nitrate; addition of excess of 
H,SO,Aq, HClAq, H^PO^Aq. H,CAAq, or 
H0,H,0,Aq to ^ aqueous solution of a tung¬ 
state, followed ^'oy immersion of a piece of zino 
in the^li'quid, produces a blue colour; addition 

H,S to an acidulated solution cf a tungstate 
rfvii no pp., but a blue colour. According to 
Mallet (O. J. 28,1223), the guccessive addition 
ol small pieces oil aino to the solution obtained 


by adding atoesi of eono. HOlAq to an alkaline 
tunmtste produces various colours, the most 
marked of which is a brilliant magenta-red. By 
adding KGKSAq and then small pieces of zino to 
a solution of an alkaline tungstate in excess ol 
cone. HGlAq, a deep green colour is produced; 
and an amethyst colour is noticLd when 
ECNSAq is added to the solution of an alkaline 
tungstate, the solution is then diluted, HClAq is 
thoDq^ added, and lastly' zino is placed in the 
li^id. Very minute quantities of W can be 
detected by adding SO^q and Zn to solution 
of an alkaline tungstate, whereby a light-blue 
colour is obtained (M., l.c., p. 1233). W is esti- • 
mated as WO,, obtained by evaporation and 
strongly heating; for separation from other 
elements a Manual of Analysis must be con¬ 
sulted. 

Tungsten, alloys of. By reducing mixtures 
of WO, with oxides of Sb, Bi, Co, Cu, Fb, Ni, or 
Zn, Bernoulli (P. Ill, 673) obtained alloys of 
W with those metals, provided there was not 
more than 10 p.o. of the foreign metal present. 
An alloy with aluminium, approximately WAl,, 
was obtained by Wohler a. Michel {A. 116,102) 
by heating a mixture of WO^, Al, cryolite, and 
NaCl and KCl. W alloys with iron; v. Foleck 
a. Griitzer {B. 26,35) for an alloy approximately 
W,Fo. An alloy of 9 or 10 p.o, W with steel is 
extremely hard (v. Bernoulli, l.c.; Philipp, Ilof- 
mann's Ber. Uber cheiK. Industrien, 745; 
Lo Ouen, C. B. 66, 693 ; 60, 786; 63, 967 ; 64, 
619; 08, 592 ; Caron, A. Ch. [3] 68, 143; Os- 
, mond, C. R. 104, 085; Gruner, C. R. 96, 197). 

Tungsten, amidonitrides of, v. Tonostek 
r.ITniXlKS, AND AXLIED COMPOUNDS, p. 799. 

Tungsten, bromides of. The elements com¬ 
bine when heated together to form WBr^, and 
by partial reduction in H this gives WBr^. 

TuNOSTBN PENTABBOSnDB WBfj. The 
formula is probably molecular, from the analogy 
of WCI,. Prepared by heating W in excess of 
Br vapour, taking care that every trace of water 
and O are excluded. Dark, violet-brown needles, 
resembling I; molts at 276^ and boils at 333°, 
giving ofi a dark-brown vapour; decomposed on 
distillation, with separation of Br; moist air 
or ‘water forms HBrAq and blue oxide of W; 
heated to 360° in a stream of H, Wfir, is formed 
(Koscof, C. N. 25, 73; cf. Borck, J. pr, 64, 264 ; 
Blomstrand, J. pr. 82, 408). 

Tunos'^en dibbomiok WBr,. Obtained, as a 
bluish-block, velvety solid, when WBr, is heated 
at c. 350° (in a bath of ZoCl^ in a stream of 
dry H; WBr^, WOBr^, and Br distU over, and 
, WBr., remains. Heated above c. 400° in H gives 
W and HBr; with HNO^q gives WO„ HBrAq, 
,|kad NH^NO^q (Boscoe, l.c.). 

Tungsten, chlorides of. When W is heated 
in Cl the compound WCI, is formed, and by re- 
dfi'etion in H or CO^ this gives WG1„ WOl4> and 
WG).. Great confusion existed about the com¬ 
positions of the chlorides of W until Bosooe’a 
'.'esearohes in 1872 established the formula. 

Tungsten hixachlobide WOl,. Mql. w- 
396*83. Prepared by beating W in Ol (Bbsooe, 
fy, N. 26^ 61). The materi£s must be ^feotly 
dry, and every tra.oe of air m^st be exoludea, 
else' WOOlf is formed; the WOl, sublimea on the 
cooler pari of the tube, and is then distilled 
several times in a stream of dry Ol, and then la 
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• eniTenl ol dry H {a small qoantiij of WOI5 is 
format and ^sUls off with the H). Teoln \A» 
187, 288) obtained WCl, by heating WO, and 
POl, in a sealed tube at 170^. WOl, forms dark- 
yiolet erystals; crystallises from CS, in brown, 
six'sided tablets, from FOCI, in steel-blue, metal* 
like, regulal crystals (T., I. 0 X Melts, out of 
contact with air, at 276®, end boils at a-lG T® at 
760 mm. pressure (B., IxX V.D. 190 at 350° 
(Debray, C. R* 60,820; Koscoe, Ic.) ; V.D. 16%8 
at 440® (D., U. ; R., l.e.; Biebt, B. S, 066).* 
Dissolves readily in CS,, or FOCI, (T., lx.). 
Distilled in gives WGlj and Cl; this fact 
t Aen in connection with V.l). at 440® ‘»)iows that 
at somewhat above b.p. XVCl, probably disso¬ 
ciates to WCl, and Cl. WCl, is unchanged in 
air; but if a trace of WOCl^is present, llClAq 
and WO, are formed. Hot water produces WO, 
and HClAq. Heated in air, or in O, forms 
WOCl, (Boscoe, l.c. ; Blomstrand, J.pr. 82,417). 
WOCI4 is also formed by heating WO, with 
WCl,. WCl, interacts with NH,, at the ordinary 
temperature, to form NH4CI and W,N, (Bideal, 
O. J. 66, 44). 

Tungsten pENTAcnixjniDR WCl,. Mol. w. 
dGO'46.- Prepared by repeatedly heating WCl, 
somewhat above its b.p. (34G'7®) in a stream of 
dry Hi and when a solid residue has been formed 
removing the WCl, from less volatile lower 
chlorides by heating in CO.j (Boscoe, C. N. 26, 
61). Black, lustrous, ^locdle-shaped crystals; 
very deliquescent; molts at 248°, and boils at 
275*6® (B., I.C.). V.D. 176*6 to 179*9 at .3.50°; 
185*7 to 186*4 at 440° (B., lx.). Slightly soluldo 
in CS, forming a blue liquid; forms an olive- 
green solution in wUer, but is mostly decom¬ 
posed to HClAq and blue oxide of W. Heated 
in O forms WOCl* and Cl (B., l.o. ; cf, Blom¬ 
strand, J. pr. 82, 426 ; 89, 230). 

Tungsten TEXiucnLOKiuB WCl,. Tliis com- 
onnd is present in the solid residue obtained by 
eating WCl, in H in the preparation of WCl, 
(v. supra) ; it is prepared by distilling this resi¬ 
due, in a bath of in a stream of dry CO,, 

returning the distillate to the distilling vessel and 
heating again, and repeating these processes 
several times (Boscoe, lx.). A soft, crystalline, 
greyish-brown powder; very hygroscopic; bus 
not been fused or volatilised; healed strongly, 
it gives WCl, and WClg. Heated in H to Ca440° 
pyrophoric W is produced. Decomposed by 
water to WO, and a greenish-brown solution 
(B., fuj.). 

Tungsten^ DiCHLOBiDE WOV Prepared by 
heating WCl,*, in a bath of zinc, in a stream of 
dry COa; WCl, distils off and WCl, remains. A 
loose, grey, amorphous powder; wator^forms 
WO, and HClAq, with evolution of H; interacts 
with H which has been passed through HNO,Aq 
to form WO„ HCl. and NH,NO, (B., l.c.). 

Tungsten, cyanides of. No cyanides of W 
have been isolated; according to Wyroukpff 
(A, Ch. 8, 444; c/. Atterberg, Bl. [2] 24, 366), 
compounds containing W» E, and FoCy, are ob¬ 
tained by adding HClAq to # mixture of K 
tungstatM fmdE femmyanide. 

Toagsten, fluorides of. No fluorid^of W 
has been iso^teds According to Berzelius (P. 
4, 14U»'^hen a solution of WO,.H^ in HFAq is 
evaporated and the residue is treated with water, 
A solid remamt which is free from F after being 
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heated in NH,. According to Bioha (A. Oh. [B] 
50, 41), a solution of tungstic hydroxide in 
HFAq gives crystals of WOa.H,0 on evapora¬ 
tion. 

Tungstoxyfiuorid$8. {FluotungstaUs.) 
By dissolving tungstates of the form M,WO, 
in HFAq, Masignao obtained a series of com¬ 
pounds of the forms 2M*F.WO,F,urH,0 and 
M**Fs.WO^F«.a-H,0, and also a few compounds of 
the form :^>F.W03F,.H,0 {A. Ch. [8j 69, 67). 
Tliese compounds magr be regarded as salts of 
the hypothetical acids llgWO^F, and HWO,F,; 
they arc similar^to some olasgea of the com¬ 
pounds described as Jluonwlybdatcs (this vol. p. 
425). 

The tungstoxyjimruh's otoh glass even when 
dry; they react slowly with acids, giving 
WO,.H,0. The salts of the forms M*,W02F4 
and M“W0.^4 were prepared by dissolving 
M*,WU4 and M^WO, in HKAq nni evapora¬ 
ting ; in some cases also by dissolving WO,.U,0 
in l^Aq, addflig MOH, and osaporating. The 
salts of the form M*WO,Va were fonned by dis- 
solving ac’d tungstatel in IIFAq and evapora¬ 
ting. The following compounds were isolated: 

(1) M*,WOjP4.arH,0; M^NH,, »-0; M-K, 
®».l; M = Na, oj-O; (2) MnWO,F4.®H,0; 
M«Zn,a:-10; (8) MWO,F,.a:U,0; M-NH4, 
ar-l; M-K, **•!. The salts 
(NH,)4W0.^,.(Nn4),W04 and CuWOjF4.NH, 
woro also obtained. • * 

By dissolving K,W0^F,.n,.O in 4 p.c. H;40,Aq, • 
and crystallising from dilute H.^O^Aq containing 
'■ little HF, Piccini {Zril. f. <nwrg. Chemie, 2, 

21) obtained K,WO,F4.n,,0. P. calls this com¬ 
pound fluoroxypcriuyignlat<i\ it might ^lao be 
named pcriungstnxijflnoriilc. ♦ 

Tungsten, haloid compounds of. When W is 
heated in a stream of Cl the compound WCl, is 
fonned, and this by reduction in II gives WCl,, 
WCI4, and WCl,. The comjMiund WBr, is 
formed by heating W in Br vapour, and WBr, is 
obtained by partially reducing WCl, in H. 
Small quantities of WI, are obtained by heatid^ 

W in vapour of I. No fluoride of W has been 
isolated. Oxychlorides and oxybromides of the 
forms WOX, and WO.^X, are obtained by heating 
W oxides in Cl or Br, and in other ways. The 
following compounds have boon vaporised, and 
the simplest formula are molecular: WOl,, 
WCU/WOCI,. Tlio formula WBr,,, WOBr,, 
WOjjCl,, and WO,Br, are probably molecular; 
h\fi if the analogy of the chlorides and bromides 
of Mo of the form Mo^X,, ib be followed (v, 
vol. iii. pp. 427, 428) it is probabU that the mole- 
.mlar formqja of the dicbloride anddibfbmide of 
W are not less than W,X,. 

^ Tungsten, hydroxifles of, v. Tungsten oxides 
AND BYDUATED OXIDES (p. 800), alSO TuNOBTEN 
oxTAcmg (pi 602). 

Tungsten, iodide of,«Wl,. This, the onW> 
iodide o|^ W that has been isolated, is obtained, ' 
in* very small quantitios, by passing I vapour, 
•mixed with CO,, over red-hot W. ^ It forms a 
metal-like, greenish crust; heated in air it gives 
off I and leaves WO,; it is not Acomposed by 
, water (Boscoe, C. N. 25,73). ^ •• \ 

Tungsten, • nitrides and aXUtd 

unds. Compounds of W with N, and 
bly also with N and H, are formed by beatlA||f' ^ 
WCl^r WOCl,m NH,; the interaction of NH| and 



WO, probably prodnoes a oompoond, or oom< 
poaolt, of W, K, Hy and 0; and a oomponnd of 
W, N, and 0 it perhaps formed by heating WO, 
with KH«OL 

Tumo&xxn kitbidxb. By poasing d^ NH, 
orer WO^, and washing away the KH^Ol pro* 
dimedl by water, Bideal {0* J, 65^44) obtained a 
black lustrous powder, agreeing fairly with the 
composition W,N,. Q^is substance is insoluble 
in dilute H3S04Aq, or«KaOHAq; hot 

cone. HjSO* produces N9, and \t'0,; fusion 
with NaOH forms Na tungstate; heating in air, 
or with aqua regia, oxidises it to WO, (B., ix.). 

By continued heating WUl, in NH„ to a 
temperature difEouit to regulate, as slightly too 
high a temperature produces W, Uhrlaub ob* 
tainad a black substance to which he gave the 
formula W,N, {DU Verbindungen einiger Metalle 
mit StUkslofft Gdttingen, 1859). 

Tonost'em AMiDONtraiPES. By the action of 
NH, on WOl,, WShler (il. 73, 198) obtained a 
black substance containing from 6C'76 to 00*8 
p.c. W, and 8*24 p.o. N; W. supposed this 
substance to be a mixturv of two amjdonitrides, 
2WN,.W(NHJ,and 2WN.W(NHJ,. W. obtained 
similar black substances, which he did not 
analyse, by heating chlorides of W with NH^Cl 
(A. 105, 258). 

Compouruh of tungsten with H, and 0. 
Wohler 78,198) obtained a block substance by 
heating WO, to dull redness in dry NH,; the per* 
^ centage of W in this substance varied from 87‘65 
to 88*47, and it contained 7*15 p.o. N, and o. *2 p.o. 
H. To this substance W. gave the formula 
W,N,oH 40, (-4WN,.W,(NHJ,.2WO,). . Ridcai 
(0. J» 65, 44) passed dry Nil, over WO, heated < 
to a dull j^dness until the yellow WO*,, was 
changed to a black, amorphous poyrder; he 
allowed to cool, and removed excess of NH, by 
passing a current of dry air through the tube. 
The black substance thus obtain^ contained 
85*26 p.c. W, and 7*4 p.o. N; assuming c. *3 p.o. 
H, the numbers agre^ fairly with the formula 
• W,N,H,0,. 

Compound of tungsten with N and O. 
Bideal (2.c.) obtained a black powder, agreeing 
in composition approximately with the formula 
WN,.WO„ by heating WO, with NH,C1 until 
weight became constant. According to 
Rideal (lx.) finely divided W docs not change 
when heated In a stream of dry NH,; after 
having been heated to redness in dry H; nor 
does NH, react with the blue oxide of W whjn 
heated therewith. 

Tungsten, oxides and hydrated oxides of. 
When pc.wdere<l W is heated in combines 
to form WO,; by heating this oxide in H a blub 
oxide Is formed, to whiolv.various formulie inter¬ 
mediate between WO, and WO, have been as¬ 
signed I by further heating in H, or.wit^ 0, the 
dioxide WO, produced. There are indicatipns 
of an oxide with more 0 than WO,. WO, dis¬ 
solves in acids, but corresponding salts have not 
been isolated; the blue oxide separates from 
these solutions; WO, is also soluble in alkali 
acdutions. WO, is insoluble in acids; it die* 
solvej^,^ alkali and alkaline carbonate solutions, 
formmg tungstates (v. under Tunobtem oxt^ids, 
p. 8O2X WO, combines with many acidic 
asides to form oompoonda which react as aoidt 
(9. p. sot). WO, is the anhydride of more than 
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one tnngstifl add ( 9 . p. 8O1). None of the osides 
has been vaporim; the mol. w. of none ii 
known. 

Ttrvosmr ozoxidb WO,. (Brown oxide of 
tungaten.) 

Formation.-^!. By heating a mixture of 
WO, and 0 to redness (Buchholz.^S. 8, 1).— 
2. By hating WO, to incipient redness in H 
(Wdhler, A. 73, 198; 77,262).—3. By decompo¬ 
sing WOI4. or WCl,, oy H,0 (Bosooe, 0. N. 25, 
^1, 73)._4. By the reaction of Zn andHClAq on 
WO, (Wohler, P. 2, 845), or on solution of a 
metatungstate (Biche, I.c.). 

Prepatalion. —WO, is placed in a poroeldn 
tube closed at one end and provided with a long 
opening in the middle; this tube is placed inside 
another porcelain tube which is kept at red heat, 
while H is passed through as long as water con* 
tinues to be formed (WOhler, A. 77, 262 note) ; 
the product is allowed to cool in H, and is kept 
in H for 24 hours (Biche, A. Oh. [8] 50, 29). 

Properties. —A brown powder with a slight 
violet sheen ; prepared by reducing WO, by Zn 
and HGlAq, the oxide is obtained in metal-Uke 
lustrous crystals, pseudomorphs of WO,. 8.G. 
12*11 (Karsten, 8. 65, 394). 

Bcactions.—l. Moist WO, oxidises rapidly in 
air to WO,; as prepared by reducing WO, in 
H it is pyrophoric, but if allowed to cool slowly 
in H the product >18 not pyrophoric (Berzelius, 
P. 4,147 ; 8, 267; Wohler, l.c.\ Biche, l.c.), — 

2. Heated strongly in hydrogen gives W.— 

3. Chlorine forma WO.,Cl, when heated with 
WO, (Roscoe, f.c.,p. 63).—4. Heated to dull red¬ 
ness in a stream of ammonia, a compound, or 
compounds, of W with N,<H, and 0 is formed 
(u. Compounds of W with N, H, and O, under 
Ti'nosten KiTRtDKS, supTo). — 5. By heating 
with sal ammoniac, Bideal (O. J. 55,44) obtained 
a black powder approximately WN,.W03 (v. 
Compound of W with N and 0, supra).— 
6. Moist WO, dissolves easily in warm hydro¬ 
chloric or sulphuric add, forming reddish-brown 
solutions from which blue oxide of W separates. 
WO, prepared in the dry way is scarcely acted 
on by acids, except aqua regia, which oxidises 
it to WO,.—7. WO, dissolves in oonc. potash 
selution, giviog oiT H, and forming K tungstate. 
8. Reduces mercuric chloride to HgCl, and 
ppts.^Cu,0 from solutions of copper salts (Riche, 
A. Ch. [3] 50, 5).—9. Heated in nitric oxide to 
below 500^ gives the blue oxide; oxidised to 
WO, by heating in nitrogen dioxide to o. 800* 
(Sabatier a. Senderens, C. R. 114,1429; 116,236). 

Blub oxii>b or tunostbm. Blub compounds 
of W and 0 are obtained by heating WO, with 
reducyjg agents; analyses lead to formula such 
as WjOj, W,0„ or W^O,,, intermediate between 
WO, and WO,. Msloguti {A. Ch. [3] 60, 278) 
gave the formula W,0, to the blue product of 
heating WO, in H to o. 250°; vonrUslor 
{BdtrdgeMurKenntnissdesWundMoiO^i^gen, 
ISB^) gave the formula W,0,. Gmelin said 
that a blue oxide of the oompMition W4O1, hi 
formed by strongly heating WO, in CO. 

Blue compounds are alro obtf^ed by strongly 
heating NH, tungstates odt of contact with air 
(Malaguti, lx .; von tJslar, lx.)» Aqueous solu* 
tioOa of WO| or tungstates are coloured blue by 
the action of very weak reducers, #47.1^ exposing 
moist WO, on paper to suniigbt (Liesegang,. 
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0. 0. 1866. 048), or by tho aetioo of SiiCl,Aq on I from ppd. MnS, *o., ia boUod till H,S ii os- 
tungstatea (Banaen, A. 188, 389; v. also polled, and is then fiaotionally ppd. by 
Soheibler, J. 83, 813). Gone. oi j HgNOjAq; the later ppe. are collected, washed, 

HGUq gives a blue colour when heated with W and decomposed by heating in an open vessel, 
(^ohe, Ob. [ 3 ] 60, 16). Tungstates boiled For a method preparing WO. from 
with acetic acid and then electrolysed give blue v* Preparation of Tunosten. p. 707. • 

coloured stbstances (Smith, B, 13, 753). ProperiicA —A heavy,canary>yeIIowpowder; 

Pbroxxdes or tungsten. Fairley {G. /. 31, becoming orange*coloiirod when hoatod (Bosooe, 
141) obtained indications of an oxide with more ! C. N. 26, 73). CrysUlline WO, is described as 
O than WO„ by dUlblving W0,.2H ,0^in wine-yellcgv. vtery lustrous, rhombic tablets (Nor* 
HjO^Aq, and evaporating over H,SO^ in vactu*; d.mskjold, i\ 114, hK>). A trace of Na tungstate 
the green, transparent, yellow scales thus ob- gives a green colour to WO, (U., loX S.G.: 
tained dissolved in water, forming a solution i amorphous. 7vlilo 710 (Zettuow, P. 180, 16, 
which could be titrated with KMnO^Aq, with 240; Karaton, S. 05, 304); crystalline, 7-2*3 at 
separation of WO^.jpHp. Cannnerbr {Chem, '■ 17-" (Z., l.c.); 0'3)?)(N., Z.c.). S.ll. ( 8 ’ to 08^) 
Z$itu7ig^ 15, 957) found that WO 3 dissolved in j -07983 (Uegnault, A. Ch, [3] 1, 129); (22® to 
boiling H.,OjAq, with evolution of O; on [ 62°) -0894 (Kopp, T. 1805. 71). Melts readily 
spontaneous evaporation he obtained a i in the blowpipe (4licho, A. (Ui, [3] 60, 29); can 
yellow powder, to which he gave the formula ■ bo sublimed by mixing with Na.CO, and heating 
WOj.H.PyH.p (c/. reaction of H^O Aq with to whiteness (Dohray, C. 11. 55, 287) ; also by 
GrOjAq, vol. ii. p. 100). According to Pechard , strongly heating in UCl (Schafarik, W.A. B. 47, 
(C. R. 112, 1000), a salt Na^O.WjOj/JH.^O is 240). Not docfimposed at m.*!). of Pt ( 0 . 1750®) 
formed by boiling Na paratungstate solution! (Head, C../. 05,313 [1894J). On e.xpo 8 ureto light 
with HjOjAq and evaporating in vacuo. ! WO^ turnp. greenish, ^ving to partial reduction 

Tungsten trioxidb WO,. {Tiingntic anhi/’ (lloscbe, lx.; cf. Liesogang, C. O. 1866. 943) 
dri^. Sonu-times erroneously called twujatic ^ WO, is insoluble in water or acids, oven in boil* 
ocid.) ing cone. 1 I;;S 04 ; it diHsolven in hot KOllAij, 

Occurrence .—As tunffutic ochre or wo/framine K .CO,A<i, also in mollen KjCO,, 

in Cumberland, Condccticnt, North Carolina, c&o. KIISO,, orK^WO,; al.'^o in molten alkali chlorides. 
Formation.—ii. By strongly heating ia air in air, with evolution of Cl (Schultze, J. pr. 
tungstate of NH, or o< IIg‘.—2. By strongly [2J 21, 437. 411). WO, acts as^an^ooidic 
heating WO,.xH20.— 8 . By burning W in air oxide, forming tungstates (r. Tungsi-kn oxyacids, * 
or O. ! p. 802). 

Preparation. -An aciueous solution of com- I . Ruactions.—l. Heated in hydrogen, WO, is 
morcial Na^WO, is poured into boiling llClAq ; roduccd^to tho blue «xi«l«j, th(.>n to WO^, and 
(1:1); the ppd. WO, ia washed with lIClAq until ‘ finally to W (v. Blub oxinio ok TOKGSTKNpp. 800; 
NaCn is completely removed ; it is then washed Tunoutkn jiioxide, p. 800 ; ond^ Tungsten, 
with water to remove all HCl, and dissolved in 1 p. 797). -S. llcduction to ^VOa or W is effechsd 
NHaAq; the solution is evaporated to dryntss, i by heating with carbon. -3. Heated with 
and the NH 4 salt thus obtained is heated in an ! potaasiwn or sodium. WO;, gives W.—4. lleduo- 
open crucible until every trace of Nil, ia driven tion to tho blue oxide, luid then to WO.j, is 
off (Boscoe, O.N. 25, 73). Bernoulli {P, 111, .590) brought about by zitu- unit hydrochloric acid, by 
recommends to boil the NH^ salt fora long time stannous chloride, andalsoby heating with water • 
with successive quantities of HNO,Aq (to remove and dilTcrent orgmiic compounds. — 6 . Heatii^ 
traces of Na salts), and to wash the residual ; with carbon in chlorine produces WO.^Cl.^ and 
WO 3 quite free from acids {cf. Zottnow, P. 130, . WOCl,. — 0. WOCl, is formed by passing vapour 
16, 240). WO, is obtained in crystals by very . of tungsten hcxachloride over heated WO, 
strongly heating the amorphous oxide (Bernoulli, | (Boscoe, C. N. 25,63). -7. A mixture of WO, and 

P.111,695; Schofarik, IP. A. P.47, 240); by j calciutn chloride heated to redness in carbon 

dissolving WO, in molten borax (Nordenahi'old, j dioxide giv 4 *H WO-^Clj (SchuUze, J. pr. [2J 21, 
P.114,612); by strongly hpating the oxide in a i 441).-Mixe<l with carbon and h(»ated in 
current of flCl (Debray, O. R. 55, 287); or by ; bromine, WO, gives WOBr^; and WO^Br, is 
heating to whiteness a mixturo of Na^WO, and ; foifbod by passing vapour of tungsten penta^ 
Na^CO, imbedded in NaCl, when crystals of : broinjAe over hot WO, (Boseoo, lx. p. 73).— 

WO, sublime (D., lx.). { 9. WO, is said to dissolve in miolten alkali 

Na^WO^ may be prepared from wolframite j cijlorides, ii^ air, giving oil Cl; beateti in ab- 
by heating a mixture of 150 pts. of the ^nely i scucc of air (in a stream of CO,) with chloride 
powdered mineral with 100 pts. calcined Na^CO, I ^ calcium, cobalt. ironTmagnesimn, or nickel, it 
and 16 pts. NaNO„ for four or five hours, in an is said to give WO,Cl,, and MWO, (Schultze, 
irem vessel, lixiviating with water and crystal- l.c.). —l(k Iftating with p/tov/^/iomiMccn/ac/toryfs 
Using (i). Franze, J. pr. [2] 4, 238: c/. Hunting** produces WClg and POpi»(Tecla, 167, 255) * 
ton, B. 17, 203 ; Soheibler, J. pr. 83, 239). but WO^Ql^ WOCl, are also formed, accord- 

Waddell(i4m. 8, 380)prepares pure WO, from ing>to the relative masses of WO, and PCI,, and 
tungsieniUt by treating the powdered minornl the temperature (SchiO, A. 197, 185).— 

with aqua regia, washing the residue, fusing it 11. WO^Cl,, WOCl,, and GO^ au formed by 
with KHSO„dis 8 olvina in water, and fractionally heating WO, in vapour of carboT^xtraeh^ride 
ppg. by HgKOjAq; tnb first pps. are th^ de- ^atts a. Bell, C. </. 33,442).—12. Compountsol 
combed by a^ua^egia, the WO, thus obtained W with N, H, ^and 0 (v. p. are formed by 
ia dried and fused with NojCO,, tbeefosed mafa heating WO, in ammonia ; and a compound of 
Is dissolved in water, tartaric acid is added, and \^^ith N and O is probably produced by heat* 
SLS ia passed into the aolution ; the filtrate hag yfO»mihsal ammoniac (v.p.QQO). —13. WSg 
Vou IV. - 8 F 

i 




ouv 


if formed by pauing sulphur vapour, or hydrogm 
sulphide, over WO^ heated to whiteness 
(Beizeliua) ; also by heating to redness a mix* 
turd of WOt with 6 pis. of mercuric sulphide 
(B.; Brock, J,pr. 54. 254). 

HTD'itATES OF TITNOSTSN TBZOXIDE. VariOUS 

compounds of the form WO^xHfi have been 
isolated; as these coroponnds act as acids, they 
are described under TuNosTSif oxtacids. 

Tungsten oxyacids, salts, and derivatives of. 
Several hydrates of WO» th&t react as acids are 
known. WOi also combines with many aoidio 
oxides—such as B^O,, SiQ^, d^o.—and the 

oompoonda so formed combine with basic oxides 
to form salt-like bodies. 

TUNGSTIC ACIDS. The hydrates of WO, 
fall into two classes : tungstic acids, which are 
insoluble, or nearly insoluble,' in water; and 
metatungatic acids, which dissolve in water. 

TuNosTtc ACIDS. The monohydrafe WO.,.H...O, 
or orthotungstic acid WO,(OH),, .is obtained by 
dissolving WO, in liot alkali or alkaline carbonate 
solutions, and boiling the^e solutions with excess 
of a mineral acid. It is also said to be obtained 
by decomposing an ammoniaoal solution WO, 
by Cl (Dumas, A, Ch. [S] 55, 144); and also by 
boiling powdered wolframite with agua regia. 
This acid is a»yollow solid ; it reddens litmus; 
is insoluble, or almost insoluble, in water. Ac¬ 
cording to Braun {J.pr. 91, 39), it is changed to 
2WO,.H,(yat 100®; according to Zettnow (P. 
130, 16, 240), this change is effected at 60°. The 
acid is slowly reduced by Zn and HClAq, the 
hnal product being WO, (O. v. d. Pfordten, B, 
16. 50d). 

The dihy^aU WO 8 . 2 H 3 O is said to be formed 
by adding a^mineral acid to a dilute solutron of 
an alkali tungstate M^WO^, and dryiog in the 
air; also by decomposing WCl„ WOCI 4 , or 
WO,Cl, by water (Forcher, W. A. B. 44 [2], 
173; of. Biohe, A. Ch. |.3J 50,36; Anthon, J.pr, 
9, 6 ). Forms WO,.H,0 by drying over Hj,SO^ 
(Braun, J'.2>r.91, 89). This hydrate is described 
as an amorphous, white solid; reddens litmus; 
somewhat soluble in water, but insoluble if a 
little acid is present. By boiling with dilute 
acids is said to give WO,.H.G. 

The hemihydrate 2\VO,.H,0, or ditungstic 
acid H,W»0„ is said by Braun {l.c.) to be formed 
by heating the monohydrato to 100 °; the change 
is complete at 50° according to Zettnow /P. 130, 
16, 240). 

Mbtatcmobtic acids. Acids of the edm* 
position 4WO,.a;H.G are obtained by docom- 
posing ocXio. BaW 40 ,,Aq by the equivalent 
quantity of H»S 04 , filtering fromiBaSO,, and 
evaporating (Sohoibler, J. pr. 83, 310); also by 
decomposing PbW 40 „A 4 ' by H,S, filtering, and 
evaporating (Forcher, W. A. B. 44 [2], 173). The 
composition of the acid formed by<*oy8poratiDg 
in vacuo over HgSO, is probably H.W 40 „.?H ,0 
(Scheibler, l.o. ; cf. Persoz, C. B. 24,1^5; Lotz, 
A. 91, 52). BaW^Oi, is obtained by ppg. a 
hot cono. solution of (NH 4 ),W 40 „ bj 
BaOUAq; bv ppg. (NHJ.W^O.Aq by 

Pb((XftO,)jAq; (NHdjW^O,, is formed by boil¬ 
ing \nH 4)^04 with WO,Aq and evaporating. , 

AooordlDg to Zettnow fP. ICO, 16, 240), the 
pp. obtained by decomposing NojWO^Aq by a 
mineral acid has the composition * 

4 W 0 ,.H, 0 (*H,W 40 „) after drying at 200°. 


Metatungstic acid oryetallises Id sulphur 
yellow octahedra; the acid is readily soluble ia 
I water, forming a very sour, Intensely, bitter 
/ liquid. A cono, solution gives a pp. 0 / W 0 ,. 2 H^O 
I on Btanding; when a dilute eolation ia boiled it 
coagulates and gives a pp. of white WO,. 2 H, 0 , 
and then of yellow WO,.H,0. Tb0 heats of 
neutralisation of HjW^O.^q by Na,OAq, K,OAq. 
BaOAq, and SrOAq are given by Pdchard (0. B. 
10^. 1167); the values are nearly the same as 
tfiose for HNOjAq and HjSO^Aq. When four 
equivalents of base are added to H,W 40 „Aq, 
orthotungstutes M^WO, are formed (P., lx.). 

By lonj^continuod boiling 2 pts. Na,WOf 
with 1 pt.' As,0„ evaporating, treating with 
alkali solution, and repeatedly crystallising, 
Lefort (A. Ch. [ 6 ] 25, 205) obtained fine, very 
lustrous crystals; which were very soluble in 
water and in alcohol; to this acid L. gave the 
composition H,W,0,,.6H,0, and the name luleo 
metatungatic acid. 

Colloidal {meta ?) tungstic acid. By adding 
to 5 p.o. Na,W 04 Aq rather more HClAq than 
sufilced to neutralise the Ka, and dialysing, with 
addition from time to time of a little HClAq, 
Graham (C. J. 17, 318) obtained a solution in 
water of tungstic acid. The solution was not 
gelatinised by acids, salts, or alcohol at the 
ordinary temperature; it * remained clear at 
200°. According io Sabon^eff , (/. li. 21, 515; 
Abstract in C. J. 58, 1215), determinations of 
the freezing-point of an aqueous solution 
of Graham’s soluble acid point to the formula 
3 W 0 ,.H, 0 (“H,W 50 „). As the values for mol. w. 
obtained by S. varied from 679 to 995, there 
seems little reason for adopting the formula 
H,W,0,o (713) rather than H,W 40 „ (944). 

TUNGSTATES. A great many tungstates 
have been prepared. The proportion of basic to 
acidic radicle varies much in these compounds. 
The better studied tungstates have been divided 
into three olasaea—orthoiungstatea MO.WO,, 
paratungstates 8M0.7W0,, or perliaps 
5M0.12W0,, and ni€taiu7igstates M0.4WO,—- 
but as many tungstates are known which do not 
fit into any of these classes it seems better to 
adopt a nomenclature and arrangement similar 
tb those employed for the molybdates {cf. vol. iii. 
p. 423), based on the number of WO, radicles in 
the salts. Arranging the tungstates on this plan 
we get the following table. B » divalent metal, 
or two atoms of a monovalent metal. 

(Ortho) Monotungstates ItO.WO, or RWO,; 
derived from the acid HjWO,. 

Ditungstates R0.2WO, or RW,0,; derived 
from the acid H,W,0,. 

f. (8:7 <ttn{j'stete« 3 R 0 . 7 WO,orR,W, 0 , 4 . 

(Para)/ 5:12 twigstatea 5R0.12W0, or 
I B 8 W„ 0 „. 

2:5 tungstates 2R0.5W0, or Bi,WsO„. 

' 8:8 tungstates 8R0.8W0, or R,W,0,« 

^ TrifunpstotesRO.SWO, orRWjO,,; ?derived 
from Graham’s colloidal acid. 

(Meta) Tetratungstates B0.4WO, or BW 4 O,,; 
derived from tfie acid 

Pentatwngstates B0.5WO, or RW^Oi,. 

E^tungstates RO. 6 WO, or BW 4 O,,. 

Octotungatatee B0.8WO, pr BW.O„. 

The tungstates which have bmn most 
thoroughly examined are the monotongstatea 
or orthotnngstates; the paratungstates, whioh 
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•re titber 8:7 oi S;19 salts; and the tetra- or Ka,WO, with excess of (htOL (Uanross, A. 81, 
metatnugstates. 243; 83, 348); also by beating the ppd. salt 

For* thiohmgttaUi v. Tohostsh, Tato-acios with CaO in a stream of HOI (Debray, O. B, U, 
axD sanTs or, p. 810. 287). 

OBTHOTCNeBTiTas Of MoxoTUNOsTATXB, Cbrominm orthotongstats Or,(WO,),.20H,O. 
BO.WO, or BWO,. Salta of H,WO„ which is Obtained as a green pp. by adding Na,WO,Aq to 
the mononydrate of WO,. The alkali ortho- CrCl,Aq; losds 13H,0 at 100° (Lots, ,1.91,68). 
tungstates are obtained by dissolving WO, or Cobalt orthotungstate CoWO,.2H,0. A 
W0,.H,0 in alkali or alkq)i-carbonate solutions ; violet powder ; obtained by ppg. Oo salt solutions 
or by fusing WO, with alkalis, alkaline imv by K,W0pt.q fAntlion, J.yir. 9,314), 
bonates, or alkali acid sulphates, and dissolving Capper orthoiuligstate CuW0,.2H,0. A 
in water. The other orthotungstates are generally green powder, melting at a red heat and cooling 
obtained from solutions of the alkali salts by to chocolate-colaured crystals? formed by ppg. 
ifpn. ; alsoby strongly heating WO, w^hmutallio | Cu salts by NaoWO^Aq (A., 2.c.). 
oxides or carbonates; also by fusing the alkali Ferrous ortb(4#augstate FoWOg. Obtained 
salts with metallic chlorides, and washing with as opaque crystals by luxating WO, and Fe,0« in 
water (Manross, il. 81,243; 82, 356; Ocuiher a. a streain of liCl (Dobray, O. Ji. 66, 238) ; also 
Forsberg, A, 120, 208; Sohulfze, A. 120, 50). by fusing 2 part8*b\*Cl,„ 2 parts NaCl, ana 1 part 
The ortbotnngstates are insoluble in water, Na^WO^ (Gcuther a. Forsberg, d.^120, 278; 
except the alkali salts and the Mg salt. Solu- Zettnow, P. 130, 30). The * irihydraU 
tions of the alkali salts give pps. of WOa.H.^0 FeWOq.3n._.0 ;^'as obtained by Anlhon (J. jw. 9» . 
(yellow) or WOa.2HnO (white), with dilute 343) as a brown powder by ppg. a ferrous salt 
i^SOfAq, HCiAq, HNOjAq, or HjPOqAq; the j by K^WO^Aq. Doubly compowuls of the form 
pp. by HClAq dissolves in a considerable excess | 9aFc\VO,..«MnWO, with the ratios m;n i-7:li 
of cono. HClAq (Mallet, O. J* 28, 1228); cold 4:1, 3!l, 3:2, 1:2, and 1:7 were obtained by fusing 
solutions of metatungstates ore not ppd. by acids. FeCh, MnCl,, NaCl, and Na...M '04 in varying pro> 
According to Marignao {A, Ch. [3] 69, 6) the pp. portions (G. a. F., I c. p. 270; c/. Z., l.c. p. 250), 
obtained by adding an acid to a solution of an )yolframite has approximately the oompositioo 
alkali tungstate sometimes contains alkali, and FeO.MnO.WO,. 

sometimes the p^g. acid, ac<^rding to the rela* Lead orthotungstate FbWO^. Occurs native 
tive quantity of acid us^d, the dilution, and pro° as scheelctine ; obtained, as a white pp., by „ 
bably also the temperature. Orthotungstates adding K^WO^Aq to solution of a salt of Pd 
which are insoluble in water, and the metals of (A.,f.c.,p. 342); quadratic octahedraaro formed 
which form carbonates that are insoluble in 4»y fusing 10 parts Na^WO, with 47 parts PbOlg, 
alkali carlionate solutions, can bo brought into ' d’2#5 (Manros.s, A. 82, 367). 

solution by fusion with alkali carbonates and * Magnesium orthotungstate MgW^,. Formed, 
treatment with water. | in white ootahedra, by Xuising 2 parts MgOlg 

Solutions of orthotungstates give a while pp. i with 2 pa^ts NaOl and 1 part Na,W 04 (G. a. F., 
wiUi HgNOgAq ; a bluish-white pp. with ! Lo. p. 272). 

Ca(N 03 ),Aq ; a brown llocculcnt pp. on adding j Manganese orthotungstate MnWO^. Oar- 
K*FeCy,Aq, after adding HClAq; no pp. with ! net-brown, lustrous, rhombi<5 crystals; B.G.6’7; 
tincture of galls until an acid is ad<1od, when a : obtained by fusing 2 parts Mn01„ 2 pdirts NaOl, 
copious chocolate-coloured pp. is fonuod ; and a : and 1 part Na^WO, (G. a. F., lx ,; Z., • * 

yellow pp. with SnCl.^Aq, which pp. turns blue i Mercurous orthotungstate Hg^WO^, A 
when it is warmed with a little HClAq or ' yellow pp., formed by adding solution of a 
H^SOqAq. For the reactions with Zn and acid, I mercurous salt to solution of an alkali tungstate 
and with KCNSAq, Zn and acid, v. Tuvsbtei^, I (A., l.c.). 

1 '.TECTioN oir, p. 798. I Nickel orthotungstate KiWO^, Formed by 

Barium orthotungstate BaWO,. Frepared ! fusing 2 parts NiCi, with 2 parts NaCI and 
by fusing 7 parts BaCl, wUlf4 parts NaOfand : 1 pai^ NaAVO,; brown, lu.slrous crystals 

2 parts NaAVO*, and washiag with water; white; (Schult/.c, .4. 126, 66); 8.G. 0‘8846 at 20*5®, 

octahedra (Geuther a. Forsberg, A. 120, 270); 6’tg>22 at 22-' (Clarke, Am. S. [SJ 14, 281). The 

fusible with difficulty (Zettnow, P. 130, 256); }iexahy(lrate, NiWO,.6U.^O, is obiaiued by ppn. 
S.G. 5‘0036 at^l3-6^ (Clarke, Am. S. [3] 14,281). (A., i.c.). 

Hydrates: (I) 2 BaW 04 .H 20 , by ppg. a hot solu- Potassium orthotungstate E^O^. • Whlta^ 
tion of 8»a^0.7W0| by BaOAq (Scheibler, triclinio neftdles ; obtained by boiling WOg 
S. B. 1860. 208); (2) BaW 04 .H 2 O and with an equivalent ^weight of KOIlAq or 

BaW 04 . 2 H 20 , by adding four equivalents BaO in dv.COaAq, and evaporating (.Marignac, A, Ch. [3] 
fiolutionto^W 40 „Aq (Pochard, 0. P.108,1167). 69, 18; Anthon, /. pr. 8, 399; 9, 337). Deere. 

Cadmium orthotungstate CdWO,. Obtained^ pitates Vhen heated; melts at |pd beat (lkt.» 
as a yellow crystalline powder by fusing together i.c.),*taking up CO, (Uitik^ \V. A. B. 66 [2], 148; 

11 parts CdCij, 16 parts NaCl, and 4 pafts cf. Knoriu, J. pr. 27, 89). Various hydrates are 
NaaW 04 (G. a. F., Le., p. 268; Z., Lc., p. 240). obtained by crystallising a solution of WO« in 
The dihydrate CdW 04 . 2 H ,0 is obtained by ppg. 1l^CO,Aq under dilleront conditions (M., lx»; Ah 
a solution of a salt of Gdby Na,\f 04 Aq (Anthon, lx. ; Biche, A. Ch. [3] 50, 45). se 
/.pr. 8, 899; 9, 337 ;^mith a.Bradbury, P.24, Sliver orthotongstate Ag,;W 04 . A^nala* 
2935). • fellow, amorphous pp. by adding NajW 04 Aq to 

Oaloium orthotungstate OaWO,. Occqgs solution of a Alt of Ag; molts below redoees, 
native as scheelite, S.G. 6*02 (Bernoulli, /. 13, aqdbecomeeory8taliineoncooling;easilysoluble 
783). Obtained by adding EsW 04 Aq to CaGl^Aq. in HNO,Aq; soluble in NH,Aq fZettaow, P, 
^^oadratie oetahem are f«rom by fusing 130,30; ef. Mutbmann, P. 20, W0hl« u« 
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Bolatioa i^NH^q^over^aO fad / i^OTWO*^^ ^ represented as 3Br0.7w,. 

. Sodinm orthotungstate N%tif0j.2H,0. Ob- j formula (5:12) ^ adooted fhn ’simpi, 
tamod by crystallising a solution of WO. in the monovalent fad dWaFe^metahareff^''i''^ 
NaOHAq br Na.00.Aq. / salts of the "" 


are regarded 

Transparent' oolourless, rhombio tablets (Ma- I (=T2W0..5 k6), wSfo "lOH 
rignao, A. CA. [3] 69, 22). ElHorescea in vacuo, I lOB* or 6B“j pa^af^ngsta^es of ^ 

"J; ®'®- W-esented in this scheme by the oomaUel l 

3-2588 at 17-6» 3-2314 at f9‘>; S.G. of N 0 .WO, fbrmula B«V(W,.0„).. In the paratuniet^^ ' 
.-4-174.Sat2n-5° d-lfi.-).-! »t ifi-flo /niarV„ I which have been best examined^B™ NH n 


. 4-1743 at 20-5°, 4-1833 at 18-6» (Clarke, Am. 
S. [3J14, 281). Bolubility=41t8t 0°, 55 at 15°, 
123-4 at 100° (Riche, /. pr. 69,10). For S.G. of 
Na^WO^Aq of different concentrations, v. Franz 
(J. pr. [2] 4. 238). For E.C. of Na.,WO,Aq v. 
Walden {Z. P, C. 1, 629). 

Strontium orthotungstate SrWO^. Obtained 
by ppn. (^thon, l.c .); also by fusing 2 parts 
SrCl,, 2 parts NaCl, and 1 part Na 2 VV 04 (Zett* 
now, lu:.\ Schultze, A. 126, 56). ^ 

Ziuo orthotuiigstate ZnWO^. Oolourless 
tablets; formed by fusimr 2 parts ZnCl.^ with 
3 parts NaCl and 1 parf Na^WO^ (Souther a. 
Porsberg, A. 120, 270; ef. Zettnow, P. 130, 
240). 

i*AnATUNoaTATKS. A number of acid tungstates 
have been isolDted, the composition of which is 
expressed by one of the formula 3R0.7W0, or 
ollO.lJjWO,. The former formula was given by 
, Lotz (X Ol, 49) and Scheibler {J. pr, 83, 273); 
the latter formula by Laurent (A. Ch. [3] 21, 51) 
and Marignao (A. Ch. (3] 69, 6). The two 
formulte represent salts of almost identical com-, 
position, and no way has been found of •icciding 
which form^ula is the better (c/. Knorre, J. pr. *1 
[2] 27, 83). 'The acid tungstates of this itiories 
are more easily formed and crystalhso better 
than the other acid salts; they are generally 
called paratungstatest following the suggestion 
made by Marignac. 

The Alkali paratungstates are obtained by 
tt^.turating hot alkali solutions with WO, and 
orystallising; most of the other paratungstates 
are prepared by ppn. from solutions of the 
alkali salts. The alkali salts are solublo in 
water, the other salts are insoluble. Solutions 
of alkali paratungstates give, with dilute HClAq, 
white pps. which become yellow on boiling 
(WOgUi’K.O). Metatungstates, UO.4W0.,, are 
formed liy gradually adding HClAq to l£>iling 
solutions of paratungstates ; mela- salts are also 
formed by boiling para- salts with WOa.tLO. 
Solutions of paratungstates are not ppd*. by 
SO.jAq, HlAq,^^itrio, tartaric, or oxalic acid; but 
the presence of one of those acMs docs npt 
hinder ppn. by HClAq. Solutions of alkali 
paratungstates give pps. with salts of almost all 
the heavy metals. H^S reacts with alkali para- 
tungstates intsoluiion to form soluttonA of thio> 
tungstates which giv6 brown pps. with acids, 
soluble in (NH 4 ).^SAq. Paratungstate!^ readily 
react with HjPO,, H^sO|, Ac., to form complex 
aoids (v. p. 807), solutions of which are not pp(T. 
by acids, exoopt these are added in considerable 
exoq^.; solutions of paratungstates are, there¬ 
fore, not ppd. by HClAq in presence of H,P 04 t 
H,A804, H^, 04 , (hr. For the rations of para- 
tungstates with Pt 04 H 4 V. Bosenbeim (J2. p4, 
2897; the reaction is rather indefinite). 

U the simpler (8:7) formula ia adopted, the 


Hg, K, Ag, and Na; B«aBa, CJ, Ca, Co, Cu! Pb' 
Mg, Mn, If:, Sr, and Zn; and R*w=. AI and Cf! 
The simpler formulw are employed in the de¬ 
scriptions of the individual salts. 

Aluminium paratungstate AI.^W,024.9Iip. 
A llooculent pp.,‘ drying to gum-like lumps; ob¬ 
tained by adding {NHj 4 W, 024 Aq to a solution 
of a salt of A1 (Lotz, A. 83, 65; Anthon, J. pr. 

8, 399 ; 9, 337). 

Ammoniam paratungstate 

(NHJ„W,024.6H.0. Obtained by dissolving 
WOj,.Uj,0 in NIIaAq and crystallising at the 
ordinary, or a little above the ordinary, tetq^ 
perature (Lotz, A, 91, 65). Crystallises in 
white, rhombio needles (Marignac, A, Ch, [3J 
69, 25; Kerndt, J. pr. 41, 190); also in rhombio 
tablets (M., l.c.); and is. therefore, dimorphous. 
Solubility = 2-8 to‘^4-5 at 15 °j^ 22° ; when the 
solution is boiled the 'Very soluble meta- salt 
(NH 4 )^W 40 ,a is formed. Loses 3*9 p.o. H^O at 
100’’; when heated to redness the blue oxide of 
W remains mixed with compounds containing N 
(M., I.C.). Marignao (/.c.) gave the formula 
(NH^),oW,;j 04 ,. 11 H.^O to this salt; Berzelius, and 
Anthon (l.c.) gave the formula (NH4)^W;jO,.H.,0; 
and llicho (v. Marignac, he.) the formula 
(NHJ.,W,0„.6 or 6H*0. 

Various doxihle salts have been isolated; 
with NauW,024 (v. Knorre, B. 19, 821; Gibbs, 
Ain. 7, 236); with K^WjOg., (v. Laurent, A. Ch. 
[3] 21, 69; Marignao, A. Ch. [3] 69, 56); with 
MgaWjOai V. M. (he.), Lotz (A. 91, 61) ; with 
ZnjWjOji V. Lotz (he.); with CdjWjO^ v. L. 
(he.); with Hg.,\V,0,,4 v. Anthon (J. pr, 8, 399 ; 

9. 337). 

Barium paratungstate BaaW,0a4.8H,0. A 
white pp. formed by adding (NH 4 )„W,Oa 4 Aq to 
exce^ of BaCljAq, washing and drying over 
H_.S 04 (Lotz, A. 93, .00 ; cf. Knorre, B. 18, 327; 
19, 820). Forms a double salt with NogW^Oa, 
(Scheibler, J.pr. 83, 314). 

Cadmium paratungstate Cdj^WjOjj.lCHaO; 
white noodles, obtained by adding Na 4 W, 024 A«i 
to excess of solution of a salt of Cd (Gonzalez, 
•r.pr.(:2] 36, 44). 

Calcium paratungstate Ca,W,0„.18H,jO; a 
crystalline pp. formed by ppg. excess of CaGl 2 Aq 
by Na 4 WTO,j 4 Aq, and drying in the air (Knorre, 
B. 18, 328). Forms a double salt with 
(Conzalez, l.c.). 

Chromium paratungstate OryWyO^i.OHjO; a 
grey powder, obtained by heating CrCl, with 
(NH 4 ) 4 W ,024 ; tosoluble in water, but ^ssolves in 
OrCl^q (Lotz. A. 91, 66)j, 

Cobalt paratungstate Go,Wy024.25H20 (Gon« 
z^ez, he.); forms a double tuXi with Na,W, 0,4 
(G., he.). ‘ 

Copper paratnngitate Ca,W,0,4.19H,0; a 
pale-green pp. formed by adding Na^W^OMAq to 




•xeess of OnBO^kq (Knorro, B. 19, 826; v. also 
Gonzalez, [2] 86, 44). Forms a doubU 

salt with NajW,0« (K., Zlc.). 

Lead paratongitate Pb,W,0„; a white pp. 
formed by adding (NHJ,W,0«Aq to Pb(NO,).Aq 
(Lots, A.-91, 49). Forms a double salt with 
Na*W,0« *Gonzal8z, lx»). 

Lithium paratangstate LioW^O,,.1911,0. 
Large prisms, unohangod in air; obtained by 
boiling the proper quantities of WO, and LlfOO, 
in water, and allowing to orystallise (Soheibler, 
/. pr. 83, 321). 

• Kagnesiom paratangstate Mg,W,0,,.2iH,0; 
obtained by ppn. (Knorre, B. 19, 81^). Forms 
a double scUt with Na^WjO,^ (1C., l.c.). 

Manganese paratangstate Mn,W,0„.3iIl,.0 
(Gonzalez, J, pr, [2] 36, 44). • Forms a double 
salt with Na,W,0,4 (K., f.c.). 

Nickel paratangstate Ni,W,0,^.141120 (An> 
ibon, J,pr. 9, 344). 

Potassium paratangstate K,W,0„.GH,0 
(Marignao, A. Ch, [3J 69, 33, gave the formula 
K,,W„04,.11H,0). Prepared by saturating hot 
KOHAq with W0,.xH,0, and allowing to oooi; 
by boiling K,WO« with U,0; or by fusing 
wolframite with | of its weight of KjCO,, boil¬ 
ing the product with water, saturating the 
aqueous solution with 00,, and cryslallisiug (M., 
I.O.). White shombic cr^jtuls, isomorphoua 
with the NHf salt (iVf., he.). Decomposed, by 
melting, to K,WO, and 5K,0.14W0,„ without 
forming any mota- salt (Knorro, J.jtr. [2\ 27, 91). 
bolubility 0*2*15 cold water, 6*0 boiling water. ; 

Various hydrates have been obtained (n. j 
Zettnow, P. 130, 241; cf, Lefort, A. Ch. [6] 9,*! 
93; 15, 321; 17,470; 25, 200j. Forms double ' 
suits with Na^WjO,, (v. Marignac, A, Gh. [3J 09, 
55 ; Laurent, A, Ch. [3] 21, 54). 

Silver paratangstate AgjWjO,*; a yellow, 
crystalline pp. formed by adding Na^W^O^Aq to 
excess of AgNO,Aq (Gonzalez, J.pr. [2] 30, 44). 

Sodium paratangstate Ka4W70,4.16H,0. 
This formula is given by Scheibler {J,pr, 83,285); 
the formula NaieW^Oq is given by Laurent (he.), 
Marignao (fu:.), and by Friedhcim a. Moyor, 
{Zeit. /. anorg. Chemie, 1,81). Prepared by satu¬ 
rating hot NaOHAq, or Na,CO,Aq, with 
W0g.xH,0 and evaporating to the crystallising 
point; also by passing CO, into NojWO^Af until 
the reaction is only faiqtly alkaline. Large, 
well-formed, white, triclinic crystals (Scheiblor, 
Ijs. ; Marignao, A. Ch. [3] 69,39). KlUorosces in 
air; loses c. J of its H,0 over H,SO,; is dehy¬ 
drated witboot decomposition at 300'^ (8., he.); 
heated to dull redness leaves a residue, insoluble 
in water, containing more than 5W0, it NajO 
(M., lx,; also Knorre, /. pr. [2] 27, 71). 
Melts above doll redness, giving KogWOi and 
KaaW,0|, (meta- salt). Heated with water to 
160° gives much meta- salt (K., l.c.). Solubility 
8 to 9 at 85° to 40°; for the salts obtainehle 
from an aqueous solution v, M. (he.), and also 
K. (B. 18, 2362). By boiling a solution with 
Ka,CO, transformation to Na^WO^ is complete 
(tf. Schmidt, Am. 8, IB). A hydrate with 21H2O 
has been obtained (m., l.c.). Forms dou^ salts 
Sr,W,0,4 (Gonzalez, J.pr. [2] 86, 44), and 
with Zn.W,oI« (Knorre, B. 19, 82^. • 

Strentliim paratangstate Sr4W,0M.8H,0 
(Knorre. B. 18^ 827). 


Zinc paratangstate Zn,W.O,4.«HaO (Gon¬ 
zalez,pr. [2] 86. 44). 

Mbtatunostatms or Tbteatunostatbs, 
B»0.4W0, or R^W^O,,. Salts of the aci^ 
H3W4O,, (o. MItatonostio AOiDS, p. 802). Thfit 
metatungstates may be obtained by •causing 
metatungsti(f ocid H3W40„.xH,0 (w, p. 803) 
to interact With carbonates, chlorides, ^or 
nitrates; also by the reaction of a weak aoU 
(H,PO,A(| is vbe best) with ortbotungstates, th« 
acid being added* as long as the pp. of 
WO,.xILO which is at first formed re-dissolves; 
also from the a^ali salts by double decomposi¬ 
tion, or bettor from the Ba salt by interacting 
with sulphates; 41^0 alkali metatungstates are 
< prepared by boiling solutions of tlie ortho-tung- 
states for some time with W0,.jrU,0. 

Most of the tnetatungstatog are very soluble 
in water and are crystallisable from aqueous 
solutions; aqueous solutions are hot ppd. by 
acids in the ^old, but pps. aro obtained after 
. long standing or boiling. Ivlotatungstatos are 
I changed to ortho- mills by excess of alkali; 

, wben alrongly hcined, ortbotungstates are 
i formbd. Solutions of metatungstates are not 
ppd. by H,S ; {NH,),SAcj gives a blue pp.; pps. 
are not obtained with salts of the heavy metals 
except Pb and Hg>; K (FeCy^Aq ^oes not forma 

pp. 

Ammoaiam metatangstate 
I (Nn,),W,0„.81I,0. This formula ts ^ven by 
Schoiblcr (/. pr. 83, 303) ; more ooinplioatecT 
formula) are given by Marguoritto {A. Ch. 
,[3] 17, 477), Laurent {A. Ch. [8J 21, 02). and 
Lotz (»1. 91, 55). Obtained by boiling the 
para- salt (NIl4),W,0„.xil,0 with W0,.n,0 
(Ma guerittc, A. Ch. [3J 17, 477); dlso by boiling 
the para-salt with a little HNO^Aq (Laurent, 
A. Ch. [3J 21, 02); also by heating the dry para- 
I salt to 250'^-30l)° (Scheibler, J, pr, 83, 804; cf. 
Tersoz, A. Ch. [4] 1,101; and Marignao, A. Ch. 
[4J 3, 71). White octahedra; efilorezoes in air; 
loses 71120 at 100°. Solubility in cold w^r* 
-120 (Lotz, he.), =286 (Uiche, A. Ch. [8] 60, 

I 451. The solution is optically refractive. In¬ 
soluble in alcohol or ether. Forms a double 
salt with NII.NO, (Marignao, A. Ch. [3] 09, 01). 

Bariam motatungstato liaW40„.9H20. Ob¬ 
tained by adding BaCl^Aq to a hot cone, solution 
of Nq-^W.O,, acidified by llCIAq (Soheibler, 
J. pr. 83, 304). Crystallises in laage, white, 
tetragonal ootabedra; S.Q. 4*298 at 14°; loses 
GlljO at 100°; easily soluble in hot water, de- 
coj^-posed by much cold water to WO, and 
BaW,0,o.CH20, which dissolve ^ 

Cadmium paratangstate GdW4O„.10HyO. 

^ Lustrous, white octahedra; unchanged in air; 

' obtained by decomposing BaW40,,Aq by 
CdSO.Aq (S., lx., p. 273). 

Caleiuft metatungstate ^WfOivlOHjO. 
Quadratic octahedra^ obtained by dissolving 
CaCO, ip HjWfOitAq and crystallising (S., lx., 
p: 314). 

Cooalt metatnngstate CoW40„.9H,0 (8*. 
ZuJ. p.317). • 

Copper metatungstate CuWtO,,.!!]^^ (8.. 
he p. 317). ^ 

Magneiioia meiatungq^ate MgW40„.8H^O 

(S.. I.C.). 

Manganese metatangstate MaW,0|g.lOH,0 
(S.. f.c. p. 278). 
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K«rearoai matotugitate Eg^W^Ot3,2SEfi, 
Obtained, as a white pp., bjadding to 

•olation ol HiWfOja or a meta* salt (S., I.0,, 
V* 319). 

Nickel metatuagetate KiW^O^.dHyO (S., 

p. 

Potassinm metatongetate £^W40„.8H^0. 
LqBtrous ootabedra; obtained by boiling 
KgWjOj^Aq with WO,.«H.jO ; very soluble in hot 
water, considerably less soluble in dold^water (S., 
lx,, p. 303). A pentahydrUte was obtained by 
Marignao (il. Ch. [4] 3, 71). 

Silver metatiAigstate Ag.WttO.r Obtained, 
as a crystalline crust, by ^ding AgNO,Aq to 
Ka^W^OjiAq, evaporating, *<neparating from 
■Ag^W04, and evaporating again (S., lx, p. 31t^. 

Sodium metatangstate KasW^Oij-lOHO. 
Obtained by boiling Na^VYjOjiAq with W0,.xH;.0 
and allowmg to evaporate; white, lustrous 
octahedra; S.G. 3‘8047 at 13°; very soluble in 
hot, but less in cold, water (S., l.c, p. 303). 

Strontium metdtungstate SrW^Ojj.Sli^tO (S., 
t.c.p. 314). , 

Zinc metatungstate ZnNV^Oiy.lOH/d (S., lx, 
p. 273). 

TuNOBTATBS OTHKR than ORTliO>, PARA‘, AND 
META* SALTS. 

* Ditung9t«,tes. Salts of the form 
R*i0.qS^O, = Salts of K and Na of this 

oompp^ition wjro said by Lefort (A. Ch, [5] 17, 
470) to be formed by neutralising cold solutions 
' of K^WO^ and Na^WO^ by acetic acid; Knorre 
{J. pr, [2] 27, 83) obtained only metatungstates, 
^^40,t» by this method. • 

Tioo lo five tungstates. The ecistence 
ol salts t>£ the class 2iy0.5W0j»lVW40,7 is 
doubtful. Marignao obtained a salt to whi(/h be 
gave the formula Na4W40,,.llH.p along with 
the para- salt Na4W,O,4.10U,O {A, Ch, [3] 60,50), 
The same salt soems to have been obtained by 
Lefort {lx ,; cf. Foroher a. Gibbs, J, 1880. 341) 
by addinf^ aoetio acid and alkali to Ka.^W04Aq | 
* and allowing to stand for some time {cf. also 
Schmidt, Am, 8,16). 

Three to eight tungstates, A salt 
(NH4)4W,0„.8n,0 = 3(NH,)P.8W03.8H,0 seems 
to have been prepared by Marignao (A. Ch, [3] 
60, 61). 

Tritungstates Il“0.3W03 = R“W30,j. 

Lefort (^. Ch. [5] 17, 470) prepared a4saU to 
which he* gave the formula Na3W50,o.6njO, by 
pouring a boiling solution of Na^W.^O^.GHjO (^• 
tained by adding acetic acid to Na3W04Aq until 
the liquid shows on acid reaction) into boiling 
acetic a^id, ihlowing to cool, separating the 
lower syrupy layer, and crystaU&ing it.^ ^ 
corresponding salt E^WfOi^.OII^O was obtained 
by a similar method; and a series of tritungsiates' 
was prepared by mixing equivalent quantities of 
the Na sfldt end metallio acetates, in Solution, 


and adding alcohol. L.'de^cribes thetritungsChtes 
at easily decomposing in aqueous solutions to di- 
and tetra- salts. The following salts were formed 
by L. : — BaW,0,„.4H,0 ; CdW,0„.4H,0; 

CaW*0,^6H,Cj; CoW,0,..4H,0; FeW30,4.4H,0; 
PbW>,.-2H,0; MgW,0,o.4H.p4 MnW,0,4.5H,0; 
NiW,0,4.4H,0; K-W*0,..2H,0; Na,W,0,,.4H30;« 
8rW,0,».5H,0. Kiiorre’s experihieats led him 
to regard Lefort’s tritungsiates as mixtures 
(/.pr.ta)27.83h 

Penta- and oeio^ tungstateM, Salts 


of K and Na of the composition and 

are said to have been isolatM, the 
former by fnaing mixtures of ^WOj and WO„ 
the latter by fusing R3W4O11 with ]^W04 (Knorre, 
/, pr, [2] 27,81, 91). 

A few tungstates that do not find places in 
any of the foregoing classes have beeiTdeBoribed 
by different observers (v. especially Lefort, A, Ch, 
[6] 9. 93; 15, 324; 17, 470; 25, 200; also 
li^fareibler, J, pr. 83, 237; Gonzalez, J.pr. [2] 36, 
44; Knorre, J, pr. [2] 27, 93; Lotz, A. 91, 49 ; 
Fcit, B. 21,133; Clave, Bl. [2J 43,170; HOgborn, 
Bl. L2j 42,2). 

PBUTUitf. STATES. By boiliog a solution of thd 
paratungstato Na4W,0.34.16H.30 with £C,0^q, 
and then evaporating in vacuo, Pochard (C. li. 
112,1060) obtained small white crystals of a salt 
to which ne gave'che formula Na G.W„0,.2H30 =» 
NaW04.H._jO; and by treating (NH4),W,Oa4.CH.G 
in a similar way he isolated the corresponding 
NH4 portungstate. According to P. these salts 
are decomposed by alkalis with evolution of 0; 
solutions of them sot free X from EIAq, and 
react with HGlAq, giving off Cl. 

Tonosten bbonzes. Bright-coloured,lustrous, 
metal-like, crystallino solids, obtained by the 
action of reducers^such as H, coal-gas, Sn, or 
Fo—on tungstates of Li, K, or Na; also by tho 
olcctrolysis of these tungstates when molten. 
The composition oPthese oompCmnds, which are 
known as bronzes and used as pigments, is 
represented by tho formula Mx(W03)y, where 
M - Li, K, or Na. Tho constitutions of the com¬ 
pounds are not known; they may be represented 
as compounds of tungstates with WO^, by the 
general formula xMjO.^WOj.rWO,; they may 
also be represented as compounds of M^O with a 
radiolo composed of W and O in a ratio greater 
than W:‘20 and less than W:30—that is, as 
compounds of M.4O with oxides intermediate 
between WO^ and WO,. The tungsten bronzes 
are insoluble in most acids, also in alkali 
solutions. 

Sodium tungsten bronzes. These compounds 
are formed by the iittcraction of Na tungstates 
and H (Wohler, P. 2, 350), Sn (Wright, A. 79. 
221), coal-gas (Schnitzler, D. P. J. 211, 484), 
Zn or Fe (Zettnow, P. 130, 261), or by electro¬ 
lysing Na tungstates (Scheibler, J. pr, 83, 321). 
Accol^ing to Philipp {B. 15, 499), the different 
processes yield the irame bronze it the same 
tungstate is used, and the more WO3 there is in 
the tungstate employed the richer in WO, is the 
bronze produced. All the comppunds are in¬ 
soluble in acids or alkalis; they dissolve in 
NaOlOAq; heated with NH^Aq and AgNOjAq 
they 4lve Ag and WO, {cf. P. a. Schwebei, B, 
12, 2234; 15, 600; Knorre, J. [2] 27, 61). 
These compounds are slowly oxidised to tong- 
,states by heating to redness in air (K., 2.c.). 
Philipp {lx.) gave S.G. of all the sodium Ifironzea 
a»7‘2 to 7-8 at 16° to 18°. 


Purple-red bronze Na^WjO,—Na,0.2WO,.WO* 
-Na,0.W,0g-Na3W04.W,0,. Prepared by 
fusing for c. hifif an hour a mixture of 10*9 g. 
NOjCO,, 71*7 g. WO, and/^O g. tinfoil, and boil¬ 
ing auscessively with H,0, NaOH Aq, and HOlAq. 
Bpd cubes; the powder traiftmits green liglit 
when suspended in water (P., lx.). 

Bed-yellow bronse Na4W,0,,* 
2Na,0.3W0,.2W0,-2Na,0.W,0.- Prepared by 
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■Acting 60 to 80 g. of ft mixtnre of Na,W 04 ftod 
WO 9 in the ratio 2 Na,W 04 :W 0 «, addiag 80 g. 
tinfoiU ftnd keeping molten for 1 to 2 hours. 
Red>yelh>w oub^; the TOwder ia brownish 
yellow, and transmita blue fight when suspended 
In water (P.. 2,0.). 

Qoldr^eUow hronte Na^W^Oisss 
6Na,0.7W0j.6W0,« SNftjO.WjoO,,. Prepared by 
heating NajWgOr to dull redness in H. powdering 
and again heating in and then boiling with 
H,0, HOlAq. and NaxGO,Aq successively. Gmdbn 
yellow, crystalline powder (P., lx *; 0 /. Wdhler, 
P. 2, 360; Wright, A. 79, 221). 

• Blm bronze NajWjOij^Na^O.^WOj.WO,*- 
Naj 0 .W 40 , 4 . Prepared by fusing with 

more than 2WO„ and adding tinfoil; also by 
melting Ka 4 W ,024 (paratungstate) and electro¬ 
lysing with 6 Zn-Pt elements^?., 2.c.; Scbeiblcr, 
J. pr. 83, 321; cf. Enorre, J. pr. [2] 27, 49; and 
ZettnoWi P. 130, 261). Dark*blue cubes, with a 
red sheen; 8 .G. 7*28 at 17'^. 

Potassium tungsten bronzes. The com¬ 
pound K,W, 0,5 » KgO-SWOs-WGa * E^O.W^O,, 
seems to be the only one of this class that has 
been isolated. Prepared by fusing with 

WO, and adding tinfoil; also by fusing K.CO', 
with from SWO, to 4WO„ and reducing by fl or 
coal gas ; also by electrolysing a molten mixture 
ofK,W 04 andWO,. Reddish-violot prisms,giving 
a blue powderf wliich transmits greenish light 
when suspended in \^ter; S.G. 0 . 7*1 (Laurent, 

A. Ch. [2] 67, 219; Zettnow, P. 130, 202; 
Enorre, J. pr. [2] 27, G3). 

Lithium tungsten bronzes. A compound of^ 
this class, probably Li,W, 0 , 4 , is obtained by 
fusing LijWyO,^ (puratungstate) witli tin. DaiJ» 
blue crystals (Scheibler, J.pr. 83,321; Enorre, 
2.C., p. 69; Fcit, B. 21,133). 

A potaesium sodium bronze and a potaszinm 
lithium bronze have been obtained (Enorre, l.c. 
p.OC; Foit.l.c.). 

COMPLEX TUNGSTIC AGIOS AND 
SALTS. Tungstic oxide WO, combines wdth 
several anhydrides, e.g. B.p,, P.^O,, Aa^O,, SiO., 
6 rc., and water, to form acidic compounds, and 
also with these anhydrides and basic oxides to 
form salt-like oompounds; the whole of these 
compounds are usually grouped together" as 
complex tungstic acids and complex UmgstnUis, 
and they are divided into stioh classes cs,^rseno- 
tungstates* phosphotung^ates, &o. 

Antimonosotunobtio acids and salts. Ac¬ 
cording to Lefort {A. Ch. [5] 17, 487), the com* 
pounds SbA.6WO,.4H.p and 8b.,0,.6\V0..8H,0 
are formea by dissolving tartar emetic in 
Na 20 . 8 W 0 ,Aq and Na,0.2WO,Aq respectively. 
Gibbs {Am. 7,392) obtained ^ 

4Ba0.68b,0,22W0,.36H,0 and . 

6K40.48b,0riaW0,.25H,0. 

AaSHNOTUNOBTXO ACIDS AND SALTS. OompOUnds 

of tho form ABjOslGWOfOTHgO have been 6 b- 
tained by Eehrmann {A. 246, 46; ef. Fr^ery, 

B. 17, 296): and series of compounds of Ab.0^ 
with WO, and basic oxides (NoiO, E^O, BaCv 
&e.), in which the ratio of A 8 | 0 ^:WO, is 1:6 and 
1:8, have b^n desmbed by Gibbs {Am. 7, 813). 
Compounds of W<^ with Aa.O, and l^ses, an^ 
'also with ASgOpand AajO, ana bases, and finally 
with As.Of* and and bases, etn describld by 
Gibbs (r.e.),. 

Bohotonobtio acids and salts. Two oom- 


pounds of BjOg and WO, haes probably beea 
isolated, in which the ratios of the oxides are 
1:14 and 1:9 respectively; compounds of esoh of 
these with bases are known (Elein, A. Ch* (6] 
28,360). • 

Borotungstie acid and salts 
B40,.14W04.t:n40. A solution containing B,Oa 
and WO, in the ratio 1:14 is obtained by Wling 
Na^W04Aq with B.Oj,Aq, ppg. by I^NOfAq, 
decompe^ing. the pp. by H,S, and expel¬ 
ling H,S from thp filtrate by warming (for 
details v. K., l.e.). Compounds of the form 
a;MO.B,0,.14WOs.^H.O hav^ been formed, 
where x « 2, 3,*and 4, and M is Ba, E,, Ag„ Na, 
and Sr. 

Tungstoborlo'acid and salts. The com¬ 
pound B.40,.9W0,.1 cH. 40, usually known as tung- 
stuboric acid, i%obtained in yellowish octahedra ' 
by evaporating tho solution of borotungstie acid. 
A considerable number of cumponnds of banes 
with B.4O, and WO„ in tho ratio Bi;03:9W0j, 
has been obtained: most #f them are of'the 
fomi2MO.B,0,.9WO,.xH,0, M^INH^),, Ba, Cd, 
Ca, Co, Cu, Li.., Mf. Mu. Hg*, Ni, K„ Na,, Tl,; 
a ff% salts 2M.,0,.B.,0,.9W(),.xH,0 (M-AI or 
Cr) are also described by Klein (2.c.). 

Fluotonostateh and allied compoutids ; v. 
TONOSTOXYFLVOItIDKS (p. 799). 

loDOTUNQST.ATKs. J^lonistranB (/. pr. 40, 327) 
described a compound 2K;jO.LO,,.2WGt..3H,0, 
obtained by adding tlio calculaterk quantity of 
HIO, to K.WO^Aq. • 

PnosvnoTL'NasTto ACIDS AND rmjTS. The oxides 
WO, and Pp. combine in Rcveral proportions, in 
presence of IID, to Corn* complex acids which 
contain largo quantities of WO, relatively to tlie 
iVd:.- A great many componndfl are known 
conlaiTiing WO;, and P2O, combined with basic 
oxides. 

Phosphotungstio acids. Compounds of the 
form PjO,.xWO.,.^U/) ; compounds wherein 
• =» 24, 21, 20, 10, and 12 seem tq, have been 
isolated. Tho existcnco of these oompounds 
was made known by Scheibler (J3. 6, 802); Ihef 
have been investigated chieily by Gibbs (Am. 2, 
217. 281; 4, 877; 6, 301, 391; 7, 313, 392; 
Pechard, C. B. 109. 301; 110, 754; and Kehr- 
raann, B. 20. 1H0.5, 1811; 24, 2326 ; 26,1900 ; 
A. 245, 45 *, i^eit.f. «nor<7. Chemie* 1, 428; also 
Drcchsel, B. 20,1452 ; and Brundhorst a. Eraut, 
A. 2^9, 373). Tho phosphotungstio acids are ob¬ 
tained by boiling lf,PO,Aq with U2W40,,.xH.^0 
^meta- acid); by docomposing^the mercurous 
so^lts by HClAq ; and by boiling NajW,0,^jcH.;0 
(jmra-salt) with NaJlPOjAq,decomposing by 
llClAq, vid dissolving the acids tbiA formed in 
' ether. The phosphotungstio acids are unohanged 
in solutions in dilute acids; these solutions are 
scarcely acted on by IljS, and very slightly by 
zinc ^ they give phosphates and tungstates when 
boiled with alkalis; cbaracteriiftic p^s. are pro* 
duce^with alkaloid!, urea, albumen, &c. 

. PhoBphodaodeoitungstio* acid and salts 
P,Oj.24WO,jjH, 0 and yM0.P2O,.24WO,.xHj,O. 
The acid is obtained by evaporating a soluUoo 
of H,P04 and H,W,0.,JcIl20 i(f the proper pro¬ 
portion (Pochard, l.e .); by boiling a station of 
tungstate aipd phosphate of Na, in the ratio 
24Na,W04:2Na8HP04, acidulating with HNO,Aq, 

* ppg. by HgNOjAq, decomposing the Hg salt by 
HClAq, filtering, and evaporating In vaeuc 
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» Jm. 2, 217); by boiling H^ 04 Aq with 
, in the proper proportion, decomposing 
a small excess of H^SOiAq, removing H,S 04 
by BaOAq, filtering, and evaporating (Sprenger, 
J. pr, [2j 22, 418). The acid crystallises in 
white, regular octahedra, or cubes. The value 
for X in the formula Pfiy2iW0t.x'B20 varies 
according to different observers, from 40 to 58, 
£0, and 61. The salts y^0J^fiy2i'Vf0^.x'3^Q 
are obtained by mixing tungstates (normal or 
para- salts) with H,PO,Aq pr a phospfiate, and 
decomposing by slight excess of HClAq, HNOjAq, 
or U,SO,Aq; in most cases the salts ppt. as fine, 
white powders; in some cases it* is advisable to 
evaporate to dryness, extract with alcohol and 
ether, and evaporate. The s^ls have been de< 
scribed by Gibbs (/.c.); Kehnfiann {Zeit.f. anorg. 
Cfiemie^ 1,460); K. a. h'reinkel {B. 24, 2627); 
Bprenger {J.pr, [2] 122,418); and Brandhorst a. 
Kraut {A. 249, 676). Salts have been obtained 
wherein MOafNHJ^O, BaO, CuO, KjO, Ag.^0, 
and KajO, and ^=* 1 , 2 , and 6 . 

Fhospholuteotungstic acid and salts. 
PA.16WO,.®H,p and yM0.PA-16\Vp,.»H.,0. 
The acid is obtained by boiling Nc.^WO^AqrAitb 
HjPO^Aq, acidulating with HNOsAq, adding 
KH 4 CI and boiling, crystalli.^ing the pp. from 
KHfOlAq, evai>oratiDg the NH, salt thus pro¬ 
duced with aq'hJa regia^ and crystallising the 
acid so formed from water (for details -u. E., f.c.). 
To an aa^ c^btainod by decomposing the K salt by 
.HgSiFfAq, or the Ag salt by HGlAq, E. gives the 
formula P 30 i.l 8 VV 03 .£H.^ 0 ; and lie says that 
the salts are yM 0 .PA‘l*^W 03 .a:Hj 50 . The acid 
forms citron-yellow, six-sided tablets; it melts 
by the heat of the hand, and is very soluble in 
water. Accowhug to K. (B. 20 , 1805; A. 245, 
45), salts of this series are obtained by boiling 
any phoaphotungstatos with excess of HiPO^Aq 
in presence of an alkali salt. It is probable that 
two series of salts exist—one with IGWO, and 
another with 18WO, (c/. Gibbs, f.c.; and Pochard, 
f.c.). Soils have been obtained wherein 
'Mq s(NH,),0, BaO, CaO, CuO, PbO, and KA 
and p = 1, 6 , 4, and G. 

Other phosphotungstio acids and salts. 

I. Salts of the form yMO.P.A-‘‘i3WO,;.icH,0 
have been obtained, wherein MO (NlI,).^ 6 ,Bab, 
and K-A p“2|6.4, and 7 (u. K. a. 1*\, i?. 21, 
2327; 26,19G6; K., Zeit.f. anorg.Citcniic, 1,435; 
Sprenger, f.c.; Gibbs, f.c.). 

II. An ‘acid of the form PA*21WOg.a;TI._.0, 
and salts j/MO.PA*31WOa.xHjO, wh('rt> 
M 0 *»(NH 4 )A and Ag.^O and y = 3, hqye 
been isolated (K, a. F., l.c.; K., l.c.). 

IIL The acid P.p 4 . 20 \VO,.xH,O qnd a salt 
6BaO.PA*20WO,.xH,O were obtained 
Pdohard {l.c.) and Gibbs 

IV. For the acid PgO 4 .i 2 WOj.xH 2 O and the 
salts yMO.PgOj.I2WOj,.xHjO, wiv*re^ MO 
-(NHJgO, Ba«, CaO, CuO, PbO. Li.,0. Mg(>, 
Hg.^0, IL.O, AggO, Na..t),* TLgO, and ZnO, v* 
P 6 ohard (C. B. 110, 754). 

V. A few salts of the form 
pMO.PtOj.7WOj.xHgO have been obtained 
7MO«(NH4)gO,**BaO, CaO, HgA Na,0; y 
doubtfgl) (Gibbs, l.c.i E., l.c.). 

VL Compounds of alkali phosphates with 
WOj, and wi^ phosphoric acids and WOj, have 
been isolated; also compounds of alkalis with* 
BJPO. and WO., and with H,POt and WO.. 


are described by Gibbs (Am. 861; 7, 811 
892). ’ 

PxaTINXTTTNOSTATBS, Vt thiS VOl., p. 283/ 
SiLzeoTUNOSTio ACIDS AND SALTS. Three com¬ 
pounds of SiO, with WO, and £^0, which react 


as acids, have been isolated, and many com¬ 
pounds of bases with SiO, and WO, llave been 
obtained (Marignao, A. Ch. [4] 8, 5). 

Silicoduodecitongst'o acid, and salts 
SiOftl2WOj.xH.gO; as most of the salts contain 
iMgb (or 2MO) the acid is usually written 
4Hg0.Si0g,12W0,.xH,0 (- H,Si W,g04t.xH..0}. 
According to Drechsel (B. 20,1452), the acid is^ 
most easily* obtained by dissolving NogWO, in 
boiling water, nearly neutralising with HKOjAq, 
dissolving the crystals that separate in cold 
water, boiling this solution with gelatinous 
Si02.xHg0 until 'HClAq ceases to give a pp., 
filtering, evaporating, adding a large excess of 
HgSO^Aq, extracting with ether, separating the 
lowest layer and evaporating (for details v. P*, 
I.C.). Large, colourless, dimetrio octahedra 
(^Titil x»29); loses 25 H 2 O at 100^, and all HgO 
at 850^. Very soluble in water and alkali 
Violations. Most of the salts of this acid have 
the composition 4 M 2 O.SiO 3 i 2 WOs.xHgO, or 
2M0.Si0g.l2W0,.xH20; MgO^INHJgO, HgA 
KgO, AgjO, NogO; MO»BaO, CaO, MgO; x 
varies from 7 to 28 (Marignao, l.o.). 

TungstosiUcic acid, and salts. This name 
is generally given to an acid containing SiO-g 
and WOj in the same ratio ( 1 : 12 ) as silicoduodeci- 
tungstic acid. The formula of the acid is 
[•generally written 4 H 2 O.SiO 2 . 12 WO,. 20 H 2 O. The 
‘ ricid is obtained by evaporating a solution ol 
silicodecitungstic acid to dryness, taking up with 
water, filtering from separated SiOg, evaporating 
to a syrup, and allowing to crystallise. Forms 
short, while, triclinio prisms ; melts under 100 °, 
giving ol! ICHgO and again solidifying. The 
salts of this acid are obtained by dissolving car¬ 
bonates in a solution of the acid, and evapora¬ 
ting ; they are more soluble and less easily 
crystallised than the salts of the duodeci- acid; 
the salts are of the forms 

( 1 ) 2 M 0 ( 4 M 20 ).Si 02 . 12 W 0 j.xH 20 , where 
M^Ca, orM^-K,; 

( 2 ) 2 M 2 O. 2 HjO.SiO 2 .i 2 WOa.xH 2 O, where 
Mg^Kg or No,; some more complex salts have 
also be%n isolated (f^rignac, f.c.). 

Silico-deoitongstio * acid, and salts. The 
acid 4 H 2 O.SiO 2 . 10 WO,.xH 2 O (x probably » 3) 
is obtained by decomposing the Ag salt by 
HGlA*i, filtering, and evaporating iii, vacuo ; the 
Ag salt is prepared by adding AgNOjAq to the 
by<| NH, salt which is obtained by boiling an acid 
tungstate of BH« with Si 02 .xH 20 , filtering, and 
'evaporating. The acid forms a clear, yellowish, 
glassy solid, which does not wholly dissolve in 
wfiter; loses BHgO at 100 °; on boilingyrith 
water most of the SiOg separates, ana the 
filtrate contains tungstosilioic acid. A few salts 
(have been obtained; they are difficult to purify 
from 8 iIicotungstc,tes and tongstosilicatea (Ma* 
rignac, Lo.). 

SXANNIVBOSPEOTUNOSTAT^). Olblo {AvO. 7> 
1^92) obtSinedthe salt ^ 

2 (Nll 4 ) 20 .P 20 .. 2 Sn 02 . 22 W 0 ,. 16 A 0 by tha le- 
action m SnCl 4 . 2 NH 4 Cl and 
8Na.0.P,O*.24W0,.xH2O. 



TUNGSTEN 

TirAHonmoBTzo acids. Two acids, 
lH. 0 .Ti 0 rl 2 W 0 ,jBH ,0 and 
lH2O.TiO^10WO,.«HaO, are described by Le« 
jarme (v. Klein, Bl. [3] 86,17). 

Vamadotckostio acids and BALTS. Several 
MDmpounds of WO, with and HjO have 
}een desoAbed by Gibbs {Am, 4, 877; 5, 
{61, 391) and Bosenheim {A. 251, 197) ; 
,hoy belong to the forn^s V.Oj.lOWOa.xH^O, 
4 ^ 30 *. 18 W 0 ,.®H 20 , and V^O.-dWOvS-HjO. CoA-, 
oounds of these with and ^MO are 

Jso described ; and a great variety of com¬ 
pounds coming under the general formula 
nM 0 .nVj 0 *.|>W 0 ,.iH 20 have been obiSined (c/. 
l'>iedbeim, B. 28, 1505; and Itothenbach, D. 
S3. 3050). 

Tungsten, oxybromides of. Twooxybromides, 
iVOJBrj and WOBr^, are forme^*by the reaction 
)f Br on WOa, and in other ways. The formula 
►V’OBr, is very probably molecular, from the 
malogy of WOCI 4 . 

Tungsten dioxtdibromide W03rj. Ob- 
ained by heating WO... in a stream of Br vapour, 
dso by passing vapour of WBr^ over heated 
.VOj (Roscoe, 0, N. 25, 73); also by heating 
>VS| or a mixture of WO, and G in Br ^Borck, 
r. pr. 64, 254). Bed, transparent, prismatic 
rystala; appearing black when hot, and giving 
. yellow powder. Volatilised at red heat with 
)artial decomposifioD to WO, dnd WOBr,. 

ToNOSTEN OXTTETBA^aOMIUK WOBr,. Ob- 
ained by passing Br vapour over a lir.itcd 
uixture of equal parts of WO, and W, and 
autiously distilling from less volalilc WO^Br.^ 
Boscoe, C. N. 25,7H). Also formed by passing Br 
aixedwith some Ooverheated W, or by heating a 
uixture of WO, and C in Br vapour (Blomstrand, 

pr, 82, 430). Brownish black, lustrous, 
rystalline needles; melts at 277 ^ and boils at 
27°. Heated in moist air gives WO., and lIBr, 
,nd is decomposed to the same products by \vi> tor. 

Tungsten, oxychlorides of. Two oxy- 
hlorides, WOjCla and WOCI 4 , are formed by 
leating W in Cl mixed with some O, and in otlier 
eactions. 

Tungsten dioxtdichloridb WO.CIj. Ob- 
ained by heating WO, in a stream of Cl, and 
ubliming (Boscoe, 0. N. 25, 63); also by pas- 
ing CO, over a mixture of WO, and CaCl, heated 
0 redness (Schultze, J. pr, [2^ 21, 439). .^Iso 
ormed, along with W0C1„ by heating W in Cl 
aixed with 0 ; by heating WO, and C in Cl; by 
leating WO, in CCI 4 (Watts a. Btdl, G. J, 33, 
42); and by hating WO, with PCI, (Schilf, A, 
97, 185; cf. Tungsten tiiioxide, lieaclionst 
lo. 10 , p. 801). yellow, four-sided tablets; 
ubiimea without melting at c. 2 GG°, with piA*tial 
:eoomp<Mition to WO, and WOCl,. Not decom¬ 
posed in moist air, nor by cold water (R., l.c.). 
leated in dry NH, gives off NH 4 GI and leaves 
VO, (Bfdeal, C. J. 55, 43); in this reaction 
VO,C4 behaves like CrO.Cl, (B., 0. J. 49, 307^ 
Lccording to Smith a. Shinn {Zeit. f. anorq, 
)hemiet 4, 381), a black compound W« 0 ,N 4 H, is 
ormed by heating WOjCl, in dry AH,. 

Tungsten oxytetb^^hloridb WOCI,. Mol. 
r. 841'04. Formed by heating W in CUoon- 
aimng a little O ; flso by passing Cl over s hot 
lizture of WO, and C; by heating IVO, in CGI, 
Watts a. Bell, C. J, 33, 442); by heating 
Vd, or WCl, inO and Cl; by heating WCl, with 
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HjOaO,; and by heating WO,Cl,. Prepared t>y 
passing vapour of WCL over heated WO, in » 
current of Cl (Boscoe, C. N. 95 , 63). Also by 
heating WO, and PCI,, in the ratio W0,:P01, or 
WOjtlZPCl,, distilling off POCl, and the small 
quantities of WCI, and WCl, that are fdrmod, 
washing the reddish residue with a little cold 
CSj (to remove WOl,), then dissolving in a 
larger quantity of warm C3„ evaporating, and 
carefully lieating the residue in a stream of COm 
whereby the more volatile WOGl. is separated 
from WO.,Cl.. (Schiff, A. 197, 185). 

WOCI 4 forms aiby-rod, tran{ 4 >arcnt needles; 
melts at 210'4'^, and volatilises at 227*5®, forming 
a yellow vapour (Biff.c.). V.D. 170-2 to 175*8 at 
3r>0’. 171*5 at 410“ l,c.; cf. Dobray, O. R. 

60, 820). Exposure to air produces a crust of 
yellow WO.CL, floated in NH, probably gives 
W.N, (Bideal, C. J. 55, 43). Decoryposed by 
water, with a hissing sound, to WO, and HClAq 
(Boscoe, l.c.). • 

Tungsten, oxyfiuoridos of. No compound 
of W witli O and F ha^ been isolated, but com¬ 
pounds^ arb known which may bo regarded as 
containing WOP.,. These compounds, 
WO.Pj.2.’\IP and WO.P.^.MF, nud also a com¬ 
pound WO,F._..21Q'', are described under Tungst- 
oxyeluorides (p. 799). • 

Tungsten, phosphides of. By heating W in 
vapour of P, a dark-grey powder was opined 
by Woliler a. Wright (<4. 79, 214), to which they 
gave the composition Wsl\. By heating a mix¬ 
ture of WO, and P.,0, in a graphite crucible, 
W. a. W. (l.c.) obtained large, dark grey, lustrous, 
six-sided prisms; 8.0.5*207; insoluble in acids, 
including aqua regia, soluble in a molteh mix¬ 
ture oi Nu.CO, and NaNO,,; undianged by 
heating in flir, but burns brilliantly in 0. From 
an estimation of the P, W. a. W. gave the 
formula W.J^, 

Tungsten, salts of. No salts have been 
isolated by replacing the H of oxyacidk by W. 
Except the halides, tlie only salts of W that arce 
known are those wherein W forms part of the 
negative radicle. 

Tungsten, selenidea of. By saturating u 
solution of NaW^O,, with H,Se, and then add¬ 
ing dilute H,SO,Aq, Uclsinunn {A. 116, 125) ob¬ 
tained a black pp., to which he gave the formula 
WSe, (epe estimation of W is given); by heat¬ 
ing this in a tube a grey solid was obtained, 
8 ai<^ by U. to bo WSe^ (no analyses). WSe, is 
said to he easily soluble in sohitionaof alkalis, 
alkali sulphides, or alkali selcnidos. 

Tungsten, sulphides of. 'J'wo ^ompeemds of 
W^nd S ar^ known, WS. and W 8 ,; the latter 
is acidic, forming salt^ M.AVS,. The V.D, of 
ifeither has been determined. 

Tungsten disulphide WS,. Obtained by 
I heating WO, to whiteness in vapoiy of S or in ^ 
ILS (Berzelius); also b^lftatingWand B; also ’ 
by heating WO, with C pts. HgS, out of contact 
with air (Borck, J. pr. 54, 254). According to 
Carnot {Bl. [2] 32, 164), WS, is usually formed 
when a compound of W is heated kaa stream oi 
dry HjS {v. also von Uslar, A, 94,256; Cordis, 
A. 232,262). A dark-grey, graphite-like, lustrous, 
crystalline powder (v. Kiche, li. Ch. [ 8 ] 60, 26), 
Is laid to decompose steam at a full red heat ; 
reduced to W by very long sontinued heating 
inH. 
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Tmomm thio-agids. 


TxnfoergN TiasuLPsaB WS,. ObUtined by 
bsmg powdered wolfranvUe with *2 pte. 0, 3 pta, 
S, And 3 pta. Na^CO,, dissolviag in water, de* 
oompofling the NagWS^Ag thos produced bj 
HClAq» washing the pp. completely out of con¬ 
tact 1ft itb 0, and drying at 100*^ (von TTslar, A, 
94, 266; Corleis, A. 232,264). ^ black powder; 
slightly soluble in water, more solnble on boiling, 
probably with partial decomposition. Soluble in 
alkali sulphide solutions, formizfg tl io- salts (o. 
Tunostkm, thio- ACins salts of, infra). 
By adding to Na^WS^Aq a little more HCiAq 
than was needed to combine with the Na, Wins- 
singer {Bl. [2] 49,452) obtained a colloidal form 
of WS,. 

Tungsten, sulpho- acldv and salts of, v. next 
article. 

Tungsten, thio- acids and salts of. By 
saturating (NH^jWO^Aq and KWO.Aq with 
H^, Berzelius obtained (NH,).WS^ and K^WS, 
(P. 8, 267); these salts wore' more fully cx- 
armned by Corleis {A. 232, 258), who also ob¬ 
tained Na-^WS,, and alsu some tlim-oxy-tung- 
states. All the thio-tungstates that hanrc been 
isolated are ortho- salts, i.e. salts of H.,WS,!' 
Very dilute solutions of thiotungstates can be 
titrated with lAq in presence of KliCO, (C., l.c.). 

^ Ammonixhn thiolm\tjstat& (NH,),AVS,. Ob¬ 
tained by passing I1.S for four or flve hours into 
a Bolnticin of 10 g. WO3.H.P in 100 c.c. NH^Aq 
S.d. *94, + 20 c.c. water, allowing to stand for 
some hours in a closed vessel, and washing the 
crystals that separate with alcohol and ether. 
Forms orange-yellow prisms, isomorphous with 
(NH4)7 MoS 4; very easily decomposed‘ in mois^ 
air; easily^soluble in water, slightly soluble in 
alcohol. Heated in COj gives WSif, (B., l.c,\ 
0., f.c.). 

Ammonium dithw-oxp’Uingstate 
(NHJaWSaOj. Obtained by passing H5S into a 
solution of 10 g. WOa.H.p in 40 c.c, NH^Aq 
8.0. *90, +10 c.c. water, until the liquid becomes 
*turbid, and washing the crystals that form with 
alcohol and ether. Forms yellow, prismatic 
crystals. When dry, the salt is unchanged in 
air. Decomposed byre-crystallising from water, 
giving paratungstate (Nn,)^W,0„.CHj,0 (C., l.c.). 

Potassium thioiungstate K.WS,. Obtained 
bv warming (NH,),^yS4 with KHSAq. adding 
luoohol, and orystailising from cone. *j£IISAq. 
Forms yellow, prismatic needles; easily soluble 
in water. ..By continued boiling with KKfdAq 
paratungstate is formed, K,W,0,4.6Hj0 (Q. /.c.). 
Forma a doukU salt with KNOj, with the compo¬ 
sition K,WS4.KN0 , (B., Lc.). 

Potassium trithio-oxy-tungstate * 

E«WS,0.H20. Obtaineh in citron-yellow, quad¬ 
ratic tablets, by passing H.jS for three or four 
hours into a solution of 10 g. KjWO^Cn 10 0.0. 
water, and evaporating tn vaeuo, or precipitatins * 
by alcohol {0., f.c.). ** b 

Potassium monothiO‘Oxy’tungstats 
EtWSOs.H-40. Obtained, in almost oolonrles^, 
very hygros^ipio, crystalline masses, by passing 
HA4 into a solution of 10 g. K^WO^ in 6 c.c. 
wafer until the liquid is turbid, filtering, addii^ 

4 to 5 yols. alooh<^!, separating hhe nnder layer ' 
of liquid, allowing to crystallise, and wasl^^ng 
with alcohol and ether (0., I.c.). 

Sodium ikiotungstaU Na,WS«. Obtained, 


I fcnt not pure, b/Gorlen (U}, by deoompo-.in, 

(m,kW8,byH&mAq. 

Tasgiteo, thioohiorida 0 /. Bj heating W o 
redness with S^Cij, Smith a- Oberholtzer (Zci\ 
/. anorg, Ohemfe, 6, 63) obtained a red, orystui- 
line sablimate, unstable in air, probably W«S,Ci« 

P. M. 

TUlfTOSTEK BROICZEB n* under Tukosten 
OXTA ans, p. 806. « 

^ * TTXN08T1C ACIDS v, Tongstek oxxacids, 
p. 802 ; also Tungsten TEio-Acxns, supra, 

TDNOSTOXYFLUORIDES v. under Tung- 
STEN FLTJOBIDES, p. 799. 

TCKftSTEN, OBOAKIC COHPOUITDS (fF. 
Tungsten, heated with Mel at 240^, forms 
WMeJ, [110®], which crystallises in tables, and 
is converted by Ag.O into WMe^O, which dis¬ 
solves in acidffllUeiie, O. B. 42, 203; Cahours, 
A. 122, 70). 

TOBICIN V. Asiual cellulose, vol. i. p. 718. 

XDEMEEIC, The root of Amomum Curewna, 
It contains curcumiu {q. u.) and turmerol. 

TVEMEEIC acid C„H, 40,. [36°]. A pro- 
duct of oxidation of turmerol by cold EMnO, 
(Jackson a. Monke, Am, 6, 77). Needles, si. sol. 
water, v. soL alcohol.—CaA',3aq. S. (of CaA'.,) 
j 1*28 at 16°. White needles.—AgA'. 

I TURMEROL C,^.„0{7). (193°-198° at 60 
I mm.). S.G.iX.902. [a]D =33'6°. An oil 00- 
1 curring in turmeric. Distils ^tith decomposition 
I at 285°-290° (Jackson** a. Monke, Am. 4, 368; 

1 0,77). Dextrorotatory. Does not combine 
! with NallSOj. KMnO, oxidises it to acetic, 

, terophthalic, turmeric, and apotunnerio acids, 
j PCI, forms C,,,n.-Cl, which is also got by heating 
I turmerol with cone. HCiAq at 150°. Sodium 
forms C,«Ho,ONa, whence isobutyl iodide forms 
oily C^llj^OC^H,. 

Apoturmi^ric acid [221°]. 

Woolly mass, sol. boiling water. 

TURPENTINE. Semi-fiuid resins exuding 
from coniferous trees. They consist of resin 
dissolved in oil of turpentine. On distillation 
oil of turpentine passes over and colophony re¬ 
mains behind. The various oils of turpentine 
are described under Tebpenes. The chief oon- 
,stituent of colophony is abietio anhydride {v. 
Aiuetic acid and Sylvio acid). On oxidation 
by dilute HNO, colophony yields isophthalio, 
triitiellitio, and tbrebio acids (Sclireder, A. 172, 
93). On the products of distillation of colophony 
V. Besiks. 

TUEPETHIN C,4Hj,0,, [ 0, 183°]. Occurs 
in the root of Convolvulus Turpffthum {Ipoituta 
Turpethum) (Boutron-Charlard, J, Ph. 8,131 ; 
Spirgatia, J. pr. 92, 97; A. 139, 41). Purgative 
yelICwish-brown resin, v. sol. alcohol, insol. 
ether (difference from jalapin). Cone. H,S04 
forms a red solution. Boiling allmlia convert it 
into turpethio acid. Boiling ^ute mineiul acids 
yield glucose (3 mols.) and turpethoUt acid (1 
cfxoh). ^ 

Turpethio acid C^H^jO,,. Amorphous 
yellowish mass, v. sol. water. Split up by 
boiling HCiAq into glucose and torpotholio 
acid.—BaA".—BaH,A",«(dried at 100°). 

TirpethoUo Mid C^H^O,. [0.88*^. Mipufe 
peedles (from dilate afeoh(A), si. sol. ether.-<« 
NaA' (dned at 100°).—-BsA's* Amorphous, 
AgA'. Amorphous pp. 

Ethyl ether £tA\ [78°]. Piatea. 
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TtLOFHOBnrX. An alkaloid in Tylophor^ 
isthmatica (Hooper, Pk, [8] 21, 617). CtystaU 
line, ft eoL water, boL aloohol and ether. 

TTJPB XBXAL. An aUoy of 15-20 parts Sb 
with 0. 70 parts Pb, and 10 to 15 parts Sn; v* 
LSiD ALLOTS, vol. iiL p. 124. 

TTPEB. The object of classihcation is to 
pat together like things, and to put apart things 
that are uaUke. A perfect system of chemical 
classification woald place side by side tHoge 
elements and compounds that are chemically 
similar, and it would also indicate the relations 
|hat exist between all the elements and all the 
compounds. Inasmuch as the object chemistry 
is the study of the connections between composi* 
tion and properties, and between changes of 
composition and changes of^opertics, a com¬ 
plete scheme of chemical ^ssitication must 
indicate the relations of the substances classi¬ 
fied, both as regards composition and also as 
regards properties. To connect composition 
with properties necessitates a thorough know¬ 
ledge of both, and this knowledge can be gained 
only by comparing one substance with other 
substances. But, because of the large amount 
of detailed investigation that is required before 
the chemical properties of an element or a com¬ 
pound are known, chemists have often forgotten 
the larger issi^s of their Jabours, and iiave 
busied themselves rayier with the examination 
of individual bodies than with the comparative 
study of many bodies. And, because of the im¬ 
perfection of chemical knowledge at any time, j 
those who have attempted the classification of j 
ohemical substances have gontjrally paid chief*; 
attention either to the composition or to the 
properties of the substances to bo classified. 
Hence systems of classification have sometimes 
prevailed that were founded chiefly on similari¬ 
ties of composition, and at other times classifica- 
tory schemes have been in vogue that rested 
mainly on similarities of properties. But there 
has always been a desire, and generally an ollort, 
to classify on the bases of composition and pro¬ 
perties. To classify satisfactorily demands the 
recognition of a simple class-mark, which shall 
also be clear, definable, and invariably applicab’o. 
It is probably correct to say tiiat none of the 
lai^er classes of chemical^ compound.s jias a 
olass-mark of this description. Hence the main 
difficulty in chemical olaSsificatlou. Take, for 
instance, the great class of acids. What is the 
class-mark ? What must bo known about the 
oompositxon ef a compound before it is pulfinto 
the class of acids ? There is no single and suf¬ 
ficient class-mark to be gained by studying the 
compositions of acids. What, then, about the 
properties of acids ? Here, too, no simple, de¬ 
finable, and applicable property has been found 
wbic^serves to distinguish acids from all other 
compounds. Acids, it is usually said, are (im¬ 
pounds containing replaceable hydrogen. But 
the expression replaceable hydrogen has not 
been, and cannot be, exactly de^ed. Hence, all 
that can be done is to set up an ideal or typical 
acid, and to place in^he class acide those com¬ 
pounds which f^rly closely approach tSia typo 
08 regards both properties an^ oompositron. 
And as with acids so with other classes of oom- 
pounds. A classification by means of types 
isMvijjpble in such o soience as chemistry. 


bat o typical olaasifloation cannot be fihal la any 
exact science. 

Iiavoisier*B system of olassifioatlon rested on 
oxygen; compounds were regarded as formed by 
the union of oxygen with other elements or groups 
of elements ;*the non-oxygenated part of a com¬ 
pound was called by Lavoisier the rest or radicle ; 

, compounds of oxygon with certain radicles were 
I bases, compounds with other radicles were acids, 
and saltsVere formed by the union of bases with 
acids. Lavoisier uscnl the term nulicle to in¬ 
clude elements and groups of elements. 

’J'ai clc'ja fait^obsiTvt-r, iiu«> ifnM lo r^giie mlnt^rsl 
preaquu tuns I 03 rn<liciiux oxi'lablfi.4 et ncldltlHhlos etiilMil 
quo Uiuis tiu ooutrainv (‘t sur- 

tout iluitH le ri!:i(Uo aixinutl, il ii'uu uxintait prr^qno pM 
qui i>o fussviit cuini>0-<i'‘4 ivu inoliis du deux >‘ubstaii 00 !i, 
li'liydrogi'-iie et du airbttiiu; quo lujuvtiiit I’ltXiiU' et Im 
plioHphure s'y roufkissaicut, ut qu'il on rd-sultait de^ 
ratlkuvux A quuti-u 2VaM Mmr'ntui/v <U C'Mmii’, 

[I7y3], i>. 251. • 

About twej;)ty-four years after Lavoisier mode 
this statement Berzelius repBtled it. 

‘Nachdi’m wir dim Ibitfirsohied iwlnoliea den Pro- 
ducteu d<k oi>,Miiisoh>‘ii*uiid ili>r imurgiuilttohen Natur, 
unil dfs Torsuhii'ilviiu Art uiid Weise wiu lUre entfonitoruu 
iJiiiiUndthoile ui)t«‘rtiiii:iiidcr ri.-rliuinli'ii Hind. uUber keiiut>n 
tfulerut, hivl>on wir iliuHcr UiitvrwddtMi 

pi^viitUch tlitriii b-'stpbt. <Iush in di-r tinorguiilMdien 
Natur ulle oxydiriPii Kiirjicr -i« JifnHcat Atibf-n, 

wiilireii'l adt! orKiiMlM-ln;n SiilA.uizcn aU« 0.ryd^n 

mit tufinunvnj'-ifaii'm Hiniu-itl br ii'li.fii,’— Lt-hrbueh dtT 
Vhemi'‘, 2 Aud. ISIT], Vul. 1. p. 644.^ 

A\'hy do acids and Ixasos unite to form salts^ 
What is the cause of the fonnationof compounds 
by the union of radtel«-s, (dllier simple or com- 
p4>un«i? Those qiioslioiis Nvere answered by 
BerzelAis hy appealing to tlie fact that the 
electric current very often rcsolvgp cohipounds 
iiiio’two paits, and in many cases also effects 
tlio cointjiriation of olemetita or groups of ele¬ 
ments. Uadicles cotnbinc, saiil Berzelius, because 
the negative electricity on one is thereby neutral- 
t iscd by the positive electricity on the other. 
Thus arose the electro-clieini<*al conception of 
dualism (e. Dualism, voL ii. p. 415; c/. ItAUiCiaB,* 
vol. iv. p. 30d). 

In lHd2 Liebig and Wulilor made an exhaus¬ 
tive study of compounds obtained from bitter- 
almond oil; they showed that the relations of 
oomposltion and properties of these compounds 
were brought together, and expressed in a oon- 
sislexA conception by supposing that all the 
compounds contained a radicle liavin^ the 00m- 
pbsition C,U40(C » 12, O = 1«); thU group of ele¬ 
ments, common to all the dorivauves of bitter- 
almond oil, they called benzoyl^ The work of 
Liebig and WOhler marked a great advance in 
chemical classification; it was the actual work¬ 
ing out of the conueeiions Ijotwoen oomposition 
and properties of a number of compounds, and 
the exgret^ion of these connections in clear and 
dc(juite language. The terra radicle became 
henceforth the exprcAiou of a vivifyirtg oonoep- 
tlpn. ^lie compounds derijred from ^ bitter- 
, almond oil had certain common properties, smd 
they had also a common composition; they 
t^IoDged to the same typo. TW oom^ands of 
benzoyl examined by Liebig and Wdlftef in¬ 
cluded such compounds as these: 0,H}O.OH, 
C,H50.H, C,lf,0.01. OrU^Om, C,HjO.no-. The 
Icicle C,HjO is common to all; this radicle is 
united with H, Cl,‘ NO^. CN, or some other 
radicle, in the different compounds; nererthe- 




less, the properties of the oompounda are so 
simUar that all are said to belong to one type. 
To what extent, then, it was asked, may the pro- 
rties of one radicle differ from tihose of another 
fore the replacement of one of these by the 
other darrios with it a change o{ type? The 
answer generally given to this question was: If 
the replacing radicle is chemically similar to the 
radicle replaced the type will not be destroyed. 
In 1834 Pumas, from the study of th& action of 
chlorine on various orgaAio compounds, an¬ 
nounced the empirical laws of substitution as 
follows: (1) Whdn a compound^ coiitaiciug hy¬ 
drogen is subjected to the dehydrogenating action 
of chlorine, bromine, iodineV oxygen, &c., one 
atom of chlorine, bromine, k^dino, or oxygen, is 
taken up for each atom of hydrogen lost by tlio 
compound. (2) The same rule* applies, without 
modifications, when the compound contains oxy¬ 
gen. (3) If a hydrogonised compound contains 
water the hydrogcq^of the water is ^iven upwith- 
out replacement, and then another quantity of 
hydrogen is absorbed, 8o^,that the final result ! 
is a replacement of hydrogen. A ^ar^r so 
later Laurent propounded a tiicory of substitU’ 
tion, which asserted that when equivalent sub¬ 
stitution of hydrogen by chlorine or bromine 
ocours'the chl<^ine or bromine takes the place 
of the hydrogen, and to a certain extent plays 
the same ^rt as the hydrogen, and hence the 
, chlorinated or broininatod product must be 
similar to the compound from which it has been 
prepared. Laurent’s views were much opposed, 
for a time by Pumas himself; but they gradually* 
prevailed, and chemists became familiarised with 
the notion o^he replacement of such a decidedly [ 
electro-positive element as hydrogen by aii ole- i 
ment so decidedly electro-negative as' chlorine, 
resulting in tlie production of a compound of 
the same chemical type as the original sub¬ 
stance. 

About'1639 Pumas sought to distinguish 
* mr-Dchanioal types from chemical types. Com¬ 
pounds formed one from tho other l)y the 
replacement of a certain number of equivalents 
of one radicle by the same nuinberof equivalents 
of another radicle, and liaving their radicles 
similarly combined, and exhibiting similar pro¬ 
perties, were said to belong to the same chemical 
ty^. Compounds were said to belong <j 0 tlie 
same mechanical type when they wore composed 
of equal numbers of equivalents of radicles, btit 
differed esaemially in their properties. Pumas 
at this time regarded the properties of o&m- 
pounds a# conditioned more by the arrangement 
than by the nature of their parts. He compare^'* 
compounds to planetary isystema, the planets 
being represented by the atoms of tho com- ' 
pounds. One atom, he said, might replaced 
by another atom, or an atom by a groun of 
atoms, without destrojnn'g the system; if lihe 
Slumber of replacing atoms, or radicles, li^ere the 
same as the number of atoms, or radicles, re¬ 
placed, and the relative arrangement of all the 
atoms or raditiles were not altered, the com- 
poundf' belonged to the same type. By some 
such development as this the theory of types 
came to inolude thet>ldor theory o'f r^icles. 

It ia evident that the terms used by PumsA 
a&d others to express the conceptions of the 
tiMory of types are vague and incapable erf 


exact definition. The expression *eqaivalent 
radicles * cannot be defined, nor can an exact 
and invariable connotation be given to \he ex¬ 
pressions * radicles similarly combined* and 
* dompounds having similar properties.* But if 
it had been possible to classify ehemical sub¬ 
stances in an ideally perfect way the* theory of 
types would not have arisen. If there is to be 
a typical classifioatlov. the language whereby 
thdv classification is expressed must be more or 
less vague. Whether a compound formed from 
another by replacing equivalents of one kind by 
an equal number of equivalents of another kinj 
docs or docib not belong to the same type as the 
parent compound can be determined only by a 
careful study of the properties of both com¬ 
pounds and by ^comparison of the compounds 
one with another. The application of the 
theory of typos was possible only when the pro¬ 
perties and the compositions of compounds were 
exhaustively compared. The theory of types 
produced much fruit, because it suggested and 
demanded much inquiry into the fundamental 
problem of chemistry. 

' In 1819 WurU prepared two compounds 
which resembled ammonia in their prominent 
characters. These compounds wore found to 
have the compositions C^H^N and O^H^N re¬ 
spectively (0 =» G). The similarities between tho 
properties of these compounds and ammonia led 
Wurtz to regard them as substiluted ammonias, 
and to express this conception by the formulae 
CaHj.NHg and C,I1..NII^. One method by which 
these compounds were prepared consisted in 
treating methyl and ethyl byornides {C^IIaBrand 
CJIj^Br ; C = G) with ammonia, and then decom¬ 
posing the products by potash. These reactions 
suggested tlie view that the new compounds 
were derived from methylic and ethylic ethers 
I and C,n,0, according to tho notation 

I then used) by substituting NH, for O. Both 
I views agreed in representing the new com- 
! pounds as C.^Ha-NH^ and C^Hj.NH^ respectively. 

I But tho properties of the compounds resembled 
. those of ammonia; hence the view that Wurtz’s 
' compounds wore derived from ammonia pre¬ 
vailed. This view was expressed by saying that 
; tliese compounds belonged to the ammonia type, 

! and by comparing ^the formula of the typical 
, compound with the* formula) of the compounds 
; formed after that exe£Qplar; thus: 

Type: Derivatives: 

Ammonia Nn.^.H. Metbylamine KH,.03H,. 

Ethylamine*^ NHyC^Hj. 

Very soon after Wurtz’s preparation of methyl- 
, amine’hnd ethylamine Hofmann argued that it 
' should be possible to substitute each of the 
three atoms of hydrogen in NH, by the radicles 
C.^H3 and C4H3, and so to obtain the compdunds 
NH(C,H,)2, N(0,H,)„ NH(C4H,),, and 
(G^ 6), all which compounds ought to re¬ 
semble ammonia in their properties. Hof¬ 
mann fulfilled his own prophecy by preparing 
di- and tri-metnylamine and di- and tri-ethyl- 
amine; and, basing his mUbods on the oonoep- 
'Von of Hhe ammonia type, he prepared a large 
senses of ammpnia-like compou'nds derived from 
KH,, 2NH„ &c., by substituting for H various 
radicles composed of oarbon and hydrogen. Tb« 
ammonia type was thus establish^ 
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About tilie 7ear 1850 WlUtaniBon studied the 
lelatiomi of ether to alcohol. The formula of 
ether vas ^en written C4H,0 (C =* 6,0 » 8), and 
that of alcohol 04H,0^ Williamson heated 
potassium alooholate (OfHjKOj) with ethylio 
iodide (040,1), expecting to obtain ethylated 
alcohol (dtH,(G4H,)Ox); but he obtained common 
ether. Williamson suggested that the formula 
then accepted for ether should bo doubled, and 
written (C.HJjO.^. He alsS found that by heaUng 
common aioohol with sulphuric acid, and adduYg 
methylio alcohol to the hot mixture, an ether- 
like compound was obtained, the simplest for¬ 
mula of which was C,H,40 {C = C, 0,= 8). Wil¬ 
liamson argued that if common other is C4H^O, 
then the ether of methylio alcohol must be 
O2H3O, and that, in the reaction of sulphuric 
acid with ethylic and niethyMfe alcohols simul¬ 
taneously, a mixture of these two ethers might 
be expected to be produced. To account for ihe 
facts he had observed Williamson ]>ropose(l to 
double the formula) of the two ethers and to 
write them (04115)203 and (C2H3).;02; and for the 
formula of the ether formed by the action of 
sulphuric acid on the two alcoliols simul- 
taneoualy he proposed the fornnila 04115(03115)02 
[ = 205040). Williamson compared the rela¬ 
tions between the alcohols and ethers with the 
relations between water, potash, and potass!uni 
oxide. Those rslationa are made clearer if tlio 
formula) are expressed in terms of the atomic 
weights 0 => 12 and O == 16; th us: 

Type: Derivatives: 

Water 1I.H.0 Alcohol C.HvH.O 

Ether C^HvCJii.O , 
Potash K.II.O 
Potassium oxide K.K.O. 


Thus arose the water type. To this were re¬ 
ferred such compounds as acetic acid C^U^O.II.O, 
anhydrous acetic acid CjHgO.CjHjO.O, and many 
otliers. 

Gradually the greater number of compounds, 
both organic and inorganic, came to bo referred 
to four fundamental typos—the hydrochloric 
acid type HCl, the water type IIllO, the ammonia 
type NHHH, and the nu.rsh gas type CHHllH. 
To these were added so-called condensed types 
and mixed types ; sulphuric acid, for instance, 
SO2.OH.OH, was said to belong to the di>uble 
water type. 


Thus: 


[}o “}o 

. J gives SO,. { . 

[}° 11} ® * 

Oxamio acid CO.NII2.CO.OH was regarded by 
WurU as derived from the water-ammom% type, 


g] 


Thus; 


^0 H 

gives C2O2 
[. N H ^ N 

H 

The great danger attending the development 
of the theo^ of types was, that careful investi¬ 
gations into the reactions of copapounds might 
easily be abandoned in favour of a superficial 
examination of a coml^ound, followed by^ rele¬ 
gation of it to tl|i8 or that type. The theory* 
began by being very vague and •elastic; fffie 
adoption of a few definite types rendered it more 
asact; bnt the .temptation to manipulate for- 


mulfls on paper, and to invent condensed typM 
and mixed types, gradually led chemists to see 
that the theory had done its work, and that it 
must give place to wider views, which should 
also be more aScuratc, regarding the conneot(pni 
between composition uud properties. • 

The conc^eption of types carried with it, from 
the first, more or less vague notions regarding 
the arrange lueiits of the atoms in those colloca¬ 
tions of atonss tliat form tlio reacting units of 
compounus ; at an)* rate, this conception was 
bound up with the general couceptiou of atomic 
arrangeiiiunt. Tlie reacting uj^its of compounds 
that showed si^iilar proi)orlius were thought of 
as composed of at^^ns similarly arranged. More¬ 
over, the type wasjiaidto bo maintained when 
an atom, or a gr6u]) of atoms, in the parent 
compound was rsplaccd hy an equivalent num- 
her of atoms, or groups of atoms. These two 
conceptions, tliat of o<iuivalcnoy, tfnd that of 
atomic arrangement, led gradually to the ropro- 
seniation of the reacting uiftt, or molecule, of 
a comi)oun<l as a definitely arranged group of 
atoms h^!d togethei^by actions and reactions 
between individual atoms ; these conooptiona led 
to the wider conception of valency, and to a 
system of classification based on the notion that 
each kind of atom is capable 0^ directly com¬ 
bining with a limited, and determinable, number 
of other atoms. The formula given to chloro- 
sulphonic acid, with the object of cuifReAing the 
composition with tlio properties of thiscompound,* 
and of suggesting relations between this and 
^other compounds, may bo taken as an example of 
the inciting of the notion of types into that of 
' valency. This acid was ri'gardcd aa« derived 
both^rom water and liydroohloric*tkoid ; it was 
supposcd«to belong to the mixed watcr-hydro- 
chloric acid type. Hence the formula, CIBO2U, 
was written tlms :— 

Ttfpe nCl Chlorosidphonic acid Cl j 

H • iSOj 

HO no I . * 

The radicle 802 n-gardod as equivalent ta 
2H ; and it was said that tlie residues of the two 
parts of the mixed typo, i.e. Cl and OH, wore 
bound together by tho radicle Again, 

monochlorhydrin, C.,II,C102, was regarded as a 
derivative of the triple typo HHO.HC1.HHO, 
and wAs said to be formed by the landing to¬ 
gether of tiio three residues Oil, Cl, Oil by the 
r^iclo CjTl. regarded as equivalent is dll. Thus;— 
Time no Monochlorhydrin HO i 

H • Cli0,H4 

IfCl uoj 

* H 

• IJO 

The meftuoat the concej.tions underlying these 
formulas and forxnuhe lily.* these, •A'cre expressed 
in the ^inguago of adorns and molecules, the 
notion of atomic valencies \v«.8 gained. The 
Sgroup of atoms SO2 replaces two atoms of l^dro- 
gan, one atom in the molecule HCl ana one 
atom in the molecule IXliO; anJ^^as the atomic 
^roup SO2 is capable of directly combinill^with 
two atoms of* hydrogen, or such a number of 
atoms as is equivalent to twii atoms of hydrogen, 
tlfis group binds together the atom 01 and the 
atomic group OH, and so the new molecole 
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80f0H.<A if prcdaeed. Ibis ttatemenl con¬ 
tains the landamental oonoeption ot atomic 
valency; it also oontaina the oonoeption of typesi 
and that of radicles. 

The radioles were compared 9K3 regards their 
equivalency, generally in terms of hydrogen; 
then the elementary atoms weva compared, 
and arranged in classes, such that all in one 
class were exchangeable, any number of one 
kind for the same number of another kind.^ 

When the atoms had ly^en olassiued in ac¬ 
cordance with the number of atoms of hydrogen, 
or atoms equivalent thereto, with which each 
was capable of combining, the toundaiions had 
been laid of a system of classification which was 
more accurate than that based on the notion of 
types, and which at the samS* time included the 
essential characters of the typical system. The 
article CLXSSiriOA'rioM in the first edition of this 
Dic^ionorpeepresents the stage which had then 
(1803) been reached in the process of fusion of 
the theories of radv jles, types, an<rvalency. The 
system of classification developed in that article 
is based (1) on the competitions of compounds 
interpreted by help of the theory of vafency, 
and (*2} on the properties of the compounds in¬ 
terpreted by the help of the theory of types ; the 
study of the properties of a compound is used to 
determine the Radicles that the compound con¬ 
tains, and a knowledge of the valencies of these 
radicles do^rmines the form of the compound, 
'and, taken along with the reactions of the com¬ 
pound, the type to whioh it is to be referred. 

Although the introduction of the principle of^ 
atomic equivalency widened the conception of 
chemical types, it also tended towards a method 
of olassiflcatrm which was based on too slif'ht a 
study of the bodies to be classified. super¬ 
ficial examination of a compound generally ; 
Sufficed to bring out some similarities between ! 
it and a well-known typical substance; the new ! 
compound was at once referred to its typo ; the 
form of the type determined the form of the ! 
’ o<5tnpound under examination; it was then only ; 
necessary to manipulate the empirical formula j 
by arranging the elements in groups, or radicles, ! 
and to assign to each radicle such a valency as j 
satisfied the general rules that had been deduced | 
from the study of a few typical compounds. The I 
conception of typos became very mechanical in its | 
applications, so mechanical indeed that it Vas in I 
danger of becoming metaphysical. New radicles 
were easily invented, and their valencies w^e 
deduoed by a priori arguments. Kekul6 recalled 
chemists to tha study of properties by insisting 
that the properties of a compound are /conditioned 
by the properties of the atoms which compost 
the molecule of the compound; and at a later, 
date MendeUeff made the same demand by as¬ 
serting that the properties and the cctnpbsitions 
of all compounds are periodic functions of *the 
atomic w^hts of the elements. 

The notion ofiypes plays an important part 
in the elassifioation of elements and compounds* 
that bos arisen from the practical examination /^f 
meaning or Mendel4efl's periodic law. The 
perioCfc claasifioation of the elements lays con-, 
tiderabla stress on the study of the typical 
oxides, hydrides, hydroxides, <S:c., of e^h group 
of ebments; fear instance, the highest salt-form¬ 
ing oxide of Orottf L belongs to the type B^O, 


that of Group H. to the type E,0„ and so on. 
But ^ word type is not used here with quite 
the same connotation as was ^ven to it by the 
theory of types. All that is implied in state¬ 
ments sueh as those just made is, that the 
elements of Group L combine with oxygen in the 
ratio of two atoms of element to a single atom 
of oxygen, that these oxides are salt-forming, 
and that they are oharacteristio of the elements 
of pbis group. The t^ical oxide-form of each 
g'lOiip expresses the composition of that oxide 
which contains the greatest number of 
atoms of oxygen relatively to one atom of the 
group-elempnt, and which oxide reacts eithet 
with acids'or with alkalis to form correspemding 
salts. The oxides that belong to the typical 
oxide-form of a group may be acidic or basic, or 
some of themmaa be aoidio and some basic; all 
that is asserted of their properties is that they 
are salt-forming. The properties of the typical 
oxide of any individual element are oonditioned 
by the general character of the group, and the 
general character of the series, wherein the 
element is placed; by the special character of 
the element itself; and by the position of the 
'element in the whole periodic system of classifi¬ 
cation. The term type is used in the nomencla¬ 
ture arising from the comparative study of the 
elements and compounds based on the periodic 
law with a wider, and at the same time a more 
exact, moaning than thabwhich was given to it 
when the notion of typos was made the basis of 
chemical classification. In the older classifica¬ 
tion the conception of typos was the basis of 
the system; the conception was of necessity 
'• vague, and hence it was nocessary sometimes 
; to widen, and sometimes to narrow, the applica¬ 
tion of the conception. The modern system 
of classification is based on the relative weights 
of the atoms of the elements, and the conception 
of types plays a subsidiary part; the form of the 
typical oxide, or hydroxide, or other compound, 
is determined, as the compositions of all the com¬ 
pounds are determined, by the relative masses of 
the atoms of the elements ; and the general cha¬ 
racter of the typical oxide, hydroxide, of each 
group is determined, as the special character of 
each compound of each element is determined, also 
by the relative masscsof the atoms of the elements. 

The poriodio classification of the elements 
and ooinpounds makqs use of the notion of types 
in anotuer way, by applying the conception to 
certain elements. The elements placed in series 
1 a^d 2, viz. H, Li, Be, B, 0, N, 0, and F, 
exhibit almost the whole range of'properties of 
all the elements. The properties of the sue- 
oeedin(; elements may almost be said to be but 
variations on the theme announced in the 
change from hydrogen to fluorine. These eight 
elements are types of all the others. In a rome- 
Vvhat narrower sense the element lithiuoa suzp- 
mgrises the range of properties shown in 
Group I.; bei^IUam summarises the range of 
properties shown in Group II.; boron, the pro¬ 
perties of Grosp IXL; carbon, the properries 
of Group XV.; nitrogem the properties of 
Group ,V.; oxygen, the proiperlies of Group VI. 5 
Cmd fluorine, the properties of Oroup VIL Ea£h 
of^he seven tlenmnis is the typical element of 
its gronp. Objeotions have be^ raised to thla 
use of the term typiealt on the grpond that each 
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d th* elementa in qoMtion diStn more irom 
any member of iU group than any other two 
members at the group differ from one another. 
But if ah element is to summarise the properties 


phenyl-alanine and HNO, (Friedlindar a. UUily, 
B. 16, 654; Erlenmeyer a. Iiipp, A. 219,161). 

Properties.—Stellate ^ups of slender silky 
needles (from water), insm. aloobol and ether, m. 


of some ten or eleven other elements, it must I sol. NH,Aq and SOHAq. Lsvorotatory. Its sola 

_ re __1. al...... ..a _.1 1_I_J . ....a.. a_ .v. 


tion is not ppd. by lead acetate or suboMtate until 
NH^q is add^. Boiling Hg^NO,), oont&ining 
HNO, turns its solution red* forminga brownish* 
red pp. (U. Hoffmann, A. 87,123; L. Mejer, A* 
132, 156). A^er wanning with oono. H^SOu 
dilating vfith water, and neutralising with 
BaCO.q, the solution is turned violet by FeOl,. 


differ considerably from each of these, while at 
the same ti|pe it resembles them all. The quea* 
tion of typical elements, and also that of typical 
oxide-forms, &o., are discussed in the article 
Pewodio lAW (vol. iii. p. 808); that article should 
be consolted. ^ > 

The older classification by types prepared the 
way for the wider oonoeption of valency, which ' Tyrosine gives off less wlinii its solutions are 
^ok up and utilised the permanent features of decomposed by ^aOH and B/ in prosenoe of 
the typical arrangements of elements and com* : NH;, than.when the NK^ is absent, 
pounds. The study of valency led chemists to | iiVac/ions. -l. 270° it splits up into CO* 

see the importance of examining the properties and C„H,{Oll).CII..CtI.^.Nn2 (Schmitt a. Nasse, 
of the atoms of the element^and thus made ; A, 133, 211).—2. Potash-fiision forms p-oxy- 
them ready to accept the more elastic, and more benzoic and acetitj acids (Barth, A. 13f>, 110; 
exact, generalisation of the periodic law. The , Ost, J. pr. [2J 12, 150; liauiminn, J.(. 4, 801). 
theory of types developed into tlie tlicory of ^ 3. KCIOj and llClA.i fonn Ictra-chloro- 
valency, and the theory of valency has been in- ' quinune.—4. 14>y puhr/<u (ive ^crini nUUiitn it is 
eluded in the theory of the periodicity of the converted into* hydro-jt)-coinnario acid, and 
connection between the atomic weights of the finally into ^)-crcsol yid phenol (Weyl, B. 12, 
elements and the compositions an<l proi)ertic3 1150).^5. TIlAq and P at 150* from NHy and 
of the compounds of the elements. Tlio general ''p oxy-phenyl-propionio acid (Ililfner, [2] 
conception of typos remains; we are still obliged 4, 301; C, 113). Cone. IICIAq IlBrAq at 


to picture to ourselves a typical acid, a typical 
base, a typical salt, a typical alcohol, a typical 
amide, and so op. But this conception is no 
longer the bas(s of chegiical dassilication. We 
have gone deeper down, and laid t!»o foun¬ 
dations of our system on the firmer basis of the 
atomic weights of the elements. M. M. P. M. 
TTFHOTOXIKB C,H„NOu. An alkaloid 


210° have no action.—6. Oono. n.^HO< (4 pts.) 
at 100° forms crystalline v. si. 

sol. colli water, which also occurs in a hydmted 
amorphous form (containing 2aq). yields 
(NH,)irA"aq, Bu(HA"),laq, and Ca{llA")»6aq 
(Stiideler, A. 116, 57). BuC„U.NO,3aq is ob- 
taincil from the product of tho action of H^SO* 
flO pis.) on tyrosine (1 pt.).—7. MeOH^ potash. 


obtained from pure, cultures of tho typhogen ,nnd Mef yield crystalline C,^lI,„NIO.K, sol. 
bacillus (Gautier, Bl [2] 48,13). ^ water, decomposed by warm KOHA41 into NMe. 

TTBOSINJS 0„H,,NOs i.e. ! and the ipethyl derivative of p*coumario wid 

CH (OH).CH».CH(NIl,).COjII. p-OTy-a-amido- i (Korner a. Menozzi, G. 11, 550).—8. Poias^m 
phcnyl-propionic acid. Mol. w. 181. [235°]. j cyaiuiU added to boiling water oontaininff 
SO. 1*456 (SiW, B. 17, 2837). S. *01 at 20° ; f tyrosine forms tyrosinc hydantoio acid 
•65 at 100°. S. (90 p.o. alcohol) *0074 in tho C..lI,(OIT).ClI,.CH(Nll.CO.NII,).CO.^ ^ crystal- 
cold. H.F. 166,400. H.C.v. 1,070,800. II.C.p. lising from water in needles, inaol. ether (Jaff6, 

I, 071,200 (Berlholot a. Andr6, Bl. [3] 4, 227). I H. 7, 310). This body begins to melt at 165*^ 
ra]o» -8° in HClAq at 16°; -9° inKOHAq at i being decomposed above 170°. It gives a red 

(Mauthner, M. 3, 843). j colour and pp. on wanning witli Millon’s reagent. 

UMurrence ,—Occurs abnormally in the liver ' It forms KA'aq, crystallising from alcohol- 
and urine (e.g. in cases of poisoning by phoi=- ; benzene.—9. Tyrosine administered to a dog 
phorus (Frerichs a. Stiidoler, J. 1855,729 ; 1850, j appears in tho urine as tyrosine-hydantoln 
702; Blendermann, H. 6, 242), in tlie rataneous o jj f276‘>-280'’], which 

scales in pellagra (Scbmetzer,Bisserf., Erlangen, » f xCO.NH . 

1862). in cochineal (De la*ltue, A. 64, 35), in ; crystallises from water in needles, and is do- 
eprouting pumpkin seeds (Schulze a. Barbieri, i cc^posed by beating in sealed tubo^with baryta- 

J. pr. [2] 20, 401; 32, 457), in the* roots of ; water into 00.^, ammonia and tyrosine. Other 

StMhys tubeMfera (Planta, B. 23, 1699),• in products found in tlie urine of a/abbit after » 
dahUa bulbs (Leitgeb, C. O. 1888, 1397), in dose of ty^psine are hydro-p-coumaru and p- 
alooholic extract of wood leaves (Schunck, G. N. c^y-phcnyl-acctio acids and phenols (Blender- 
37, 223), and in beetroot molasses (Lippmann, mann, U. 0, 251). • ^ ^ 

B. 17. 2686). i* Salts. — NojCJEIbNO,. — CaC„II»NO|^^ 


WqrmaUon.-^l, By potash fusion from casein 
(LiebiL A. bit 127; 62, 269), globulin, feathers,* 
hairs ^leyer a. KOUer, A. 83, 332), and albu£^ei> 
(Nenold, J. pr. [2] 17, 97).—2. By the action W 
boiling dilute l^SOq on ox-hom (Hinterberger, 
A. 71* 72), on fibrin (St&deler, 4* 



email quantity by heating oonglutin wtui HClAq 
(Siegfried, B, 24, 419).—5. From ^-amido- 


BaC,nBX0^2aq. Prisms, more sol. cold than 
hotwater,-Cu(C,H,*NO,U S. *98 in the cold; 
•4 at 100°. Got by adfiing Cu{OH)* to h boiling 
Bo^ution^of tyrosine (Hofmeiat^, A, 189,6). In- 
^1. alcohol. Deposits black cupric oxide 
on boiling with water.—C^,,NO,(HgO), 2aq.— 

_*4-_ <Sl?fNO,{H80)*aq 

,0,H*l^aq: 
y. o^tiuline 
decomposed bj 

Water.-B'APtCl. (Ointl. Z. [2] 6, 704).— 
BUjSOq. Slender needles, not ooloaredbjFeCV 




ws 




Sl-biMia-tfnain* 0,H,Br^0| 2aq. S. *46 
■t U’; 4 ftt 100*. Fotmad /mm izj ijm- 
ud Bi npanr (Qanip.BeMiMi, A. 125, 
261). NtedlM or taUai (Ifom water), al. Ml. 
alooboL iL^H,Br^0,2a>].-rB’Bdl])aq.— 
B'BBt. — FiUmi, cot vatar and 

AloobdL 

Vltzv-tjioilne C.H„W,0. i.*.' fc,H,.(NO,)NO,. 
Famed fram tyrosiiM (1 ptr), water (dpta.), and 
iiitrio aoid (4 ptsa of S.Ge 1*$) in the cold 
(Streoher, A. 78.70; Stiideler, 77). Pale- 

yellow needles, sU aol. ^old water. — Salts: 
BalG^H^NjO^), (dried at 100*^). Blood-red amor- 
phoue a j : orange pp. 

changing to a red powder.'--B^nCl jf^q, Tufte 
of Iwnon.jreUow needles.—S. 30. 


LffBoa-Teillow needles.—TeUow 
needles or grancdes. 

Di.Bltre.ty»slne 03i(NO^«KO,. [11 5 ^]. 

Formed by warming nitro-tjrosine with dilute 
HNO»> Oolden plates (iiem water).*—Salta: 
CaC^HrN^^Oaq. Oolden eiz-aidea tables.^ 
BaOfHfNpOf Saq. Reby-red prisms Trith yellow 
reflex, ex^oding when heated. 

Bjtf e rgnge.—AMtDO-rxaosnia. 

HlEOTOXIOOH'. ' A poisonoos iabstanee 
^o^^med in milk, oontainir;g the bntyrio aoid fer. 
mont, wbioh has stood for same days. Ooouni 
also BornetiiDeB in oheeae (Yaughan, Ph, [3] IS, 
470 ; H. 10, 140). When its alaohoUo solutiqp 
is mised -yith PtOl^ and oTsporaUd violent ex* 
plosion takOii place. 



VLEZIKS [IW.*}. An alkaloid 

in tha aooda of common furzo {Utcx cunyikeuK] 
{Oerraid a. Bjmona. P/k'[3J 17t lOx, 

1029; 20, 078,1017). DeJiqiioscant cry^stak, 

8d 1. flhloTofonu, inao!. ether. Poison. paraljsiDg 
respiration (Ure^ford,/. PAysiof. 6,70). Possibly 
identical with^oytisine.—U'UCl, Deliq u csoeut.- 
B'Ey?tCl^-B'2HAuCl^. 

UX^!I^AS1N£. The blue-coloured mate¬ 
rial oontaihed in Japis-l(uuU» Until 1828 ultra- 
marine was obtained by powdering and washing 
lapi$*Ut9itii; but sinoe that ^ar it has been 
jnanutMtored by heating to bright redness mix¬ 
tures of Ai silicate {china clay), Ma^COj' (carbon-, 
ated soda 8, and charcoal, and waMliing, 

powdaring,''*dTymg, and sifting the pfbilucL 
(For details of the man uf no tare v. DiCTioNA»Yor 
AFFLUSO OllRlUSTRY, Yol- Hi, p. 901,) The GOn- 
atitceut elements of ultra marina are Al, Ma, Si, S, 
and O. Treated with HClAq, uHraiuarizie gives 
off the solution eoutaina NaOi AlCI», and 
PiO^ and the residue oonsiats of BiO^i And 
acme Al,0|; these reactions point to ultramarine 
being a oompound of ailicatos and polysulphides. 
Muon work has been dona on the constitution of 
ultramarine, but tbo results obtained have not 
finally settled the (|Uostion. From analyaea and 
inveatigiitioDS made tn 1801, UrOgger a. Back- 
strflm (IK, J> 1891. 454) conclude that thi oom- 
positioDtd the essential oolourijig compound in 
natural ultramarine is represented by the f, ir< 
mula Ka([i&(B|Na)]AL^(SiO«)i. They also oou- 
olude that amficial nllraniarines may bb ex¬ 
pressed hy thd^ioUowing formula:— 

Na^l,Bi,Ou>N i 



Na,tAl(3^a)]AJ,S^i.O„ - U(SJ. 


Tha main oonstij^nents of the different varieties 
at blue ^tramarine axe K, A, and UfS.) \' o{ 
green ultramarine U(3J and K; and U(SJ U 
tha main eonrtitueut of white ultramarine, &o- 
eordto to B. a. B. Fonnulia more or less ap¬ 
proaching those giTSU above have been assigned 
to ultramarine by other obeervera; thus Silber 
tn 1680 represented blue ultramarine ^ 
Bi«Al^ajS/>. <B. 18» 18M). On the other hand. 


some chemists have regarded the essential ooo- 
Rtitusot of ullramarino as a sodium thiosilieate; 
for instance, Iticknionn (B. 11,2013 [187B]) givse 
B.Sj(ONa);^ as the composition of * ideal ultra¬ 
marine blue*; and he regards artihoial ultra- 
marine as a mi&ture. the only easential port of 
which is sodium tbioBllicate. Olarke (.dta. 10, 
126} BuggoMted a formula for n|tramaTine which 
should indicate the relations oj this body to 
various natural silicates; in this rospcct Clarke's 
^ formula is linportuni (o. this vol, p, 431). 

I Whtfc is obtainod by completely 

I cutting off air during the roasCiDg of the mate- 
'rials; it is changed to blye by heating in O, 
SOa, or Cl (p. Ritter, T7, /. ilCO. 22(i; e/. Philipp, 
B. 0, 1109; 10, 1227; Bottinger, A, 162, 311; 
R. Hoffmann, A, 194, 1). 

lied uUra>narinc was obsorved by Scheffer^ 
in 1873, to bo formed in preparing the ordirjary 
Ruhe Lance in a muOla fnm&ce very strongly 
heated and freely exposed Co the air; it contains 
less Na and more Ai than the blue variety (B. 
G, 1150; 0 . also Biichner, Z). P. 231, 440; 
ZoUnor,!}. 9, 259, 353). 

Yclloio uUmiJvjTina is formed by heating the 
rod variety in the air a little above 300^, for a 
short time (R. Hoffmann, A. 194,1). According 
to Buchner (P. 7, 990), both the yellow and red 
fom^ are produced by heating blue aitramariue 
to d00°-400° in 0 oi^80,; the colour ebaagea to 
red and then to yellow. If Cl is passed over 
ultratnarino before the formation cl tha blue 
vai^oty ia computed, at 410^, tb3 colour goes 
green, and then reddish-yellow (Zettuer, B, 6, 
25D, 353); by heating the product with alkali, 
all ia removed and a alolet vitramarine ia 
produced. Thia variety goes to tha red form 
when heated in vapour of HNO.orHCl at 130^- 
a60^(Zettner,U.). / 

men ultramarine la formed when b little 
9fi'ls used in the roasting process; it ii oouverted 
into tha blue aubatance by. roasting with S. 
This form seems to be intermediate bstwesn 
white and blue altramarine. Aooording ta 
Philipp (B. 9, 1109), 9 ir not taken up in the 
^change'from green to blue; by heating the green 
foim in sealaj tabes with weJSh, at 100**, be 
tainad the blue, the water removing a very email 
quantify of eodium eompounde. 
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'|ab<ttUt«d[ ttltmuriSM. Blae to g:^n, 
»nd reddish^mj, substaaoes have been formed 
hy beating utramarme with AgNO^Aq, and by 
treating the prodaot of this reaction with RI, 
Lil, BaL;» Znl^ dto. These substances^ known as 
stiver uUratnarine, potassium ultramarins, <£o., 
probablyi^ntain Ag, R, Li, Ba, <t;c., in place of 
Na (v. Unger, D. P. J". 212, 224, 301 ; Philipp, 
D. 10, 1227 ; Heumann, A. 109, 263 ; 201,202 ; 
Forornnd a- Ballin, Bf?[2J 30, 112). By heat¬ 
ing silver ultramarine with various alcofloiio 
iodides, Forcrand {C. R. 88, 30) obtained ultra¬ 
marines containing alcoliolic radiefes, such as 
•ethyl uUrarnarine, amyl ultramarine, Ac. 
Selenion and tellurium uUramarUiis have also 
been produced, wherein S is substituted by Se 
or Te (o. Leykauf, TV. J, 1870. 555; Guimet, 
A. Ch. [5] 13, 102; PlicqiKt. Pi. [2] 2S, 518; 
Morel, Bl, [2] 23, 522). Various substituted 
ultramarines have been examined by Wunder 
{Chem. Zoit. 1890.1119). M. M. P. M. 

ULMIC ACID. C. 6G-4-63-9 ; II. 4 C-1-5 ; 
O. 29-31-6. C„n,,0, or H.O. 

1983, 200. H.F. 260,200. Formed by action of 
HCl on cane sugar. Is an anhydride or mixture 
of anhydrides C,JI,40„ (humic anliydridc) (Bor- 
thclot a. Andr6, Bl. [3] 7, 441, 451). Turns 
yellow in air and sunlight, giving off 00.^. The 
same thing happens with the humic acid ex¬ 
tracted from vegetable nio'^Id by KOHAq and 
ppd. by liCb Dilute* alkalis cause it to swell 
up, forming insoluble salts uud a small quantity 
of a soluble basic salt. When cone. KOHAq is 
used a salt is formed, from which two-tliirds of 
the alkali can bo removed by waHhing, leaving' 
KC,hH,jO, aq, and ss reconverted into the acii'* 
C|*UhO, by llClAq. Ammonia converts humic 
anhydride (ulmic acid) into an amido- acid 
Cj4H4,NO,,NUa, whence UCl sots freeCi,II,-NO,„. 

Salts. —IvC,hH,..,0, aq. Hard, black, in¬ 
soluble mass, yielding a brown powder. The 
* ulmiu * of Malaguti, Funned by sliaking the 
anhydride with KOH (1 pt.) and water (120 pts.). 
—NaC,,U,jO, aq.—Na;,C,HH,;,0, xaq. 

lieferencea.—'B.vmo, Saccuaudmio, and Sao- 

CUL&nO ACIDS. 

UMBELLIC ACID G.H.O, i.e. 

[4:2:13 0,H,(OH)yCn:CH.CO,H. Mol. w. 132. 
Di-oxT-ciKMAUic ACXD. Formed by warming its 
lactone, umbclliferone with KOHAq (Tigmann 
a. Beimer, B. 12, 994; ^’osen, B. 14, 2745). 
Yellowish powder. Turns brown at 240'^, and 
decomposes below 260"^. Sol. alcohol and warm 
water, insol. ether. Besinided by l>oiIii^ its 
aqueous solution. Beduces warm amtnomacal 
AgNOy, forming a mirror. FcCl^ gives a brown pp. 

Methyl CjoHj^O,. [180^180'’]. 

Got by heating herniarin with alcoholio potash 
at 1(K)° (Barth a. Herzig, M. 10,165). Keedlea 
{im9 water). 

(■* • Di-methyl derivative * 

' C,H,{OMe)*.CH:CH.CO,H. [138®]. Porm^by 
,the action of Mel and KOH in MeOH on ihe 
methyl derivative of ombelliferone in the cold { 
(W.WiU, B, 16, 2116; 19, 1V7). Needles, v. 
gul. alcohol and e^er. Converted into the 
•isomeride by boning alone or witb^HClAq.| 
th isomerides^re reduced by sodium-amaUtaai 
to the Baine*G„H,(OMe),.OHy.CH.jiCO|H, amrare 
oKidised by E^n04to the same C4H,(0Me}.^.G0,H. 

2aq: ^stali.—BaA'« 2aq: needlei. 

You IV./ 


{0)~DUfnithpt derivative, [784^. 
Formed as above, and also by saponiBoation of 
its methyl ether 0,H,(OMe),.CH:GH.GOtHe [87% 
which is got by evaporating methyl-umbu* 
liferone (1 rao4.) with NaOH mols.l nearly to 
dryness, and digesting the residue witu Mol and 
MeOIl (Ticn^pn a. WUl, B. 16, 2079). Needles, 
sol. alcohol and etlier. S). sol. cold water. 

{(i)’Di-€thi/l derivative 
[4:2:1] CJI,(OEt),.0,11,.CO,II. DUthyl-umbel- 
lie acUl* [107°]. ^ Formod by mixing ethyl- 
umboiliferone (5g.) with Ktl (10 g.) and a solu¬ 
tion of KOH (4 g.) in alcoliul (Will a. Book, B, 
19, 1780). Small plates, v..^ol. alcohol, ether, 
and bcnr.cnc. - 

{&)-Di‘ethyx derivative. [200°]. Formed 
by boiling the (a) <^otn(‘ii<ic for some time, and 
alco by hoating^etliyl-unilH'llifcrone (10 g.) with 
Ktl (9 g.) and a*sulutioii of Nn (2.\g.) in alcohol 
for six hours at 160°. Crystals, m.,8ol. altohol, 
si. sol. water. 

UMBELMFERONE i.e. 

C„n,(Otl)<Q®-gQ., Mol. w. 1U2. [224»]. B. 

1 at*100°. Formed by the dry distillation of 
various resins, cliielly those derived from umbel¬ 
liferous plants, e.<j. galbanum, sagapenum, and 
asafa-lida (Sommer a. Zwenger, .4. 116, 16; 
Mossmer, A. 119, 260; Illuslwofts a. Orabowski, 
A. 130, 100; IlirBchsohn, C. 0- 1377, 182). 
Formed by beating malic acid (Ivinul.) with 
losorcin (1 mol.) and Il.,SO, (lN'«ihjnann, B. I7t 
932). Prepared by distilling the alcoholio ex¬ 
tract of gum galbanum (T'ienuinii a. Boirner, B. 
12, 99,‘p. Ncc'llcs, r 1. sol. cold water and ether, 
V. so), alcoliol. Dissolves in acids, without 
chu'^go. Alkalis above 60° forineitnboUio acid. 
Its solution in dilute alkalis shows blue fluor- 
cHcenco. H.80, forms a solution with green 
tliiorcsccncc. Beduces AgNO, on boiling. YielQs 
(4,2,1)-di-oxy-beiizoic acid on oxidation (Tiemann 
a. Parrisius, Ti. 13, 2354). Fuming JiNO, and 
n ,S04 form C„U,(N0,),O, [210°] (Posen, B. 14,, 
2744). • 

Acetyl derivative CjjHgO*. [140®], 
Formed by acetylation, and also by boiling 
di-oxy-benzoic aldehyde with Ac^O and NaOAo 
(Tiomann, Ji. 10, 2210; 12, 995), Needles, si. 
sol. water. 

Z^cthyl derivative OiJLO, i.e. 

CJI.{O.Me)<®"-^'". [lin. ForiB6d bj heat- 

ing nmbeliiferone with KOMe an(FMeI{T. a. B.). 
Ledfh'ts, nearly insol. water. Appears to we 
itlcntical with licrniarin [118‘'^, whjph is 6X- 
Iracted 8^ alcohol from Ilemiaria JUrsuta 
^Bartli a. Ilcrzig, M.^0, 161). 

I'Jthyl derivative [8®“]* 

Plates,v. sol. alcohol (Will a. Beck, B. 19.-1779). 
^Oxitn of the methyl derivative 

[4:2:l]fi.H40Mo)<^^.“Q^. [1880^ Formed 

from the methyl derivative of thio-umbelliferone 
%nd hydrozylamine (Aldringem B. 24, 8466). 
Needles, v. sol. hot water and%lcohol. FeOla 
colours its solution brownish-red. 

Phenyl-Jtydraside of the methyl ds- 

Xivative C,H.(OMeXQ®^,^^pjj. flW*]. 
Yellow needles, giving a blue with H/0^ 
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Thio-vmlielHforone. Methyl derivative 
0,H,(0Me)<^®-^®. [1W^. Formed by heat- 

ing the methyl derivative of umbeUiforone with 
1>,S, (Aldringen, B. 24, 8465)." Needles, sol. 
alcohol.v. si. sol. water. 

Referencea, —Bbomo- and Mvravi.- ombei,- 

LZEBBONB. 

TIMBELLOL C.H,.0. (210'’). V.D. 4-29. 

Occurs in the volatile oil of the Californian 
lanrel (Stillmann, B. 13, 629). Oil, sol. H„SO, 
with red colour, becoming black. Attacked by 

irMBEXI,TII,lC^ACIl) V . HeiIoecoio acm. 
BHDECANE v. HendecanC; * 

DNDECOlC ACID v . HenmcoJo acid. 
UNDECOLIC ACID v. He.ideoinoio acid. 
UBDECYLENE v. Hendecxcbne. 

DECYLENIC ACID v. Hendecekoio acid. 
DECVLIC ACID V. HenuecoIc acid. 

DEACIL CO<^® ®q>CH. , Di-oxy-jujr- 

imidine, Derivatives of this ‘compound aro 
formed by the action of c.cetoaertio .Either on 
urea, thio-uroa, and gunniilino (Uohrend, ^41^229, 
1; 240, 6 ; List, A. 230, 1; Jugor, A. 202, 365 ; 
Warmington, [2] 47, 201). 

Amido-uraoU CJI^NgO.^. Formed, together 
with oxyuraoll O^H^N.^O,, by reducing nitro- 
uraoil (Behrend), and by boiling di bromo-pyr- 
uvuramfd(f*./ith baryta-water (Fischer, A. 239, 
193). Yellow needles, sol. water. Converted by 
cyanic acid into oxyxanthino 05H„N40s, which 
crystallises in needles, si. sol. water, sol. alkalis, 
gives with Cl the muroxido reaction, j^jay bo 
oxidised to alloxantin, and gives some alloxan 
with bromind‘'-watcr. 

Acetyl dertoaf tue CyUgNaOj^aq. Prisms. 
Nitro-uracil v. NiTuo Di-oxY-pyuiMiWNE. 

* Bromo-nitro-oxy-uracil. Dihydride 

C.H,N,O.Bt CO<^^;^^‘|2^^>CBr(NO.J. 

, Fonned by adding Br to nitro-uracil suBjiended 
In^ water (Bohrend, A. 240, 11). Crystalline 
mass, si. sol. cold water and alcohol. Bi)iling 
with water produces broniinatcd nitro-melhanes 
and a crystalline compound CJIjNjOj, formed 
by the action of urea upon nitro-uracil. Tin 
and HCl reduce it to amido-uracil. 

Ketbyl-uracil v. Di-oxt-mkthtl-ptrisudine. 
Nitro-methyl-uracil C5nsNa04. Prepared by 
nitrating methyl-uracil with HNO, (S.G. 1‘5) 
mixed with oiiequal volume of H.SO* (S.G. I’B*) 
(Behrend, A. 240, 3). Prisms or tables (t^om 
water), si. sol. l ot alcohol. 

Isome^Hde v. NiTno-DX'OXY-&iEi>iYL-PYniu- 
mms. ' 

Nitrowdi-methyUuracil v. Nnao-ni-oxT-ni- 

UZTHXL-PYRIMIJDZNB. 

Bi-ohlorcwoxy-methyl.araoil. *D&iydride 

O.H,CyiiO, *4... 

Formed by the Action of chlorine on methyl- 
uraoil suspended in water (Behrend, A, 236, 59). 
Tables (from ,water); slowly decomposed by 
boiUi^water. '^M. sol. alcohol; not decomposed 
by bdUing alcohol.. M. sol. ether. A solution of 
SoCl, in HClAq a^ 100^ reducea it to ohloro- 
methyl-uracil CgHgClNgO, which crystallises 
from water in needles. Fuming HKO, gives df- 
tixloro-bMrbitorio acid. 


Di-bromo-ozy-methyl-nraeU (.6, 

methyl-nracil (or 

bromo-mothyl-uraoil), and bromine* water (Beh¬ 
rend, A. 229, 18; 236, 67). Cubes (from hot 
water). Boiling alcohol converts it into bromo- 
methyl-uracil CgH^N^BrO^ Faming ILVO, forms 
di-bromo-barbiturio acid. 

Bi-chloro-oxy-tri-methyl-uracil. Dihydride 

°KSMe:CMcl5iJ>°°V 

by passing Cl into an aqueous solution of tri- 
mcthyl-uracil (Hagen, A. 244, 14). Ctystals, si. 
sol. hot water, lieducod by boiling with SnCl^* 
to chloro-t^-mothyl'Uracil, which crystallises in 
prisms, m. sol. hot water. 

Nitro-ethyl-uracil t>. Nitbo-di-oxt-ethti.- 

PYRimDINB. «v 

Methyl-ethyl-uracil v. Di-oxY-METnrL-EXHYL- 

PYRIMIUINE. 

Nitro-methyl-ethyl-uracil v, Nitro-ui-oxt- 
METnYL-KTIlYL-PYRlMiniNK. 

Amido-uracil carboxylic acid v. Di-oxy- 

A^IIDO-PYRIMinnfE CARBOXY 1 .IO ACIP. 

References. —Tnio-MEXirvL-UKACiii and Un- 

AMmO-CKOTONIC ACIT). 

UEAMIDO - ACETIC ACID v. HYUANTOia 

▲CIO. 

p.DRAMlDO-BEKZEKE SDLPHONIC ACID 
NH 2 .CO.NII.CgH 4 .SP 3 H. Formed by evaporating 
a solution of j?-amido-berizene sr.lphonic acid 
and potassium cyanate (Pellizzari, A. 248, 156), 
and also by heating dry />-amido-benzene sul- 
phonic acid (1 mol.) with urea (IJ mols.) 
(Friedol, G. R. 112, 868 ). Pearly plates (from 
idilutG alcohol), V. sol.water.«--BaA' 23 aq; mono* 
clinic prisms, sol. Aq. 

o-DRAUIDO-BENZOIC ACID ChH^N.^O, i.e. 
NH 2 .C 0 .NH.C,H,.C 02 H. Formed from potas- 
siuiu cyanate and the hydrochloride of o-amido- 
benzoic acid (Griess, J. pr. [2] 6 , 371; B. 11, 
1730). HNO;, yields only one di-nitro-derivative. 

tit-Uramido-benzoic acid C 0 HHN 2 O,. S. 1 at 
100®. 8 . (96 p.c. alcohol) *72 at 10®. 8 . 

(ether) *127 at 16®. Occurs in urine after a 
dose of m-amido-benzoic acid (E. Salkowski, H. 
7,113). 

' Fonnation. —1. By adding potassium cyanate 
to a boiling saturated solution of the sulphate of 
m-ami'do-benzoic ac.’d (Menschutkin, A. 153, 84; 
i?. [2] 4, 276).—2. By fusing m-amido-benzoio 
acid with urea (Griess, Z. [2] 6 , 312 ; B. 2, 47). 
3. By boiling fH-oyanaraido-beuzoio acid with 
nClAq (Traube, B. 15, 2122). 

Properties. —Small prisms (oohtaining aq), 
V. si. sol. hot water. At 200® it yields 
COfNy.CsHj.COjH)^. On distilling tn-uramido- 
, benzoic acid (4 pts.) with l^jO^ (1 pt.) m-amidj* 
benzoic nitrile [54®] is formea (Griess, B. 8, 
224). Boiling KOHAq splits it up into m-aviido* 
l^enzAoio acid, CO,, and NH,. 4 

^.Salts.— NH.A'aq.— KA'.— OaA'3 4aq.— 
PbA'3 2aq.—AgA': curdy pp., becoming crys-, 
talline. 

Ethyl ether EiA.\ [176*]. Formed from 
m-amido'benzoic ether and KCyO (Griess, /. pYe 
11 [2] 4, SrOS). Plates, si. solf hot water. 

** Amide C^H^NjOa. Formed from m-amidd- 
be^zamlde ac^ KCNO (MensohUtkiu). Scales 
(from water), decomposed by fosioo, iL toL 
alcohol. 4 
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^VnunU^-lMsioio aeid Formed 

In uke manner (Grieas, J. pr. [2] 6,300). Plates, 
almost Insol. cold water, v. si. sol. hot water, m. 
sol. hot alcohol. Yields some p-amido-bonzo* 
nitrile [86^ on distilling with PjO,.—I3aA',. 
Plates, ▼. 0. sol. cold water. 

Si.urtmido-benzoic acid C^HioN^O^ i.e. 
(NiL^.C0.NH).C#H3.C0,H. Formed by fusing di- 
amido-benzoic acid witl^ urea (Grioss, B. 2, 47). 
Small granules, v. si. sol. hot water. - IJaA', 
(dried at 130®). Nodulos, v. sol. hot water. * 
Be/crettces. —Amiko-, Nitro-, and Oxy- cr- 

AMIDO'BENZOIO ACIDS. 

• UBAHIDO-BENZOYL v. Oxy-qu!n.\zolin’b. 

«.URAMIDO-BENZYL-UREA C„n,..N,0, i.c. 
N^.CO.NH.OA*OH,.NH.CO.NHa. [107®]. p-o>^ 
Di^urajnido-toluene, Formed by heating toge¬ 
ther p-amido-benzyl-aminif hydrochloride (I ' 
mol.), and KCNO (2 mols.) in aqueous solution ' 
(Amsel a. Hofmann, B. lU, 1289). Small needles. 
Sol. hot water. 

URAMIDO-ISOBUTYRIC ACID v. Achxon- 

URAUIO ACID. 

o-DRAMIDO-CINNAMIC acid C,oII„N..O, i.e. 
NHo.CO.NH.OA-CH:CiI.CO.,n. Formed from 
o-amido-cinnamio acid and aqueous KCNO 
(Uothschild, B. 23, 3341). Sol. NlJjAq and hot 
UClAq. 

{0).URAMIDO.CROTONIC ACID C,H,N.,0, 
i.e. CHa.C(NU.«O.NH..):Cll.«0.,lI. The ether is | 
converted by^aOilA^j into tlio salt NaA', which j 
crystallises in needles, v. sol. water ; but oti 
adding acids to this salt di-oxy-mcthyl-pyr* 
imidine is j^roduccd. Methyl-macil is 

reconverted by NaOH.\q into sodium uramido- 
crotonato (Belircnd* A. 229, 5). ' 

Ethyl ether KtA'. [lOG-']. Formed from ■ 
acctoacetio etlier and urea. Needles, v. sol. ^ 
ether, m. sol. alcohol. Decomposed by warm ; 
HGlAq into urea, acetone, CO., and alcohol. ; 
Alcohol forms CUyC(NH.C6^Kt):CU.C0.1:lt i 
[29®] (Meistor, A. 244, 2H.J). 

Amide CH,.C{NlI.CO.NlI.,);CH.CO.NII,. 
[131®]. Crystals (containing EtOil) (Moister). 
Amldo-uramido-crotonic acid. Lactam. 

03H.(NHJNAi-«. (?). 

Ainido-mcthyhnracil. Mcthyl-uracil (v. Di-oxv- 
uetuyl-pyrimiijink) is converle<l by Dr in 
Into crystalline brorao-methyl urafdl 
whence cone. NIIjAq at 1/50® forms amido- 
mcthyl-uracll (Dehrend, .4. 231, 2-'i0}. Satiny 
plates (from water), m Iting near 2'»0 * Sol. alco¬ 
hol. The hydrochloride is convi.-rted by jutas- 
sium cyanale into oxy-mothyl-xanthino 
CJIsN^Oa2aq, crystallising, from water in 
prisms.—B'HCl aq. Monoclinic crystal.#; a:0:c 
= 1-629:1:2‘345; fi 62° 57'.—D^ll;,PlCI/2aq m 
needles, v. sol. water. 

Acetyl derivative C5H4(NHAc)N^O*4ag. 
ForzAsd from oxy-mcthyl-xanthino and Ac^O 
170®. Thick trimetrio prisms (from w#^tr). 
Decomposes near 210® without melting. Sol.J 
alkalis and reppd. by acids. ^ 

DBAHIDO-ETHANE SDLFfiONIC ACID 
NHa.CO.NH.CHa.O%.SOaH. Taurocarbamio 
acid. Occurs in small quantity in urint after a#^ 
dose of tau^ine^E. Salkowski, B. 6, 744,1^1). 
Formed by evaporating a solutfon of taurine 
with ECyO. Formed* also b^ tbe action of 
on etbylene-^-thio-urea (Gabriel, 


B. 23,1143). Dimetric plates, ▼. sol. water, al. sot 

alcohol, insol. ether. Decomposed by baryta-water 
at 140® into CO„ taurine, and NH,.—Ba A',: tables 
(from alcohol).—Ag.V. Radiating tufts of crys¬ 
tals. * 

DRAHIDO ■ HEROIC ACID U. 

NU,.CO.NU.YJ«(C,H,).CO.,H. [200®]. Formed 
by boiling isobutyl-hyduntoin With baryta-water 
(Piuuer a. Spilkor, B. 22, CyG). Noodles, v. sol. 
alcolml ipid hot water.—BaA'.,; nodular groups 
of prisms. • 

Ethyl ether EtA'. [135®]. Formed by 
heatiifg isobutyl-hydantoin \^h KOH and KtBr. 
Noodles. V. sol.*alcohol and not water. 

Nitrile. Njpr,.(’O.NU.CIl(^G,lJ„).CN. 
Formed by heating tho cyanhydrin of isovaleric 
ahlohydo with urea (I’inncr a. rjifschiitz, B. 20, 
23r»l). Oil, sol.»aU;ohol and etlior. On warming 
witli llClAq it yii hU isobulyl-hydautoin 

C, H,.CII<^]*, [210“]. 

^n*i(i(!"N[i,.CO.Nll.CII^,H„).CO.Nn^ 
[170®]. Formed from tho nitrile (I pt.) and cone. 
irSO, pts.) in flio cold. Crystals, v. sol. 
and alcoliol. 

URAMIDO-HIPPDRIC ACID 0,pH, ,N,0,. 
Forme<l by fusing m-amido-liippurio acid with 
urea (OritvH, J. pr. [2J 1, 235).^ Nodules, v. e, 
sol. hot water. Decomposed oy boiling cono. 
llClAq into glycocoll and w-uramid^-benzoio 
acid.—AgA'. Crystalline pp. ^ 

URAMIDO-NITRO-AMIDO-PHENOL * 
C,H,N,0, i.e. C,H,(NO,)(Nli,)(NH.CO.NH,).OH. 
Formetl by reducing di-nitro-oxy-phonyl-urea 
with usnnonium sulpliide (Oricss, J.pr. [2] 5,1). 
Ib’ildish'brown needles, si. sol. hot w^tor and 
alc<iiol.--D'llCl; white S(;ales?^-BaA',3*[oq: 
stecl-bliA nce<ilf‘s, v. sol. hot. water. Boiling 
IJClAq converts it into arnidocarboxamidp- 
nitropliciiol 0;lI,,N/)„ whichyields BaA'^iraq 
ami ll'llCla«i, and is rodiiceJ by tin and HClAq 
to diam idocarboxamidopbenoP 0,UrN|Oy, 
which yields iniCI, crYstallieinginplates. ^ • 
CRAMIDO-DI-NITRO-PHENOL v. Di-niteo- 

OXY-rUKNYl.-UHKA. 

P-URAMIDO-PHENYL-ACETIO ACID 
Nlh.CO.NIl.CJI,.Cll,.(:0,lI. [174®]. Formed 
by boiling p-cyananirdti-plumyl-acotio acid with 
JlClAq (Traube, B. 15, 2122). Small crystals 
(conUiniug l.laq), sol. water, alcohol, and ether. 

a^ramido'-phenyl-acetic acid. • Ethyl 
^-her Nll,,.CU.NII.GHrh.CO,Et. [139®].Formed 
by tbe action of aqueous KOyO^n the hydro- 
chlt)ride of a-amido-phenyl-acutio other (Kossel, 
B. 21, 4150). V. sol. alcoliol aiW boLwater. 

Nitrmc NlL.CO.Nil.CIlFh.CN. [170®] 
%’ornicd by healing Uie cyanhydrin of benzoic 
ahlehydc with urea (Dinner a. Lifschdtz, B. 20, 
2351)., Converted by acids into C^H^NjO, [182®], 
crvstaflisflig in scales, v. sol. ^cohol and hot 
water. • * • 

a-DeAMIDO-PHENYL-OBOTONIC ACID. 
Nitrile ClIPh:CH.CH(NH.db.NJy.CN. 

[IGO®]. Formed by heating urea with the oyao- 
hydrin of cinnamic aldehyde (Piiwor a. LifsebUto, 
B. 20,2351). Noodles, v. sol. hot alcohci^ Boil¬ 
ing liciAq converts it into di-oxy-styryl-pyra»oU 
(2.r.). • • 

A mide CHPh:CH.CH(NH.CO.NHa).CO.NH^ 
Formed from the nitrile and cold cone. HoSO^ 
(Pinner a. Spilker, B. 22,692). llicroo^staluii# 
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powdu, deoompoaing kt 210°-220° with evola- 
tiou of NHr Sol. aloohol, al. boL hot water. 

a-VKAKlSO-PBOFIOMIO AOID O.H,N«0, 
».«. OH,.CH(KH.OO.NHJ.COja. Lacturamie 
acid. [165°]. Formed b; evaporating a eolation 
of alanine solphate mixed with KCyO (Ureoh, 
A. 166, 99). Formed also by boiKn'g laotyl-urea 
with baryta-water (Heintz, A. 169,128). Prisma, 
al. sol. cold water and alcohol, ineol. ether.— 
BaA'^aq (dried at 100°).—PbA»2a<} -AgA': 
needles, m. sol. water. ■' 

Nitrile CH,.CH(NH.CO.NH,).CO^H. 

[106°] (Franohimmt a. Klobbie, It. T. G. T, 16). 

Amide OH,.CFi(NH.CO.NH/cO.N 9,. 
[196°]. Small needles (from atrohol), sol. water. 

tfBAMlDO-SUCCINIC ACID. Ainic acid 
KH,.CO.CH,,.CH(NH.CO.NH.J':’CO.,H. [188°] 
(G.) i [167°] (P.). Siuxinursmide. Amido- 
succiniiric add. S. 6*4 at 23°. Formed by 
evaporating*the mixed eolations of asparagine 
KCyO (Gaareschi, G. 7, 401; Ij. 10, 1747). 
Dextro-asparagine •‘gives a liovp- compound, 
while liovo-asparagine gives a dextro- compound 
(Piatti, B. 19,1098). PrisiAs, nearly inv<ol. alco¬ 
hol and ether. According to IHutti, the doxtro- 
and la}vo- compounds both molt at 157°. 

lieaclions. —1. Decomposed by fusion, with 
formation of nj.alyl-uroide [230°- 

286°], which k also formed by heating urea with 
OBparagine at 125° {Grimaux, A. Ch. [5] 11, 
400) ana tr^ystallises from water in pointed 
Vhombohedra.—2. Boiling HCIAq (S.G, 1-12) 
forma malyl-ureidio acid C^H^N.O^, which is 
also got by heating aspartic acid with urea at 
130°. Malyl-urei<lic acid crystallises intnrisins 
[216°-.220°j, S. 25 at 100°, which yields BaA^^jiiq 
and is converted by heating with bromine-water 
into C^,Br,N,0„, S. 3 at 100°, S. 

*^5 at 100°, C»U jlr..N^Oj, which is v. sol. water, 
C.HjBrN.O*, S. c. 6 at 100°, and C^H^Br^NA. 
S. 10 in the cold and o. 22 at 100°. 

VBAHIDO-THIO-FOBUIC ACID o. Thio- 

tiL^OPUANIO ACn>. 

Dl-tfBAMIBO-TOLUENiE u. Urauido-bknzyl- 

URKA. 

I>I.J3.0BAMIDO.DIk)-TOLYL-SUIFHI 1)E 
[2:1:4] S(C«H,Me.NH.CO.NII.,)n. TUio.p.tolyl.di- 
urea, [161°] (when containing benzene of crys¬ 
tallisation). Formed by heating the hydro¬ 
chloride of di-j>-amido-di-tolyl-sulphide .with 
KCNO (Trchlar, B. 20, 609). Crystallises from 
benzene in white silky needles (containinsi 
O.HJ. 

UBAWCL OAN,0,i.e. 

Amido- 

barbiturio add. Amido-ma^onyUurea. Murexan.^ 
Mol. w. 148. Formed by boiling alloxantin with 
NH^Ol (Liebig a. Wohler, A. 20, 310; Grimaux, 
C. B, 87i 762) and by boiling ammonium^hion- 
nrak with HClAq. Fcfriw^ also by reduoihg 
nitro- or nitroso- barbituric acid wiih^HlAq 
(Baeyer,4l. 127,228). It is also a product of the 
action of acids on murexide {Deilstein, A, 107, 
188 ). -a 

Pr;g|9rffe«.—Silkv needles, si. sol. hot water, 
Insol. alcohol and ether. Sol. cone. H^iSO, and 
re-ppd. on dilation. Jts alkaline shlution turns 
redin air, formii^ pu^urates; thusitis converted 
In ammoniaeal solution into marexideby boiling 
vi|K air or HgO. Cone. HKO, forms alloxan. 


Bromine at 86° forms orange C.H^rM.O. 
(Mulder, B. 14.1060). 

XTBAMILIC AOID O.H,N,0, (?). S. 14 In the 
cold; 33 at 100°. Formed by heating aramil 
with H.JSO4 and water, or by evaporating, am¬ 
monium tbionurate vrith some H.^SOfiLiebig a. 
Wohler, A. 26, 314; Gregory, P. 187). 

Transparent, four-aided p)ri8ms,8l. sol. cold water. 
Converted by boiling oono. HNO, into nitro- 
b^hlturic acid. 

UBANATES 0. TJRAinuu, oxtaczos and salts 
or, p. 826. 

DBANIXTM. D. At. w. 239 (not determined^ 
with very ^e&t accuracy). Mol. w. unknown. 
M.P. not determined accurately; between red 
heat and white heat. S.G. of fused TJ at 
18-685 (ZimmB.mann, B. 15, 851). S.H. at 
100° =-0276 (Z., I.C.). S.V.S. 12-8. 

jO’isioricai,—In 1789 Klaproth prepared some 
compounds of a now element from pitchblende ; 
to the characteristic element of these compounds 
he gave tho name uranium, from oupatfelr ~ the 
heavens, in allusion to the planet Uramis which 
had been discovered a few yeard before {CrelVe 
A. 1789 [2J 400). Tho compounds of U were 
examined by Uichter {Qehlcn's A. 4,402), Buch- 
holz {Qehlen's A. 4, 17, 131), Locanu (/. Ph, 9, 
141; 11, 279), Brande (5. 44, 1), Berzelius (P, 
1, 359), and Arfve'ison (^. 1, 245). In 1840, 
Peligot showed that the substance^ supposed till 
then to be U was really an oxide of U {A.Ch. [3] 
5, 6); P. isolated the metal, and determined the 
at. w. to bo 120. Mendelceff in 1872 (.i. SuppU 
8, 133 ; cf. C. N. 41, 39 (1880J) proposed to 
'double the at. w. of U, making it 240; this pro¬ 
posal was completely justified by the determina¬ 
tion of S.H. of pure U by Zimmermann in 1882 
{B. I.*), 851), and by tho determination of the 
V.D. of UCI4 and UBr^ (Z., A. 216, 2 [1883]). 

Occurrence. —Never uncombined. A few 
minerals containing compounds of U are found 
sparsely distributed and not in large quantities; 
the chief of these is pitchblende, which consists 
of along witli SiOj and oxides of Sb, As, 
Ca.Cii, Fe, Mg, V, Ac. Carbonate, sulphate, phos- 
phftie, niobato, tantalate, and various other com¬ 
pounds of U arc also found in varying quantities 
in several rare minerds (y. Zimmerinann, A. 232, 
300; liHddon a. Mackintosh, Am. S. [3] 38, 474; 
Hillebrand, Am. S. ' [3] 38, 329; 40, 884). 
Lockyer (Pr. 27, 49) stated that some of the 
lines in tie emission-spectrum of U coincide 
withdark lines in the solar spectruip. Hutchins 
a. Holden {P. M. [6] 24, 325) think there is no 
trustworthy evidence in favour of the existence 
of tJ iri'the solar atmosphere. 

‘ Preparation. —1. A mixture of UCl,, NaCl, 
and Na is strongly heated in a closed iron 
cylinder. Zimmermann (A. 116, 14) us^ a 
cylinder of soft iron witn walla 0. 3 ce^tim. 
thifK, bored from a larger cylinder (similar to 
that employed by Nikon a. Pettersson for pre¬ 
paring Be; B. IL 383) fitted with a cap which 
could be screwed nn tightly. He placed a layer 
of pure fused NaCl in the f .ylinder, then small 
^pieces of Na (0. 3 to 4 pts. for 10 pts. UOI4), theit 
UCI. (which zpust be pot intd' the- cylinder as 
quickly as possible, as it is hygroscopic), and 
covered the whole with'a layer of fu^ NaCL 
Z. raised the cylinder to a white h^ati kepi it at 
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that tempexMore lor soma uma, owled, aad [4] 18, 9S9). For tha fluoresoenoo, phosphor- 
washed the oonteDts with dilate alkali solution, esoenoei ana absorption-spaotraof U componzids 
and then with water. According to Z., the metal v. BeoqUerel (^. Ch. [4] 27, 639), also Morton a. 
as thus prepared is quite pure (v. infra).~~2, Bolton (^m. C%. 8, 361, 401). U melts towards 
^Moissan (C^i?. 116, 847) obtained U, containing a white heat; according to Moissan {C^B. 116, 
from S toal8*5 p.c. C, by mixing the oxide pre- 1429), the mital is volatilised by heating in an 
pared by strongly heating U0..(N03)j with excess electric iuniace using a current of 350 ampdres 
of charcoal, compressing^the mixture in a carbon and 75 volts. After long standing in the air the 
crucible, imbedding this in MgO, and homing surface of U becomes covered with a steel-blue 
for 10-12minutes in an electric furnace, usin^a | to black ulin of oxide ;.U that has been fused 
current of 60 volts and 450 amperes. I burns brilliantly when heated on Pt foil in the 

UCl, is obtained by heating the nitrate air; ptilverulont U burns at-150''-170® in the 
dJO,(NOaU in nir, mixing the oxide thus ob- air. U combines directly \nth Cl or Br. also 
tained (chiefly UjOg) with 0, and heating in a with S;*the metq^dissolves in dilute U2S04Aq 
stream of Cl {v. Ubanidm TETiucnLORiuE, p. 823). or HOlAq; it is not acted on by acetio acid, nor 
The nitrate is obtained from pitchblende by by KOKAq, NaOHAq, or NH^Aq. 
powdering the mineral, washing with water, The at. \v. of»U has been determined (1) by 
drying, and washing to remove S and As, dis- determining C and Cl in DCl, (Peligot, A. Oh. 
solving in HNO^Aq, evaporating to dryness, dis- [3] 5, 12 [1812); ItammclKbcrg, I*. 196, 818; 56, 
solving in water, filtering from Fc.Oj, PbSOpdre., 125 [1842]); (2) by analyses of U02.C...O..HaO 
evaporating a little, and allowing to crystallise. (Ebclmen, AT Ch. [3] 5, 191 [1842]; Ivdigot, 
•The crystals of XJO,.(NOa)2 thus obtained are *4. Ch. [3] 20,* 341 [1846J); (3) by analyses of 
purified by draining in a fnnnel, washing with a ‘ UO,{{C,HfOa)^.2HaO ^P^ligot, l.c, ; Werthoim, 
little cold water, drying in the air, dissolving in I J. 207); (4) by analyses of the double salt 

ether in a wide-mouthed bottle, crystallising by ' UO._,.Na(C„HaO._.)j (Wertheiin, l.c.) ; (5) by trans- 
spontaneous evaporation, and re-cry;itallising : forming UOg into UjO^, and UO.,.Na(0,H.,OJ, 
from hot water; the crystals of UO.^(N()J; are i into NajUO, (^Zimmermann, A._232, 117, 273 
then dissolved in water so as to form a cone. ! [188CJ); (G) by detonuining s!ll. of U (Zim- 
solution, UOj.CjO, is ppd. by adding irC.O^Aq I mermanii, B. 15, 851 [1882]); (7) by aeter* 
to this solutioti, the ]^). i& washed with boiling | mining V.B.B of Ulir, and UCl, Jt, 216, 2 
water, and then decomposed by heat, and the [1883]). • 

UO, thus produced is digested with cone. IICI Aq, The at. w. of U was formerly taken as o. 120; 

washed, d^solvod in IlNO;,Aq, and tlic solution ,in 1872 Mendelceff adduced reasons for doubling 
is crystallised (Pcligot. A. Ch. [3j 5, 5 ; 12, 258; this V!i[^ie, based on a comparative study of the 
cf. Ebclmen, A* 43,*28G; Wertheiin, J. pr. 29, < properties of compounds of U to whiob ho was 
209). le<l by consi<lering the i>eriodio^arrangement 

The oxide used by Ziinmcrmann of the ek-iiienls (A. Suppl. 8, 178; C. N. 41, 

(v. s«p?'a) for the preparation of UCI„ fiom 39). When the at. w. of C was taken as 12^ 
which pure U was obtained, was prepared by the fontmla; given to the chief oxides, ohlori<lo8, 
him as follows. A warm solution of commercial and salts of this element woro IJO, UCl.^, USO,, 
uranium hydroxide in liClAq was saturateil with I Ac. ; ; 0.0^* EOOl, tJOa(NOs), &*.; and U 

; after standing for some lime the liijuM | was classed with the iron metals. Mendei6gff • 
was filtered off, NH;iAq and (NH4)XO,Aq were ! pointed out that U was very much heavier than 
added in excess, the liquid was warmed and the iron metals, that the oxide 11,0^ did not 
(NH4),SAq was added ; after standing the liipiid form salts sifnilar to those derived from Fe^O,, 
was filtered, saturated with HClAq, and boiled that the salts of UO, i.e. US04, tJ(NO:,)3, &o., 
till CO, was removed, then mixed with NHj/iq were not isomorjihoiis with the salts of MgO, 
and (NH4)j,SAq and heated on the water-bath FoO, NiO, Ac. Mend«16cff also drew attention 
till most of the (NH,),S \vas«rcmovcd; theq)p. of to the existence of n chloride which would hava 
UO, was collected, washed* and heated over the to !»« represented as U,Cls if TJ ^ 120pand that 
blowpipe ; the U,0« thus formed was dissolved t^s chloride was obtained by heating UCl, in H. 
in HNOgAq and the solution was crjyilaliised ; Mendcl^elT proposed to double the #alue then oc- 
the crystals of UO,(NOa)j wore dissolvc-l in cepted for the at. w. of U, and, following on this, 
ether, the soltition was poured oil from insoluble to write the formula) of the chfcride^ oxides, 
Bubstances, evaporated to dryness, and the and salts UCJ,, UOg, U(»S04).^, <tc.; UpO,; 
residue was strongly heated; the UjO^ewhich COy, UC);;Cl4, UOj(NO^.^, dbc.; and UCl,. It was 
remained was again dissolved in UNO,Aq, and (pointed out that many of these formula ure 
the crystals that formed on evaporation were analogous to those of the corresponding com- 
issoired in ether, and the ethereal solution wa| pound8*of*Cr, Mo, and W; and^ it was shown 
evapofated to dryness and the residue decom- thift the properties ^ eompounds of» U more 
posed by heating. nearly scsemble those of compounds of Cr, Mo, 

Prqperfies. — A Iqstrous, hard, silver-white and W than of any other eldbents. Especial 
XI 0/5 toaoK * 7? j^Btress was laid by Mendcleetf on the acidic oha- 

metal; S.0.18-68S at -p (Zimjiermenn, B. 15. ,, U.^Kinallj, Men. 

851) ; if UCI 4 is redi^d by Na at a red beat, U del^efi showed that an element with the 
iff ootained as a greyish-black powder. ^.H. at »ties of U, and an at. w. equal to c. 240, flnas ito 
l^'=’n>*0276 {Z.,#,c.). U is somewhat malleaUet proper place ^in Group V4» series 12, of tha 
bat oannot be hammered into thifi plates, ^e periodic arrangement of the elements. Mends- 
ffmission-Bpectrum, obtafned by the aid of eleo- f&ff suggested that the S.H. of para U should 
trio spaiks, alwws only a few lines, the most be determined; that the Y.D. m the imlatila 
JBffricad being tn tiie yellow (That^n, A. Ch, chloride ahoald be fonnd; that the action of 2 
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on the chloride then taken to be UGl^ should be 
studied; that pelts of the lower oxide (UO if 
tJ»120, UOj if U»240) should be examined, 
espeoialiy as regards their isomorphism with 
salts ^ ThOj, SnOj, ZrOjf, and TeO^; that the 
crystaHine forms of corrospondfng compounds 
of MoO„ WO,, and UO, (U = 240) should be 
studied, and that an especially thorough crystal* 
lographio examination should be made of the 
compounds B^UO^Ti; and that the physical 
properties of compounds of Or, Mo, W, and U 
should be compi||rGd. Since the publication of 
Mendel6efE’s meixoir, the S.H> of U, and the 
V.D.s of UBr, and UCl, havOj^bccn dciormincd, 
the action of H on UCl, has been examined, and 
something has been done i'v the study of tlie 
orystalllne forms of compoun(l,s of U, including 
those of the form U.^UO.^l*\; the results of all 
these invettigations fully contirm the justuuss 
of Mendcleeff's view that the at. \v. of U is o. 210, 
and that this elomont must bo cl.issed with Cr, 
Mo, and W. The exact value to ho given to the 
at. w. of U has not been dctcnniiYid ; Zim* 
mermann’s measurements gave 2‘jB‘7d fro.'n the 
ratio UOjrUjOs, and 2.’18-G7 from the ratio 
U0,Na{C,U,0,),:Na,U0, (0 = 15-90). Tl»e mol. 
w* of U is not known. 

U is tlie Vast member of the even-series 
family of Group VI.; this family also contains, 
besides V.io elements Cr, Mo, —, and W. The 
ohromium elements are both metallic and non- 
metallic in their chemical relations ; they form 
oxides MO, that are acidic, and some of the^ 
lower oxides are basic. The oxide U(J(, forms 
some corresponding salts; a scries of salts of 
the form Uvi^X is also known, where Xf;.SO„ i 
<!ko. Several series of uranatos M.UO^, MatJ,.0„ 
Ac., are known. The haloid compounds are 
JX„ UX4, and UX4. (Fox a comparison of the 
metals of the Cr family t). CnnoMruM onotjp or 
XLXMXNTa, vol. ii. p. 1C8 ; cf. CrAssiricATioN, vol. 
ii. p. 207.) 

The*atom of U is totravalcnt in the gaseous 
molecules U13r, and UCl,. 

JReacHons aiid Coinbhiatioiis. —1. Ilcatod in 
air U is burnt to a volujninous deposit of U.,0, 
perhaps containing also UO^), which stops the 
further oxidation of the metal. Pulverulent U 
burns when heated in air to 150*^-170’. - 2. U 
barns briiliantly wlicu heated in c/tforr/icrform- 
ing UCI4; heated in bromine, to c. 240'^ part of 
the metal is changed to UBr,.--3. Heated m 
ttdphur vapour US, is produced.—4. It is gone* 
rally said that U does not react with water ; but, 
according to Moissan (C. li. IIC, 347), the metal 
obtained by him by reducing the oxide by chai 
coal in an electric furnace decomposed water at 
the ordinary tempcratuio; this specimen of U 
contained from 6 to 13*5 p.c. C.—6. U (iissolvea 
in dilute sulphuric acid^ rapidly on warming, 
forming USO4, and giving off H; pulvenileut U 
dissolves in hot cone. H.SO,, giving off SO,; the 
compact metal is scarcely acted on by cone.' 
HgSOf.—6. IJ dissolves in hydrochloric acidt 
dllute^r cono., rapidly on warming, forming a 
bya<£'nth*r6d solution of UG1„ which goes green ^ 
on shaking in air,|^and then oortaius UCl,.— 
7. Cone, nitric ocM, even when hot, scarcely 
acts on U that has been fused; the pulverulent 
metal is qnickly oxidised by hot oono. HNO^q 
to Several metallic salts in solution 


are reduced by 0, with ppn. of the metals, €.0 
HgNOa, AgNO„ OUSO4. find,, PtCl„ AuCU,. 

Detection and Estimation. — Uranyl salts 
(UO,.SO„ &c.) are formed by heating uranates 
with acids, also by the reactions of acids with. 
UO3, and also by oxidising uranoua raltd (salts 
of UO). K^FcCy.jAq gives a brownish-red pp. 
with uranyl salts, soluble in HGlAq or in 
(NJIJ^COaAq; this rdiction is said to be ex- 
tf^niely delicate; H.GjAq and alcohol give a 
brown pp. (Fairley, 0. N. C2, 227); carbonates 
give 3'ollow pps., soluble in excess, forming 
yellow liquids; NaOflAq or KOHAq forms 
yellow pjfs., NHjClAq docs not interfero with 
tho ppn., but in presence of sugar or tartaric 
acid pps. are not produced, Uranous salts are 
produced by rcdu€i,..g uranyl salts in solution by 
Zri and HClAq. After reduction the solutions 
give green pps. with KOHAq or NaOHAq, the 
pps. becoming brown and then yellow in tho 
air; witli (NH4)3SAq green pps. are formed, 
quickly becoming dark green, and black on boil¬ 
ing; KiFeCy^Aq produces yellow-green pps, 
becoming red in tho air (v. Zimmermann, A, 
213, 285). 

U is generally estimated as UO, or 0,0, (v. 
Zirnuiennann, A. 232, 209). Solutions may be 
reduced by Zn and II^SOjAq, and then titrated 
with KMnO,Aq, ^3 quantity cf 0 usc<l corre- 
Bponding witli the change of UO3 to UO, (Z., 
l.c .; V. also BCdohoubck, J.pr. 99, 231). 

Uranium, arsenates of. A compound, pro¬ 
bably UO.^.ASoO.,. 4aq, is described by Kammcls- 
berg (P. 59, 20). Werthcr (J. pr. 43, 321) 
describes UO^K.AsO,. 3aq, and various double 
sails of this compound with arsenates of Ca, Cu, 
and Na. 

Uranium, bromides of. UBr, is formed by 
heating U;,Oh mi.Kcd with C in Dr vapour; and 
UDr., by lieating UBr^in II. Zlmmermann (.4. 
21G, 5) failed to obtain a compound with more 
Dr by heating UDr, with Br to 230^ in a sealed 
tube. 

Uran'ium TRTiunnoMiDK UBr,. (Uranous 
bromide.) Mol. w. 558. Prepared by strongly 
heating a mixture of 0,0, and sugar, mixing 
with sugar charcoal that has been heated to red¬ 
ness, placing tho mi.xtaro in a tube, and heating 
it firrj, in a stream ''f thoroughly dried CO,, and 
then in Br vapour, aijd allowing to cool in CO,; 
the Br used must bo perfectly freed from Cl, 
HBr, and 11,0 by distillation from KBr, MnO,, 
an^P.p, (Zlmmermann, A. 216, 2; Alibegoff, 
A. 232,132; cf. Hermann, /. 1861. 260), UBr, 
forms black, fusible leaflets; volatile at red heat, 
giving a vapour with V.D. 281 (Z., Z.c*) ; very 
hygroscopic; dissolves in water, with a hi aaing 
sound, forming a green liquid. 

By evaporating a solution of U02.xH.0 in 
j3BrAq, Bammolsborg (P. 59,12) obtainod;,>grcea 
cry'-tals of hydrated UBr„ probably UBr4.8H,0. 

Uranoxybromides. (Bro)noxy•uranates.) 
U03Br3.2MBr or M.^UO.Brj.* By the reaction of 
HBrAq with K/'O, and (NH4)a004 respectively, 
Sendtner (A. 195, 325) ,obtainM yellowish, 
^'VgrosQopio tablets ol the composition 
M. y0,Br4.2H,0, where M = NE, and K, 

UHANiuu q-BifiRoxuns UBr«. Mol. w. not 
determined. Obtained by Alibegoff (A. 233,119: 
cf, Zlmmermann, A. 216, 5) by passing dry H 
over molten UBr,. Dark-brown needles; eaail/ 
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fotatilise^; not otiange^ by oonUnued boating in 
H; hygroscopio; warmed in H^^S, in com* 
plete absence oi air, forms U^S,. 

Ifranioint ehlorides ot By heating V in C) 
both UOL^d UC1, are produced; and by heat* 
ing UCl^ In H, TJCls is formed. 

Uranium fkntaciiloridk UCl,. Mol. w. not 
determined; formula prdbably molecular, from 
analogy of MoClj and WCl^. • • 

Preparation. —1. By lieating TJ in excess of 
Cl. —2. A slow stream of dry Cl is luisscd over a 
fnixture of charcoal and any oxidg of U, or 
UO-CI 4 , heated to dull redness in a ^ass tube; 
dark-green octahedral crystals of UCl, are 
formed near the heated part of the tube, and in 
front of these needlo-slmpe<l«itystal 8 of UCI 3 are 
de{)Osited, mixed with a loose brown powder, 
which is also UCI 4 . If the stream of Cl is rapid, 
most of the UCl^ is produced as n light-brown, 
mobile powder (Boscoe, C. J. [ 2 ] 12 , 933). 

Proi)crtics and licactions. —UClj crystallises 
In long, dark, needle-sliaped forms; the crystals 
are lustrous, and reflect greenish light, in Irans- 
mitied light they arc dark ruhy re<i. Both tho 
crystals and tho brown powd(!r are very hygro¬ 
scopic. Dissolves in water, with a hissing sound, 
forming a yellow-green liquid .and giving off 
HCl. Decompdfecd to UCl^ iind Cl when heated, 
either alone orin-CO^. of Cl; decomposition begins 
at 120° in CO., and is complete at 235 \ Heat¬ 
ing in NH, probably produces a nitride {lloscoc, 
lx»; no osalyses given). 

Combination. —A compound UCI^PCli, is de¬ 
scribed by Cronandcr (/. 1873. 222) as an* 
amori)hous, yellow solid; formed by heating 
UO, with excess of PCI 4 in a sealed tubo for a 
long time. 

Uranium tetuaciilouiius UCl,. {Uranous 
chloride.) Mol. w. 3S0-18. 

Preimraiion. ~1. U is heatrd in Cl. —2. A 
mixture of charcoal and an oxiile of U, or UOXL, 
is heated in a slow stream of dry Cl (Poligot, A. 
43, 258; c/. Uoscoe, C. J. [2] 12, 033). Tiio 
crystals that form nearest to the heated part of 
the tube are again heated in a stream of dry 
CO.^, whereby traces of UCI 4 are volatilised and 
removed (Ziinraermann,/t. 210, 8 ).—3.-A solu¬ 
tion of ammonium uranato^n IIClAq is rtduced 
by Zn, and tho solution evaporated and crys¬ 
tallised. Arendt a. Knop (0. C. 1857. 101) ro- 


bines with Severn! met^Ife ebloridea to form 
double salts. 

Uranoxychloridet. {CMoroxyuranaUs.) 
UO,CL2MC1.2£fq, or M,UOXl,.2aq. Salts of 
this composition, M^NH, and K, are p^iduced 
by the rcactufnSof largo excess of HGlAq with 
uranates of Nil, and K (Pellgot, A. 43, 279). 
The K compound is also formed by acting on 
UOCl. with txccRs of KClAq, and soparating 
the KCl that crystalfciscs with tho K^UO.^Cl, me¬ 
chanically (Berzelius, i*. 1, .3l)(»). The K com¬ 
pound * forms thick plates - (for crystalline 
mcasurenicnl.s %. do la Provemtayo, /f. Ch. [3] 6, 
10.5); easily losqiP water; gives off ITCl at R 
little above 100°; ^nolts at rod heat, giving off 
Cl, and leaving U6;. and KCl. The ammonium 
compound forinswery doVuiucRcont rhonihohcdra. 

Uranium trichloridk UCl;,. Mol. w. not 
determined. ObtaiiU'cl by P.-ligot (1.%.) by heat¬ 
ing UCl, in d^y II as long ns lICl was given oil. 
Also formed is solution by*long-continuod re¬ 
duction of urariyl salts by Zii and lIClAq (Zim- 
inernaanff, A. 213, 3<nl). A brownish-red solid; 
dissolves very readily in wafer, forming a red 
solution, which gives oil H and becomes green 
{v. P., Ic .; Z., l.c .; also A. 2l«, 12). 

Uranium, ferrocyanides of.# Various com¬ 
pounds are described by Wyniboff {A. Ch. [5] 8, 
411) and Attorberg {Bl. (2] 21, 355U||^^btnincd 
by ppg. K,l‘eCy,Aq by solufums o^alts of U* 
The following formula arc giv(Mi: 

1(1) U.,FcCy,.10aq ; (2) U.,K,FcCy,. 6aq ; 

'(3) (Ua),Iv.,(]‘-oCv„),.fmq; 

(4) (UCf),K,.(FeCy.),.12aq. 

IJranium, fluorides of. Only «io compound, 
UF,, has*been isolated with certainty. 

Uranium tetuakloortou UP,. {Urattons 
Jluoride.) Mol. w. not dcierniined; formula 
probably molecular, from analogy of UBr, and 
UCl,. Pri pared hy adding IlPAq to <U,0„, boil¬ 
ing, pouring off the yellow solution (which con> 
tains UO.Fo), washing the green powder tnat 
remains, tirat on a filter and llxmby decantation, 
until free from HPAq, ami drying at 100° 
(Smithclls, G. J. 43, 125; c/, Bolton, Z. [2] 2, 
3.53). Tho process of washing is very tedious, 
and occupies many days. UF, is a green 
powder; insol. in water and dilute acids; slowly 
dissolved by cone, acids; boiling NaDlIAq pro- 
^cds UO.^. Heated in a Pt crucible with tho 
duced,'by boiling the solution for Ift min. with | lid on, a small quantity of a wWte, bulky sub- 
Cu and alittje PtCl^Aq; they then filtcrcl.Ouitu- j linfate is obtaitusl; this sublimate is UO;,P* 
rated with IL8, filtered, boiled off H^S.and crys- j (Smithclls, l.c.); tho residue ii# the crucible if 
tallised. I chiefly Iloaled on Pt foil, UP4 loavea 

Properties and — Dark*-green, |*U,Ob (S., f.c.). ^ ,, , . j .t. 

lustrous, regular octahedral crystals ; volatilises*! l)ouble salts .—Bolton \l.c.) obtained the 
’ ■ 1 - - -• — J-* — j compr^inds UF,.KF nod UF,.NaF—as green 

)wdet8,*insoluble in water and dilute acids, 

_ ^ ^ „-ving UO., KP (or Hal*), and flP w^en heated 

fumes'much in air, giving off HCl; dissolA^ in to rcdfless, in closed vessels—by the action of 
water, with a hissing sound, forming a groen^ forinio or oxalic. aoid oft UO^j. 3KP or 
solution that is unchanged injiir; gives green, I UO...Fa.KaF (w. infra) in sunlight. Th<^ corn- 
amorphous UCI4 by evaporation in vacuo, but is | ^lounds maybe ctMeduranofluctides, and written 
decomposed by evaporation in tho air. When | KUF5 and NaUF,. 

4JCLAq is dronped into -boiling water til thel^j Uranium hexafluoride UP, was Aid by 
is ppd. as UO,^,0. Solution of UCl, redswes Ditto (0. Bf 91, 116) to ^ formed by hsating 
sous of An and Ag to.the metals, and FeCl, to .U.O, with HFAq, evaporating the yellow liquid, 
FeCl„ dko. heating in dry H one-fourth of and beating the crystals of UF,.8HP thus ob- 
khe 01 is removed and UCl, remains (P^ligot, A, j tained ; but Smithella (C. J. 43,125) has sho^ 
1$, 966). AfKKrfd lp g to Pdigot (l-e.), UCl, com- ' that the substance obtained by evaporating ths 
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$oJutioJi /oruitfd by heating UgO^ with HFAq is 

V0.^.J (v. UrANIDU 0XTFLT70RIDE, p. 8282. 

Uranoxyfluorides. {Fluoxy-uranatcs.) 
These compounds may be reg^ded either as 
double .salts of U0^2 alkali fiaorides, or as 
salts derived from hypothetical hdids HxUO^F«. 
The compounds are formed by adding alkali 
fluorides to solutions of uranous nitrate, and 
orystallising under different cfonditions (u. 
Bolton, Z. [2] 2, 363; Baker, C. J. 85,763). The 
compounds that have been isolated belong to 
several series: (l)^IP.UOsF2.a;aa = MUO.P».xaq, 
where M * Na aM x = 2 and 4 (Bolton); 
(2) 3MF.U0.;F,»M,XJ0^„ Swhere M = NII, 
and K (Bolton; Baker); (33 8KP.‘2UO..F...2aq 
-K,U,O.P,.2aq (Baker) ; '' (4) 5KF.2UO.J’j 
..KjUaO^F, (Baker); (5) SQaF,.6UO,J',.2aq 
(Bolton). Two other series woro described by 
Ditto (C.« R. 91, 166), 4MF.UO,F, and 
4MF.UuF4.araq; but the exueriments of 
Smithells {C. J, 43? 131) have shpwn that these 
compounds do not exist. 

Uranium, haloid compounds of. U combines 
directly with Br and Cl, but not with T; no 
iodide, indeed, has been isolated. The haloid 
compounds of U belong to the form UX^, whore 
X«Br or Cl; ^JX^, where X - Br, Cl or F ; and 
UX4, where X=»C1. The compounds UBr, and 
UCl, hay^e been gasified, and the (ormulie are 
molecular,^’ From the analogy of WCl, and 
SfoClj the formula UCl, is probably molecular; 
this compound decomposes to XJCl, and Cl wlien 
heated, either alone or in CO^ or Cl. From the 1 
analogy of CrCl, it may bo supposed liv'd UCl, 
and UBr, are molecular formube. No haloid 
compounds ol^U have been i8olate<l correspond¬ 
ing with the chlorides of Cr, Mo, • and W, 
I^xCljx. No haloid compounds of U are known 
containing each more than one halogen. Various 
ozyhaloid compounds, chiefly UOX.., and com¬ 
pounds of 'iiheso with alkali haloids, arc known. 

, Uraxdnm, hydroxides of, v. Uuaniu&i, oxides 
AMD BVDBATEO OXIDES OF {infra) ] also UltANinU 
OXXACID8, AMD BALTS OF (p. 826). 

Uranium, iodides of. No compound of U 
and I has been isolated. Hermann (/. 1861. 
260) and Sendter {Vcrbiiui. des Uranitints, 
Erlangen, 1877) failed to obtain an iodide by 
heating a mixture of UOo and C in I vap<yir or 
in HI. - 

Uranium, nitride of, U^N,. A ^eyish blaoV 
powder; obtalhed by beating UCI4 in NH,, then 
mixing with Nil,Cl and healing for a long time 
in a streqm of^NII, (Uhrlaub, Verhitid. einiger 
MetaUe mit Stu'-ksloff, Gottingen, 1866;. Boscoe 
(0. J. [2] 12, 93.3) states th^t a nitride is formed 
oy heating UOl, in NH„ but no analyses are 
given. 

Uranium, ojEldes and hydrated Oxides of. 
When U is burnt in rfir-.be product is U,^,; 
by boating this oxide with reducers, or fof^a long 
time in a stream "of N or CO.., UO, is formed; 
UOgia produced by fusing U,0„ with KCIO,, also 
by heating VC-J^UOX; by adding H^OjA-q tb 
U0,(0jl3,03)aAq or UO,(NOa)^Aq u hydrate of 
UO4 18 obtained. Besides these four oxides, 
others, intermediate between UO.^ and UO,, 
perhaps exist. No definite hydrate of UO3 ha? 
Deen isolated; the pp. formed by adding 
NKtAq to UCl.Aq, or to solution of a uranous 
iftlt {U(SOJ^ ffo.), is cither a hydrate, or c 


mixture oi hjdr&ies, oi VO^ A Jbexchydrale ci 
U,0* probably exists. Uranic acid is the vuono- 
hydrate of UO,. UO, dissolves in some aoi^a 
to form corresponding salts; U,0, is said to 
react with cone. H.^S04 or HClAq tq form botli 
uranous salts UX,, and uranyl salfc UO^X, 
where X= a divalent acidic radicle. UO, inter, 
acts with several acids' to form uranyl salts 
UOjX”; UO3 also reacts as an acidic oxide with 
strong bases, forming uranates, di-uranates, ttc., 
M»3U04, M»,U.A, Ac. 

According to Guyard (Bf. [2] 1,89), two oxides 
I having thp^ compositions UO and U3O4 exist;* 
; but the more accurate investigations of Zimmer- 
mann {A, 213, 301) showed that the substances 
examined by Guyard were not definite compounds. 
Pdligot described a%lack oxide UAi Zimmer- 
mann {A. 232,273) has shown that the substance 
i is a mixture, in variable proportions, of UO, 
and U3O4. 

Uranium dioxide UO,. {Uranotis oxide,) 
Mol. w. not known. This oxide was supposed 
to bo the element U until 1840, when Peiigot 
proved the presence of 0 in the substance 
{A. Ch. [3] 5, 5). 

Formation. —1. By heating 0,0, with such 
reducing agents as H (Arfvedson, P. 1, 245), 
NH,C1 and S (Hermann, J, 1861. 268), a little 
C (Buchbolz, QehWn's Ann, 4, 'a 7, 134), oxalic 
acid (Wertheira, J. pr. *^29, 211), &o.—2. By 
heating UjO^ for a long time in a stream of N 
or CO, (Zimincrmann, A. 232, 283).—3. By 
strongly heating U0.;.C.,04 in absei>',e of air 
(Berzelius, P. 1, 359), or in a stream of H (P6li- 
got, A. Gh. [3] 5,6; Ebelmerf, A. Ch. [3] 6,189). 

Preparation. —A mixture of U0,C1, and 
excess of NaCl and NH4CI is strongly heated in 
: absence of air ; and the product is washed 
tborouglily with water, and dried (Wohler, A. 
41, 345 ; cf. Hillebiand, Zeit. f. anorg. Ohemie^ 
.3, 213). If air is not excluded during heating, 
some UO, is obtained (H.,- l.c,). This process 
gives UO, as a black crystalline powder. In 
place of using UOXl,, a solution of ammonium 
uranatc in HClAq may be mixed with excess of 
N^Cl and NH 4 GI, and evaporated to dryness, 
and the residue heated. By fusing any oxide 
of U with borax for 24 iiours, and washing with 
water*and thou withMilute acetic acid, or dilute 
HClAq, Hillebrand {f.c. p. 249) obtained jet- 
blaok octahedra of UO.. isomorphous with ThOj^. 

Proper ^ies .—Prepared by heating 
00,10,64, UO, is a dark-brown, pyrophoric 
powder; if the temperature has been kept high 
the oxide is lustrous, reddish-black, and not 
pyropHirio; prepared by heating 00,01, with 
NaCl and KH4CI, UO, forms black, non-pyro> 
phorio, octahedral crystals. Pi^ligot gave S.Q. 
lpT5; acobrding to ]ffiUebrand (2.c.), the S.6. is 
U'^arly 11. UO, is insoluble in water, H^lAq, 
ani^''dilute H,S6,Aq; it dissolves in HNO,Aq, 
and in cono. H.,S04 in presence of a little water. 
UO, is oxidised to U^O, by heating in air. 

Reactions. —1. Hoate4 in air or oxygon 
0,0, is produced; UO, burrs brilliantly in the 
fla&e (Clarke, O, A. 62, 853).«—2. Heating 
in fZilorinc prqduces U0,GI,; ^^^aen mixed* with 
carbon and heated in c/rforms, UC4 and UCI4 
are formed. UBr4 is produced by heating U(^ 
mixed with cartSon in brotnine vafjour.—8. U,0, 
is foruiod by heating U(^ ‘C\ toaUr tfapour 
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(BegnAolt, Oh, [3] 63» 358}.—4. Heating in 
vapour ol carbon dictUphuU produces UsO, 2 S 4 
(Hermann, J. 1801. 268; H. Hose, O. A, 73, 

I. S9). UO, IS said to be unchanged by heating 
in hydrogen sulphide (Arivedsou, P. 1, 245).— 
6 . A solution of UO^ in cone, sulphuric acid 
gives green crystals of U(S04), on evaporation. 

HYPIU.TKS OF OR<iNtUM DIOXIDE. No detiiiite 
hydrate of XJOa has been isolated ; NH,,A(upro- 
duoes a reddish-brown pp. when added to UClfAq 
or solution of a uranous salt, this pp. becomes 
black on boiling; when washed with air-free water 
• and dried in vacuo it forms hla^k. coherent 
lumps. A black pp. is also produced by dropping 
UCl^Aq into boiling water. These black pps. 
contain UO,; they are probably hydrates ,of 
this oxide. The name tminous h>/droxidc is 
often given to the pp. obtained by either of tlio 
processes described; the pp. dissoivos in dilute 
H,SO,A(i, HN'O^A-i, and HClAi. 

UBANOsO'imAMic oxioi? UjO^. {Olivt'-grem 
oxide of uranium. Uranyl urajuitc UO3.2UO3.) 
Mol. w. not known. . 

Occurrence.—In combination with SiO^, and 
oxides of Sb, As, Ca, Cu, Fe, Mg, etc., in pitch ’ 
blende. 

Preparatioji.—V, or a decomposable V com¬ 
pound, e.g. UO^INOj^, is heated in the air and 
then in a stvojfra of 0, and*Is allowed to cool in 
O {v. Zunmetamnn, A. 232,'iHa). For a method 
of preparing U^Og from pitchblende v. Ui<\nium, 
Preparation of (p. 821). 

Prop^ties. — A dark olivo-groon powder,* 
sometimes almost black, but always showing a 
green streak when tubbed on ungla/.nd porcrlaid 
(Z., f.c.). S.6. 7-2 (Karsten, S. 05, 391); 7-31 
(Kbelmen, J. pr. 27, 385). 8.H. '07979 (Donnth, 
D. 12, 742). Insoluble in water; slightly 
soluble in dilute HClAq or IFS(),Aq; solulde 
in HNOjjAq, also in IFSO, with a little water. 

Reaciions. -1. Gives off 0 when healed in 
air or in on indifferent gaa ; the final product of 
heating in N or'CO. is UO.^ (Zimmermann, .1. 
232, 283).—2. Iteducod to UO. liy heating with 
hydrogen, carbon, sulphur, pola.^sium, or sodium. 
3. Heated in vapour of carbon dis\dpliklc 

II, 0384 Is formed. —4. Heated with cone, sul’ 
phuric acid, or with hydrochloric acid to 180^- 
200®, gives both uranous &nd uranyi sulphates, 
or chlorides; reacting asV0^.2UO;, (Z., A. 232, 
287).—5. Silver nitrate solution is slowly re¬ 
duced to Ag (Isambert, C. 2?, 80,108^). * 

Hydiut9 of uranoso-uiunic oxide.* By 
adding NH,Aq to UCl 4 Aq and allowing the pp. 
to oxidise in the air, and drying in vacuo over 
H 3 SO 4 , Bammclsberg (P. 55, 319) obtained a 
greonish.blook solid which may have been a 
hydrate of U, 0 ,; one determination of water. 
onlj|is given which agrees fairly with U,0,.6Jq« 

tlRANnjH TBioxiDE UO,. {Urantc qxtSs. 
Uranic anhydride. Uranyi oxide (VOMy.) mol. 
w. not known. This oxide is obtained by care-* 
fully heating the hydrate TJOtH-^O (v. infra) to 
800® (Bbelmcn, A.ih. [2] 6,199); to 250®, tem¬ 
perature being gPkdualiy raised (J^uolin* 
7A. C. lS4d. 163). The’oxide is also formed by 
heating UO,.OOr 2 {NH 4 ) 3 CO, to»800° (E.,7.c.). 
The preparation of UO, may be conducted by 
beating UO,(jlO ,)3 in a Ft basin until decompo- 
fi«^» Mgia^ transferring to glass tubes 


and heating these in an oil-bath to 960® so long 
as acid fumes are gived off. 

UOf is a chamois-yellow powder. S.O. 6*08 
to 5*26 (Brauner a. Watts, P. M. [51 11, 60). 
Kbelmen Ux.) described UO, obtained by heat¬ 
ing U03.GO,^(NH,)00, as a ecalingwax-red 
powder. When UO, Is heated to redness it gives 
off 0 and U,0, remains (K., l.e .; cf. Head, C, J. 
C5, 313 [189-^); the oxide seems to be somewhat 
volatile Tit the tenmewature of a porcelain ov^n 
(lilsnor, J. ISfhi. 3*). 

UO, reacts with many acids as a basic oxide, 
but t)ie salts dormpil are fy6?ays basic s ilts of 
the forms UX,.2I40,. where X ^ the rtidiclo of a 
monobasic acid,*ami UXj.'JUO, where X- the 
radicle of a ditxlic acid. It is customary to 
write tite formu[ie of these basic salts as U03.X*i 
and UOo.X“, and to call them uranyi salts 

(TJOj=uranyi); thua 

3 M 
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¥0, bi'havcs towards strong bases as an 
acidic oxide, forming urunutes M3UO4, and di- 
uranates M.U.O,, &o .; these salts are generally 
formed by fusing U comiionnds with bases and O, 
and by ppg. uranyi salt soiutioiii by strong bases. 
When KOHAq, NaGIIAq, NH^Aq, BuOAq, or 
CaOAii is added to a sulution of aB«i%nyl salt, 
e.g. to UO^(NOs)3Aq, tim pp. consists of •tt 
uranalo of the rnotal of tlie biuso. Alkali 
carbonates ppt. alkali uranates, but the pps. 
contaih also CO3; the pps. dissolve in excess 
of l)t(f alkali carbonates forming dcpjble car- 
boiuitcs of uranyi and the allvli metal, e.g, 
UO*C(V2(NlJ,)GOa. Afldilion of alkali oralkali 
carbonate to solutions of uranyi salts containing 
other metallic salts eauses ppn. of a uranat^ol 
the metal of the salt present, generally mixed 
with alkali uranalo (cA Uranidm, oxyacids, 

AND SAjiTS TIIKHKOK, p. H2G). , 

By adding KOIlAq to a cold solution of 901, 
or IJO^INO,)^, and dialysing, Graham {T. 1861. 
213) obtained a solution, free from acid and 
alkali, whiclt he regarded as a loose compound 
of sugar and UO;,, and which he called sucrate 
of peroxide of uran ium. 

Hydrates of niiAMUM rmoxiDB. Pure hy¬ 
drates of UO, are not obtained by ppg^ uranyi salt 
solutions by alkalis (v. supra) ; but aecordtpg id 
kbelmen {A. Ch. [3J 5, 199) Up,.xH;0 is pro* 
dipped by boiling an ariueons solution of 
U03.C0,.2(NH4).CO,until a yoHiiwpp.is formed, 
and' allo^ng this pp. to stand for a^long time. 
(By the continued action of sunlight on 00,(0,04) 
in presence of wat9r, UO^-xII,!) is said to be 
formed ; after washing and drying in the air, tht 
solid 1ka!»the composiliun 00^.211,0 ; and after 
dsying in vacuo Urn BomposiMon ^ U0,.H,0 
(E., 4^.). Berzelius (B. d. 24, llo) obtained 
U0,.H,0 by heating UO (Nai,)^ on a sand-bath 
until acid fumes ceUsed io be given off, washing 
•the residue with boiling wat^ and drying 
air. The same hydrate is saii^o be formed bj 
beating U,0, with KCIO, until fusiofl^Mgins, 
boiling out yith Water, and drying in air (Drenk* 
inann, J. 1861. 250). Tht best method of pra* 
•paring U0,.Hi,0 seems to be that given by Mala* 
guti (A. Ch. [8j 9, 463), vis. boiling a solution 
of U03{NO,), in absolute alcohol as long a* t 
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leaction proceeds, washing the yellow solid that 
separates with water, and drying in air or in 
vacuo \ EtNO„ N.p,, C^H^O, and H.CO^H are 
formed in the reaction. * 

U0t.H,0 is described as a yellow powder; 
8.G. 6*Uo at 15^ (Malaguti, lx.) ; leddens litmus 
paper; when hot it absorbs CO.^ from the air; 
heated to 260°-300° water is given oif and UO, 
remains (Rbcln^en, Z.c.; Jacquelin^v^. Ch. rB]5, 
109); heated to redness givj^s oft O and leaves 
U,Oy UOj.H^O is generally called uranic acid ; 
i>. Uranium oxtacips, and salts tiierkop {mfra). 

Uranium pkroxV/e, Uy adding U0^(N03).Aq 
to a mixture of HAAq and large excess of 
ll^SO^Aq, and allowing to stanu for a consider¬ 
able time, Fairley {G.J. 81, lA: [1877]) obtained 
a small quantity of a heavy, crystalline, almost 
white pp., which when dried (? in air, or at 
100°) had ttie composition UO^. By adding 
dilute II.^OAq to solution of UO.(NO,,);5 or 
U0._,(C.^njO,J.,, free from acids, VArlcy {l.c. p. 
127) obtained a yellowish-white pjf., which when 
dried by pressuro between ftlter paper Jiad the 
composition UO^.lIhO, and when dried at^^00° , 
the composition UO,.2Il.U. 

Zimnicrmaiin {A. 282, 273 [1880]) failed to 
obtain the tetrahydrute U04.4I1,.0; according to 
him the dihydrale U04.2l[^0 is very liygroscopic, 
and begins to decompose at 115°. Alibcgolt 
also obtatiA^ only U0^.21L0; he failed to pre¬ 
pare the anhydrous oxido UO* (^4. 233, 123 
[188G]). 

Hydrated uranium peroxide, dried at 100°, 
is a yellowish-white i)owdcr; dccompoapd by 
heat, giving oil O and leaving much U:,Oh ; ro- 
Bots with alkaK solutions to give UOa.a-‘Iip,jand 
a solution from which alkali pcnuranatc 
2MaO.UOj. 8aq, crystallises {Faiil.>y, Z.c.; v. Per- 
ufanates under Uiunium oyyacids, and salts 
xusnEOf, p. 827). 

Uraninxi oxyaclds, and salts thereof. 
JDO,.H.^O = HjUO* reacts with strong base*- as ar» 
acib, forming uranates ; di-uraiialos 

arc also known, and a few tri- and 
hexa-uratiates. A few pciurtinat'’s are derived 
from hydrated uranium peroxide UO,..rII,0. 
The con\pouuds of UOX with MX (X-3Jr, Cl, 
or F) may be regarded as bromoxy-, ohloroxy-, 
and fluoxy-uranatos. The substance known as 
uranium red is perhaps UO.,.ONH*.SNHp i.c. 
the ammonium salt of an oxythio-urunic aci^. 
(t>. Uranium oasBULiuiiDEs, p. 828). 

Uranxo acid H-^UO*. This compound is ab- 
tuned as a ycliov powder, which reddens litmus 
aper, and is decomposed to UO, an! HoO at 
50°-800°, and to UgO, and 0 at a higher tern-' 
perature, by boiling a solution of UO..(NO,), in 
absolute alcohol, washing the solid that ^sepa¬ 
rates with water, and drying in air or In iacno. 
(For other^metUods of preparation, and mote 
details v. Hydrates ov uranium trioxb>r, p. 
826.) The salts tt EEgUOg^are prepared indi-i 
reotly. 

URANATES, j^TtURANATEs, <&o. Salts derived* 
from ; salts derived from the bypotheti- 

oal aoihs H|U,0„ HgUgOi,, H,U,0,, are also 
known. , • 

URANATES. Suts of the oomposition^ 
M^gUO* and M**UO*. These salts are prepared* 
by PpS* Aolutions of uranyl salts by bases in 
l^uuon, ox by adding alkali solution to a mix¬ 


ture of a uranyl salt and a metallie oxide lU 
solution; also, in many cases, by oxidising;TJjO, 
or UO, in presence of a base or a salt of a base. 
The uranates are insoluble in water, and are 
not readily decomposed by heat except the am¬ 
monium salt. Carson a. Norton (il/n4iX0, 219) 
have pointed out that analyses of uranates al¬ 
ways show considerable differences between the 
porc^tages of U found and calculated; they 
hat found the same anomaly in analyses of 
uranates of ammonium and several ammonium 
derivatives, such as NEtH,, NEt^H,, Ac. 

Ammoniqm uranates. The pure salt does not • 
seem to haVe been isolated. An impure uranate 
containing c. 1)0 p.o. UO, ((NH^gUO* requires 
84Td) p.c. UO,) is obtained by adding NH,Aq to 
a solution of a uran^f salt (VuHgot); it is a yel¬ 
low powder, which loses H,0 and NH, above 
lOO^very slightly soluble in water, and insol. 
NTIjAq (Arfvcdson, P. 1, 245). An impure salt is 
also obtained by adding NH.,OiAqor (NHJ^SO^A*] 
to boiling Na,UO,Aq, as long as NH, and CO, 
are given off, washing the pp., and drying at a 
low temperature (Anthon, D. P. J. 166, 211). 
IToaled to redness gives U^O,; many of the com¬ 
pounds of U are prepared from ammonium 
uranate. 

Potassium uranate K^UO,. Prepared by 
heating C g. UgO, witra IIClAq andJINOsAq, add¬ 
ing 4g. KCl and 16g. NH,C1, evaporating to 
dryness, heating very strongly until the fused 
mass is orange-yellow, and washing with water 
/Zimnierrnann, A. 21.3, 290). Tlie sal^ is said 
to be formed also by strongly heating UO.^HI^O* 
('obtained by pi)g. a uranyl salt by a phosphate) 
with K.SO, (Grundeau, A. Ch. [6] 8, 223). 
Orange-yellow, rhombic tablets; insol. water, 
cold or hot; easily sol. acids (Zimmermann, 
Z.C.). 

Sodium uranate Na-UO*. Prepared by fusing 
U^O, with NaOl and NaCO„ or with NaCl 
with gradual addition of NaClO,, and washing 
with water; resembles K,UO* (Zimmermann, 

Z.C.). 

Lithhan uranate hlXJO^ has been prepared 
similarly to KJJO,; it is said to be decomposed 
: by hot water (Z., Z.c.). Uranates of Ba, Ca, and 
Sr—MUO*~are said by Ditte (C. R. 95, 988) to 
bo forii.cd by heating the chlorides of these 
metals with UjO^. /• 

DI-UilANATfiS. Salts of the composition 
M,*U.,0^ and M“U,0,. The forraulffi may also 
be Witten M'.,UO*.UO, and M»UO*.UO,. 

Barium di-nranate 13aU,0,. Formed by 
ppg. UO.j(C.H,0,) Aq by BaOAq (Berzelius, P. 1, 
'359); ak.o by heating to redness UO,.Ba(0,HaO.;)4 
(Wertheim, J» i>r. 29, 207). A yellowish-rod 
powder. 

Calcium di-uranate CaU,0,. Formed, «io- 
cording to Ditto ( G. R. 95, 988), by stroagly 
heat^rg 0,0, with Ca(C10,),; a yellowish-greon 
solid. 

* Copper dl-uranate CuU,0,. Thii salt if 
said to be formed ,(*as a green cOrstalhne powder, 
by fusing Cu(UO,.PO*},. Sao^itb NOgCO,, and 
T/ashing f?ith water (Delaray, A. CA.^d] 61,451). 

* Lead dl-uranate PbU,0,. formed by di-*' 
gesting UO,(0,H,OJ,Aq with freshly ppd. PbCO, 
(Wertheim, J. pr. 29, 207); also by adding 
NH,Aq to a mixture of UO,(NO,},Aq and 
Pb{NO,),Aq(Azfredsoii, P.1,264 Ayellowiab- 
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red powder, becoming green when heated; | are used, or ppg. bj % little alcohol if dilute 

stron^^heatodinH, gives a pyrophoric mixture ’ solutions arc used, an'd drying by pressure io 

of Pb and UOs* I hltor paper. Poleck {B. 27.1061 [lH9ij) obtained 

Potassium di>uranate E,U:^0,. Formed by ' this salt by aiMing sodium superoxide to solution 
molting together UO, and K^OO, and washing | of a salt of U. The salt is golden-yejlow and 
with watgr; also by strongly heating UOa.K.;(CO,), lustrous; ite1<)wly absorbs CO., from the air, and 
or UOyK(C^HjOj 3 (Berzelius, P. 1, 350). A | gives oiT O. When heated, alone or in CO^., it 

yellowish-red powder. • I gives oil 30; it also loses 30 in contact with 

Silver di-uranate Vg^.U^O,. Obtained by i acidihed KVnO,A(| or oilier unstable O com¬ 
adding amorphous KjU 04 to molten AgNO* and i pounds.* The ratio of U to ‘ peroxide oxygon’ is 
washing with ice-cold water (Alibegotf, A. 232, i U:30 as jnoasiired by the (|uantify of KlilnOj 
129; 233, 117, 143). Also by strongly heating | decoleurised by a solution of tlio salt. 

» U 03 .Ag(C 3 H 3055)3 (Wertheim, J. jir. 29, 221; cf. I Sodium-uranyl per-urar^o 
Itamraelsberg, P. 69,10). An amorplftius, yellow- ! Na..;{li 03 )U 0 „. Om. Tlio fornuila may also bo 
red solid; easily sol. acids; decomposed by hot wifttm Na^O.U.*).,. Oaq or Nii.; 0 .U 0 ,,.U 03 . Oaq ; 
water (AlibegofI,/.c.). ^ ; or, regarding the’5oinp(Muid as a double peroxide 

Sodiom dl-uranate Ka^^O,. Oiiq. Obtained ' of C and Nu, 4 s 2 UO,.Na 30 .,.. (mq. The salt is 
by ppg. uranyl salts by NaOHAq (Patera, J. pr. prepared similarly to Na,lJb„.Haq, but using only 
51, 125; cf. Stolba, Fr. 3, 74). Loses water of tlie niiiumuin quantity of NaOllAtf required for 
crystallisation over ILSO,. A light-yellow to solution, and adding alcohol, when it separates 
darkish-yellow powder. Known commercially as a red oif which slowly erystalliscs to a red 
as tiranium yellow (v. Dictionauv ov Applihd solid. The qhantity of KMnO, in solution do- 
CxiRMiBTnY, vol. iii. p. 893). oolonri^d by a soliition of the salt showed that 

Di-uranalc of sirontiitm SrU.O, is said also : tlicfalio of U to ‘ peroxide oxyg<m ’ isU:30. 
to exist {Ditto, O. ft. 96, 988). ' * ! Uranium, oxybromide of, llt^Bry. {Uranyl 

TllI-UltANATKS, The only salt that has hromUU'.) In i)r< |iariMg Uih ,, by lioiiting a mix- 
been isolated is sodium tri-uruiiale Na^U^Ojo; . tore of U, 0 „ and C in Br \apoijr, liunnann {J. 
it is prepared by fusing U 0 ;;(S 04 ) with NaCl, aiid Iwhl. 200) ohtaiiie*! a yollov\^ easily volatile 
boiling out Nvi^i water. TIais salt forms yellow . suhlimale, which w:is probably an oxybromide* 
leaflets reseoih'i^K aiosaio gold; S.G. 0*912; j By licalin;; UO.^ with Br and also by 

hygroscopic; insoL water, sol. acids (Drenk- { disnolvijig IJO, in JIBrA<|. a (iolourlesa liquidta 
munn, cf. 1801. 255). • | ob'luimui, which on cv.-qioration gives yellow 

HEXA»UltANATES. The 2 )otassium saU,^'< needles of the hydrafi'il oruhromlde 
KjUBOin.^Caq, is described as a yellow micro- ‘ (Sen<lt^iicr, A. 195,325). This compound com- 
scopically crystallkio powder, wliich 1 o.sch uli bines with Nil,Brand KBr to form U 0 ^ 1 r 3 . 2 MBr 
water at 300'^-400‘’ ; prepared by melting {v. ynANox\I!lio^^II»I•;s, p. H22). • 

00 . 3 ( 80 ,) with KCl (Drcnkmann, J. 1801. 255). ^ Uiaikium, oxychloride of, tJO.Cl^. {Uranyl 
PI'Ul-UltANATES. By adding excei.s of r.hloridc.) Fonned by stn>ngly heating UOa in 
alkali and II^O^.Aq to solutions of uratjyl .suits, Cl; a yellow, crystalline solid, (easily fused, out 
Fairley {C.J. 31, 134) obtained salts which may volatilised only sit a higli teuiperaluro; heato<l 
beformulaled as M^^UOh. a;aqandM*.d»"UO„. a:aq with K forms tlO. and KCl (IVdigoln A. CA. [3] 
where M «■ Nn^, K, or Na, and It - I/O 2 . ! 5). •By dissolving UOj.lLO in liClAq, al.sq 

Aznmoaium-uranyl peruranate I by oxidising UCl, by liNO^Aq, and cvaporatliug, 

(Nn 4 ). 3 (UOJUO„. 8 aq. The formula may also bo j yellowish-green crystals ol UO...Ci...:cllA) are ob- 
written (NHd-jO.UjOB. 8 aq, or tained (Klaproth, Crclt's A. 1789 [2J. 387). 

(N 1 I,) 30 .U 03 .U 08 . 8 aq, or, regarding the com- By dissolvingUOXl^iuelher and evaporating, 
pound as a double peroxide of U and Nll,t as Itogel-i’lierger {A. 227, 119) obtained yellow 
2 U 04 .(NH 4 ). 303 . 8 aq. The salt is prepared by needles of the compound IIO^O./JKLO. 
adding excess of NIIjAq axd II^O^Aq to t. solu- UOXl^ form.s ci^inpounds witl'i Nil,01 and KCl 
tion of a uranyl salt ant^ ppg- by alcohol; it is of tife form 2 MOI.UO. 3 CI 3 (w. UiUNOxjrcuLuiaoKS, 
an orange-yellow solid, readily soluble in water. ' n. 823). 

The quantity of KMn 04 in solution (^colgurised ! combines with liH^ to form 

shows that the ratio of U to 'peroxide oxygm’ in i UOXl-.^rNIL,, where 3, and 4. The first of 
the salt is 1^30. these compounds, UO^Ct^.'iNilft is formed by 

Fotassiam per-uraaate K 4 UO 8 . lOoq. This ! passing dry NHa into UOX)^ dissolvlfd in ether, 
salt may also be looked on as a double peroxide Isdrying the voluminous yellow pp. tliat forms, 
of If anaK(UO 4 .K 4 O 4 . 10 aq),ora 8 2 K 3 O.UO„. 10 aq,, and then placing iv in vacuo over H 3 SO 4 until 
It is prepared by adding alcohol to a solution all c^er is removed; the second compound, 
obt^ned by treating U 03 (N 03 ),Aq with KOHAq* UO-jCVsWH,, is formed by the action of NH, on 
andsBXoess of HAM. rapidly drying tAe UOaCl 2 . 2 NH,; and » mixture bf UP,C4.8NH, 
orange-yellow pp. by pressure in filter p^mer. and UO. 3 C 4 . 4 NH, is produced bypassing NH, 
The salt rapidly absorbs CO, from the air and over solid UOjjCly ^Wlien strongly heated in ait 
loses 0; it is easily decomposed by heat, giving* Aese compounds give off all NH, and 01 and 
off H-0 and O. Experimentaashowed that the Teave UA ♦ heated out of conj|Mt with air they 
nttio of U to ‘ per<mde oxygen * is U:80. * give UO, (Ilegelsberger, A. 227,119). three 

Sodium peruranate Na 4 TJO,. 8 aq^ The# compounds are called by B. uranylammomwn 
formula may aUo bo written U 04 .Na 404 . 8 m br c?tion< 2 ca, etnd their formula are written 
2Na,O.UOr 8 aq. The salt is ptepared by dis- U 0 . 3 (N;^C 1 )„ UO,(NH,cl)(NH,.NH,01), and 

Bomng ' ordinary urairio hydrate,’or UO,. a;aq, *U0,(NH,.NH,C1),. Water reacts 
In excess ofpKaOHAq along with excess'of ( 1 ) 8UO,(NH,0l)*+8H,0« 

PA*q, allom^ to oiystalUse if oono. sedations (NHJA^i 4NH,Cl | 
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(2) i;0,(NH,01), + 2H,0 « TO,(OH), -f 2NH40i; 
the second reaction tiUces place quelci; with 
warm water. 

Uranium, ozyfiuoride of, UO,F,. {Vranyl 
fluoride.) This compound is produced by bou- 
ing 0,l>, with HFAq, tUtering <off UF^ (v. 
Ubanium; TETRiFLUoitiDE.p. 823), and evapoTEting 
the jQltiato; it is also formed, in small quan> 
titles, by heating UF4 in a closed Pt crucible. 
The compound differs according to the method 
of pmparation (Smithells, C. J. 43, 123). 

a-Oxyfiuoride, About 1 gram UF4 is heated 
in'a Pt crucible Wth the lid cm, temperature 
being raised as quickly as possible; alter hve 
minutes the crucible is allowed to cool, the light, 
bulky sublimate is removed, tiLd the crucible is 
again heated for five minutes, and these pro¬ 
cesses are repeated several times (S., l.c. p. 129). 
This form oA UO^F, is a very bulky, light, wliito, 
orystalUne solid; it is very soluble in water, 
forming a yellow liquid; heated'in air it is 
gradually changed to U,Oh. * 

fi‘Oxy/luori(ie. UjO„ isitreatod wi^^ boiling 
HFAq in a leaden vessel, tlie yellow solution is 
poured off from green Ul'\, heated until the 
excess of HF is driven oil, and allowed to 
evaporate; evaporation may be completed over 
H.^b04 and CaO in vactio; tlio rosiduo is 
dried at 100® (S., l.c. p. 130). This form of 
UO,^, iSTS-vellow saponltccous mass; in one 
iiistance the preparation had a semi-ciy'stalline 
appearance, forming yellow, lustrous scales; iE is 
very soluble in water or alcohol; heated on I’t 
foil tJjO, is formed; heated in a closed c|ucible 
it is slowly ducoinposod, giving UO,. fi-UO-F, 
probably foric.s a compound with HF;;. by 
evaporatiog a solution of U^Oy in HFAq over 
IL^SO, and GaO until tlio weight was constant, 
Smithells {l.c. p. 131) obtained a substance 
which gave results on analyses agreeing fairly 
with the hurmula UOaFs.HF.HaO. 

A solution in water of cither form of« UOaFj 
miked with KFAq and KHF.Aq, and evaporated, 
gives the quadratic lluoxy-uranate KjUO^Fj (S., 
l.c. p. 130-1). For the conipounda of UOal'’a 
with MF V. UiUNOXVi LUoaiDns (p. 824). 

Ditto (C. 72. 91, 115) gave the formula UOF, 
to the sublimate obtained by hcnting,in a closed 
Pt crucibio, tlie solid that remained when U^O,, 
was treated, with boiling HFAq. Ditto saief that 
this solid was UO.F^; Smithells (l.c.) has, how,, 
ever, shown th^t the solid obtained by the method 
used by Ditte is UF4, and that the subliutale 
formed by heating this is a-TJO-F^. 

Uranlilm, oxysulphides of. Two cemx^ounda 
probably exist. ^ 

Uramiuu oxxsuLPBinB 11,0,84. This com¬ 
position was given by Hermann (J. 1861. ^68} to 
a dark, greyish-black solid, obtained hy l^ating 
IJ0« U,0,4 or N(d4 uranatod;o redness in vapotir 
of OSf Dissolves in cone. HClAq; burno when 
heated in air (c/. Zf. Bose, (^. A. 73,139). 

UlUNTn SDLPHIDB (UO,)S. A btOWD solid, 
obtained by pp^ an ammoniacal solution of a- 
Qianyl qfUt by odd (KH 4 ),SAq. and quickly wash¬ 
ing wi& cono. alcohol. Probably not obtained 
pure, as it quickly deinomposes ; water produces 
u0,jrH,0; at 40°-50^ it is changed to UO, and 
8 fB^el4, P. 124, 114; Zimmexmaim, .4. 204, 
204). (UO,)S is BOtnewhat sol. water or dilute 
dowMl; di^lved by oonc« HClAq, giving UCl, 


and S; dissolved by (NH4)^Aq. only in presendo 
of (NH^,CO,Aq (Zimmermann, 2.C.), forming a 
brown liquid. 

Uranium Black. By allowing (UO^S to 
stand in contact with freshlyprepared (NH4},SAq, 
in absence of air, a dull black amorphous powder 
is obtained. This solid dissolves in mineral 
acids, giving off traces Qf*H.^S ; it dissolves partly 
in .warm (NH4)jCO,Aq, but not in warm 
(NTl,)..SAq, nor in caustic alkali solutions; 
heated in a tube to 0. 270® it gives off a very 
little NH, and H.O. Zimmermann {A. 204, 
204) gives the formula U,0„ to uranium black,* 
neglecting l^as impurities) the traces of NH, and 
S which the substance contains. 

, Uranium red. By allowing (UO,)S to 
stand for 24>48 hjurs in contact with cold 
(NH,),SAq, exposed to air, a deep-red solid is 
obtained ; soluble in dilute mineral acids, with 
separation of S and evolution of H^S ; gives off 
•NH,, S, end 11^0 when heated to 150® and, at 
above 200®, leaves UgO, (Zimmermann, lx,). 
According to Z., the formation of this red 
fubstauce takes place only when (NHJjSsO, is 
present in tlic (NHj),SAq used; (NH4),8,03 is 
formed by the action of the air. Z. gives to 
uranium red the composition U,S(NH,).,0,« 
UO.^ONH4.SNH4.2UaO, (c/. Patera, J. pr. 61, 
122; Bemol6, P. 124, 168; Hcrttaann, J. 1861. 
14). - * 

Uranium, salts of. Two classes of salts are 
formed by treating oxides of tJ with acids ; UO, 
forms corresponding salts, TJX, wheq X^ the 
radicle of a dibasic acid, and UX4 when X » the 
Radicle of a monobasic acid; UO, forms salts 
(U02)X when X«the radicle of a dibasic acid, 
and (UO.j)X, when X8=thc radicle of a mono- 
J)asio acid. The salts UX*, and UX^'.^ are called 
uranous salts ; and (UOJX‘, and (UO.,)X” are 
called uranyl sails. (For reactions of the two 
classes of salts v. Uhaniuu, Detection and esti- 
matioJi of, p. 822.) Besides the normal salts, a 
largo number of uasic salts of both classes is 
known, and also many double salts. 

The chief uranous salts are arsenates, 
phosphates, and sulphites. The chief uranyl 
salts are arsenates, brotnate, double carbonates, 
chromates, hypophosphite, iodate, nitrates, oxaU 
ate, iAH)sphatcs, ph^phite, selenates, sclenitcs, 
snlpluiies, and sulph'.tes (u. Nitrates, Sul* 

I’HATBB, Ac.). 

Ursniuiu, sulphides of. When U is burnt 
in vapour of S, the disulphide US.^ is formed; 
by passing H^S over heated UBr, the sesqui- 
sulphide U^S, is produced; and by heating 
in H tl«e monosulpbide US is obtained. The 
(mol. w. of none of these is known. 

Uranium disulfiiide US,. Prepared by 
heating U'in vapour of S (P^Hgot, P* 64, fi22; 
cf. Zimmermann, A. 210, 18); also by heliting 
UCl-,(io redness in H,S (Hermann, J. 1861. 268). 
A dark greytsh-black powder ; becomes crystal- 
^line when fused with borax; oxidises slowly in 
air, rapidly on hating. Easily soluble in oono. 
HClAq (Hermann, Ix^. ^ 

V Uraikuu sBBQUtsuLTHiDB U^S,. A Stream of 
di^^S, perfectly free from ahft'iB passed over 
heated UBr, aa'long as HBr is given off. Qrej* 
black solid, forming pEfeudomorphs of UBr«; 
decomposes in air, giving ofl boms whra 
heaiad in air ; scarcely acted ^ by HClAq of 
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dflote HKOaAq; decomposed violently by cono. 
HKO, (Alibego0, A. 283.117). 

U&tMinsi uoNoeoLFQiDX US. A block, amor* 
phone powder; obtained by pt^siug dry H over 
U,S^, kept at a red heat, for c. 40 hours, until 
is no longer given off. Similar in properties 
to U,S, (Mibegofl, A. 233, 135). 

Uraniom thio.aoide, salts of. No thio- acid, 
nor B^t of a thio* aoid,*^ U has been definitely 
isolated. Uranium red (o. supra, p. 828) ^ay 
perhaps be an ammonium oxytbionatc of U. * 

RI. M. P. M. 

UBANOXTBBOMIDES v. p. 822, under 

UBAinXJkt TBTRABROUIDE. . 

UBAHOXYCELOEIffES v. p. ^3, under 

UeANIOU TETBACULOniDS. 

UBANOXYFLtTOBIDES t>. p. 821, undar 
UrAMIUM TBTBAVLUOBinB. ♦ 

UEAKYL COMPOUNDS, compounds of the 
radicle UO^; v. Ubanyl ammonium ciilokiues 
( p. 827), TJranyl BiioMiKK (p. 827), Ubanyl 
ciiLOBiDX (p. 827), Ubanyl yluokidk (p. 82 h), 
Ubanyl balm (p. 828), Ubanyl huliuiide (p. 
828). 

UBAZOLB. A name given by riiiner (JJ. 20, • 
2356) to di-oxy-triazolo, which may bo repru- 

sented as ^^^(011)^^ 

UBEA CH*N,U, Le. CO(NH,),. Carbamide. 
Mol. w. CO. [13^^] (Lubavint Ji. 3, 305). S.G, 
1-823 (Schrfiddr,^. 12r5C2). S. (alcohol) 20 in 
the cold; 100 at 78®. U.C.v. 152,500. H.C.p. 
152,200 (Stohmann a. Langbein, J’ 2 )r. [2j -M, 
387); IGl^OOO (Derthclot a. Petit, C. H. K^O, 
759; 110, 887). H.P. 80,800. 

Occurrence. —In‘the urine of mammalia, f 
especially in that of fiesh-eaters (Fourcroy a. 
Vauquelin, A. D. 17S<0). Occurs in small quantity 
in blood, muscle, chyle, and lymph of luam* 
molia (Wurtz,0. if. 40,52; Poisseuille a. Gobley, 
J. 1859, 612; Verdeil a. Dollfus, A. 71, 211; 
Munk, Pf. 11,100; Pickard, 0. It. 83,1179; 87, 
633; Gr5hant a. Quinquand, C. It. 108, 1092; 
Garrod, Pr. 63, 478). Constitutes about SO p.c. 
of the solid substance of the vitreous humour 
of the eye (Millon, C. R. 26, 119; A. CO, 128). 
Occurs also in saliva (Babuteau, J. 1873,877), in 
cow’s milk (Lefort, ^.1866, 190; Vogel, ,7. ISC’/, 
932), and in other animal secretions. 

FormatioJi. —1. By evaporating a solut^n of 
ammonium cyanate (Liebig a. Wohler [1828j, 

B. J. 12. 266 ; P. 12, 253; 16, 619; A. 38.108). 
2. By adding a little NHO, to an etbe^caloiolu- 
tion of oyanamide (Cannizzaro a. Cloez, A»7S, 
230) or by th& action of dilute (50 p.c.) H.SO, 
on oyanamide (Baumann, B. 6, 1373).—3. l-'roiu 
COClj and dry NH, (Begnault, A. Ch. 69, 
160; Natanson, A. 98, 287), gf^anidine and 
NH4CI ^ing formed at the same time (Fenton, 

C, 798).—4. By beating carbohic ethe^ 
with MBfAq at 180®.— 5. By heating ammoniunj 
carbamate at 140® (Basaroff , J.pr. {2] 1, 283^«— 
6. By passing an alternating electric current 
through a solution of ammonium carbamate 
(Drechsel, J.pr, [2] 22,481).—7f By electrolysis 
of ammonia solutie^ nsing carbon electrodes 
(Millot, Bl, [2] 46, 24S).~-8. By passing « mix*, 
tore of NHa.an^CO^ through a red-hot ti^be 
pXeztor, Am, 4, 85).—9. Formed By passing air 
ehaeged with NH« and vApour of benzciie over a 
Nd-b^ boliz ff platiniuii wire (Herrouo, C. /. 


89, 471). Acetylene, but not ethylene, may be 
substituted for benzene.-r-lO. By heating ammo* 
nium thiocarbamate NH;j.CO.SNH,, or by shak* 
ingit will) water and PbCO,.—11. By the action 
of aqueous KRinO^ on thio-urca (Maly, M. 11, 
277).—12. By the action of KMnO^ 011 dCCy in 
acid solution *(Bnudrimont, J. 1880, 393).— 
13. By tlie action of NJL.\q and on co))per 
fulminate (Gladstone, >. 60, 2).--14. By heating 
oxainido ^itli* HgO (WilHniiison, M^noires du 
CongrH scientif. dc^Vcnifu', A.n. 1847).-l^By 
oxidation of uric acid.—16. By tlie actiim of 
KClUj and llCl on guanine (^treckcr, A. 118, 
By Veiling guiuKdine with baryta 
(Baumann, B. 6,1376). —18. Jiy boiling biguanide 
sulphate or phcn^l-biguanido sulphate wilb 
baryta (Emich, M. 12, 11). -19. By the action 
of baryta on argiain (8»diulzo a.Liktcrnik, ii. 24, 
‘2701). —20. By boiii»ig creatin with baryta.— 
21. A product of oxidation of ift'otcids by 
KMnO, (Bechamp, A. Ch. (3J 48, 318; C. R, 
70, 8(i6 ; Bitt i;, 67. [2] 16,32^. Stacdeler(J. pr. 
72, 251) and liuow (J.pr. (2] 2, 289) failed to 
obtain ufeu in tliis^nanner. Drrschel (/i. 23, 
3097)^blaincd urea from albumen by olectrulysis, 
but not by oxidation. 

Prej^araiion. ■ i. Urine, concentrated by 
evaporation, is treated with nitri'^or oxalic acid, 
and the ppd. nitrate or oxiil.itcof urea is decom¬ 
posed by CaCOj.-' 2. Ji. solution of potassium 
eyanalo mixed with ainmonium sulpliule is eva-^ 
poruted on a walcr-baih to dryness, and the 
I re.siflue extracted witli alfadud.--3. Ainixtureof 
►dry K,FciCyu (28 pts.) and RfnO. (14 pts.) is 
heat(Ml ^ill sticky on an iron ]>latc. A cold 
aqueous extract of the mass is mixed with 
(NU,^.;SO, (2t)'5pts.),ovaporiUed v<fdryness,and 
extracted Vitii alcohol (Liebig).- -4. Bry K,FoCy, 
(8 pts.) is fused with K^UO;, (3 pis.) and PbO 
(15 pts.) added to the luelled mass. The cooled 
mixture is dissolved in water, ntixed with 
(8 pis.) ovaporutoil, and'extracted 
witli alcflhol (Clciniu, yl.Of), 882). Any K,FoCiyg 
left can bo removed by FeSO,.—0. Ijcad cyanate 
is digested with (N}l,).jS(), (J. Williams, C./. 
21, 64).—6. From Nii.,Aq, COK, and lead car¬ 
bonate (Schmidt, IS. 10, 193).—7. By the action 
of (NHJ.^SOi on KCyO obtained by heating dry 
K.FcCya with* KUr.O,; the yield being 25 p.c. 
of thivweight of ferrocyariido (0. A. Bell, C, N. 
32, 99;.—8. A stream of dry M11^ ga8*is passed 
though phenyl-carbonato (from plienol-sodium 
and COCIJ, melted in a wutcr-ifcth, and the 
inel^ is then poured into hot water; the aqueous 
solution after separation from the j^ienol ia 
evHporate^to crystallisation (Hcntschol, B, 17, 

AbO). ^ 

• Properties, — Dimctric crystals, v. e. sol. 
water, 91. sol. cold alcohol, insol. CIICl,, nearly 
‘insol. efhot. Sublimes at 130 '. In vacuo it 
distils at 135° (Bourg^ofc, Bl. [3] 7, 41). Ur?a 
is not %.ttackod by pure HNO, (Franebimont, 

Ji: T. 0. 6.217). • • 

* Reactions. —1. When heated alone at 150°- 

170® it yields NH,, cyanuric a«d and biuret: 
at 140° it yields ammelido.—2. Oecom^c^od 

*into CO2 and NH, by heating with water in 
sealed tubes above 100°, by boiling with potash, 
lime, or magnesia, jby warming with cone. 
HjSO,, by evaporating with lead acetate, and^ 
the action of ozone (Gorop-Besanez, A, 125,20?) 
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In presence cf free alkali. CaO produces cyan* 
amide (Emich, M. 10» ^30). A 8 p.o. HCl solu¬ 
tion deoomposes 4 p.o. of the urea in 24 hours. 
NaOHAq of the same strength has less effect. 
Cold water does not decompose urea (Borthelot 

а. Andr6, Bl. [2] 47, 840).—3. Alooliolic potash 
forms, on heating in sealed tubed*, oyanio acid, 

and water (Haller, BU [2] 45, 705).— 

4. Urea hydrochloride at 145'* yields NH^Cl and 
cyanurio acid (De Vry, A. 61, 249)>—6, Chlorine 
paa^gd over molted urea ferms HCl, nitrogen, 
N£^l, and cyanuric acid (Wurtz, A. 64, 307).— 

б. Hypochlorous (Uoid, hypochlorites, chlorine- 
water, and hypo^omitcs, sot fAo nitrogen, c.g. 
CON.H, + 3HOC1-CO, + 3I3W1 + 2H,(T + N,.— 

7. Nitrous acid added a hot solution 
forma CO* and nitrogen: ''CON,ll 4 + N^Oa=s 
C0., + 2H5{0 + 2Na. Nitrous acid (2 niols.) whoa 
added to a cold solution of urea (1 mol.) reacts as 
follows: 2CON,H* + N,0, = (NH.) CO, + 2N, + CO, 
(G)au8,H. 4,140).— 8. Noutial KMnO, has no ac¬ 
tion in the cold, artd acts but sloyfy at 100*. In 
acid solutions KMnO, gives o0 niliogen (I vol.) 
and CO, (2 vols.) (Bochadlp, J. 185(H> G‘J6 ; cf. 
Wanklyn a. Gamgee, J. 21, 25).- 9. Bromine 
added gradually to an alcoholic solution of uvea 
forms Nll,Br, cyanurio acid, and nitrogen. In 
sealed tubes JJr gives NH,Br and cyaTnelido 
(Smolka,iH.8,64).— 10. Heating witli 1\0^ forms 
oyanio and cyanuric acids, amnndido, cyamelide, 

and Nl^Wcltzieii, A, 107, 219)..11. Yields 

*cyaiiami(le on warming with Na (Benton, 

C. J. 41, 202).—12. Cone. HNOa reacts thus: 
CON,H, + 2I1NO,« CO, + N..O 4 Nil,NO, + H.O, 
(Franchiinont, R. T. C. 2, 96; 3, 2191. -,13. 
forms crystalline C,H„N ,PS..O.., which yields 
C,H^gN,PS.^9., and C,H,Ag,N,l‘S,0,, andfgives 
oil PH, on warming (Kntschig, M. 9, 406).— 
J4. Zinc-dust at a rod heat forms ZnCy„ am¬ 
monia, and hydrogen (Aufscliliiger, -V. 13, 272). 
15. CS, at 100' forma COS and ammonium sul- 
phocyani4c. With alcohol and CS^ tiro products 
, are mercaptan, CO,, and ammonium* 8ul}»ho- 
oyanide (Ladenburg, Z. [2J 5, 253; B. 1, 273 *, 
2, 271; Floury, A. 123, 144).—16. Alcohols in 
sealed tubes form carbamic etliers and alkyl allo- 
phanates (Cahours, (’. R, 76,1387).—17. Boiling 
A&,0 forms acetamide and diacetamide (Hof¬ 
mann, 1^.14, 2733).—18. ZuEt, f niiisCON,dI,Zn, 
which is reconverted into urea by wate( (Gal, 
BL [2] 39. 648).—19. Oxalic eiher at 135'"-i70* 
forms oxamidc, alluphanio other, and alcolv;*! 
(Grabowski, i!:. 134, 115). Oxamic ef/icr forms, 
on fusion, oxaluraniide (Carstanjen, J. pr, 9, 
143).—2<^. Md^hylaniido-acetic acid (sarcosinc) 
forms meihyi-hydantom on fusion (Kuppert, H. 
6 , 1278).—21. Aniline at, 150*-170* gives NI 4 
and di-pheuyl-urea (Baeyer, A. 131, 251).— 

22. Aniline subAionic acid at 120^ gives 
NH,.CO.NH.CA.SO,H (Villo, BL [H] 6, 6).—' 

23. Bigtwinide sulphati ff^rrns, on heating, ahi- 
meline, NH, and (NH,),S 04 (Smolka 4.^'ricd- 
reich, If. 10, 96)J*—24. Heg-ted with acetone ahd 
ZnOl, or PjOj atll0*-140* it givess tri-mothyl-* 
pyridine and#'^. base OimH^N [llO-’J; (320^) 
(^e^, A, 238, 22). This base forms hard 
moDoolinio crystals, with metallic ring; its solu-* 
tions finortsce. It ^ives B',H,Pt€l,: [225*].— 
25. Heated with acetyl-aoefone (1 mol.), urea' 
(2 mols.) forms CH,(CMe:N.CO.NHa),, which 
urystalUses from alcohol [200*] (Combes, BL [3] 


7, 790). The same body is formed, together 
with CH,<^®:^>CO [198% by adding pCUq 

of H,S 04 ^ alcoholic solution of urea and 
acetyl-acetone (Evans, J. pr. [2] 46, 852; 48, 
499). — 26. Bemoyl-acetone forms, in like 
manner, Bz.CH,.OMe:N.CO.NH 2 [191*] and 

™'<CPh;N>^° [2W] (Evans. /.y>r. [2] 4C. 
35^’ 48,509).— 27 . Acetoacetic ether (2 mols.) and 
NhOEt (2 mols.) form in the cold C,:,H„N,0,Na, 
[c. 165°J (Eruert, A. 258, 361). Acetoacetic ether 
in alcoholic solution forms uramido-crotonic 
acid iq. r.)^..^28. Urea reacts with aldehydes iif 
the cold.* In aqueous solution a diureide 
lt.Cri(NlI.CO.NHJ, is usually formed, while 
Bf'lid urea forms triureides. On warming with 
excess of aldehyde,t.*I- and tri-ureides yield tetra- 
and hexa-ureides (U. Schilt, A. 151,186). These 
uroidus are sparingly soluble neutral solids, and 
are split up by warming with acids into the 
parent substances. Benzoic aldehyde forms 
benzyUdcuo-di-urca ( 2 *v.), while o-oxy.benzoic 
aldehyde forms C,H 4 (OH}.GH(NH.CO.NfI^).^aq, 
, wliich is converted by acetoacetic ether in alco¬ 
hol into C„H,(0H).CH:N.CO.N:CMe.CII..CO2Et 
[200*], C„U 4 (OII).GH:N.CO.NH.CMe:CII.CO.,Et 

PO-IO], and which de- 

composes between *260* and 278* (Biginclli, B. 
24, 2963). Acrolein fofms (GONgHJ^idCjII^O, 
wliich chars at 2.50* (Ijiidy, M. 10, 295). o-Nitro- 
ben/.oio aldehyde forms nitro-benzylidene-di- 
uroa CJI.{NO,).CH(NII.CO.NH.J,,aq i200*J. In 
like manner cuminic aldehyde in alcohol forms 
thedi-nveide C3lI,.C,n,.CH[NH.G0.NiL), [176-] 
(BiginoUi, B. 24, 2964), and cinnamic alde¬ 
hyde forms Ph.Cn:CH.CH(NH.CO.Niy,[172*J, 
and compounds melting at 116* and 212*.— 

29. Chloral added to cone, aqueous solutions of 
urea forms (G.^lICl^OlCON.il, [150*], v. c. sol, 
hot water, and (C.^llClaOlGONall, [190*] nearly 
insol. hot water, both compounds being crys¬ 
talline (Jacobsen, A. 157, 246). Chloral cyan- 
hydrin at 105* forms the very stable crystalline 
C.,11^G1..N,0 (Pinner a. Fuchs, B. 10, 1069).— 

30. Benzene sulphonic chloride at 100* forms 

colourless crystals of CaH,SON 4 U,C.Ojaq (Blan¬ 
der, BL [2] 34, 207). Naphthalene (a)>sulphonio 
chloA?de acts similarly.—31. Cinnamoyl chloride 
form8C,H,(NH.CO.Na.O„H„.NH.CO.NH,).,[184*1 
(Biginelli, B. 24, 2965).- 32. ClCH,.OH forms 
mcllv/lcn/a-urea, which is split up by hot dilute 
H ...}<04 into formic aldehyde and urea (Von Hem- 
melmayr, M. 12, 89).—33. Trichiorolactic acid 
and a little water form, on heating, acetylene- 
urea 0 !jH„N 4O^ (Pinner, B. 17,1997).—34. ifexo- 
chloro-accton^ (2 mols.) heated with area (1 mol.) 
at 150* forms CO:N,H.(GaClaO).^ orystalUsing 
from alcdhol in hexagonal plates (Clodz, Jt. Ch» 
[6] 9,145). «• 

n<i)etection.^VTea gives, in cono. 8olutioii» 
crystalline pps. with nitric and oxalic acids. 
Urea dissolved in amyl alcohol is completely 
ppd. by an etitereal solution of oxalic acid 
(Briicke, M. 8, 195). Mujr-las (C. B. 78, 182) 
filters vutiid urine, dries the filter at 35*, a^ 
em>ploys it as a test for urea, ^hich it converts 
into ammonifim carbonate. A cone, aqueous 
solution of furfuraldeh/de followed by a drop of 
HCiAq (8.G. 1*10) coiaurt a cystal of urea 
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violet (Schiff, B. lO, 774). o*Nitro-ben 2 oio 
aldehjae added to an ^eoholio solution of urea 
form 8 (*on warming, a white pp. of o-nitro> 
benzylidene-di-urea [200*^]. Whon present In 
small quantities this compound may bo detected 
by resolving into the parent substances by boil¬ 
ing with 4bry dilute H 3 SO 4 , and then adding a 
little phenyihydrazine solution, which produces 
a red colour (Lildy, 10, 205). Mercuric 
nitrate gives a white pp. with solutions of mea. 
The various methods of estimating urea may 
also be employed for its detection. 

Estimation. — Hypobromite method. 
tJroa is mixed with NaOH (lOOg. 250 c.o. 
water) to which bromine (25 g.) has boon added, 
and the nitrogen collected and measured (Knop, 
Er. 9, 220; Hiifner, J. pr. [2] 3, 1; DuprOv 
C. J. 31, 534; Simpson a. ^’Keofe, C. J. 31, 
838; Bussell a. West, C. J. 27, 749; liyktnan, 
Ji. 7. 0. 8 , 125; Schleich, J. pr. [2] 10, 203; 
Golquhoun, O. N. 67, 123 ; Camcror, Zeit. Biol. 
29, 230). Whon this metliod is applied to urine 
it most be remembered that uric acid gives olT 
48 p.c. and creatinin 37 p.c. of its nitrogen in 
this way (Falck, Fr. 21, 300). Nevertheless, the 
quantity of nitrogen evolved is 8 p.c. less tlian 
the calculated amount (B. a. W.). Using Knop’s 
solution, ammonia, urea, and oxamide give oil 
93, 92*3, and 75 p.c. of their nitrogjui as gas 
(Foster, C. «7. 33* 470 ; 35, it)). In the case of 
urea and oxaiAid« the'suppressed ’ nitrogen is 
present as cyanato and as nitralc (Fanci-nior; 
Luther, H. 13, 500). The utnount of 'sup¬ 
pressed' nitrogen is less in dilute tlian in con¬ 
centrated solutions (fliifnor, II. 1, 350; cf. 
Pliiiger a. Bohland, *iy. 38, 325; 30, 1, l-l.S), 
and is greatly diminished by the addition of 
I to 6 p.c. acetoacetio- ether (Jacoby, Fr. 24, 
818). According to Duggan (.dm. 4, 47), if 
bromine is added to a solution of urt.a in 
NaOHAq the yield of nitrogen is 90'4 p.c. of the 
theoretical amount. In' estimating urea in 
urine Ptliiger {Fr, 20, 117) adds IlClAq (1 c.c.) 
to urine (10 c.c.), ppts. various nitrogenous bodies 
by phosphotuDgstio acid, neutralises the liltralo 
with lime and then adds an equal volume of 
cono. NaOHAq and, after allowing to stand for 
soma time, decomposes with Knop’s hyi)o- 
bromite. Frothing of albuminous urine can bo 
avoided by first shaking wfth a pilule of fat 
(M 6 hu, J. Ph. [ 6 ] 15, 607). 4Iamburgor {R. T, C. 
2 , 181) introduced a volumetric method of cm* 
ploying hypobromite, but Pliugcr a.»Sidfenck 
(P/. 37, 390) consider the method to be unti ast- 
worthy. E. ^Ikowski adds two drops of liCUo 
urine ( 2'5 c.o.) diluted with 6 or 10 volumes of 
water until the air is expelled from the*llask, 
then adds the hypobromite,* contfiiues boiling, 
and collects the nitrogen. Fentoa (C, J. 33, 
300) i^commends the use of sodiunf hypo-, 
chlortte, which was first proposed by E. W, 
Davy ( 1 . 0 . 1854). In this case free Na€^ 
must not be present, though excess of Na^CO, 
may be present. 

Mercuric nitrate metirod. Urea i| 
completely ppd. by ablution of Hg(NO,)a. The 
white pp. is not decomposed, and therefAe not^ 
tamed yellow bf Na^OO,. Urine (2 vols.^jpis 
mixed with a solution (1 vol.) prepared from 
Miurated solutions of' baryta (2 vols.) and 
Ba(KO^(l Toi); filtered through a dry filter 


from the ppd. sulphate and phosphate and 15 o.e» 
(equivalent to 10 c.o. urine) of the filtrate are 
titrated with standard mercuric nitrate till a 
drop taken out^gives a yellow pp. with Na-^OO, 
(Liebig, A. 85, 370). Assuming the compound 
GON.H^OHgO to be formed, 1 pt. urcanthould 
ppt. 7 2 pt3.*HgO, but in pratO^ioo 7*72 pts. of 
the latter arc roquirid. A solution of 71*48 g. 
mercury in UNO, diluted to 1 litre is equivalent 
to *01 g. iirei^ per c.c. If the urine oontaiiia 
morn tlian 2 p.c. urea the ti(ratii)n gives too low 
results ; in this case the urine must be dil^d. 
When mercuric nitniU' i.; udcb^l U) a solutiun of 
urea nitric acid 4s set free. Llf big recommended 
the addition of Vv.lX)., from lime to time to 
keep the liquid neutral. rHiigor (7'V. 10, 376) 
proceeds as follow^: During the titration, after 
each addition of* Ilg(NO.,)^ a drop is placed in 
contact with a little pii>ty NalKX);,. Long before 
the titration is ended, a jadlow colour is seen 
between the tyo drops, but {ll.';app<!ar8 on mixing 
them together.. Wlien the y<4b>\v colour is per¬ 
manent, the titration Is near its end; at this 
point the^oUition is fieutrali.sed by Na^^CO...,and 
, tlie turation continued till a permanent yellow 
colour is got on mixing the dn>ps. Should the 
entire liquid become yellow on ad«ling Na^GO^a 
fresh qimntily of urea solution mu.st be taken 
and the operation borepeatetl with greater speed. 
Tlic presence of over 1 p.c. NaGI inter¬ 

feres with the titration when Na^CO^is used 08 ^ 
indicator, the final reaction not being sharp. 
Since KalfCCV, does not p)»t. HgC!..., whon the bi- 
icarbonalo is nsc*d as indicator the titration may 
procecdvis if Na(.)l were absent, subtracting the 
^amount of Ug(NO,.). tliat is converted into 
HgGijby the chUoide (lluub'nbiir/f, A. 133, 55; 
rfeilTer, Fr. 21, 475; J'lliigcr, Fr. 27, 120). It 
is, however, better to p[H. the ohlor|do8 by 
AgNO., and titrate in the usual way. 

Barium carbonate method. The sola- 
tion is heated with Baty]^ and NH;,Aq*iD scaled 
tubes at «20'’-240 'and the ppd. BaCO, weigh);d • 
(Bunsen, A. 65, 375). Before applying this 
method to urine other suhsiauces which might 
form BaCO, must bo pp<l. by phosphotungstio 
acid (Pliiiger a. Bleibtreu, Fr. 28, 377). 

Kjcldahrs method. Nitrogen in urea 
may bo estimftted by Kjoldahl’s method. 5 c.o* 
urine ^re heatc»l with ILSO, (10 o.c.), and Nord* 
hauseri II.,SO, (10 c.o.) until no mor<» water or 
gV comes’ ofT, and the liquid is clear yellow. 
After cooling, water (200 c.c.) and NK>H are added 
and^Hj distilled oil. In the case of urine it 
must bo remembered that about ^3 ly. of the 
nitrogen it/f on an average, combinoa in sub- 
dances other than itfca (Piliiger, Pf, 85,464; 
#40, 533 ; Gamerer, Z,B. 24, 300). 

Otb^r methods. Urea m^y also be esti- 
*matcd By fermentation and determination of 
ammonia set free (Mirjuel, C. H. fU, GDI). 

CaiTl|)ani (G. 17, 137) proposes to decompose 
urfea by nitrous acid, and pas# the CO, into a 
^solution of lime-water of known strength, and 
titrate with oxalic acid. 

Cazeneuve and Hugouneng {Dl. [2] sLg, 82) 
•heat urea with a large excess of water ana 
titrate the rcMilting ammonium carbonate. 

* Biegler {F. 83, 49) decomposes urea with 
slillon'a reagent and measures the miztore 9f Sf 
and CO, evolved. 
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boiling with w&ter.—B'fFdd, Ppd. by adding 
a BolotioQ of PdOl, to one in urea (Dreohael, 
J. |>r. [2] 20, 409).—B'NaOl^i. 

F&nned by evaporation of a eolation of area and 
KaCl. Deliquescent prisms. Alcohol ezt^ta 
urea from the compound.—aq. Prisms 
(from water}.—B'NH^CL Deliquosceift crystals. 
—B'5(NH^01 )j,HC1 . Formed by dissolving urea 
in bleaching-powder sq^htion (Beckmann, A. 91, 
36*)>. Large plates, sol. alcohol mixed with 
e{her.-B',Mg(NO,), (Werther, /. pr. 36, 6).— 
B'„Ca{NOj.^—B'jZnOlj. Very deliquescent 
crystals (Neubauer a. Kemer, A. 101, 337).— 
B'CdClj. Needles.—BUIg(NO,)a3HgO. Oranu-® 
lar powder formed by mixing warm dilate solu* 
tions of urea and mercuric nitrate. At the 
iKomeut of formation the pp. is flocculent.— 
B'^g(NOJ,2HgO.•■•Formed by pouring mer¬ 
curic nitrate into a solution of urea as long as a 
pp. is produced, and keeping the whole at 40® 
to 60® for some time (Liebig). Six-sided laminss. 
—B'.^Hg(NOJ.^HgO. Formed by adding an acid 
solution of mercuric nitrate to a solution of tiroa 

_ w. _, nitrate. Crusts of small tabular crystals (Lie- 

V, sol. water, alcohol, and ether.— 'B'.^hXuCI, j . big, A. 85, 206).—B'HgClj. P*lat crystals, v. si. 


IfOiner ft. Sjdqvist {Fr, 80, 888) add 6 04^ 
of ft saturated solution* of BaCl, containing 
6 p.o. baryta to 5 o.o. urine and then add 
100 C.O. of a mixture of 97 p.c'^^alcohol (2 pts.) 
and ether (1 pt.). After 24 hours the liquid is 
filtered, the pp. washed with 60 o.o. alcohol- 
ether, and the pirate and washings evaporated 
at 60® to 25 O.C., MgO and some water added, 
and the evaporation continued as long as KH, 
comes off. The urea is then detei^nined by 
Bunsen or Kjeldahl’s method (BOdtker, H. 17, 
140)f. 

Salts.—B'HCl. Very doliquesoen't fcrystal- 
line mass, formeaVcom urea anK dry I|C1. De¬ 
composed by water into urea Vnd HGl. At 140® 
it yields NH^Cl and cyanufio acid.—B'HNOj. 
Small plates, si. sol. water l^nd alcohol, v. si. 
sol. S. 4*4 at 15®. B. 

(alcohol of S.G. *833) 1*65. Monoolinic tables; 
o:6:o -1: -mH: -491 ; a = 82° 10' (Loschmidt, Sitz. 
W, 51, ii. 7, 384). V. sol. hot^ water. Ppd. 
from its aqueoufi solution by,oxalic acid.— 
—B'HAA^4 (Lubaviii, A. Suppl. 8, 83).— 
B HAuClfaq: orange-red’ prisms or* needles, 


yellow needles, v. sol. hot water (Heintz, A. 202, 
264). — B'..ILPtCl/2aq. Yellow, deliquescent 
tables, V. sol.fWater and alcohol, inso). other 
(Heintz, A. 198,91).—Large crystals, 
V. sol. vmter and alcohol, si. sol. ether (Lehmann, 
15,224; Schineltzer a. Birnhaum, 
*Z, [2] 5, 200). Its solution does not ppt. MgSO,. 
—B', 2 H 3 p 04 . Its aqueous solution gives a crys¬ 
talline pp. of cyanuric acid on heating. 


sol. cold water (W.).—B',AAi Formed 

by the action of water on the product of the ac¬ 
tion of CrO.Clj on urea (W. J. Sell, Pr. 33, 267; 
46, 3*21). Olive-green needles (from hot water). 
PtCl, added to its’^solution in ‘hot water ppts. 
silky green needles of’ 2aq. 

The chromate treated with PbCl^ forms lead 
chromate and a liquid from which gaseous HCl 
ppts. green prisms of aqueous 


Tri-ohloro-acotate B'C2IiCl,6.^.^ Plates ! solution of which heated with Ag2S04 gives 


(from alcohol) (De Clci*moiit, J. 187.3, 536) 
The fumarB'..C 4 H 40 „maleate 8 B'C^l 404 , 
and B 2 'C 4 H 404 , maUte h'C.ll.O,,* gallate 
BCjHjQj* Buebiuate B' 2 C 4 Ha 04 [145®], 

all crystallise in monoclinio forms (Loschmidt, 
8itz. IF. 52, ii. 238). The parabanate 
and tartrate B'AHA tri- 
njetrio.—The citrate B' 2 C„HA is’triclinic 
(L.). An acid tartrate J3'2C4H,i08 and an 
acid citrate B'C^HhO, have been prepared 
(Hlaaiwetz, J. 1866, 698). —Cy anurate 

B'OjNjHjO,. Monoclinio crystals. — Pi crate 
B'O.H,N,0, [142®] (Smolka, M. 6, 920). 8. 1*9 
at 18*5°. S. (96 p.c. alcohol) 6 at‘i8®. Slender 
yellow needles (from alcohol). Tri-ol^loro 
methanu sulphinate B'CCl,.SO,H. [06®- 
100®]. Thin prisms (McGowan, J. jpr. [2] 36, 


dark-green prisms of B',. 2 Cr. 2 (S 04 )a iOaq. In a 
similar way green prisms of B', 2 Cr 2 (NOj )4 may 
be got.~B',.iCrgCl.20,,2aq. Green monoclinio 
crystals, got from the product of the action of 
CrODl., on urea by crystallising from oono. 
HCrAq’(l vol.) diluted with water (9 vols.). By 
treatment with water ft is split up into B'ljOr^Os, 
and BVAiCls* Dy treatment with cone. HOlAq 
(1 vol.) and water (6 vols.) it is converted into 
the salts BV.CrA«0,a 3aq. — B', 2 Cr 50 ,, 4 aq. 
— B'.aCrjBr, 6aq. — B'.aCraOl, 6HgOV — 
B'„Cr4(C.204)44aq.-B',2Cr2l,«. - B',2Cr.,(S04),V 

Bronze-yellow tables, giving off bromine in 
air.-jtB'aCuGla. Sni'all blue crystals. 

Formyl ifurtirafi-wo NH...CO.NH.OHO. 
[169®]. H.F. 13,400 (Matignon, O. B. 112, 
1367). Formed by boiling urea with cone. 
Compounds with metallic oxides.— forOiio acid (Geuther, [2] 4, 3Q0). Crystals, 
B'.AAg.O, (LieUig). Formed by adding moist v. sol. water, being decomposed into urea and 
AgaO to 'a solution of urea. Grey phwder com- formic acid. ^ 

posed of slender needles. 4 -According to Miildik* Aietyl dervvafivs CjH^NjO, 44. 

(B. 6,1019), the yellow pp. got by adding NaOH' NH^.CO.NH>o. Acetureidz. Mol. w. IM. 
to a solution of urea mixed with A^NO, is^ [214®]. H.F. —200 (M.). S. (alcohol) 1 In 
CONaHaAg*. 

CONjH^ ' 

^»*by ^diiig solution of'uroa of KMnO, on methyl-uracil (Bahrend, A. 329, 

mixed with KOH. White pp.—B'^HgO. White 29). Four-sided needles (Irom alcohol). Slowly 
pp. {armed by- adding HgOl, to a eolation 'of hot oompletelyheoomposcd by pure HNO, with 
nrea,«ad BgCl,, changes to a yellow granular evolution of COj (1 voVuhnd (2 vols.) 

r owner on boiling with water.—B'HgO. Formed* /Frano&imont, if. 2*. C. 6, 916). It ic not pps* 
y adding HgfNOJ„to a warm illation of urea bj*Hg(NOJ, j nnoerr.-t 

(Desaaignes, i. 83,233 i Liebig, A. 86, 289). . * Di-ac»tp dertvatiot 

O^poands with metallic salts,— pda*!. K prodnot of 'the action of OOC9, on 
S'AgNO,. FHsms. Yields sUver eyanate on acetamide at 60° (Schmidt, 5 »r. [2J 8, 88). 
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Form«d also from merourie fnlminato and AoCl 
(^hoUf B, .23» 8515), Keedlos (from alcohol), 
sL 8o].*oold water. ^ 

Chloro»aeHyl derivative 
NH^CO.NH.CO.0^01. Formed from chloro* 
acetyl chloride and area (dazukovitob, Z. 1863, 
234; Tonfinasi, 0> B> 76, 640). Thin needles 
(from alcohol). Begins to melt at 160°. 

Tri’‘Chloro>aceiy*M6rivaHv6 
NH,.OO.NH.CO.CCl,. [1&°]. Crystals (f»m 
alcohol) (Be Clermont, J, 1874, 798; Meldola a. 
Tommast, C. J. 1874, 404; Clooz, A. Ck. [6] 9, 
219). Nearly insol. hot water. 

• Bromo-acetyl derivative » 
NH 2 .CO.NH.CO.GH 2 Br. Needles (from dilute 
alcohol) (Baeyer, A. 130, 156). Pure UNO, 
gives off CO, (1 vol.) and N,0 (2 vols.) (Franchi* 
mont, B. T. O. 6, 218). • 

Tri^hromo-acetyl derivative 
N^.CO.NH.OO.OBr,. [148°]. Formed by the 
action of Bron an aqueous solution of dUbromo- 
barbituric acid (Baeyer). Crystals, v. aoi. hot 
alcohol. Yields crystalline B'^a(OH), xaq, v. e. 
sol. water. , 

Oyano-aeetyl derivative 
NH,.CO.NH.CO.CH,Cy. [200°-.210°) (Mulder, 
B. 12, 466). Crystalline. 

Butyryl derivative NH...CO.NIIC,II,0. 
[176°]. Formed from urea and butyryl chloride 
(Moldenhauer, A194,101). Hates. 

Isovaler^ * derivative CaH„N,0,. 
[191°]. Minute prisms, v. si. sol. water. 

Oarhonyl derivative CO(NH.OO.NrL),. 
Formed by* heating urea with COCl, at 100° 
(B. Schmidt, J. pr, [2] 5, 39; Emich, M. 10, 
347). Powder competed of minute crystals, v. 
si. sol. cold water and alcohol. Decomposed by 
heat into NH, and oyanurio acid. Boiling ROU 
also produces oyanurio acid.—B'HgO: crysiah 
line powder, insol. water. 

Succinyl derivative 
C4H,0,(NH.C0.NHJ,. Formed by heating urea 
2 mols.) with succinyl chloride (1 mol.) at 65° 
Conrad, J. pr. [2] 9, 301). Colourless powder, 
y. si. sol. hot water. 

Methyl’tnalonyl derivative 
pHMe;CA:N,II,CO. [192°J. Formed by heat; 
ing methyi.malonio acid with urea and POOl, 
(Franohimont a. Elobbie, i?. T. O. 7, 22). 
Pointed plates, v. sol. water and alcohol. 

Bentoyl derivative KH 2 .CO.NHBz. [ 0 . 
200°]. S. (alcohol) 1 in the cold; 4 at 78°. 
Formed by heating urea with BzGl 
at 160° (Zinin, A. 92, 404; Geuthor, Z. [2]»4, 
299). Four-sided plates (from alcohol), insol. 
ether). 

Di^henzoyl derivative CO(NE3Bz)2. 
[210°] (S.); [197°] (H.). A product M the action 
of COCl, on benzamide at 165° (S. Schmidt, 
J. pr*[2] 5, 58). Formed also by Seating 
guanidine carbonate with Bz,0 at 100° fCreatb,, 
B. 7, 1739), and by treating mercuric fulminatp 
with BzCl (HoUemann, R. T. C. 10, 72 ; B. 23, 
2998, 8742). Needles (from alcohol), si. sol. 
water. Aniline at 180° gives Nfi„ benzamide, 
benzanilide, and s>di«|^enyl-area. * 

U‘Di-ben$oyl d^ivajtive NH,.COJlBz» 
[o.l97°]. Form^ by heating sodium benze^V 
eyanamide Na^SzN.CN with BzCl,*foliowed by 
boiling aleofaol (Budddoi; /. jpr. [2] 42, 97). 
White needles. % 

Vou XV. 


^^•Nitrombentoyl derivative 
NH,.CO.NH.CO.O,H^.NOj [l:8j. Plates (Griess, ' 
B. 8, 222). 

m^Atnido^benMoylderivative C,H,N,0,. 
Formed by boiling the preceding body with 
aqueous ammonium sulphide (G.). Needles (from 
water), decomposing at 200*'. — B'HOl oq: 
needles.—B'gH^PtCl^. 

{$)-Naphthoyl derivative 
NH 2 .CO.Nt[.Cf).C,oH,. [215°j. Formed from 
naphthoyl chloride ^nd urea (Vieth, A. 180, 
319). ,^inut6 needles, m. sol. alcohol, v. si. sol. 
benzene. # 

lH-{ff^naphthgyl wrea [286°) (Ekstrand, 

B, 20, 1853). NcAlles. 

Lactyl derivative v. Ijactyl-uiika. 
Olycollyl derivative v. IIyoantoin. 
Reference. —OIy-ttiika. 

TJBEA CARBOXYLIC ACID v. ^^lophanio 

ACID. 

UREA Ciy.0RIDE3. A ^nanio sometimes 
used to denote alkyl-earbamic chlorides 
X.NH.CO.CI. 

Ul^CitlTIN OjjTIj.O*. Occurs, together 

• with urcoliitoxiii, in llio leaves of Urechites 
suberccta, growing in JamaitMi (Bowroy, C. J. 

33, 252). CryHlailises from alcohol in needles 
(containing araq), tastes bitter.# It is very 
poisonous {Pr. 27, 309). Nearly insol. water, 
m. sol. ether. Appears to be u gluco^'j^ Gone. 
ILSO, forms a yellow liquid, turning rod, and • 
Onally pur])le, especially in presence of an 
oxidising agent. 

» Urechitozin CuIIjoGj. Bitler poison, split 
up by acids into sugar and urechitoxetin. 

• UREXDES. Compounds oblaiueij^ by elimina¬ 
tion oS water between urea and an acid or an 
aldehyde. * Many of them may bo represented as 
amides in which Nil, is replaced by NH.CO.NH..* 

BIURET V. vol. i. p. 617. 

URETHANE v. Cauhamio Ernna. 

ISURETINE V. FouMAmDoxTM. * 
URIC»ACID CJ1,N,0, i.6. > • 

CO<NhI^O (MedicuB, A. 176, 243 ; 

Fisohor, B. 17,'329, 1770). Mol. w. 108. S.O. 
1-87. H.C.p. 401,400 (Berthelot, 0. U. 110,887; 
Matignomc’.B. 110,1207)! 402,.000 (Stohmann, 

J. pr. [2] 44, S90). H.C.T. 402,700 (M.). H.F. 
148,100,(M.). S. -002 at 0": -000 at 20"; -0626 
at 100° (Blaroz a. Denigds, C. U. 104,1847 J c/. 
Giwrod, Pr. 35, 63). 

Occurrence. —In urine and in uftnary calouli 
(Sclnftle, A.D. 1776; Liebig a. Wobler, A. 26, 
241; Horbaozowski, M. 12, 221).* Ahput ’5g. 
is daily excreted in human urine. XJrio acid 
odburs in urine of carnivora, herbivora (Mittel- 
bach, H. 12, 463), and of birds. Serpent's urine 
is chiefly composed of acid ammonium urate. 
iX considft'aSie quantity occurs in^the blood of 
gouf]^ subjects, and so'tiidm urate is ^posited 
as * chaBt^ftones.' Very small quanuties are 
norinally present in the liver, ihngB, brain, and 
mood. It occuBi in the green gland of the 
fresh-water crayfish (Griffiths, Pr. 88,187). Urea, 
glycocoll, leucine, and aspartic acid giwia to 
jbwls appear in the urine as uric acid (Jan4 a. 
Aleyer, B. 10,1^30; Knierim^B. 10.1930). 

• Synthesia. —1. By rapidly heating glycocoll 
(1 pt.) with urea (10 pis.) to 280° (Horbaezewski, 

B. 15, 2G78; M. 8,796 ; 6,856).—2. By beating 

8 H 



TOKl%Cm 


8M 


am with trl'Ohloro-lactio add or its amide 
(Horhaozewaki, i£. 8,201,6d4J.—8. By preparing 
methyl'Uraoil from acetoaoetio ether apd area; 
ooDTeriin^ methyl^aracU into ni^rO'Uracil oarb* 
oxylio aoid by treatment witii fttming HNOgt 
boiling the oarboxylio acid with i^ater, and re¬ 
ducing the resulting nitro<uracilto amido*uraoil, 
and finally to isobarbitorio aoid by means of tin 
and HClAq; oxidising the isobarbituric aoid to 
isodialuric acid; and heating the ilbdialurio acid 
{I pt) with urea (1 pt.) and^I^SO^ (6 pts.) (Beh- 
rend a. Itoosen, A. 251,235).—4. Bt fusing urea 
(4 g.) with oyant^acetic acid (1 g.) (Form4nek, 
k 24.8419). ^ ‘ 

Preparation, —1. Serpent V urine is dissolved 
in boiling KOHAq, filtered, and the urio acid 
ppd. by HOI or dilute H.jS 04 . ^ If the urio acid is 
much coloured a little KMnO^ er K^Cr^^O, (Gibbs, 
Am. 8. [2] 48, 215) should be added to the boil¬ 
ing alkaliife solution before ppn.—2. Guano is 
boiled with borax (1 pt.) and wa^r (120 pts.), 
and the solution of sodium urat^ thus obtained 
ppd. by HOI.—8. Guano is extracted with dilute 
HClAq, and the residue dissolved in cdao. H^SO^ 
and ppd. by water. 

Properties. —Wliite anhydrous scales (by 
ppn.). When slowly deposited from dilute solu¬ 
tions {e.g. urinf) it separates as large crystals 
(contolning 2aq). Nearly insol. water, insol. 
alcohol ^nd ether. Sol. cone. H{SO< and 
^reppd. ey ewater. Its solution in hot HBO« 
deposits on cooling a deliquescent compound of 
urio acid with H^O^. Uric acid is m. sol. 
glycerin, hot NaOAo, and sodium phosphate^. 
Lithium carbonate (1 pt.) dissolved in water 
(90 pts.*) can dissolve urio acid (4 pts.). Aqueous' 
KtCOa also d)!BBolves urio acid. ^ 

PeactioTis. —1. Decomposed by he&t. without 
/usion, yielding HCy and a sublimate of cyanurio 
aoid, ammonium cyanato, urea, and ammonium 
carbonate, and leaving a carbonaceous residue. 
2. Watefat 180^^ forms mycomclic acid (Hlasi- 
« ^tz, A, 103, 211).—3. Potash-fueun yields 
NH, and potassium oxalate, carbonate, and 
oyanate.—4. Chlorine and bromine in presence 
of water yield alloxan, urea, and parabanio acid 
(Hardy, ji. Ch. [4] 2, 372). Alloxan is also pro¬ 
duced by iodine, by HNO„ and by MnO^ and 
Boiling with water a«id FbO, yields 
allantoln. Allantoln is also produced by ozone 
(Oorup-Besanez, A. 110, 94), alkaline ^,FeCy«, 
EMnO^ (C laus, B. 7, 226), and MnO^ and wa^r. 

6 . Bure HKO^ decomposes urio acid in the cold, 
with evolution of CO, (14 vo 1 b.),N 30 (24 voIsj*), and 
nitrogen (4 vals.) (Franohimont, i{. T. 0.6,222). 

7. RNO« andHOAc yield nrinilio aoid (SokolofT, 
Z. [2] 5, 78) and stryphmo acid (Gibbs, Am. <9. 
[2] 48, 215).—8. HIAq at 166® forms glycooollc 
NHJ. and CO, (Strecker, Z. [2] 4, 216).—9. Ex- 
pMed to the air in alkaline solutK*n<nt yieldti 
oxonio apd uit^xanio aesd^.—10. A dilute sol&tion 
of aodio nrate absorbs oxygen from tlm;a4r at 35® 
according to thL equation 0 ^ 4 N* 0,^0 +211,0 
w 0 3 tN 40 a (nroxanio aoio). Uric aoid in dilute 
KaOH aolutiqn is completely decomposed byi.35 
dayi*jdigestton at 85® (Nenoki a. Bieber, J. pr. 
[ 2 ] Vio, 181. 6 g* nrio acid dissolv^ in 200 o.a. 
water ana 20 g. potash disappeared in 5 days.^ 
However, if no oxygen be present ^e nrio acid' 
is not affected.—11. In fomenting urine 


aoid Is completely snUt np into 00, and NH. 
^tini, a, SO, 188). 

^ Detection, —Urio aoid may be recognised by 
its insolubility in water and HGlAq, by its crys¬ 
talline character under the microscope, and 
especially by the mnrexide reaction. When 
evaporated with HNO, on a water-bath it leaves 
an orange residue, wmoh is coloured violet-red 
by. ammonia and viole^iblue by potash. A solu- 
of urio aoid in aqueous NagOO, produces a 
dark-brown spot of reduced silver when added 
to paper moistened with AgNO, (Sohiff, A. 109, 
65). Urio acid (1 mol.) reduces boiling Fehling’s 
solution, forming a pp. of Gu,0 (1 mol.) (W.* 
Miiller, J*Th. 1881, 73). In presence of EOH 
urio acid dissolves CuO, forming a blue solution, 
which slowly deposits white cuprous nmte. The 
compound 0 ,H 4 K,G 3 Co ,0 is ppd. when an alka¬ 
line solution of urio acid is treated with Fehling*s 
solution and hydroxylamine hydrochloride 
(Balke, J. pr. [2] 47,546). Urio acid evaporated 
with a little dilute HNO, gives a blue colour on 
shaking with H,SO, and benzene containing 
thiophene (Denigds, J, Ph. [p] 18,161). 

Estimation in urine. —1. Urine (500 o.o.) is 
concentrated, HCl is added, and after twenty-four 
I hours the pp. is collected and weighed. Urio 
I acid may be separated from xanthine by ppn. 
i with cone. H^SO^ (Horbaezewski, H. 18, 841; 

; c/. WullI, H. 17,0334).—2. Urine (200 c.c.) is 
I mixed with cone. Na,CO,Aq (10 Sj.c.), and after 
; an hour cone. NH,ClAq (20 o.c.) added. After 
I forty-eight hours the pp. is collected, washed 
I with HCl (1 pt. of S.G. 1*123J, diluted^with water 
i (10 pts.), the washings allowed six hours to 
deposit any dissolved urio* acid, the combined 
pps. washed with alcohol and dried at 110® 
(Balkowski, Fr. 16, 373). Urio aoid may also 
be ppd. as ammonium urate by saturating urine 
with solid NIl^Cl (30 g. to 100 c.c.) (Hopkins. 
Pr. 62, 93).—3. Fresh urine is mixea with very 
dilute (*15 p.o.) NaOHAq, filtered from phos¬ 
phates, and-dilutod to S.G. 1*010. To 300 o.o. of 
this solution is added 50 o.o. of magnesia mix¬ 
ture [MgSO, 7aq (1 pt.), NH^Cl (2 pts.), NHgiq 
(4 pts. of S.G. *924), and water (8 pts.)]. The 
pp. is filtered off, and 175 c.c. of the filtrate 
diixed with *5 g. CaCO, and 5 c.c. of a 8 p.ct 
solution of AgNO,. The pp. is washed and 
driest, and a nitrogen estimation made by Sjel- 
dahl’s method (Camerer, Z, B. 26, of. 
Salkowski, Pf. 5, 819)«—4. Urine (25 o.o.) is 
mixed wj(th NaHOO, (1 g.), and NH,Aq (2 to 3o.o.), 
arvf ammonlaoal AgNO, (1 to 2 o.o. of a solution 
of 5g. AgNO, in 100 o.o. water, t6 which NH,Aq 
is added till the ppd. Ag,0 is just re-dissolved). 
The ^>p. is collected, washed, dissolved in' HNO,, 
and the silver determined volumetrioally by the 
suiphocyanide method (Haycraft, Fr. 26,167; 80, 
648). This method is liable, according ^ Sab 
Tkowski {H. 14, 31) and Gossage 44,^184), tc 
error which may amount to 60 p.o. Tlie erroi 
is partly due to variations in composition of thi 
silver urate, and partly to presenoe of bodies ol 
the xanthine q.Tonp (Deroide, BU [8] 7, 863) 
*V. also Herrmann, B. 1^(496; Czapi^, B, 12 
602).-n-4. In a solntion c<%tainingnot more thax 
’01£5 p. 0 . of nrio aoid 1 of deoinorfha 
permanganate is reduced by *0074 g. nrio aoic 
(Bloiaz a. Denig4s, C,»R. 104,789)*-% By trnai 
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Dient with A fta&dard iodine eolation in presence 
of alkali (Ereidl, M. 14,109). 

Si4te.-^H4)HA". S.*06atl6^ Sender 
needles.(Maly, 
1863,621).—S. 8 at 18°. Small needles.— 
Klii". 8. *18 at 20°. Amorphoaa.—NsjA." aq. 
S. 1’6. Ifcdalea.—NaHA" ^aq (dried at 100°). 
Crystalline powder. S. *09 at 15°; *8 at 100°. 
Occurs as an amorplnms urinary deposit.— 
liiHA". S. *27 at 20; \ at 40°; 2*6 at UI0° 
(Schilling, A. 122,241).—BaA"aq (dried at lOO'*). 
Granular pp. S. *013 in the cold.—2aq 
(dried at 100°). Amorphous, insoluble powder 
fBehrend a. Boosen, A, 251, 250).-vCaA.". S. 
•066 in the cold; *07 at 100°.—Cafi^A",2aq. 
S. ‘15 in the cold; *37 at 100°. More so). 
KClAq.—SrA" 2aq. Minute stellate groups ot 
needles. S. *023 in the ccM; *055 at 100°.— 
SrHyA"2 2 aq.—(laq. B. *08 in the cold; 
•6 at 100°.—PbHjA", (dried at 100°). Inaol. 
water.—PbA'' (dried at 100°).—Ca^A" aq.— 
Cu,A",(OH), 4aq : green pp. 

Reference. —Methtl-uric acid. 

Iso-uric acid C^^N^O,. Formed by boiling 
oyanamide (1 pt.) with an aqueous solution of 
alloxantin (2 pts.) (Mulder, B. C, 123G; 7,163.3). 
Powder, almost insol. water. Oxidised by boiling 
with 1 and water. Its solution in K^COa reduces 
AgNOa. 

Fseudo-urio acid i.e. 

CO<^“;^^>*CH.NH.t:O.NII,. Formed by the 

action of KCyO on uramil (Baeyor, A. 127, 3), 
and by hating uramil with urea at° 180° 
(Qrimaux,^!. [2] 31, 535). White crystalline 
powder composed cf sm^l prisms, v. si. sol. 
water. HNO, yields alloxan. Boiled with 
water and PbO, it yields oxalic acid, but no 
allantoin. HjSO, at 150° forms xanthinino.— 
(NH4)HA" aq.—KHA"aq: scales.—NaHA" 2aq: 
groups of prisms, t. sol. hot water.—BaA'' 5aq: 
groups of slender needles. 

BEIHILIC ACID CaH,N,Oa. Fosmed by the 
action of ENOaand HO Ac on uric acid (SokolotT, 
Z. 1869, 78). Prisms (from water).—K^HA”'. 
Prisms, ▼. e. sol. water. Ca,A'",. Crystalline 
pp. insol. water and HOAo.—Sr,A”V—BajA'^y— 
TdHA'"8aq —CaHA"'4aq. Slender red needled. 
—Ag^A'". Pp.—Ag,A'". Gelatinous pp. quickly 
blackening in light. * •» 

DEOBILIN. ^ 

Occurrence. —Often in urine (JalTd; Disqu^, 
H. 2, 271 ; 0. 0. 1878, 711 ; Eikholz, J. Physiol. 
14, 826). In bile, especially of the mohse. ^ 
Prepa/ration .—Urine containing urobilin is 
ppd. by lead acetate and sub-acetate until the 
absorption band at F is removed. The yp. is 
extracted with alcohol, acidified with HCl or 
H|S04,6itered, dilated with water, 4{id extracted 
wt^ ^oroform. • 

Pr^pertiee .—A red amorphous, shiny sub-* 
stance. Prepared as above 2t contains HCl^r* 
^364, as the case may be. Its spectrum ex¬ 
hibits a dark band at F, destroyed by NH,, bat 
«on adding NaOH another band^iear the red is 
formed (MacMonn, .1^. 80, 250; 81, 26, 206,* 
9. also Htobobzlibcb^ this voL p. 273. . 

•DeUcRon an^eaUmatidn in urine; Jolles,^ 
BT. 18, 645: BtuS^ky, 0. 0.18981 ii. 668. * 

VBOOAimilO ACID Q, At^404. [213°]. Oo- 
enrs in dog’s (Jafl^ B, 7, 1669 ; 8, 811). 


Prims (containing 4aq), ▼. sol. l;ol water, insol. 
alcohol and ether. Decomposed by faBion in6c> 
CO, and uroeanine C|)H,4N40, an amorphous 
base yielding B^,PtCl4.—HA'2HCl: needles, T, 
e. sol. water.—HA'2HNO,: crystalline pp. insoi. 
dilute HNO„ v. sol. water.—HA'HjSO,. Minote 
needles and pieAes. 

DfiOCHLOBAIIO ACID 0,H„01,0, (7) [142°]. 
8. (ether) *4. Found in the urine after adxninis* 
tration ohchlbral (Von Mering a. Musculus, B. 

8, 662; H. 6, 4837 KiJlz, 0. 0. 1881, 486). 
Silky qeedlos, v. e. sol. water and alcohol. De¬ 
composed by boiling dilute 11^804 into tri-chloro- 
ethyl alj|oliol rfniL glycuronft acid OaH^O,.— 
KaA'.—KA'.—BaA,: satiny plates (from ether- 
alcohol). 

DROFTTSGOHJ^&ATXN v. this vol, p. 274. 

UROLEUCIC XCID C„II,„0,. [133-5°]. An 
acid occurring in human urine svhicliadarkons on 
addition of alkalis (Kirk, Jirit. Med. Jourtu 
[1888] 2, 232)e Crystals. Its solution is ppd. 
by Pb(OAc)3 and gives a transient green colour 
with vcry^uiluto FeC4- FeCI, colours the crys¬ 
tals rrsl. 

UKOMELANIN C„H„N,0„. A black sub- 
Fiance which separates on treating urine with 
11^804 or HGIAq in prcsonco in air ('i'hudichum, 
J.pr, 104, 257; 0. R. lOli, IHOJ^; Plosz, H. 8, 

89 ; Udranski, Ji. 11, 537; 12, 32; this vol. p, 
274). It yields C„H„AgN,0, (Thudttlfflm). 

UEONITROTOLUOLIC ACID Oo-* 

curs in urine of dogs after a dose of o-nitro- 
^olucne (Jaff6, H. 2, 47). Very deliquescent. 
Asbcslo^-Iike mass, v. 0. sol. water and alcohol. 
•Decomposed by dilute U,H04 into o-nitrcF-benzyl 
alcohol and a syrupy acid. HaHs. — BaA',} 
crystalline powder, v. e. sol. water, insol. alcohol. 

—CO(NH2)2HA^2iaq. [149°]. Needles, v.s. sol, 
water, si. so), cold alcohol. 

DKOROSEXN V. this vol. p. 274. 

UROSULPHINIC ACID C,U4N,80,4.* Formed 
by hoati-sg tbio-urarnido-barbiturio acid (1 pt^ • 
with H.48O4 (2 pts.) at 100° (Nencki, B. 4 , 724; 

5, 45). Nodules (from hot HCiAq). Its E salt 
crystallises in needles, m. sol. cold water. 

UEOXANIC ACID CjH,N^04. Formed by 
leaving a solution of urio acid (5 g.) in water 
(200 C.C.) conteining KOH (20 g) to stand for 
5 days at 85°, neutralising by HOAo, filtering, 
and evaporating (Nencki a. Sioher, J. pr. [2J 24, 
504 ; cf. Stddelor, A. 78, 280; 80,119; Strooker, 

A. 155, 177; Mulder, B. 8.1291).« Tetrahedrs, 
si. sal. cold water, insol. alcohol. Decomposed 
by boiling water into CO„ urea, md allanturio 
acid.—K^A'&Saq. Four-sided pearly ^atos, T. 

hot water.—CaA"4aq.—BaA" 5aq.— 

^bA" laq. Insol. watA.—^Ag,A": flocculent pp., 
turnea red by light. 

i UB8ftNS0„H„0.2aq. [205°] (OinO, 3f. 14, 

2S&)i Ocoura in the le,v«ii of the led b,ar-berry 
(AretosttphyUa Uva-urn) (Trommedorit, Ar. Ph, 
[2]-80, 278; Hlaeiwotz, J. ot. e*,123). Needlee, 
fcisol. water, acids, ai?d afkalis, <1. soh aloohol 
and ether. Cone. H,SO, added V eolation 
in Ac^O gives a red ooloor, changing thfongli 
blue to green. Does not react with hydrox/lsmiM 
or phenjl-hydsasine. Bedaced by HI S •! 
860° to 0, A. (2S8‘>-267'’). 

' Acetyl derivative [264°]. 

Bentoyl derivative [214°]. 
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VBUBHIO A0X9 ChH,. 0,. S.G. ^ *985. 
Goonrs in nrashi or Japanese lacquer (Yoshiday 
C. J. 48, 479). Dark, pastj mass, v. sol. benzene 
and ether, insol. water. Br in CS^ forms 
C,4H,^r«0^ HNO, forms 0,4H,i(NO2),Oj, which 
forms JPeAV Chromic acid miature forms oxy* 
urushio acid 0|4H„0,.<-PbA'9 Mhed at 100^). 
[110®-116®]. Flocculent pp.—FeHgA'u 2aq. — 
FeHyAV Deep-black pp. 

B8KETI0 icij) C^HjoOr [178®]. .Occurs in 
small quantity, t(^ether wi^h usnio acid, in the 
lichen Uanea barbata (Hesse, B. 10,13261. Flat 
prisms (from alcohol), v. sol. ethcr.*^ FeCl, 
colours its alcoholic solutior bluish-violet. 
Bleaching-powder does not*^olour iti alkaline 
solution. Is perhaps identical with decarb- 
usnin. A 

USNIO ACID (SaVcowski; Patcrno) 

or C,gH,gOa (Hesse), or 0,gH,gO, (Btenhouse a. 
Groves, C.if. 39,284). Carbusnic acid. [195*4® 
cor.]. S. (ether) *3 at 20®. Occurs in the lichens 
Usnea barbata^ Usnea floridat L'eora aordida 
(I^op, A. 49, 103; Itochleder 4. Heldt, A. 48, 
12; Thomson, A. 63, 252i> Stenliousa, Pr. 18, 
222; A. 68, 97, 114; 155, 51; Hesse, A. 117, , 
843; Paterno, O. 8, 225 ; Balkowski, B. 8,1459). 
Sulphur-yellow monoclinio crystals, si. sol. alco¬ 
hol, V. sol. hot ether and benzene. Does not 
yield betorcin ^hen heated. Gone. H.jS04 forms 
usnolio acid [213®] crystallising in 

small yVtie*.^ish prisma (Stenhouse a. Groves, 
*C. J. 39, 236). When it is heated with an alco¬ 
holic solution of aniline it yields the anilide 
OijHijOgiNHPh), crystallising from alcohol ir^ 
pale-yellow plates [171®], and forming in^KOllAq 
a yellow solution from which HCI ppts. * 

[171®]. s. 

Salts.—NaC,HH„Og2aq (Spica, a 12,432). 
Pale-ydlow, silky needles. — K0,„n,g04 3aq or 
i£C,gH,,Og8aq. Pale-yellow plates (from 50p.o. 
alcohol) (Hesse, B. 10, 1325).—ECigHi^Og aq or 
KO,gH„(\ aq. Yellow prisms (from 93 p.c. alco¬ 
hol).—CuA'j: green pp. • 

Decarbttsne'm OpHigO*. [176.°]. Formed by 
beating usnio acid (1 pt.) with alcohol (3^- pts.) 
at 150® (Paterno, O. 12, 234). Yellow, silky 
needles, sol. hot alcohol, si. sol. water and ether. 
Not coloured by FeCl,. Not attacked by AcCl. 
Beduces warm ammoniacal AgNOj. Boiling 
EOUAq in absence of air splits it up intoHOAo 
and deoqtrbusnic acid Cj^HigOg, whicZi crys¬ 
tallises from alcohol in lemon-yellow ^'prisq;iLB 
[199®] and jjelds, when boiled with Ao^O, two 
acetyl derivatives OisHuAcO* [148°] (isoaierio 
with deoarbu^pein) and OuH^ACjOg [181®]. 

Fyroiunio acid 0,:,H,.Pg (P.); CtHgOg (Sal- 
kowski, B. 8,1461). [197®]. Formed, together 
with pyrousnetio aoid, b/' boiling usnio acid (2, 
pts.) with EOH (5 pts.) and water (5 pts.) in an 
atmosphere of hydrogen (Paterno, G.«o, Al3; 12^ 


242). Shining scales (from ether), ▼. sol. alco¬ 
hol, si. sol. ether. Its alkaline solution absorbs 
oxygen from the air, turning green and ulli- 
nilktely brown. Beduces* ammoniacal AgNO, 
readily. Ao.^0 yields an acetyl derivative [205®]. 
Alcohol and HCI form an ether [147®]. Pyro- 
usnic acid is split up on dry distillfttion in a 
current of H into CO.^ and usneole OnHj.O,, 
which crystallises froi^alcohol in yellow pris¬ 
matic tablets [176®] and is converted by AoCl 
ixfto a di-acetyl derivative [142®]. 

Pjrrousnetio acid G,4H,40g i.e, 
Cii^isDiCCOiH). [186°]. Formed by boiling 
usnio .acid* (10 pts.) with EOH (26 pts^ an<f 
water (25 ^ts.) for 16 minutes (Paterno, (?. 12, 
238), Colourless plates or needles (from alco¬ 
hol). ACjO yields C^HjaAcO, [168^. When 
heated in a ourreiA* of H, pyrousnetio acid is 
split up into CO^ and usnetole C,aH)404, which 
crystallises from dilute alcohol in yellowish 
needles [179®]. 

(3)-U8nlo acid v. Cladonio Acn>. 

UVIC ACID V. Pyrotuitario acid. 


UVINONE C,4H,204i.e. , 

0<OM«;aC0.6:CMo>0 (») Formed, 

to the extent of 2 p.c., by distilling pyrotritaric 
acid (Dietrich a. Paal, B. 20, 1086). Yellow 
needles (by sublimation), sol. HOAo, v. si. sol. 
alcohol. Cone. Hi^SO, forms Ci solution with 
green fluorescence. Br Ut 100® forms crystal- 
Une C,.,n,Br„0,. 

UViTIC AICD C„H,04 U. 
C„HaIiJe(C0..1I)..fl:3:5]. Mesidic aci^ Mol. w. 
180. [288®]. 'H.C.V. and p. 928,900. H.F. 
193,100 (Stohmann, J.pr. [2] 40, 128). Formed, 
together with uvitonic acid, by boiling pyruvic 
acid with baryta-water (Finck, A. 122, 184). 
Formed also by oxidation of mcsitylcne or mesi- 
tylenio acid (Fittig a. Von Furtenbach, Z. [2] 
4, 1; A. 147, 295), by oxidation of di-methyl- 
ethyl-benzene (Wroblewsky, A. 192, 217), and 
by heating A}4^Me(SO.NHj(COj,H)j with cone. 
HOlAq at 230® (Hall a. Bemsen, Am. 2, 136). 
Slender needles (from water), v. si. sol. hot 
water, m. sol. alcohol and ether. Yields toluene 
on heating with soda-lime (Baeyer, Z. [2] 4,^ 
119). The Ca salt heated with lime yields m- 
toluio acid (BOltinger a. Bamsay, A. 168, 255). 
Chromic acid mixture oxidises it to trimesic 
acid. » 

Salts.—KA": plates (fiom alcohol), v. sol. 
watei;.—BaA" aq.—CaA" aq.—AgjA'^. Nearly 
ins^ cold water. 

£thyl etherEilAf** [36®]. 'CrystaKine. 
Beferencca. —Amido-, Brouo-, Nitro-, and 

OXT-TWITIO ACID. 

ISOUTitiC Mid v. GARBOXV-PHBNTi:.-AaETXO ACID. 

Uvitonic acid v. MBTHYL-pxniDiKE-DicARa- 

OXTUO ACID. 


v » Valsrio aldbhtdb. « 

yAX.BBAX.-l)X*i^£i:ONAHlNB v. Pentyl- 
id$ne di-AcxTOMAHiKB. , 

VALSBALBlNSOiiHnNSr ThiovaUraldine. 


[41°]. Formed by the actid^f HjS on isovaleiio 
cAld^yue ammonia suspended m water (BeissA- 
bfttz. A, 90|, 109; Farkinsoo, 'A, 90, 119). 
Formed also from ^ioiisovalerio iddehyde and 
dry NH. (So^Oder, B. 4, 468}.^ Plates (from 
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dhei), irith powerfal smell, sol. aloohol, insoL 
nster.«-B'HCl. Needles, sol. water. 

TAiKBCXBATIlHir «. MsTBti. -aiTAini^ 
TALBRXO AOn>. 

VALEBIAK OIL. An essential oil obtained 
from tlioV)ot of Valeriana ojfficinalis. It con* 
tains a terpene C,oH,4 (160®) [a]u*~21®, a 
oamphene, borneol Cj^,gO, di-bornyl oxide 
(C,flH„),0 (285®-290®), formyl-, acetyl-, ftpd 
vaieryi-borneol, and a little valeric acid (Uer- 
bardt, A. Ch> [3] 7, 276 ; Pierlot, A. Ch. [3J 60, 
291; Bruylants, Ph. [4] 27. 349; B. 11, 452 ; 
Waller, C. if. 103, 161; Oliviero, Q. if. 117, 
1096). 

n-7ALEBIC ACID C,H„0.. U. 
CH,.OH^CH^CHo.COaH. Mpl. w, 102. (18d® 

cor.). 8.Q. § *9*562 (Zander, A. 224, 66); j| 
•9446; M *9376 (Perkin); *9298 (Bruhf). 
C.E. (U®-10®) *00098 (Z.). 8. 3*5 at 16^ S.V. 
130*0 (Z.). M.M. 6*613 at 13*6®. 1*4093. 

Boo “43*16 (BrObl). H.F. 137,800 (Stohmann. 
J. pr. [2] 49, 99). Occurs in crude wood vinegar 
(Grodi^i a. Krameri B. 11,1358). 

Formation, —1. By saponifying its nitrile (n*' 
butyl cyanide) (Lieben a. Itossi, A. 159, 68; Q, 
1,239).—2. By oxidation of n-ainyl alcoliol (L. 
a. B.).—3. By the action of motallio silver on a 
mixture of EtI %nd ^-iodoprqpionic acid (W. von 
Schneider, ^.•[2] 5,343).—4. By oxidising a-oxy* 
n-caproic acid (Erlenmeyer, B. 9, 1840).—5. By 
heating ^-acetyl-propionic acid with HI andP at 
200® (Kehior a. Tollens, A, 206, 233).—6. By re¬ 
ducing ^%cetyl*propionic acid with sodium- 
amalgam (Wolff, 208, 110).—7. By heating, 
n-propyl-malonio acid at 180® (luslin, B. 17, 
2504; Furth, M. 9, 308).—8. By fermentation 
of calcium lactate (Fitz, B, 13, 1309; 14,1US4). 
9. By heating the lactone of y-oxy-n-valcric 
acid with HlAq and P at 240® (Filtig, A, 226, 
346).—10. A product of oxidation of castor oil 
by dilate HNOs (Wahlforss, B. 22 l^ef., 438). 

Proj>erfics.~Liquid, smelling like butyric 
acid. 

Salts.—KA'. Plates (from alcohol).— 

CaA',aq. S. 10*267 at 0°; 8*144 at 60®. Least 
•soluble at 60®-70® (F.);—CaA', l^aq (SohOr- 
lemmer, A. 161, 270).—BaAV S. 21*693 at 0®; 
23*076 at 80®.—MnA'^aq.—QuA',: minute^reen 
needles. More sol. cold tb^nhot water.—ZnA',. 
8. 2*6 at *26®.—AgA\ S. *229 at *3°; *641 at 
70*6®. 

Methyl ether MeA'. (127*3®).* S.a g 
•9097 iG.); *8795. O.B. (0®-10®) *00106. B.Y. 

149*1 (Qarienmeister, A. 233,273). 1*3997. 

B««60*7.. • 

Ethyl ether EtA^ Mol. w. J30. (144*7® 

cor.). S.G. g *8939 (O.); *5® *87t§i (Lieben a. 
BossL A, m, 117); *8661 (BruW). S.V. 

174*£ CJB. (0®-10®)‘OOlll. #14-1*402. 
ii8*08*ip.). 

n-Propyl ether PrA'. (187-5°). 8.G.* g 
•8888. OJl. {0°-10°)-00108 (G.). S.V. 197-8. 

. n-Butyl ether C,HA'. «8S-8°). S-G. g 
•8847. O.E.(0°-l(jy-00101. 8.V. 222-1. . 

n-Amyl ether ^^,|A'. Mol. w. 172. 
<f08-7®). S.G. &-8812 (G.).; ^'-8668 (Brilbi)! 

(6°-10*) -00097. S.V. 245.8. l-4l7. 

B 80*48 

'^n-Bexyt elher 0^^'. (223-8°). 8.G. g 
•8797. O.E. (^^°)-00090. S.V. 872-0. 


n-Septyl ether 03„A'. (248-8°). S.O. 

g -8786. OJl. (0°-10°) -00090. S.V. 297-4. 

n-Oetyl ether 0,H„A'. (260-2°). 

•8784. C.E. (0*-10°) -00088. S.V. 822-6. 

Amide C,H|..CO.NUr Mol. w. lul. .[118°]. 
Pearly plates (Weidel a. Ciamioion, B. 18, 69)« 
V. sol. water, alcohol, and ether. 

Nitrile C^R^.C^. n-Butyl cyanide, (140^. 
S.G. a *^16 ^Lieben a. Bosai, A. 168. 171). 
Formed, together \qith amyiamine, by allowing 
a mix^re of hoxoic amide (1 mol.) and bromine 
(2 moffl.) to run into a 10 p.o. solution of NaOH 
(ilofinann, B. Ifl, 1410). # 

IsoviRerio acH^CIIa)MCH.CH,.CO.^H. Tsoprth 
pifhacctic acid. (176® cor.). S.O. ^4 -OSSO ; |g 
•9201 (Perkin); |ff^931 (E. a. H.). M.M. 6*636 
at 10®. S. 4*24 at 20®. 

Vapour toision: Uichardson, C. J, 49, 767. 

Heat of 7ieutraliaation : Gal a. Werner, BL 
[2] 46,801. 

Occurs iif the fat of Ddljihinum Phocana 
(Chovrcul [18f7], Corps grasy pp. 99, 209), in 
valerian MTOot (Grotef B. J, 11, 226; Tromms* 
dorff^. Ettling, A. 4, 229; 6,176), in the root of 
Angelica Archangelica (Moyer a. Zenner, A. 66, 
828), in the root of Aihamanta Oreoselinum, in 
the bark of the alder tree, in the l^erries and bark 
of the Guelder rose ( ViburnuviOpulus) (More, A, 
55, 330), in tho root of Viburnum vrunifoUum 
(Allen, Ph. [3] 11, 418), and in oil of^eranium 
(O. Jacobson, A. 167, 232). A valeric acid oooniA 
in rosin oil (Lwoff, B. 20, 1017) and in yolk 
l^of wool (suint) (Buisino, Bl. [2j 4M, 639). 

Formation.-X. By oxidation of inactive for* 
mentation amyl alcohol (Dumas a. Stas, A. 38, 
156 :.,35, 143 ; Jhlenineyer a. lleli^ A. 1(^, 257; 
Pcdler, 0^ J. 21, 74).—2. By boiling its nitrile 
with alcoholic potash (E. a. 11. ; Schmidt %. 
Sachtlebcn, A. 193, 67).—3. Together with the 
active acid by oxidation of leucine (amido-hexoio 
acid) (E. a. H., c/. Noubaucr, A. IOC, 59).—4. By 
heatingwisoprupyl-malonic acid at 180® (B. |1, i 
596).—5. By oxidising di-niethyl-allyl-carbinol, 
treating the resulting CMe.^(OH).CU,^0O^ with 
HI, and reducing the 8'iodo-valeno acid so 
formed by means of 3 p.c. sodium-amalgam ap¬ 
plied in an acid solution (Sebirokoff, J. ipr. [2] 
23, 28G).—6.43y the action of KOH orHOlAqon 
Athamaniin (Schnedermann a. Winokler, A, 61, 

^ 324).A.?. By putrefactive fermentatien of pro* 
tei'ds (tljcnko, A, 63, 269).—8. By tho action of 
(TrO, on gelatin and albumen (Scdilieper, A, 59, 

7; Guckelberger, A. 64, 71).—9. Fromisopropyl- 
aceto-aoetic ether (Franklaud a. 2>uppa, A. 146, 
84).—10. By distilling isopropyl-mai^nio acid 
'^nrad a. Bischoff, A. 204, 151).—11. A pro¬ 
duct of distillation or colophony (Itenard, A. Ch, 
[6] 1, 263). 

Prepa'e^l^ion,~-X. Isoamyl alcohol is oxidised 
by*le88 than the oalcqltfled quadtityqf KMnO, 
in the scold. Some acetic acid is ftfrmed, bat 
ibis can be got rid o^ by distUting a dilute soln* 
,*tioD of the acids, for valeric acid passes over in 
the first quarter of the distil^te, the aoetio 
acid remaining behind (Dnolaux, 0, A 106, 
Vl71).—2. By oxidising isoamyl alcohol (1,000 
e.c.) with KjQrgO, (1000 g.] dissolved in water 
(8,500 c^) by ^ding in tlie cold H^BOf (1,4(M 
^) mixed with water (800 g.). The resolting 
isoamyl isovalerate is saponified tgr potash 
(Pierre a. Puchot, A. Ch, [4] 29, 229)^-^ 
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diatilUiig valiiTbui root with dilate photphoiio 
acid, neatxoUsing the distiilato vith^Ila«COat 
and* deoompoBing tha resoiting Na" salt by 
E,SO,. In pniilying xalerio ad!d nao may be 
made o( the tact that the acid terms crystalline 
acid salts with K and Ka (Lesccadr, Bl. [2] 27* 
104). 

PnpertMS.—Liquid, inactive to light. Its 
smell is powerful and unpleasant. «S1. pol. water. 
Separated from aqueous solution by CaCl^ 
Volatile with steam. Mixes with alcohol and 
ether. It is set Jree from its salts by mineral 
acids, by HOAo, "by oxalic, tartaric, citrio, and 
malic acids, but not by butyric acid.' When 
cone, valeric acid is added to a solution of cuprio 
acetate, anhydrous ouprio vat rate separates in 
oily drops, which soon change to a greenish-blue 
crystalline powder of the hydrated salt; butyric 
acid would* at once give a crystalline pp. (La- 
rooque a. Huraut, J*. Ph. [3)0,430). 

Beactiom.—l. Oxidised by l>htomia acid 
mixture at 20° to acetic acid ana CO.^.—2. Boil¬ 
ing dilute HNO, formss nitro-valeaio acid, 
methyl-malic acid, and a little di-nitro-prt.pan6 
(when prepared from valerian) or di-nitro- 
butane (when prepared from isoamyl alcohol) 
(Bredt, B. 14, 1782; 15, 2319; cf. Dessaignes, 
4. 79, 374).—f. Dilute alkaline KMnO, forms 
CMe,(Om.CHj.CO^.—4. Electrolysis of the K 
salt in TOJS6. solution yields octane C,H,i’r, 
TEolbe, 4. 69, 259).—5. Passed through a red- 
hot tube it yields ethylene, propylene, butylene, 
and other hydrocarbons (Hofmann, C.Jl 3,121)., 
6. The Oa salt yields di-isobutyl ketone on (Us- 
t^ation by itself, valeric aldehyde on distilla¬ 
tion with calt-lum formate, and methyl isqbutyl 
ketone on distillation with calcium acetate. 

Salts.—NH*A'. V. sol. water and alcohol. 
■t-(NH,)HJl.',.—KA'. Deliquescent crystalline 
mass. S. (alcohol) 26 at 20°. [140°).— 

LiA'jaq.. Nodules.—TIA'. V. sol. water.— 
CaA’.Baq: needles (Barone, 4. 165, 120; 

' Bihmidt a. Saohtleben, 4. 193, 87: Sohirokoff, 
J. pr. [2] 23, 286). S. 18-4 at 0° (Sedlitzky, U. 
8, 663 ).—CaA',4aq.—OaA',6aq.—BoA'„ Tri- 

olinic plates. S. 94 at 18°. S. (alcohol) 3'3 at 
20°.—BaA'.aq.-BaA', 2aq.—SrA'j.—MuA|j 2aq. 
—ZnA '2 2aq. Crystalline.—ZnA’,. 8. 1 in the 
cold. 8. (80 p.o. alcohol) P7 in the cold; 8. 

r er) ‘2 in the cold; '6 at 36° (Wit-stein, 
1847, 667). — ZnA',12aq. — ZnA'j'Saq. — 
ZnA',2NH, (I.utschak, D. 6, 30).—CuA',. Green 
crystalline pp. — CuA'^aq. — Bi*A,'(OH)^g 
(8chuoht,4r. Ph. [8] 2 . 97 ).-FeA'..-EeA' 2 (OH). 
—FeA',(?H)r—PbA'i: easily fusible lamm®. 

_PbJL',0*. Groups of needles, al. sol. wator.-r- 

AgA'. 8. '177 at 0° (Sddlitzky); -ISS at 20°, 
(£rlezmi67er)s 

Methyl ether MeA'. (116°>,30.Ji 
•9007. OJl. (0°-10°j -001174. 8.V. 149-6 

(Eloiiaaer;a. 218,816); 148-3 (E. Sohiflr4. 220, 
M4). 8.H. (21°. 46°) -491 (Kopp). 8meUa like 


64), an acid 0 mH„O, [o. 127°) (296°), and other 
bomea (Greiner, Z. [2] 2, 460; Wuiklyni C. J. 
17,871 i Geuther a. Greiner, J. 1865,8l9). 

n-Propyl ether PrA'. (166°). S.G. J 
■8809. O.B. [0°-10°) -000997. S.V. 197-8 (El- 
sasser); 196-8 (SohifQ. . 

Isopropyl ether PrA'. (142°). B.G. i 
•870; 17 •864 fSBva. 4.4.68.136). 


_ - '864 (SUva, 4^168,136). 

fit-ehloro-propyl ether OiHjCljA'. 
(245°) at 737 mm. S.G. H 1-149. Formed 


Ethyl *th,er BtA'. (134°). (B.) j (136° 
eor.) (Perkin). S.G. I -8861 (E.); « -8714; 
U 'rSb <P.). oa (0°-10°) -001084. 8.V., 
Ks-4(B.); m-0(8.). M.M. 7-616 at 18°. Oil, 
aol. alcohol. Smeha like rennet apples and 
water-mint (Pierre a. Puohot, 4. CK [4] 20, 
284). Converted by sodium into oxy-dsooio 
^d, ethyl ethoxy-deooate (Hantzsoh, 4. 249, 


13b» 0 / ttV lOI UAUle 0>We — * *-»sre *w*a**%.«, 

from epichlorhydrin and isovaleryl chloride 
(Truchot, 4.138, 298)- 

Ispbutyl ether C,H,A'. (169°) (Elsassere 

4. 218, 328); (173°) (P. a. P.). 8.Q. S -8736 
(B.). 2 -8884 (P. a. P.). C.E. (0°-10°)-001027. 
6 ,V. 223-4 (E.). 

Isoamyl ether- C,H|,A'. (188°) (Eopp; 

E. Schift, 4.234, 844); (196°) (Balard); (190°) 
(Balbiano, J. 1870, 348); (194°) (Kahlbaum). 

5. G. 2 -870 (Balbiano). S.V. 244-6. V.D. 
6-1. Smells, when dissolved in alcohol (7 pts.), 
like apples. 

Octyl ether C,H.,A'. (250°). S.G. « 
•862 (Zincke, 4.162,6). 

Cetyl ether [26°]. (280°-290°) 

at 202 mm. S.G. 22 .852 (Dollfua, 4. 181, 
283). 

Allyl ether (154°J. Oil (Cahoura 

a. Hofmann, 4.108, 296). « 

Glyceryl derivative o., Gotcerin. 
Chloride Pr.CH.,COCl. (114°) at 726 
mm. S.G. °j° -9887. 1'4213. .Ua> 4914. 

Liquid, easily decomposed by water (B4ohamp, 
C. R. 42,224; Briihl, 4. 203, 24). 

Bromide 0,H.OBr. (-143°). Liquid. 
Iodide C,H,OI. (168°) (Cahours, O. R. 
44, 1252). 

Anhydride (C,H.O)p. Mol. w. 186. 
(216°) (Chiozza, 4. 84, 106). Converted by 
hydrated BaO., into the ojly peroxide (C,H,0),0, 
(Brodie, Pr. 12, 656). 

Aeeto-valeric anhydride (OjH,0).OAo. 
(147°-1C0°) (Autenrieth, B. 20, 3187). 

Amide C.H..CONH.,. [128°] (Letts, B. 5, 
069 ; Hofmann, B. 16, 982); [135°] (Schmidt a. 
SaohUoben, 4.193,102). (231°). Silky platos,^ 
v.‘Sol. water and alcohol. 

Anilide C,H..CO.NHPh. [116°] (Chiozza, 

4. Gb. [3] 39, 201; Kelbe, B. 16, 1200; ej. 
Dumas, 0. R. 25, 475, 658; Dessaignes, 4. 68, 
333). Sh sol. hot water, v. sol. alcohol and 
eihci;- 

Jf it rile Pr.CH-CN. ledbutyl cyanide. 
MoE w. 83. (129°) (E. Schift,' B. 18i 667). 

5. G. 2 -823. V.D. 2-89. Formed by heating 
ammonium valerate or valeramide with PjO, 
(Dumas, Malaguti a. Leblanc, O. R-^ 26, 658). 
Occurs amdog the products of oxidation of 
gelatin and casein by chromic acid njixture 
'.Schlieper, 4. 69, 16; Guokelberger, 4. 6$, 72), 
of the action of chlorine on leucine (Sohwanert, 
4','102, 228), and of the action of cone. HNOiOn 
castor oU [HeU a. Kitrosky, B. 24,980J. Formed 
also, together with -valeramide, by heating valeric 
acid with potassium sulphjjryanide (Letts, B. 6i 
669). It is also got by tile action of cold Ac.^0 
ton the' oxim of valerib aldehyde (DoUfus, B. 26, 
19i6). Prep-jred by digesting isobutyl iodide 
with KCy and alcohol. (Erlenmeyer a. Hell, A 
160, 266). Liquid, smelling lUm almonds, dis¬ 
solving m about four Ernes i(s volume of water 



VALERIO^ AJLDEHYOK 


8as 


Bodlom eonverta tt. on heating, into cyan* 
botine OTTatalliaing in steilategroups 

of needles, vfaiA yield B'HCl and B',U,P^I„ 
and isoonverted by nitrous aoidinto 0„B!a(0B^N, 
[89°] Ton Heyer, iT. pr. [8] 87, 407). 

Aoties Tslerio aeid CHMeBt.CO,H. Methyl- 
ethyl-aeetic acid. Hydrotiglio add. (177° i.V.). 
8.0. ^ *938 (Sanr). Sy. 129-1 (Lessen, A. 254, 
60). Ooours in the essential oil from the fruit 
of .dnpslica Archangelica (B. MiiUer, B? >14, 
2476). 

Tomation. —1. By oxidation of isoamyl 
• alcohol .—% By reducing tiglio acid with HI and 
P (Shmidt a. Berendes, A. 191, Ii7).-^S. By 
heating methyl-ethyl-malonio acid (fiischoS a. 
Conrad, A. 204, 151).—4. From methyl-ethvl- 
acotoaoetic ether (Sanr, ^4.^188, 267).—5. Byre- 
duoing angelic acid (Schmidt, A. ‘208, 261).— 
6. By reducing bromo-hydro-tiglio acid (Pagen- 
ste^er, A. 196, 121).—7. By the action of 
NaOEt and EtI on propionyl-propionio acid 
(Israel, A. 231, 219).—8. By oxidation of the 
corresponding aldehyde (Lieben a. Zeisol, M. 
7,66). • 

Properties. —The acid obtained by syntheti# 
methods is inactive, but when obtained by oxi¬ 
dation of active amyl alcohol it is dextro¬ 
rotatory, but is mixed with inactive isovaleric 
acid. By oxi<]p,tion of an^amyl alcohol [a],,” 
—4*4° Guye*and Chavanne {G. ti. 116, 1454) 
obtained a vaferic acid (174°), [a]D=-s 13-6°, 
S.O. H -938. By oxidation of an amyl alcohol 
[a]B=. -6-2° at 22° Bogers (G. J. 63, 1130) got 
a volerio»aoid (176°), S.O. ^-936, [a]B- -f 13-9°' 
at 22°. Methyl-ethyl-acetic acid can bo sepa» 
rated from isopropyl-acctio acid through^ tlio 
greater solubility of its silver salt. Biluto 
KMnO, oxidises methyl-ethyl-acotio ac'd to 
CMeEt(OH).CO,H. i 

Balts.—CaA'^eag: needles. S. (of CaA'-) 
i.—»BaA',: gummy mass.— ZnX\. Needles, 
ore sol. cold than hot water.—CuA',: bluish- 
‘een, crystalline pp.—AgA'; groups of needles. 

1-18 at 20° (0. a. B.); I'll at 1° (Sedlitsky, 

r. 8, 668). 

Ethyl ether EtA’. (133-5° i.V.). S.O. 
b -8695. 

Nitrile 0,H„N. (126°). S.O. = -8061. 

ormed by adding Na and#EtI to a sol-ition of 
3 etonitrile in benzene (Hanriot a. Bouveault, 
tl. [2] 61,173). Liquid. 

Valerio acid CMe,.CO.H. Tri-melhijl-acetic 
dd, [36°]. (163-6° i.V.)] S.G. “ -906. 2-2 

i 2ff“. HsAf of neutralisatian : Gal a. Werner, 
II. [2] 46, 801. Formed by heating its nitrile 
ith alcoholic potash or cone. HQIiAq at: 
#0° (Butleroff, A. 165, 322; 170yl51; 173,855 ; 

I. 6,478). Formed also by actg>n of CrO, on 
in^iolin (Friedel a. Silva, B. 6, 146, 826) an# 
Did -metnyl-pyruvic acid (Gldcksmann, M.fO. 
IT). Monometrio crystals. Does not yipju a 
romo- derivative on heating with Br, ellher 
lone or In presence of P (Befonnatzky, B. 23,* 
696). • , ^ 

Balts.—NaA'ftM. Pnsms, v. sol. wateft— 
HA',. Needles, ft. sol. water.—Ca|.',6sq.-e 
bA'.laq. 8.4? at 1°.—8rA’,’6aq.—BaA?-6fti. 

. 34 at 2° (I^dan, if. 14, 797).—M^'JSaq. 
-ZnA'.aq. 8. (of ZnA'J 1-7 at.20“. The cold 
itanted ao)ptioa becomes fillM on wprming 


with a solid salt, which dissolves np again on 
cooling.—PbA'r—PbHi',: needles. — CuA' aq: 
greenish pp.—AgA'. 8. 1-1 at 1®; 1-97 at 27* 
(Stiassny, if. 12, 699). 

Methyl ether MeA'. (101°) (Butleroff). 

Ethyl ether EtA'. (118-6° W. S.G. 
»-875. ■ • 

Tert-butyl ether 0,H.A'. (136° i.V.). 

Amyl ether CMe..CH,A'. (166°) (TUsier, 
Bl. [2] 668). 

Chloride CMfc.COCl. (106°). 

Anhydride (CMe,.CO),0. (190°). 

Aiide CMe,.CO.NH,. . [154°]. (212°). 

formed by heating the ammonium sait in sealed 
tubes ift 230° (Faknehimont a. Klobbie, B. T. C. 
6, 238). Long needles. Decomposed by pure 
HNO, (S.G. l-63;'with evolution of N.,0. 

Methylanmde CUo,.CO.NIIMe. [91°]. 
(204°). 

Dimethylamifle CMe-,.CO.NMe,. (186°). 

BGii/iawideCtLvCO.NHKt. [49°]. (-204'=). 

Bieinylgmide CMo}.CO.NEt, (-203°). 
S.G. 14 -891. 

Nitrile CMejlCN. Tert-butyl cyanide. 
[16°^. (106°). Foi-med, togctlier with a poly- 
meride (160°), by the action of tort-butyl iodide 
on dry potassio-merciiric oyanido below 6° (But- 
leroil, A. 170, 151; Freund a. Lenze, B. 23. 
2866; 24, 2161). Crystalline mass with pun¬ 
gent smell. On heating witl; aniline hydro- 
►chloride it yields pheuyl-valeralRiilftie, which 
forma an oxalate (192°). Ilvdroxylamino forAa 
the amidoxim CMe,.C(NII.,):NOII (116°). 

lieferenccs. —Aauno-, iiuouo-, Gimoiio-, lono-, 
Nn-iuii, Nithiiko-, and Oxv- vaj.kiuo acius. 

n-VALERIC ALDEHYDE 
CII,CH.,.CH.,.CII,.CnO. (103°)i» S.O. U -819. 
Formed, by distilling calcium n-valerato with 
calcium formate (Lieben a. Bossi, A. 159, 70; 
Zander, A. 224, 81). 

Isovaleric aldehyde (CII,).,CH.OH 3 .CHO, 
VaUrul. Mol. w. 80. (92'6°). S.G. -8041; 
?' -7931 (Perkin, C. J. 46, 477). m, 1-393^ 
40-C6 {lirm]. V.D. 4300 (calo.*43) 
(SchrSder, B. 4, 400,468). S.Y. 118*6. Formed 
by oxidation of isoarayl alcohol (Dumas a. Stas, 
A. Ch. [2] 73, 145; Parkinson, A. 90, 114; 
Kolbe a. Guthrie, A. 109, 290). Foraed also by 
distilling (mlciuni iso>valerato with o^cium 
formate (Lirnpricht, A, 97, 370), by the distilla* 
lioif*of isovalerates (Chancel, 00,^18; Ebers- 

LbachM° 100 ,202 ; Schmidt, 23. 5, 600), by oxi- 
dation of gluten (Keller, A. 73# 84) end castor 
oit (Ajzbacber, A. 73, 202), and by the action of 
SOj on leucine (Schwanert, A. ^02, 226). 

Pro23»riies.—Neutral oil, with ptfhgent fruity 
odour. Polymerises on keeping. Mixes with 
alcohol and ether. *00 heating with ammonium 
Bulphooyanide it yields a dark-red liquid, sol. 
alcohV,•ether, apd .HOAo (Brodsky, Jf. 8, 87). 
Alkaline sodium nit|opruB8ido •givea a violet-red 
colour, destroyed by HOAo (Von Bilto, A. 267, 
676). Combines with sodi'uvi bisulphite, fonh- 
ing(0,H,.0)NaHS6,. . , 

, Beacliont. —1. Beadily ojjdised to valeric 
acid.—2. Chlorine forma mono- and ohl^- 
valeric aldehydes, and, at 140°, oily 0,fH„i01.0 
(204°), wh^h it converted by alooholio lodt 
Into 0,At,.01,0 ( 209 °).-#. PCI, form* 0,a,01j, 
4. PoUj^h-fusiott gives vtlerio aoid.—ft, Beat® 
ing with lime forma isoamyl alcohol, oaioioa 



m 


VALERIO 


valtmto ftni other bodies (Fittig, A. 117, 68).— 
6. Sodium-amalgam and water slowly {arm 

isoamyl alcohol (Wurtz,11.184,201)_7. Sodium 

forms isoamyl alcohol, sodiam valeraSc, decyl 
alcohol 0,^0 (208°), an oU (C,1H,,0). (260°- 
290°), the compoond 0^„0„„ana the acid 
0,XtO; (Borodin, 1864, 853 6, 480).— 

8. KOH at 0° prodnces an oily polymeride, 
lighter than water, not capable ol combining 
with KaHSO,, and yielding isovalgric aldehyde 
and the compounds 0„H„0 and CkRuO, on 
distillation (Borodin, JB, 6, 982). This poly¬ 
meride, left in contact with Na^COsAq.^lten 
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fonns needles of*^CUH 4 « 0 . 


with EOH forms tne i 


[70^1—9. I 
y«iU 0„H„0 and 


Heating 


___aldehydd 

compound C.«H„0, (260^-29#). " S.G. -90,^ 

10. Heating with einc at ISC^^ forms decenoio 
aldehyde C,oH,gO (190°). S.G. a *862 (Riban, 
0. A* 75,96; KekuU, A* 162,7f) and other pro¬ 
ducts.—11. ^mEt, produces the oil (G,oH,HO)n in 
large quantity (Beilstein a. Itietb. A. 126,242). 
ZnMe,, followed by wiator, forms methyl-isobutyl- 
carbinol (Euvsinoff, J. B, 1887, 204).—12. Dry 
E,COa at 50° forms an oily Bolymeriae, ]yhich is 
reconverted at 180° into the aldehyde. Botling 
with K,CO, yields C,oH,*0 (v. supra), 
(266°-.270°), and C.sH^O, (236°-240°) (Gass a. 
Hell, B. 8, 869).—13. Dry K^^CO, added to moist 
isovaleric aldehyde forms, after some days, 
crystals ol a polymeride [84°], which is re- 
convertedwAtkt 108° into the original aldehydej 
(Bruylants, B. 8, 414).—14. PH^I forms a com¬ 
pound (C^H,oO) 4 PH 4 l, crystallising from ether 
in plates [119°], converted by cold potash into 
(CftU, 40 )sFH 4 . 0 H, crystallising in prisms [125°], 
insol. wa|;er (De Girard, A. Ch. [6] 2, 33 r O. JR. 
94,215).—15. Qn heating with hypophospJiorom 
acid in an atmosphere of hydrogen the Com¬ 
pound (C,H|pO).H,PO, [160°] is formed. It 
yields BaA'^oq (Ville, C. R. 309, 71).—16. AcCl 
at 100° combines, forming chloro-amyl acetate 
C 4 H,.CHC^OAo (Maxwell Simpson, Pr. 27,120). 
17. m^Amido-bemoic acid forms G, 2 H,j^NO, 
Vc.«lS0°].—18..Dry HCl forms (C,H...GHCI).,0 
(180°) (Bruylants, B. 8, 414).—19. Cone. NH,Aq 
forms isovaleric aldehyde - ammonia 
04 H,.CH(NH,) 0 H 7aq [58°] (Erdmann, A. 130, 
sil; Petersen, A. 132, 158 *, Ljubavin, B. 6, 
1460), which yields, on allowing \*.s alcoholic 
solution to stand, or on boiling with potash, the 
oily * trioxyamyiamino ’ C„Hg 3 NO„ foriaing 
B'HCl [113°] and B',H„PtCl*. AgNO, scacts 
with isovaleric aldehyde-ammonia, formin(^ 
(C.H„N)^gNO. and (C3H„N),AgN0, (Gqld- 
schmidt, B, 11. 1200; Mixter.X 1878, 438).— 
20. Alcohoilio at. 150° forms v|]eritrine, 
hydrovaleritrine, and other bodies. Valeri- 
trine 0|3H,,N is averyumtable liquid (250°- 
260°), yielding B'HHgCl^ [88°], B'gH^FtClg, and 
^ [ 130°]. Eydrovaleriilirine 
C|,HmN or OjglH^.N is a ]iqqid, yielding crystal¬ 
line B’HClcV 8. 2*87 at 22^, not melted 180° 
(lijubavin, S. 6, 6^).—21. H,S passed into aq 
aqueous solution forms thiovalerio aldehyde 
0»H|,8 [69°]. An isomeride (115°) is got, to-^ 
gether mth a jlolymeride [94*5°], by heating 
isovalesife aldehyde with sulphur at 250° (Bar¬ 
ba^ B. 18, 1674; 17, 2654; G. 11, 95; 16, 
426).—22. O^and NH,Aq form carbovale- 
• raldins (Sohrdder. B. 4, 469: 

Mulder, A, 168*, 237), which melts sit 109° 


(Ouaresehi, A. 222, SllW28. NH^CS.OEt and 
HCl form 0,H„(NH.CS.OEt), [108°] (Bischoff, 
S. 7,1078).—24. ^3e passed into an aqneous 
sohition of valeric aldehyde forms C^Hi^Se 
[56*5°].— 25. Acetone and dilute NaOH yield 
Pr.CH,CH:CH.CO.CH. (180°) (Barbier a. Bou- 
veault, O. R. 118,198). ♦> . 

0®iinC4H,.CH:NOH. Mol. w. 101. (163°). 
8.G. Y *8984 {in vacuok 1*487 (Petmezek, 
B. 16, 829; Trapesonzj4nz, B. 26,1428). It is 
a gyn- oxim, because it yields valeronitrile when 
mixed with Ao^O and ether (iTollfus, B. 25,1915). 
Xsovalerio orthaldehyde. Amylidene alycol. 
Acetyl derivativeO^.CK{OiL<i)^, (195°). • 
Forme(i bytieatiog isovaleric aldehyde vrithAo^O 
at 200°. 

Beneoyl derivative 04 H,.GH(OBz) 2 . 
[111°]. (264°). Fomed by heating the alde¬ 
hyde with Bz,0 at 260° (Guthrie a. Eolbe, A. 
109,298). 

Di-methyl 04 H,.OH(OMe),. (124°). 

S.G. ^ *862. Formed from isovaleric aldehyae 
(2 vols.), MeOH (5 vols.), and HOAo (1 vol.) 
(Alsberg, J, 1864, 486). 

Di-ethyl ether G 4 H,,.CH(OEt) 2 . (168°). 

ti.G. 22 *835. P'ormed in like manner. 

Di-isoamyl ether C 4 H«.CH(OG 3 H|,) 2 . 
(c.248°). S.G.2'849. 

Ethyl isoamyl ether 
C 4 H,.CH(OEt)(OC 3 H;,). (c.205°). S.G. 12-875. 
Formed by tne action of> Na pn' an ethereal 
solution of isovaleric ether (Greiner, E. 1866, 
465). 

Valerio aldehyde CHMeEt.CHO, (91°). 
rFormed by reducing tiglic aldehyde With iron 
And HOAc (Herzig, M. 3,123-; Lieben a. Zeisel, 
•3f. 7, 56), and by warming CH.:CH.GHEt.OH 
with dilute (1 p.c.) H^SO, (Kondakofl, J, R. 20, 
164). 

Valeric aldehyde CMe,.CHO. [8°]. (76°). 
S.G. 22 *7927 (Tissier, Bl. [2] 24, 568). 

Bi - isovaleric aldehyde v, Dkcbnoio aldb- 
nvDB. 

Reference. —Bi-bsouo-, Cbi<obo-, Iodo-, and 
OZV- VAliBBIO ALDEHTOB. 

VAIEBOOBAKAMIHE i.s. 

PrCH^0:N.C(NH|>jjg Butylguanamint. 

[173°]. Formed by heating guanidine iaovalerate 
(Uand, 9 W 8 ki, B. 9, 2(10 ; Haaf, J. m. [2] 43,76). 
Flat platea (from watqr). Weak base.— B'HCl: 
needles, v. sol. water.—B'HaSO..—^B'AgNO,. 
VALEBOLACTIDB v. OxY-YAixma Aoro. 
ypiEBULAOTONB v. OxT-TAnaaio acid. 
^LERONE r. Di-isobutti. kbione. t 
VALERONITRILE ti. NitriU ol VALEiiia 


ACID. .. 

VALEBOTALEBIO ACID «. Valebo.. 
Vaijirio acid. '■ 

„ DIVALUtL C,gH,,0, i.e. 0,H,.CO.CO.(^B.. 
(270°-280°). Formed by the action of Na on 
vdieryl chloride (Brflhl, B. 12,816). Oil. 

I'UERYL - ACETOPHENONE «. FsEnn 

(Bum, UETHYLENE EETOKE. 

TALERYl CHLORIDE o. Chloride of Vauuuo 

AOD. ^ 

VALERVL-CVANAHIDS v, Otaeio Acioe. 
(.V4LBRYLENE v.' Pbetie^> and alMf 
BboAO- and Dl-SBIA>BO-TAnBBYUtEE. ' 

TALEBYLENE IBIHABBOinDE «. Xetba- 

BBOHO-BSHIAIfEi 
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TALXXTU88 BTDBATS «. PKNissm 

iUWHbli. 

TAEBBYIBHE EYSBOOHIOBISB (. 

CSbOBO-imLINB. 

VAI.XBTi:.-TALBBIO ACID. Ethyl eth»r 
C„H„0, irf. OH,Pr.CO.CHPr.CO,Et. (206») at 
722 mm* VomiM hj the action of Bodiam on 
isovalecio ether (Greinet 1866, 461 j Wohl- 
bruck, B. 20, 2336), cVi, sol. alcohol and 
ether. * • 

VAI.TLEBB O.H,. Mol. w. 66. (dO”). A pro¬ 
duct of the action of alcoholic potash on valorjl- 
^e dibromide (Beboul, A. 135, 372). Liquid, 
with odour of garlic and prussic ahid. ' Am- 
moniacal Ou,Cl, ppts. yeilow C,II,Cu, which 
yields the pure hydrocarbon on treatment with 
dilute HOlAq. Bromine at 0° forma cryetalUnd 
CjHjBr,. Ammoniacal AgNO, yields a white pp. 
of 0,H,Ag. 

YAKABAIBS v. Vakaoiuu oxyacidb, add 
SAIiTS ANB DEBITATIVE3 THEBEOr, p. 851. 

TANASIO ACIDS v. Yahadium oiyacids, 
p. 851. 

VANADIDM. Y. At. w. 61-2. Mol. w. not 
known. Melts at a very high temperature; 
probably higher than m.p. of Mo, which does not 
melt at 1700'’-1800'> (Moissan, 0. B. 116,1225). 
S.G. 6-5 at 16“ (Rosooo, T. 1869. 679). For 
emission-spcctrubi, obtained “by using electric 
sparks, v. ThalSn (A. C<T.[4] 18, 213) 

Historical.—la 1801 Del Bio announced the 
discovery of a new metal in a lead ore from 
Zimapan i^ Mexico (O. A. 71, 7); to this metal 
he gave the name erythronium. but at a later 
time ha thought the? metal was only impure 
chromium. In 1830 Sefstrom found a new ele¬ 
ment in the bar-iron and.re6nery slags where | 
iron-ore from Taberg in Sweden was smehed | 
(P. 21, 43); this element he called vanadium \ 
(from a Scandinavian deity Vanadis). In the I 
same year (P. 21, 49) Wohler found that the . 
lead ore examined in 1801 by Del Bio contained | 
lead vanadate; and ho showed that the metal i 
which Del Bio had called erythronium, and had . 
then supposed to be impure chromium, was really ' 
vanadium. In 1831 Beraelius supposed he had 
prepared vanadium by heatingan oxychloride ih 
NH„ and also by heating the highest oxide with 1 
K (P. 22,1); bat in 1867 Bescoe {T. 186* 1; ^ 
1869.679 : V. also 1870. SIT) showed that one of 
the substances which until then had been taken ; 
to be the element Y was a nitride, qnd 4hat | 
another substance, taken to be Y, was an oride | 
of this elemefit. Eoscoe obtained pure Y by ; 
heating YClj to redness for many hours in dry 
H. Boscoe was led to doubt the accuraey of 
the statement of the properties aiij at. vr. of Y i 
that hod been accepted on the authority of | 
BerselBUS, because he found that several com-j 
pound* of Y and Pb wore isomorphous, but that.^ 
it was Impossible to assign comparable formu)^ . 
to &ese compounds if the at. w. given by Ber- ; 
celius forY were accepted (». T. 1868.1 ef sej.). : 
“IBerzelius gave the value 68-5 M the at. w. of ; 
Y; be assigned the sfionnuhe YO, YOj, and YOj ’ 
{Or-H) to the three ondes, and classed Y withj 
Ct* lio, and .W.* Eosooe’s researches showe^ ; 
that the at. w. of the metal is 01'3, that the | 
oxides ate best represented as Y,0„ Y,0„ and j 
tabstance thought to be Y<w*b ' 


really chiefly T,0„ that the oemponnd lupposad 
by Berzelius to be VOi, was YOOI« and tut T 
must be classed with P and'As. 

Occurrence.—Small quantities of oompound* 
of Y are -found fairly widely distributed; &* 
element does not occur uncombined. Ifh* chief 
minerals that dontain Y pompounds are mot- 
tramite (Ou-Pb vanadate), descloM* (Pb-Zn 
vanadate), decluniie (Pb-Zn-Ou vanadate), 
roscoeite ▼anadato with K silioate), vono* 
dinite (vanadate of lead with lead chloride)^ and 
some ^hor minerals, which generally contain 
vanadflftes of Cu, Pb, Zn, or Ci^ Bm^l quanti- 
tits of oompounia of V arc found in all pisoUHo 
liinonite^ C. C. 1873. 514), m some 

pitchblendeSf clays^ and baaaltSs and in a few 
other rocks. Compounds of V have also been 
found, in small quantities, in the slag from oop> 
per extraction works (Karsten, P. 52, 629 { 
Witz a. Osmond, BL [21 38, 49); inifianyspeoU 
mens of pig-iron (v. Riley, C. J. 17, 21; cf, 
Hodges, C. 238; Wslzf Am. Oh. 8, 453), 
in some meteorites (v. Apjohn, 0. J. 27, 104); 
in caQ8tic*8oda and sidium phosphate (Soh5ne 
, a. Ratnmelsberg, B. B. 1864. 681; Donath, 
D. P. J. 240, 318); and, according to Lookyer 
(Pr. 27, 279), probably in the sun. 

Preparation. —1. From the Mflnery slag 
of the Taberg iron-ore. l^e finely-pow¬ 
dered blag is heated with KNO, and the 

fused substance is digested with bollii^ water, 
and solution of a salt of Ra or Pb is added to* 
the filtered liquid; the ppd. Ba or Pb vanadate la 
decomposed by boiling with a alight exoess of 
lijSQ^Aq, and the solution is filtered from Ba80| 
•orPbSO,; the filtrate is neutralised by^ilH,Aq 
*and epneentrated, and pieces of* NH^Cl are 
placed in *1116 liquid until some NHaCI remains 
undissolvcd; the NH,VO, which is thus ppd. a^ 
a white crystalline powder is washed with oono. 
NHjClAq, and then with alcohol, and is then 
decomposed by heating strongly in •an open 
vessel, uJiereby V^Oj is produced (Berzelius, P. 
22, 1). WOhler (A. 78, 125) employed a very 
similar process for preparing VjOg from Kmon- 
ite. —2. From vanadinite. L’Hoto (0. P. 
101,1151) recommends to mix finely-powdered 
vanadiniU (approximately 3PbjV,0*.PbClJ 
with four times its weight of lampblack and a 
little oil, to heat strongly in a closed vessel, and 
then to heat to 800® in a stream of dry 01, 
w^ereb/ YOGI, is formed, and distilled over into 
a cooled U*tube; other compou^s of V are 
readily prepared from YOGI*.—8. From the 
cobalt-ore of Mottram ir« Cheshire. 
This 80 urc#of Y compourris was discovered by 
Pa)scoe (v. C. [2j^ 6, 32C). The Cheshire 
JKeuper sandstone Cimtains carbonates of On, 
carbonate of Pb and galena^ black cobali-och/rc, 
fron oxfte#, and sajts of As, Ag, Ml, and Be. 
Th# compound of V ’fa4 probabfy vapadinxUt 
The sandstone was crushed, and th# metaille 
impounds were diaiplved by dSOlAq; bleach- 
mg-powder and milk of lime were added till 
the reaction was alkaline; an4 it was fronx 
the pp. tiius obtained that Eoscoe piMored 
V and its compounds- The lime pp. ooo- 
tiined chiefly As, Cn, Fe. Pb, V, end Oe in 
oombinetlon with SO 4 end FO 4 ; it wee heeted 
in e fnmece with ground coal to remoite iUi, 
then roasted wiA e quarter weight of Ke,COi 
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tnd lixiviated with watery the solution was 
saturated with and filtered, and £[,8 was 
boiled off; erode oxide of Y was thfn ppd. bv 
; the oxide was dried ^nd heated with 
oono. HNO^Aq to oxidise it to vanadio 
acid, rwbioh was tiien boiled' with saturated 
(NH^lyOOiAq, and somewliat soluble KH 4 
vanadate was orystaiUBed from water, and then 
strongly heated in an open vessel; the Y^O^ 
thus obtained was suspended in ^aten^to which 
KHy was passed \ the solution of NH, vanadate 
was filtered from silica, phosphates, &c^evapo* 
rated to dryness,, and heated in an ope'n vessel 
until Y,0, remained. , * 

The metal vanadium is ^spared by reducing 
YCl, in H (for preparation of YCl, v. Yanadzuu 
DicBLORiDB, p. 844). The ptjoess is conducted 
in perfectly pure and dry H; every trace of 
moisture and air must be excluded. The pure 
and dry H is passed for 12 hours through a 
porcelain tube, connected (by specially arranged 
paraffin*joints) b/* a glass tube, to the H appa¬ 
ratus ; the YOi, is then placed in the porcelain tube 
(a special arrangement forMoing this ii^ de|cribed 
fay tU}Booe), and H is passed through the appa* < 
ratus for 6 hours. The porcelain tube is then 
gradually heated to full redness, and the passage 
of H is oontipued so long as HCl is given olT, 
after which the tube is allowed to cool for several 
hours i^the stream of H. The process occu¬ 
pies from iO to 80 hours according as from 1 to 
''4 g.of YCl, ore used. The Y thus obtained con¬ 
tains traces of H and 0. Beduction proceeds 
more quickly at a white heat, but the product ia 
not BO pure ; it generally contains o. 1^5 to 90 
p.o. Y. (For details, and figures of the appa-*' 
ratus, V. Boscoe, T. 1809. 079; 1870. a?.7; or* 
O. J. [2j 8 , 344 ; 9, 23.) 

Moissan (0. R. 116, 1225) obtained Y con¬ 
taining from 17*6 to 25*7 p.o. C, by heating a 
mixture of 0 and one of the oxides of Y in an 
electric furnace, using a current of 70 volts and 
f 1.000 amperes; with a current of 70 volts and 
B<)0 amperes reduction proceeded very slowly. 

Yanadium, mixed with Y,0„ was obtained 
b;^ Bosooe {lx.) by strongly heating a mixture of 
one of the ohloridesof Y withNain an atmosphere 
of H, and lixiviating with water; the admixed 
black, powdery Y^O, can be removed from the 
heavier, grey, lustrous, metailio powder, by re¬ 
peated washings with water, and a si^Dstance 
containing o. 91 p.o. Y can be obtained. ,i 

The substance supposed by Berzelius (P. 22, 
1) to be Y, and obtained by heating Y 3 O 5 wi«h E, 
was shown b^ Bosooe to consist ohiefiy of YjO,. 
The black powder wlaoh XJbrlaub (P. 103,134) 
prraared by heating Y ox^hloride in NH,, ar 1 
which he supposed to be Y, was found by Soba- 
farik (W. A. B. 88 , 6 ) to be YN, (e/. Bosqoe, l.c.). 

Pronsr#si.—A light-^y, fustroCLS powder; 
under microscope it j seen to be composed 
of orystaUine, silver-white particles. Does not 
become ooherent'and den^ when strongly com¬ 
pressed. S.G. 6*6 at 16. Not magnetic. Is 
not oxidised ixviair at the ordinary temperatuie, 
nor moistening and then drying in vaeuo. 
^a'not oeen melted, except perhaps when re-, 
duoed from the oxides by 0 in an electric fur- 
lUMe (o. Moissan, C. B. 116,1225). When pow¬ 
dered Y is thrown into a Bunsen flam? it bums 
hrilUantly; when strongly heated in 0 it forms 


Y,0,; and when slowly heated in air tt perhapi 
forms Yfi, then Y^O„ Y^O^, and finally Y ,0 
^.unzs in Cl, forming Y(B^; combines with N 
to form YN; also combines with S. Y ii 
insoluble in HClAq; it dissolves in hot cone. 

and in HNO,Aq. Y dissolves in molten 
NaOH, giving off H, and forming A vanadate. 

Y acts on glass vessels in which it is heated, 
forming a compound With Si; it also alloys witli 

le.). ^ 

The at. w. of Y has been determined (1) by 
reducing YjO, to Y,0,-by heating in H (Berze¬ 
lius. P. 22,16 [1831]; Bosooe, T. 1868.8); (2) bv 
oxidiain8,V,0, to V,0. by HNO, (B., Ijs. |1831])‘; 
(3) by analysing (Y, 02 )(S 04 ) 3 . 4 H ,0 (B., Ac., p. 18 
[1831]); (4) by ppg. YOOl, by AgNO,Aq, remov¬ 
ing excess of Ag from the filtrate, evaporating to 
dryness, heating, a^ weighing the YgO, produced 
(B.,i:c. [1^31]) 1 (i^) ^7 determining the weight of 
Ag required to ppt. the Cl from YOOl,; also by 
weighing the AgCl ppd.; also by filtering from 
AgCl, evaporating, and weighing the Y^O, ob¬ 
tained (Boscoe, T. 1868. 23); ( 6 ) by determining 
Y.D.sof, and analysing, YQ!, and YOGI, ( 3 . v-)- 
The results obtained by Berzelius fwith the 
necessary corrections on account of the wrong 
formula used by him; v. Boscoe, Ac.) gave values 
for at. w., of Y varying from 49*3 to 62*5; 
Roscoe’s values from the reduction of Y,0, to 
Y^O, varied from '61*13 to 51’b5, and from the 
analyses of YOCl, from 50*3*2 to 61*877. The 
S.II. of Y has not been determined. 

Yanadium is both metailio and non-metallio 
in its reactions. Y 0 O 4 interacts with r.trong acids 
to form divanadyl salts, Yj[ 0 .,(S 04 ) 3 , Ac.; hypo- 
vanadates Y, 0 ,( 0 M )3 are* also derived from a 
hydrate of Y 2 O 4 ; V,©, interacts with cone. 
HjSO, to form V^Oj.SSO, and VaO,, 2 SO,.a;H, 0 ; 
V.Pj also forms V 2 O 5 .H 3 O (=»HVO,) and 
V,Oi. 2 H;iO (“H^VjO,), which react as acids, 
and salts of the acid HgVO, are also known; 
Y 2 O, also combines with various acidic oxides 
(P 2 O,, MoO„ Ac.) and basic oxides, to form com¬ 
plex, salt-like compounds. The sulphides of 

Y dissolve in alkali sulphide solutions; several 
thiovanadates have been isolated, e.g. (NH 4 ),YS 4 ; 
and also thio-oxyvanadates, e.g. Na,VS,0. Thq» 
haloid compounds of V are generally decomposed 
by water to oxyhaloid compounds. 

T anadium is pl^ed in Group Y., with N, P, 
As, Nb, Sb, Di, £r, Ta and Bi. Y is the second 
member of the even series family of this group, 
the famjly consisting of N, Y, Nb, Ta and 
an-unknown element with an at. w. between 
those of Th (»282) and tJ (>>2^9). Group Y 
does not show a marked division into famibes; 
the gradation of properti^ from N to Bi is 
fairly regulri, nevertheless the families (1) N 
and P, (2) \ Nb and Ta, ( 8 ) As, Sb and Bi are 
,,distinctly indicated* No hydrides of m'^mbers 
fit the yanadium family have been isolated with 
cq^tainty. The highest oxides, are salt- 

forming; all of them interact with alk^Us ta 
form salts containing tha elements M in tiie 
acidic radicles; Y,0, also forms basic salts* 
(YO)xBy, with strong aei;d*'* normal salts have 
pot bertn obtained by . the reactions of M,0, wi^ 
aqids. Oxyaoids of Y, vis. H70» and H 4 Y,Of» 
have been isolated, bnt definite ozyaeids of Nb 
and Ta are unknown. Both Nb and Ta form 
bhlo^ides, oorresponding with their highest- 
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oxidei Inittiial^hest haloid compound 
V i| yx^yoorratponding wiih V, 04 ; oxyhaloid 
eompotmds of V of the form of VX, 
(yOG4» VOBr,) (v. Kitboosn oboup op slb- 
■SNT8» toL iii p. 671). 

In oogsidering the relations between vana* 
dium add the elements of Group Y., the position 
of Y in series 4 must ^ taken into account: 
as compared with the e))ments that form series 
8 , in which series P is placed^ the eIemen««ot 
the vanadium series are metaiiio (Y is preceded 
by Ti» So, Oa mid E, azfd is followed by Cr, Mn, 
•and the iron elements); the elements of the 
vanadium series are nearly as metallic, and also 
as non*metallio, as Bb, Sr, Y, Nb, Mo, —, and 
the Bu metals, which elements form series 6 , i.e* 
the niobium series. Henc^Y would be expected 
to be distinctly moro like a metal, in its chemi¬ 
cal relations, than P, and about equal to Nb in 
its metallic and non-metalUo tendencies. As V 
is the second member of the even series family 
of Group Y., it might be expected to resemble 
H, which is the first of the even series elements 
of this group; bul^it is to be remembered that 
the differences between the first and second eveif 
series members of the groups (i.c.tho differences 
between Li and K, Be and Ca, B and Sc, G and 


When an acidified solution of a vanadate it 
shaken with an ethereal solution of HgO|, the 
latter solution becomes ddrk red(Werthar. /.nr* 
88,196). ^ 

Vanadium is generally estimated bv convert* 
ing it into ao dmmonium salt, strongly Jieating 
this in air, add either wdghing the V^Ot thus 
produced or heating in H and weighing the 
VaOj that remains. For a volumotrio method of 
estimatiag V*w. Gerlach (B. 10,1216). 

Vanadium, aoidsof, v. VANAi>iuuoxTA.cii>s, and 
SALTS^ND DKRIVATITKS THEUEOF, p. 861. 

V&adium, bromides of. ^nly one bromide 
6 ( V h{^ bcen^bt^iuod. • 

Vakawum TrennomoE VBrj. Mol. w. not 
known; from analogy of PBr„ AsBr,, Ac., the 
formula VBr, il 'probably molecular. Formetl 
by heating V or*VN to redness in vapour of Br. 
Also by passing Br vapour over a mixture of 
VjOa and C kept at a rod heat; VOBr, is formed, 
then VOBrji^nd then VBr, sublimes (Itoscoo, T. 
1870. 817). itoscoo {l.c.) Acommends to pre* 
paro VBr, by placing pure VN in a porcelain 
boat^in ft tube of hifrd glass, driving out all air 
by dry CO;., then passing vapour of Br through 
the tube while that part wlicro the boat is 
placed is heated to redness, when brown vapours 


Ti, N and V, O and Cr, F and Mn), become more 
marked in pas^ng from Qr^up I. to Group Vll., 
and it is alsc^to be repiembered that the rosem- j 
blances betwceif the first even series members ; 
and the succeeding odd series members, become j 
more marked as the atomic weights increase; i 
F is morO like Cl and Br than 0 is like 8, So, * 
and Te; but 0 rofembles S, Sc, and Te more ; 
than N resembles P, As, Sb, &c. ; and C is niore{ ' 
like Si, Ge, SnT'tfro., than B is like Al, Ga, In, | 
d:o.; but C less resembles Si, &o., than N re* I 
sembles P, &c. j 

lieactions and Ccnnbinaftoits.—(Boscoe, T. < 
1869. 679; 1870. 317.) 1. Heated in air, V ! 
burns to Y^^O,; lower oxides are first formed if . 
the temperature is low.--2. Does not decompose j 
water at 100°.—8. Heated to redness mcUlorine 
burns to YCl^; heated in bromine produces 
VBr,; does not combine with todinc.—4. Heated 
with excess of sulphur, V forms V;^Sj (v. IJay, 
C. «r. 87, 728).—6. Heating in a stream of pure 
nitrogen produces VN.—6. V combines directly 
with silicon and also with — T,*Molten 

potash or soda dissolve/ Y, forming an alkali 
vanadate and giving off H.—8. V dissolves in 
cone, sulphuric acid (? forming a vamadyl salt); 
also^ nitme acid, probably forming a ^asic 
nitrate; also, slowly, in hydrofluoric acid 
(? forming VF,). 

jDefeeftonand Bs^imafion.^Small quantittes 
of compounds of V give a colorless borax o/ 
miqrooosmio {Salt be^ in the oUtor flame, be- 
eomng green in the reducing fiame;*il muclHV 
compo7ind -is present the bead is yellow in the 
outer flame. Solutions of Y^O, in acids uot 
pp^ by H,S, but are reduced to solutions 04 
v,0, which are lavender-blue; if reduction is 
effected by Zn, Cd, or Na-amalgam the liquid 
becomes green, tfiew blue, and finally lavenaer- 
•blue; after junction'the solution *bleacW 
tniiigft very rapidly, and soon a||Borb8 0. * Solu¬ 
tions of vanadates, ei^er neutral or acidified by 
acetic acid, give fineiy*divided black pps. with 
tincture of mil*and the liquidsappearnks ink. 


I are given oil and coudenso ou the cooler parts of 
the tube, and finally driving out all traces of Br 
by a stream of dry CO^. VBr, is qypr^ish black, 
opaque, amorphous, very dcliqu^cent solid; 
loses Br even in a sealed tube; heated gently fh 
air gives V, 0 „ an<l at a higher temperature 
V,0^. Dissolves in water, without giving off any 
Br, fovning a brown liquid which goes green on 
addition of a few drops of HClAq; this reaction 
is stid by Ih to bo oharacteriuUc m a salt of V, 0 ,. 

YantCdium, chlorides of. Threo chlorides 
have been isolated: VC1„ VC1.„ and VCI 4 . V 
burns when heated in Gi, forming VCI 4 , and wo 
other chlorides are formed by reducing VCI 4 by 
U. Tho V.D. of VG1| has been detevminod, and 
the formula Y 01 | is molecular; the formulq 
VCl, is probably molecular, from tho analog of 
AsCl,, PCI,, BiCl„ <kc.; VC1„ AsL, PI, and BiCl, 
are the only haloid compounds of tho form MX, 
that havo been isolated in Group Y.; the mol. 
w.R of these compounds have not been deter¬ 
mined. * 

Vanadium tetoaculoridk VCl,. Mol. w» 
i 192’(^. Prepared by Boscoe {T. 1869. 691). 

!• Formation. —1. V or VN is heated in OL— 

I 2. Tho vapour of YOGI,, mixed* with excess of 
Gir is passed slowly over a long layer of sugar- 
I charcoal heated to redness. • 
j PrejpArafion.—VN it# iioated to t^dness in a 
• tube of bard glass,Jn a current of pure, dry Cl, 
I which must be free from air. The first few 
dropaof distillate are rejected, as they contain 
baow dt Y^^ly formed from traces of oxide in 
we nitride used. iTlfo ^ark*fbd liquid that is 
formid is saturated with dry Cl, thAi heated Icf 
borne hours in a qirrent of dry CO, in a vessel 
connected with an upright condenser, and then 
•fractionated. • . 

Premerties and Reactions .—A tl^ck, uanr» 
browmsh-red liquid; boils at 164® underYM nun. 
pressure. ♦S.G. 1*8584 at 0®, 1*8868 at 8 ®, 
1*8169 at 30®. Y J>. 98T at c. 200®. Does not 
solidify at any temperature above —18®* 8 k>wlj 
decomposes to VC 1 | and 01 at ordinary tempera- 
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tom, moM qoiokly when exposed to light, And 
Mpidlj when heated. Xj^ives off white lumM in 
the air. jDissoIves in water, forming a blue 
aolutios, which does not bleach} this solution ie 
oxidised by KMnO«Aq to HClAq and Vt^«Aq, 
2 VOI 4 «ta|dng op O. Beacts*^ violently wiw 
alcohol and ether, foijcning deep-holouredliqoidi. 
‘When heated with Br in a sealed tube, VOl, is 
formed. 'VOI 4 does not combine with Cl to form 
a higher chloride. H,S reacts with to form 
VCl,. HCl, and S (Kay, C. 88 , 736), 

‘Vanadium TuzcaLoiuos VCl,. Mol. iv. not 
determined, but iormala is probably mmecular 
from analogy of PGl,, AaClu di. Prepared Ify 
heating VCI 4 in a retort as Tong as Cl is given 
off, and heating the residual solid to 160^ in a 
stream of dry CO, (Boscoe, STJ ^1869. 691). Also 
by heating pure 'V^S, in a stream of dry, air-free 
Cl, separating S,C4 by repeatedly distilling the 
liquid prod&ct, and beating the residue at 140^ 
in dry CO. to remove the last t^cea of S^Clji 
(Halberstaat, B, to, 1619). Lustrous, peach- 
blossom coloured tablets, resembling CrCl,; S.G. 
8'0 at 18^. Deliquesces vefy rapidly id aiy to a 
brown liquid, which goes green on addition of a 
drop or two of HClAq; this solution is oxidised 
by KMnOfAq, 2VC1, taking up 20, to HClAq 
and V.OgAq. ^luble in alcohol and in ether. 
Heated in air forms Y 3 O 4 . Heated in H is re¬ 
duced to J^Ci^^and then, gradually, to V. 

Vanadium' diculorids VCl,. Mol. w. not 
known. Formula possibly VjCl*. Prepared by 
passing vapour of VCI4, mixed with a large 
excess of pure, dry H, through a glass tube ' 
heated to dull redness. The distillation if YCl, 
should be slow, and the mixture of vapour of 
VCI4 and H should bo brought at once inte- the 
heated part of the tube. Forma api^le-green, 
nycaceous, hexagonal plates; 8.0.3*28 at 18°; 
very^ bygrosoopio. Dissolves in water, forming 
a violet solution, which bleaches indigo and 
litmus, and reacts as a solution of a salt of V^Oj. 
.Dissolves in alcohol and in ether. The Solution 
in water is oxidised by KMn 04 Aq to HClAq and 
V|0,Aq, 2VCL taking up 30. Heated in H, is 
slowly reduoed to V; heating to whiteness in 
BHt^produces VN (Boscoe, Z.c.). 

vanadium, ferrooyanide of, u. vol. ii. p. 837. 

Vanadium, fluorides of. Only bne fluoride, 
VF|, has been isolated; there are indicati(^ns of 
the existenee of a higher fluoride in solutipns in 
oono. HFAq. « 

Vanadium rttUFLUoRiDE VF,.8HaO. Mol.^ w. 
not known; formula probably molecular, from 
analogy triLalides of other eleinents of 
Group V. Prepared by evaporating a*' solution 
of V,Oa in HFAq at 100°, ai^. cryst^Iising from 
water containing a little HFAq. A white crys¬ 
talline crust, consisting of rhombohedra. T^asily 
soluble in water: solution reacts acid, xb&luble 
in cono. al(v>boL^ FfflorelcS^ in air; loses some 
^ater at 10 b°, and all at 130°, with absolption 
of O; VaOj is forx&bd on he<itlng to redness in 
air. An aqueous solution reduces Ag salts to 
Ag, Hg and Cu s^lts to mercurous and cuprous* 
salts; ^alis or alkali carbonates ppt.VaO,.fl;HaO 
from VFaAq (£• Petersen, J»pr. [2] 40, 44). 

Vanaaojluorid^ 9 » {FlwvafOidites.) A 
number of compounds of the forms VFa.a;M*F< 
and ‘VF,jtM«P, were obtained by Petersfcn 
by adding various fluorides to solutions of VtO^. 


in HFAq, and orystalUsiiig. These salts are 
generally greenish oolourmi^ ttnd orys^aUine; 
most of them arc soluble in water, but not in 
EFAq; they lose water of orystalliMtloa from 
100° to 200°. The vanadofluorides may be 
regarded as salts of hypothetical aofds HVF,, 

H, VF„ and Hj'VF,; they may also be* formu¬ 
lated as double salts supra). The following 
salts are described by Petersen ( 1 . 6 .): 

«tAtnmonium vanadoftuoHdss KH 4 VF 4 . 2 aq, 
(NHOjVFj.aq, and (NHJ.VP,. 

Cadmium vartadofiuorido OdVF^. 7aq 
(Piccini a. Giorgis, O, 22 [1] 66 ). • 

Odbali 'baru^Jluorids CoVFj. 7aq. 

Nickel vanadofluorids NiVF^. 7aq. 

Potassium vanadofluori^ KjVF,. aq. ’ 

“ Sodium vavadoJku>r%ds'^ay^,y,9>a 
- 2VF,.6NaF. aq (? No^VF*. aq). 

Zinc vanadofluoridc ZnVF*. 7aq (P. a. G., 

I. e.). 

Vanadoxyfluorides, {Fluoxyvanadates,) 
Those salts are generally produced by dissolving 
in HP'Aq, adding metallic fluorides, and 
crystallising; also by dissolving V^O^ in sola- 
*tions of metallic fluorides, and orystallising; 
some of them are obtained by treating solutions 
of V^Oj in metallio fluoride solutions with re¬ 
ducing agents, and then crystallising. The 
vanadoxyfluorides lyive been exauzined by Baker 
(C. J, 33, 388 [1878]), DHto (C. B, 106, 1067; 
106, 270 [1888]), Piccini a. Giorgis {G. 18,186 
[1889]; O. 22 [1] 65 [1892]), and Petersen (J5. 
21, 8257 [1888]; more fully in J, pr. [2] 40,193, 
271 [1890]). There are still considoitible die- 
,,crepancies between the results obtained by the 
. different observers. For a criticism of Baker’s 
results V. Petersen {J. pr. [2] 40, 289-92). The 
vanadoxyfluorides oolong to two main classes: 
(1) those obtained by dissolving VjOj in HFAq, 
adding a fluoride (or carbonate), and crystal¬ 
lising : many of these salts are also formed by 
dissolving V 3 O 4 in solutions of fluorides, and 
crystallising; ( 2 ) those obtained by partially 
reducing solutions of VjO, in HFAq, then adding 
fluorides, and crystallising. The first class of 
salts may be divided into (i.) those wherein one 
atom of 0 in is substituted by 2F, and 
which, therefore, are represented as xMF.i/VOjF 
(■^Oj ^ives Va 04 Fj a 2 VOjjF); and (ii.) those 
wnerlin 30 in V.Pj jis substituted by 6 F, and 
which, \,herefore, are represented as xMF.yVOF, 
(V^Oj gives V 302 F,a 2 V 0 F,). Salts of the 
second chAs are regarded as compounds of MF 
with* VOF„ and VOF, is looked or as obtLinad 
by substituting 20 in V 4 O 4 by 4F (V ,04 gives 
Vj 0 .^ 4 a 2VOFj). The salts derived from V.O,. 
i.e. xMF.yVOjP and xMF.pVOF,, are 01^0 
’balled fiuoxyiftnadates, and those derived from 
,V 304 , i. 6 . xMF'.yVOF,, are often called fLu^y- 
hipovanadates; the former class of salta^wiU 
here be called vanadoxyfluoridet, and latter 
hyprbanadoxp/luorides. 

, Ammonium vanadoxyfluorides. Three salts 
are described Baker (O, J. 88 , 888 [1878]), 
and Also by Piccini a. Oidi^gis {G, 22 [1] 55, 
ri892]; the formuUe glvenchy the different ex* 
prrizqenfbrs do not agree. ^ ° 

Lamellar ^mmonium vanadoxyfluoride. 
This salt was imtained by Baker by &aoivm§ 
V 3 O 4 in NH 4 HF 3 Aq, and then ^diag more 
KH 4 HI*,; it separates in smsQ y^ow, pearly. 
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texagonal plat««._ P. a. G. obUinod the salt by*| cone. NH.PAq! bat lh« axparimaoti of Bakw, 
diuolving in a slight excess of HPAq, | Pieoisi a. Giorgis, and Petersen, all agree in 

ad^n^ in : the ratio 8NH^;2V,0„ I assigning to the oompounds formed in .these 

ea -a lomiuia ! reaotioosa formula wherein the atomic ratio of 

6KHgF.y.Ov2YOr^i.2aq; F.a O. give the formula 
8NHgF.2VO^. If both formula areiBxpreBsed 
as 8NH^^VOzF, then « ■■ If in Baker’s formula 
and«2 In the formula of P. a. G. A salt ob> 
tained by Petersen (/v j)r. [2] 40, 193, 271 
[18901), by a similar process to those used by B. 
and by P. a. G., was formulated by bin# as 
7NHgF.4VO.;F.HF. 

Pyramidal ammontum vaiiadoxyfiuoride* 

Obtained by Baker by adding KH^HF^ to a bo1u< 
tion of the lamellar salt; P. a. G. p^pared the 
salt by dissolving VyO, in excess of ILFAq, and 
exactly neuaalising the hot solution by NH^Aq. 

This salt o^stallises in yellgw* simple pyramid 
(Baker). The formula assigned by B. is 
12NH4 F.VjOj.2VOPj, while that given by P. a. 

G. is SNHfX^.VO^; Petersen gives the same 
formula as P. a. G. If Baker’s formula is ex* 
pressed as SNH^F.VOxFi', x must be put -»IJ, 
andy»»l|. 

Acicular amrkonium vanadoxyfiuoHdc. 

Baker obtained this salt by dissolving the pyra*' 
midal salt in warm HFAq and allowing to 
cool; P. a. G. prepared it by a similar reaction. 

This salt crystallises in pale-yellow acicular 
prisms; when dry it has tl)p odour of UF; it 
acts on glass. • The fcg'niula given by P. a. G. is 
8 NH 4 F. 2 VOF,. a4 ; Baker assigned to this salt 
the formula 3NH4HF2.2yOF, ,but bis analyses 
were, admittedly, not very trustworthy. 

AdoptAg the formuho given by P. a. Q. for 
the three ammoniupi vanadoxyfiuorides, these 
salts are represented as 

(1) 3NH4F.2VOJF « (NH4),V,04F, 

(2 SNH^P.VO^" - (NH4)3V0..F4 
(3) 3NH4F.2yOF, = (NH,),V.p,Fg. 

A few of the other vanadoxyiluoridcs seem to 
belong to one or other of these tyx)es; P. a.G. and 
also Peterson, describe a potassium XKvnadoxy^ 
fluoride 8KF.2y08F » K,y 804 F 4 , belonging to the 
same form as the lamellar ammonium salt. But 
most of the vauadoxyfluorides described belong 
to forms which are not represented by the 
* ammonium salts. The following are the principal 
salts:— 

Ammonium salts. ONH^F.GVOF^JIHF; 

TNH4F.4V0F,.HF (Petorsenl. *• 

Potassium salts 24F.VOjjF; 21vF.VOF,; 

8KF.2yOF,.IIF; 4KF.VF,.VOF, (P.). 

Sodium salt SNaF.VOlVVO^.ad (P. 
a.G.)« • • 

^ine salts. ZnF 5 .yO,F.7aq (P. a. 

ZnFyZn0.2y0F,. 14aq (B.). ^ 

none of these compounds dj>es the atomic 
ratio of y to 0 exceed 1:2. Accoitling to Ditto' 

(C. iJ. 106. 1067; 106, 270 C188tf]),mimy com- 
pouiftU of alkali fluorides with VgO, are formed 
by hMting the constituents together, digestii^ 
with water, and crystallising; the atomic fatio 
of y to 0 in these compound, as given by Ditto, 

U 2:6* The formula assigned the compounds 
may be generalised ta x\fit.yaLF ; M a K or 
9 ml, 8j and4, and 1,2 ,4, and 8. Ditte (iu;.) 

Ays that crysUls of VjOt.dMUfF.daqHre oV* 
tained by dissomog in hot ^ono. KH^mq, 
and that this compound is formed, along with 
when is dissolved in cold 


y to P does nohexoeed 1 : 2 . 

Sypovanadoxyfluortdes, {Fluoxyhypo- 
vanadates.) •T^ese compounds are formed by 
partially reducing mixtureaof and fluorides, 
or carbonates, dissolved in HFAq. If sufficient 
^F is assigned to the metal present to form ttie 
nonnal iltioriao, then the atomic ratio of V to 
the remaining F in these oompounds is 1:2, and 
that 0 ^ to 0 is 1 : 1 ; the fonnulie are written 
xMF.j^OFj. All the salts described by Baker 
and Picqini a. Aioigis, exoo}A one, belong to the 
form 2 M*F.VOF 5 hr M‘*P 5 .VOF.;; these formnls 
may evidently be written M'./orM*‘)VOF 4 . 

Ammonium hypot'anadoxj/jluoride 
2 NH 4 P.VOF 8 . aq(*-* (N H4)8V0F4. aq) was prepared 
by Baker (C. J. 88, 395) by passing into a 
solution of V 3 O, in HFAij, concentmting, Alter¬ 
ing, and adding NH 4 F. The same salt was pre¬ 
pared by Piccini a. Giorgis {0.2211] 65) by electro- 
lytically mducing a ^Iiition of NH,VO, in HFAq, 
after adding NH 4 F; also by reducing NH 4 VO, in 
HFAq by SOjAq, neutralising by NH,Aq, and 
adding KH 4 F; and in each case dissolving the 
crystals that were formed (said by P. a. G. to bo 
3 NIl 4 F.V 01 '\.) in hot HFAq, aied crystallising. 
I’etcrscn {J. pr. [2] 40,190) also obtained this 
salt. The salt cryslallisca in clet^; h^e mono- 
clinic foniis; a :6 = *90.53:1 (Baker, l.c.). , 

Petersen (J. ^>r. [2] 40, 107) described two 
other ammonium liypovunadoxylluorides, 
i* 7 NH 4 F. 4 VOFj.Gaq and SNH.F.VOF.^. 

Thc> otlier hypovanadoxylluorides described 
by P. a. G. {l.c.) are 2KF.V01^., and MF,.VOF,.2aq 
wheie M»Cd, Co, Ni and Zn. 'fne K salt was 
prcparod*by reducing VjO, in HFAq by SOjAq 
and adding KF; the other salta by dissolving 
MO, or MGOs, along with Y-SK in HFAq, and 
reducing elcclrolylically. According to Peter¬ 
sen {l.c. pp. 199, 200), the salts TKF.BVOF^ and 
SNaF.SYOFj. 2 uq also exist. ^ * 

P. a. O. (l.c.) remark that the tendency to 
form highly fluorinated compounds increases in 
the family Y, Nb, Ta as the atomic weight in¬ 
creases ; thus, YO^F is not affected by a little 
HFAq, while^ Nb^OF forms NbOF,, and TaOF, 
is converted*into TaFa. They also point out 
that -tho three compounds, Znl^VYO^F. 7aq, 
ZnF.MVOF,.7aq, and Znl‘VVF,.7aq, alf crystallise 
ftith the same number of inofcculos of water, all 
contain the same number of utomtl^liave the same 
crystalline form, and are geometrically iso- ' 
morphou^ * * 

VAM/U)rDn pENTAVLUoifloK VF^. According to 
f'etersen {J. pr. [2> 40, 271), this compound 
exists in a solution of VjO, in cone. HFAq. No 
compe^nj was isolated, nor is any trustworthy 
e^dence given of *the ^xistonco^of VF| in soIU" 
tion. * * y 

Yanadium, haloid compounds of. When Y 
is heated in excess of Cl the tetrachloride YOI 4 . 
is produced; hedting in Br produces the tri- 
firomide YBr,. V does not domblne with t. 
The haloid compounds of V belong to tWform^ 
YX 4 .VX,, and YX,; X»01 in each oa«s,X*Br 
or F in 6 ne case of Y\^. The formula YX 4 
is molecular; the other formutie are probably 
molecolftr. YCl» BiOl,, Asl^ and PI, are 
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&b1j dihalides known ol members of Group Y; 
Attempts to prepare halides higher than VX. 
have </ailed. Solutions in water of the haloid 
compounds of V behave like solutions of the 
corresponding oxides in haloid aor ds; VCl^Aq like 
a solution of in HClAq, VX^q like a solu¬ 
tion of*V^Oa in HXAq, and VOl^^q like a solu¬ 
tion of V,^ in HCiA^. VOI 4 is decomposed by 
heat to YCIg and Cl, and heating VOi« with H 
produces VCl^ YFg combines with metallic 
flaoridea to form vanadojltiorides, diany of which 
belong to the form M‘aVFj di M"YF* {o. p. 844). 
Several oxychlorides and oxybromidesP of Y 
have been isolated; VOXs and VOX„ where 
X-Cl or Br; alscF YOGI, YtOjlJl, and- VOaCF; 
the existence of other oxySromides also is 
probable. No oxyflaoride ^as been isolated 
with certainty. But many compounds exist 
which may be regarded as cofitaining the oxy- 
fluorides VgjF, VOF,, and YOF^ respectively; 
the compounds YO^F.^MF and VOF 8 .a:MF are 
obtained by dissolving Y^Os and' fluorides in 
HFAq and crystallising; they aifo described as 
vanadoxyfluorides (p. 84^); the compounds 
VOFyfljMF are obtained by partially reducing 
solntloziB of VaO, and fluorides in HFAq, they 
are described as hypovanadoxy/luorides (p. 845). 

Vanadium, io^des of. No iodide of Y has 
been isolated. rNo reaction occurs when vapour 
of I is passed over VN heated to redness, nor do 
I and Y^jn^eact at any temperature (Koscoe, 
(7. J, [2] 9, 281. 1 does not react with V^Oj 
wlien digested therewith for a long time in pre¬ 
sence of water or alcohol (Guyard, [2] 25, 
361h 

Vanadium, nitrides of. V and N dombino 
directly.'' Twp nitrides arc known. 

Vajcawom ^MONONiTRiDK VN. Mol. wt not 
known. Obtained by heating V in a stream of 
pure N; also by saturating YOGI, with dry NH„ 
and heating to full whiteness in a stream of 


ue known. The nunes generally given to the 
oxides of V do not, unfortunately, Wy with the 
nam^B given to the corresponding orideqof M; 
thus, Y| 0 . is generally called bypovanadouii 
oxide, while NO is called nitric oxide; ia 
called vanadio oxide, while the name nitrogen 
peroxide U often quite wrongly sppli|4 to NO,. 
The mol. w. of none of the oxides <fl! Y ia known. 

? VoNiiDiuM uoNoxzpx (? V, 0 ). * When the 
powdered metal is . . slowly heated in a 
cuitent of air it glows brightly, with absorption 
of oxygen, forming in the first place a brown 
oxide tYjO or V, 0 ,); 'and on further heating 
this oxide again clows, and passes through thc^ 
black trioride and blue tetroxide to pentoxide * 
(Roscoe, 0. J. [2] 8,857). This statement seems 
to contain all that is known of an oxide-lower 
than V,0,. ^ 

VANAniuM DioxiDB V,Ojj. {Hypovanodous 
oxide.) This substance was supposed by Ber¬ 
zelius (F. 22, 1) to be V; Boscoe (T. 1868.1) 
proved it to bo an oxide with the atomic ratio 
V:0«1:1. The mol. w. is not known; the 
formula is generally written V,0, rather than 
VO, as the double formula' is, on the whole, 
"more in keeping with the reactions of the com¬ 
pound. 

Formation. —1. By heating one of the higher 
oxides with E (Berzelius, I.C.). —2. By passing 
vapour of YOGI,, n^xed with nvpch dry H, over 
red-hot cliarcoal (Schafarik, A. 100, 85).—8. By 
strongly heating V,0, and V,0*, mixed in the 
ratio VjOgiVjjOj, out of contact with air (Peter¬ 
sen, J.pr. [2] 40, 193). 

I Preparation. —A mixture of much'-dry H and 

; vapour of YOGI, (g. u. p. 854) is passed through 
, a hard glass tube containing powdered charcoal 
; and kept red hot. Some solid oxychlorides are 
deposited on the cooler parts of the tube, while 
the V,0, remains mixed with the C. The con¬ 
tents of the tube are then strongly heated in a 


NH,. Better prepared by heating NH 4 VO, in current of dry H to remove traces of Cl 00 m- 
the air, arid then Jieating the residue to a full pounds; and the grey metal-like VjO, is sepa- 
"wbite heat in a stream of dry NH, (Rosefce, O.J. rated from the C (lloscoe, 0. J, [2] 6, 834). 
12] 8 , 844). VN may also be prepared by heat- When Zn, Cd, or Na-amalgam is added to a 
ing Y,0, to whiteness in NH, (B., l.c.). VN is solution of V,0, in H^SOfAq (prepared by ^s- 
a greyish-brown, metal-like powder; heated in solving the oxide in hot oono. acid and diluting 
air it is oxidised to Y^O^ and then to Y,0,; with 50 pts. water), the liquid becomes blue, 
heated with soda-lime it gives oil Nil,. green, and finally lavender. The lavender sola- 

VAiiTAntuu DDfirniDE 'VN,. A black powder; tion ^sorbs 0 very rapidly; exposixe to the air 
exposed to air gives ofl NH, and is oxidised, for a*iew seconds causes the colour to change to 
Prepared by saturating YOGI, with dry NH,, deep chocolate-brown. By detennining the 
heating the solid so obtained in a glass tube quantity of standardised EMnOgAq'deoolourised 
long u NH^C^ sublimes, washing the residue by thb lavender solution, Boscoe (C. J, {^] 6 , 
* with water containing a little NH„ and drying 834V proved ^kat this solution oontaine^YgO^ 
in vacuo ^over^HgSOg {Boscoe, C. J. [2] C, 849); probably combined with SO,. After passing 
■examined by Tlhrlaub, who did not succeed in air into the lavender solution until it becomes 
determining its compositirn (P. 103, 164; c/. permanently ^lue, the solution contains V^.; 
Bohafarik, FT. A. B. 83, 6 ). ’ if the free koid in the lavender solution Is 

Tanadium, oxides and hydrated fix^Aes of. neutralised by zinc, and the liquid Is then ex- 
By gently hea|:iDg Y ip aii* the oxide Y,Oris j posed to ihe air until permanently browif. and 
j> 08 sibly f.-irmed, and, ofl continued heating, s^little acid is then added, a green «>lanon it 
oxidation proceeds to Y,0„ Y^p,, and fonhed which contains Y,0, (B., 2.O.). 

Anally V,0,. ThS oxides Y,0„ and VgO,, Properties and Reactions. — A light-grey, 
are also formed by reducing* Y,0, by heating lustrous powder: or a lustrous, metal-like, orys- 
with H or E. Several oxides intermediate bd- talline omst, 8.6. 8*64; very brittle; fates at 
tween^'^Oj and Y,0, seem also to exist. The a very high temperature. cHeated to redness in 
oxides v,0„ Y,0„ Y|P„ and Y,0, are feebly T air, y,0, bums, to YgO,; heated in 0, burns tt 
basic; and YcO, are also 'hoidic. The Y,0,.. Insoluble in water; dissolves in dilute 
oxides of V corr^pond in composition with acids, giving a laitender sefinUon, which bleaohei 
ihe oxidea of H; corresponding oxides of Bi strongly; from these * tolation| KOHAq oi 
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pp^ • oxia^ which fby Gerland (B. 10,9111 [1877]) by bMtlug a 

rapidly oxidisM (Biierley, D. J. 49, 824). Ac- solution o£ V, 0 , in a large excess of oono. 
cording Jko Petersen (/. pr. [2] 40,194), V,0, die- H,SO| lor a long time at 120®, and treating the 
Eolyes in HFA<i, and on evaporation, solution cd blue oryst^lUne crast^tbuS formed /consisting 
the residue^ in watef, and evaporation over chiefly of VjO,,3SOy eaq, v, Hypotamadio bal^ 

H, B 04 , bine, microscopic crystals are ebiained, p. 848) with boiling water, when V,0,.480,.8^0 
which s«* perhaps, VOF,.«aq; no analyses remained. Gnsdpposed that reduction ol Vi, 
were made. Addition of alkali fluorides to y,0, was effected by dust in the air. 

in HFAq produces varicma compounds of the Brierloy (C. J. 49, 822 [1888}) prepared 
form »VOF,.yMF (v. HYPtf^ANAnorrFLooBiDEs, p. V,O,.4SOi.0H,O(« V,H,(S 04 ),. 8 H, 0 ) by electro- 
846). •, fysing a solutidn of V,0, in H,S 04 . The solu- 

Hyubats of vanadium dioxide. By adding tion was prepared Vy reducing V,0, in cono. 
NH,Aq to a lavender-coltured solution gl Vj,0. Il.SO„jjifter dilution, by SO,. The deep-blue 
in H,S 04 Aq), Brierley (0. J. 49, 824) obtained soiutioii was placed in a Pt di|h which formed 
a deep-purple gelatinous pp. which he^said was lift negn^ve ele(Arode, and a iK>rou& pot oontain- 
hydrated V,0,; the pp. rapidly oxidised in the ing dilute HjSO,A| was arranged so that it just 
air. ' touched the surface of the liquid in the Pt dish; ‘ 

Vanadium tbioxidr V,0,. {Vanadous oxUsf a plate of Pt immdl-sed in the lI,S0,Aq formed 
Vanadium sesquioxide.) Mol. w. not known, the positive electrode. The Pt dish was warmed 
This compound was represented by Berzelius as during the process, so that electrolysis and 
VO (V« 68 ' 6 ,0"8). evaporation proceeded together. Blectrolysis 

Formation,—I, By heating V,0, to redness was continued until the liquid was deep green, 
in H (Sebafarik, A. 109, 85). The presence of and a drop ptaped in a littld water showed no 
traces of PgO, prevents reduction (Koscoe, C. J. trace of blue colour. Cone. It,SO,, equal to 
[2] G, 831).—2. By«heating V,0, in a carbon twice tho^ulk of tin# green liquid, was added; 
crucible (Berzelius, P. 22,1). after 24 hours the green, sandy pp. was collected, 

Preparation, —Pure VoO, is heated in per- washed with cono. alcohol, and dried over 
fectly pure and dry H until the substance ceases I 1 ,S 04 in coal-gas. The salt dis.solved in water, 
to lose weight; the tube is allowed to cool com* and alkali ppd. from this solution a dirty- 
pletely in H, au^ then a s^eam of dry air is green gelatinous substance, said by B. to be 
passed through it (B()^coe, U. V, f2] 6 , 331). V 20 ,.xlip. This pp. dissolved in an aqueous 
When a solution bf VjO, in cono. ILSO, is much solution of V, 03 . 4 S 0 ,. 9 H,O, formin^a chocolate- 
diluted, and then treated with Mg until the brown solution, giving a lustrous green solid oif 
liquid is green, this solution contains V^O,, com* evaporation, which dissolved in water to form a 
bined witlt SO, (v. Vanadous 'salts, infra). A abrown solution. B. concluded that the brown 
similar solution is obtained from the lavender solutlbi^ contained a con) pound of V,0, and SO, 
solution of V,0, in H,S 04 Aq (prepared from [more basic than V,0,.4S0s. • 

V,0, in HjSO^, u.sfipra) by neutralising free acid Gsriand {B. 11. lOG [1878]) 4iientionE the 
by zinc, exposing to the air, and adding a little normal vanadous sulphate V,( 804 ),( *• V,0^880J 
acid (Boscoe, C. /. [2] 6 , 337). as if he bad prepared it; no details are given. 

Properties atid Reactions. —V^O, is a black Va.sadiom tktooxide V,0,. (Ihjpovanadto 
powder, resembling graphite; or, formed by re- oxide.) Mol. w. not known, llepresented by 
duoing VOCl, by H, it is a black, lustrous, crys* Berzelius as VO,(V «■ 68’5, 0 =» 8 ). • 

dline crust. S.G. 4’72 at 16®. Does not fuse Fonnation. —1. By allowing V,0, to absorb, 

1 the blowpipe flame. When warm VaO, is ex- 0 from the air (c/. Hypovanado-vanadio oxiiAs, 
Dsedtotheair it glows and oxidises to V,Os; p. 861).—2. By strongly heating a mixture of 
ad even at the ordinary temperature it takes up 6 pts. V,0, and C pts. V^O^, in absence of air.— 
being changed after some months to VjO^ (B., 3. By the electrolysis of molten (Buff a. 

c.). Heated in Cl gives V,Oj and VOCI, (B., U,). Wohler, A. 110,277)—4. By heating V, 04 Cl,. Goq 
[eated in HO, to 300“-400® V«0, is oxidised to in a stream <yf CO, (Crow, C, J. [2] 15, 463). 

',0, (Sabatier a. Sendereift, C. R. 115,■*236). Preparation.—A solution of VjO, in H^SO„ 

[eating to redness in produces V,S, (Koy, obtained by reducing VjO, in cono.*H 2 S 04 by 

I. /. 87, 728). V 3 O, dissolves in hot cono. GO,, is ppd. by Na,COaAq, and the pp. is washed 

1 , 804 , forming VjOjj^SO, (v. Vanadous %alt 8 , and dried by beating in vacuo (Berzelius, P. 23, 
nfra)i VjO^&soIves in HFAq, and VF,..-XII,0 l).-*- 2 . V,0, is exposed to, the air for some 
tas been isolated from this solution (t). Vanadium months, until the colour lias changed to blue 
lUFLUOBiDB, p. 844). (Koscoe, i?. J. [2] 6 , 838)*-—3. V,0, id dissolved 

jHydbatb of vanadium tmoxide. By hdding in hot cone. HClAq: when Cl ceases to be given 
COHAq, or HH,Aq. to an aqueotA solution of ^ o£f the liquid is saturated with HjS, filtered 
^,0,.4S0,.9H,0(F.<njVa)Brierley^C.tr.49,824), fromJL evaporated to dryness at 100® and the 
ibtafted a dirty green, gelatinous ffp., whicp V^ 04 C^.xhq_ thus fprmed is heated to redness in 
)YidiK)d rapidly in air. According to B., thv a stream of dry CO, l.c, pp. 4^7,468). 

)p. was hymated V 3 O,. »• Properties and Reactions.—A blws, lastrooe, 

VANADOUS SALTS V,Oj.xX (X » acidic ! crystalline powder; prepared by heating V, 04 Cl, 
nide) or (Bua acidic radicle). Only one ^ in CO, it forms a dark-green, amorphons pow- 

lalt deriveolrom az^oxyacid fiks been certainly der (Crow, /.c.). Infusible at a high tempera- 
Eolated; itbastheorinpoBition V 30 ,. 4 S 0 ,.xH, 0 , tore. Insoluble in water, when k^t in a 
ft the formula may be written V,H,(S 0 ^ 4 .pH,().< loosely-stoppered bottle V ,04 gradually absorbs 
VaaadOM wtrasnlphate, oiji^ vand^us O, forming V,0, /Crow, l.c.). Dissolves easily 
mlphati, YfOtASOrxUfi ot V,B^(B 04 ) 4 .pH 20 . {n acids, forming bright b'Aie liquids} the same 
A hydxab^with of p«a was obtained solutions are obtained by the aouonolpMdenUc 
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redtioera, such aa BO^q, fi^SAq, or H, 0 aO 4 Aq, ^HaSO, and heating to the boiling-point ol the 
on solutions of VsO| in acids, alM by passing air liqnid for a long time. The salt separated as a 
into in HjSO^Aci 'tmtil the liquid becomes green-bine powler; insoluble in water, pold or 
permanently blue (Bosootf, lx.; o. infra^ Hrro- hot; insoluble HClAq and H,SO«. (G. does not 
▼AHADio salts). Petersen {J, pr. [2] 40, 194) say how the salt was obteined pore for analysis ; 
supposed that the blue microscopic c^stals he no analyses are given of the salt prepared 
obtaimd. by dissolving V 2 O 4 in ^zcess of EFAq exactly as described above.) Variong hy^ate% 
and evaporating wer^ YOF 2 .iraq, bat he did not are described by G. obtained by diffefent pro- 
obtain enough to make an an^ysis. V 2 O 4 dis- cesses. Grow (C. /. 456 [1876]), obtained 

solves readily in alkali solutions, forming hyp)- the heptahydraU by ^peatedly treating bexa* 
vanadatetf (q.o. under Vanxdxdu oxt- hydrated trisulphate (v. infra) with absolnte 

ACIDS, AND SALTS AKJ> DBKIVATZVXS THBKEOr, p* alcohol. 

868 ). 4 Hypovanadio trisulphate, or acufdtoonadyl 

kYDBATBB ormTPOvANADio oxiDK. By adding mlpJiatet Vj 04 . 8 S 0 ,.«H 5,0 or • 

NagCOtAq, drop h/drop, to^.a bolutioq of {V, 02 )H 3 {S 04 )s.yHa 0 [y «*—!]. {Acid vanadyl 

in HOIAq or H, 804 Aq, till th^upernatant liquid sulphate (V 0 .S 04 )j.HgS 04 .yHa 0 .) Hydrates 
was oolourless, filtering rapidly in CO,, and dry- with a; *4 and 3 (orj/-3 and 2) were prepared 
ing on a porous tile over lLj ^4 in vatuOy Crow by Gerland (B, IQ 2, 109); and a hydrate 
{lx.) obtained the black, amorphous heptahy- with * = 6 (or y^5) by Crow (O. J. [2] 16, 
drate VgOyTaq; and on heating this in CO, for 456). 

some houra at lOO*^ he obtained the trihydrate By dissolving Vg 04 in a large excess of cone. 
Vg 04 . 8 aq. c H 3 SO 4 , heating for a long time at c. 120 ®, and 

BIYPOYANADIc (or vav^yl) SALTS drying the small, blue, transparent crystals that 
V 304 .®X (X'“ acidic oxide). Only a few com- formed on a porous tile over Hj 804 , Gerland 
pounds of Y 2 O 4 with aciaio oxides £iavf. been obtained a substance which gave analytical re- 
isolated. The sulphates have been studied more ' suits approaching those required by the formula 
than any other salts; they are most simply VgO 4 . 3 SO 3 . 4 H 2 O. The salt was not obtained 
represented as V 2 O 4 .xSOa.yH 2 O. The compound quite free from admixed V 2 O 3 . 4 SOj.xHgO. This 
V 3 O 4 . 2 SOJmayube caUod the normal sulphate; tetrahydrate was partially decomposed by cold 
the formula may be expressed as V 202 .(S 04)2 or water, giving lustrqns scales wlpoh, after wosh- 
V 0 .S 04 .,. 1^6 compound V 204 . 3 S 0 ,. 6 H 20 may ing with alcohol and ether and drying over 
be called aoid sulphate; the formula may be H 2 SO 4 , had the composition ^ of a ^hydrate, 
expressed as V, 02 .S 04 (S 04 H) 2 . 6 H 20 or V 2 O 4 . 3 SO 8 . 3 H 2 O. 

(V 202 )H.(S 04 )a. 5 H 20 , or (V 0 .S 04 ) 2 .H 2 S 04 , 6 H. 0 , Crow obtained a hexahydrate 
or it may be written V 204 . 2 S 03 .H 2 S 04 . 5 H 20 f V 2 O 4 . 3 SO 3 .GH 2 O, oy reducing by SOg^^a solution 
When the formulcD of the compounds V 2 O 4 , of VjOj in cone. H 2 SO 4 , heating at 100® for some 
with oCidio oxides are written V 2 O 4 .X the com-.j time, drying the light-blue crystals that sepa- 
pounds are generally called hypovanadic *jalte \ rated on a tile, removing acid by washing with 
when the formula are written VjO^xR (B«» ether, and drying by pressure between paper, 
acidic radicle) the name divanadyl salts is The crystals deliquesced in air to a blue syrup; 
naually given to the compounds; and when they were insoluble in etlicr, and scarcely 
these compounds are regarded as VO.xR, it is soluble in absolute alcohol.^ 
customai^y to call them vanadyl salts. Hypo- The foraula of the various hydrated hypo- 
' vfmadio sulphates are obtained ( 1 ) b;f dissolv- vanadio sulphates are as follows 


Sypovanadic sulphates; 

V,04.2803 

V204.280,.3H,0 

V204.2S0,.4H.0 

Vj04.2S0,.7H20 

V 204 . 2 SO,. 10 H 20 

V 2 O 4 . 2 SO..I 3 H 2 O 

V204.38C^.3H20 

V,04.8S0,.4H,0 

V, 04 .«S 03 %H 20 


Divanadyl sulphates ; 

V,02.(S04)2 
V..02.(S04)2.3H50 
. V202.(S04)2.4H20 

V,0,(S0.),.7H,0 * 
V,0j.(SOJ,.10H,O 

fV.OJ,H,(SO.L2Ti;o 

(V,O,JHj(S0.),.3W,O 

,/V,O^H,(SO,);.6H,0 


Vanadyl sulphates, 

VO.SO, (Gerland). 
2(VO.SOX3HjO (G.) ' 

V 0 .S 0 ,. 2 H 30 (Grow, oonfirtning 
Berzelius). 

2(v6.SO,).7HjO (G., also C.) 
VO.SO,. 6 H.p (G.) 
2(V0.S0,).13H,0 (G.) 

2 V0.S0iH,80,.2H,0 (G.) 
2(V0.S0iH,S0,.3H:,0 (Gt) 

2 V0.S0,).H,80,.6H,0 (0.) 


Ing V,0, In hot oono. H,SGj and boiling; (2) bj Be'van (0, N. 38, 294) obtained 
dissolving V 4 O. in oono. H 2 S 04 ,areduoing by SO* * dithionate by adding BaSgO^Aq to Vj 02 ( 804 ) 8 Aq, 
or H 3 O 2 O 4 , ana evaporating; (3) by,digsolving, filtering, and‘bvaporating vacuo: the salt was 
V,0^oono. HjSOi, apd bdiUng in theoirlor not obtained pure. By dissolving V,{j 4 In 
some tini% In reaction (b) YjOj-xSOj seems to HNO,Aq Berzeiias (P. 22, 1)^ obtained a blue 
be formea and then partially rednoed, oy dust liq*ifid which probably contained hypovanadic 
or products of* combustLon of coal-gas, to* nitrate; but no solid could be i^lated, as on 
V 204 .xS 0 g; the products are mixtures of evaporation to dryness decomposition occurred, 
V, 04 .xS 0 . and V, 04 ,xS 0 , (Gerland, B, 11,98): wth formation of V 3 O 3 . V ,04 also dissolves m 
Hypevanadie disnlp^te, or normal diva- HjPOgAq; on evaporatioa* at 60® blue crystals 
nadyl wlphaUy V, 04 . 2 S 0 . or V, 0 «{S 04 )*. are pbtkined. which deliquesce ^ a bine syruif; 
iVimadyl svlphaU VO.SO 4 .) Prepared by orystalScare probably hypovanadu: phos- 

Umd {B. 10. 2109 [1877]; supplementing B, 9, phaUy but no analyses are given (B., lx,). 
869) by discedvingV 204 in a large exoec^ of cone. Berzelins obtained what were probably oom- 
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•iQQods AfljOji CrOjt ^oO)! 

•nd a tew owar aoidio ozidee {iftLehrbuch [5th 
6d.] a, 1063). > 

YAHADtOK P£NTOXipB Y^O^. {Vonodic oxide. 
Vanadio anhydride.) Mol. w. not kntfwn. Ho* 
preeented^j Berzelius aa VO, (V*» 68 * 6 , 0*8). 

Fof7ftation.--h By strongly heating any ot 
the lower oxides in ftiit or 0,-2. By heating 
NH 4 .YO, in sir to dulV redness.—». By de¬ 
composing YOGI, by water.—4. By heallag 
V,0,.4S0,. 9aq to bright redness (Brierley, C. J. 
49,824). • , 

0 Pri^roiton.—'Pure YOGI, is decomposed by 
water, and the ppd. V^O^is washed tUldheWash- 
ingr are free from acid (HOlAq is produced) and 
heated nntil dry (Schafarik, J. pr. 76,142). For 
the preparation of VjOj f''^m vafuidinite ana 
other sources of V compounds, v. Vanadium, Pre- 
paration of (p. 841). 

Properties.—A pale-yellow powder, with a 
reddish tinge. When heated to full redness out 


A, 109,85): traces of prevent the reduc¬ 
tion {Rosooe^ O. /. [2]'^, 831). — 8 . Heating 
with potaseium produces V^O| (Berzelius, P. 
22 , 1 ).—Y| 0 h is produced by heating Y, 0 | 
in a carbon orpoible (B., he.). For action of 
Mg, Zn, (ftc. 01 ^ , solutions of V^O^, v.*^^adcc 
SALTS, (p. 850).—5. Whem mixed with carbon 
and heated in chlorine^ V.^Oj yields YOGI, 
/Roscoe, *C. [2] 6 , 342).—*6. Electrolysis of 

molten produces (Buff a. WOhlor, .4. 
110, 277).—7. Accoi^ing to Bitto (C. B. 103, 
55), ftfeioti with ^^otassiuin cyanide produces 
V„0, (N, K..O, and OO.j being also formed). 
Garnot(tf. P. l84.ri803. 18fd); 105, 119) says 
that a tailing sohaion of }>otasnum ctjanitle pro¬ 
duces KVO, (CO.j and N being given off); and 
that by dropping*W.^Oj into excess of boiling 
KCNAq there is formed KaV,(\ (with evolution 
of N and CO.;). No analyses aro givep either by 
D. or C.— 8 . Ditte {G. B. 103, 55) assorts that 
the products jof the interuidion ol end 

_ _ »..IT \r n VXff\ 


of contact with any reducing agents, V^Oj melts, I potassium iodide or bromide are K.;y 40 ,, KVO„ 


and solidifies on cooling to a mass of yollow-rcd, 
crystalline needles, Appearing ruby-red by trans¬ 
mitted light; should the VA used contain V.; 0 ^, 
which is often the case when the V^Oj is pre¬ 
pared by heating NH 4 .VO,,tho solid obtained by 
fusion and cooling appears violet to nearly block, 
and does not seepi to be erj^staUine (Berzelius, 
P. 22,1). As* molten„VaO, cools nearly to its 
solidifyiog-point &uch heat is given out, and the 

massglows until solidificotioniscorapletc (B., I.C.). 

V 4 O 4 is said not to be changed at a white heat, 
provided no trace of a reducing agent is present 
(B., f.c.); but according to Read (0. J. 65, 313 
[1894]) molten VA gives off O, producing V.A, 
which on cooling in air" takes up 0 , forming 
steel-blue crystals of Vj 04 . The crystals of VjOj 
are rhombic (v. Nordensk'jold, P. 112,160). S.O. 


and I or ,Br. The reactions are said to occur 
betwe'ju '^0* and nioltou KI or KBr; and KIAq 
is said to react in tlio same way as tlio molten 
salt.—9. WhonV.;Oj is heated with molten 5 oro 7 » 
trioxide, a pale-yellow glass is formed, which is 
said by Ouyard {Dl. [2J 40, 351) tv> be a vanadio 
, borate; no analyses, composition, or methods of 
' purilication aro given.—10. V-.O., di^nohies in hot 
! cone. suJphuric acid, forming Y 3 O 4 .XSO 3 , gene-* 
I rally along with more or less Vj 04 .xS 0 ; (u. Vana- 
! DIO SALTS, p. B.50).—11. V;()j dissolves in cone, 
^lydrochloric acid \ Cl is given oft on heating; 
l^after thd passage of 1I.;S followed by evaportition 
»at 100 “ the oxychloride VO;Cl.xu^ is obtained 
(Ciwv^ C. J. 30, 457 ; cf. Vanadium dioxvmono- 
cuLonn)K,*p. H.'i't).—12. By diaaolving V,0. in 
cone, hydrochloric acid in jn'cscnce of platinie 
chloride. Brauner (il/. 3,58) obtained largo tablets 


(crystalline) 8*6 at20“ (Schafarik, . ... ' o/vivu mm v oio/t 

V..O. is odourless and tasteless; it reddens moist j having the composition 2 (VOLl;.l lUj. ilaq.— 
-jjg^ boiling water dissolve | 13. An oxyiodide 2 \ 01 ,. 9 aii is obtained, accord¬ 


ing to Ditto (0. R. 102,1310), by adding excess » 
of hydriodic acid to a warm aqueous solution of 
red V.; 05 , removing free I by shaking with silver 
powder, filtering, and evaporating in vacuo. 
(No analyses aro given.)—14. V.;Oj dissolves in 
hydrofluoric geid, forming a pale-yellow solu¬ 
tion, the colour of which becomes deeper on 
dilation (Piocini a. Giorgis, G. 22 [1] 65). 


litmus paper; 1,000 pts. boiling 
scarcely 1 pt. V,Oj (B., he.). With molten alkalis 
or alkali carbonates VjOj produces vanadates (q .v. 
p. 861). VjO* dissolves in conc.'HaS 04 , HClAq, 

HNO.Aq, or ^Aq (cf. Vanadic salts, p. 850). 

According to Ditte (C. P. 101, 698), VgO, 
exists in three forma: ( 1 ) red, obtained by heat¬ 
ing NH 4 .VO, in a closed crucible, treating/vith 

HNO, and repeatedly heating to redness; (2) - -^ ... . 

veUml), obtained by heating NH..VO, to 410° in ; Feterecu (/. pr. m iO, 271) » 

a stream of air: aid ( 3 ) cn/stofliiie, obtained by ! stflution m cone. HbAq contained VI*,, but he 
te 6 atin“tte yeiloTl,5r4with HNO.. ttnd-tben ! did pot eoparate thia 

lusininf D ews that the red form ia eomeiSiat i give any direct evidence in favour of ita eiiat- 
solubk in water 1000 o.o. dissolving 8 g. at 20'-*j! tence beyojd the preparation ftoiA th« solntiou 

SS tL yeTow foiX v^^^ ! o' VA ^ Vl”"vof Cd oSiJ 

thexrystalline form is insoluble, in water. He «i represented as ^F.Vb..VOP„ and other 
alstf^vs that the red form absorbs water from | ‘oompounds of 4be forma rrMF.pVOF, ana 
fh”aX“g*hydr|es with 2H.^ andOILO; 


and ttot addition of NHCI, KOI (and oshor Baits)* 
to an^ueous solution of the red variety causejl 
ppn. of a hydrate of the yellow form of Vj#^, 
which hydrate, when dry, is a dark-red powder 
o having tha composition VjOj.^PaO (-H 4 y, 0 ,) 
fcT fd is almost insoluble in water. (No analyses 
are given by D.) » , ., . a 

“ Beaetiona .—L When heated and kept moUen,* 

>« •_ - _J ..VMvka A ■* It rsnrtfsSn 


sptt urn wi rttUiess — _,_ 

t weight, V»0» ?f rednoed to VgO, (Sohaihrik, 


Bohitions of -VA crystalUsing, 

vanadoxyfluorides are termed; these c*^mpounds 
arc of the forms xMF.yVOFjandxMF.yVOJ (v. 

J^ANADOXYFLUOniDES, Y* 

fluorides are also termed by dissolving VA 
alkali fluoride solutions, and <f^y 8 talli 8 ing (cf, 
infra. Combinations, No. 6).—16. If a eHntion 
of VjOj in hydrofluoric add is partially redu^, 
and then eviporated witb> metallio fluorides, 
h^vanadoxyfluorides (g. v. p. 845) am formed; 
these salfct are of the form ^MF.pVOFg.*—17. By 
boiling V,0» with hydrogen peroxide swation, • 

B1 
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black Uqnid was oblained that deposited a black* 
brown cmst of indefinite composition (Cammerer, 
Ch4m, Zeit. 19, 9^7). — 18. By fusion with 
alkali or alkali carbonates^ yanadates are 
formed (o. Vakadates, p. 851). 

Camoinaiions. —1. With to^t, but not di¬ 
rectly, to form VgC^.H^O and V, 04 . 2 Hj 0 {v, 
Metavanadie add and Pyrovanadic add, under 
VAKADItJH OXTACIDB, AND SALTS ANI> m&UyATtVES 
XHBBEOF, p. 851).—2. With farions acidi^ 
oxides : (1) With SO, to fo«n V, 05 .a;S 03 , formed 
by dissolving VgO, in hot cono. H,S^,; ( 2 ) 
with Ab, 0, to * 101 X 0 VjOft.xASjOj; ( 8 ) with 
P 2 O, to form YfOtfePsO,; ( 4 ) y%th to fo^ 
(5) with MoO, to^orm V,0,.xMoO,*, 
( 6 ) with WO, to form V,0..«W0,; (7) with 
P. 2 O 5 and SiO, to form Y,0,.fP,0,.ySi0,. Most 
of these compounds combine With the stronger 
bases M^O ^d MO to form salt-like compounds. 
The compounds of Y^O, with SO, are described 
^.svanadicsulphates under Yanadi^balm {infra); 
the compounds with other acidia oxides are do- 
scribed respectively as arseno-vanadic acids a7id 
salts, iodo-vanadic acids, ifiolybdc-vanadi^acuh 
and salts, phospho-vanadic acids and salts, 
phosp^-8ilicO‘Vatuidic acid, and tungsto-vanadic 
acids and salts, under Yanadium oxyacids, and 
BALTS AMD DBBIA'ATiyBS TMEBEOP (v. pp. 853-4).— 
8 . With vanadium tetroxide to form oxides 
intermediate'between Y^O^ and Y^O, Hypo- 
,VAMADO-vANADio OXIDES, p. 851).—4. With vana¬ 
dium trioxide to form YjO^; produced by beat¬ 
ing equivalent weights of the two oxides out of 
contact with air (Berzelius, P. 22,1; Petersen,* 
J, pTk [2] 40, 193).—6. With alkali fhioridcs. 
According to Ditte (C. R. 105, 1007 ; 100. 270), [ 
several oomp^runds of the form are 

formed by fusing Y^O, with alkali llnorides, ex¬ 
tracting with water, and crystallising; D. gives 
formula) where x »1, 8 and 4, p »1,2,4 and 8 , 
and M»E and Na; but he does not give 
analyses *pf the salts (o. Yamadoxyfluobidbs, 

' Pr844). 

Hydrates op yanadic oxide. The hydrates 
V 20 ,.H ,0 =- HYO, and Y,0,.2H,0 - H,Y,0, have 
been isolated; these compouuds are acids {v. 
Yanadxo acids, p. 861). Ditto (C. R. 101, C98) 
asserts, witliout giving analyses, that a peuta- 
hydrato YjOySHgO is formed by ‘absorption of 
water from the air by the red form of (v. 
Vanadiumvpentoxide, Properties, p. 849)-, 

YANADIO SALTS YA.xX (X«aoidtc 
oxide). A fe't^ compounds of this form have 
been isolated. The sulphates have been better 
studied then *tbe other salts. Two sulphates, 
VaO,.2SO,.xHjO and t,0,.8SO,.x^O,'have been 
isolated. If x is taken toibe 2 in the first saL 
and 8 in the second, then the ^ormuiie may be * 
written as (Y08),S0vH.^S04.H,0 and ^ 
(V0,),S04.2H,S04.I1,0 respcTctively; ^ ‘ 

C(YO,),SOL.H,&04.H,0 - Vi0,.280,.2H20: 
(V0,),S04:2H,S04.H,0»Y,0,.8S0,.8H,0], H the 
salts are anhydrdas, as seems most probable from^ 
the analyses, then the forrauiss may be written 
^0^,804.80, and (Y0,),S04.2S0, respectively. 
Keitq^ of the salts can be r^;arded as the nor¬ 
mal salt. The sulphates are obtained by dis-* 
mlving Y,0, in hot yono. H2SO4. ' 

Vanadie ditulphate Y,0,.2SOa{? 
Prepared by Berzelius (P. 22 , 39); <ixamined 
•Iso by Pritsohe (/« pr. 53, 98), GerUnd (B. 11, 


98), and Mfinzig (C. 0. 1889 (ii.) 908). The 
salt seems to be without water of orystallisation; 
Be (i.c.) says it crystallises with HjO. V, 0 , is 
dissolved in hot oono. H 3 SO 4 , and the solution is 
boiled for a oonsiderable time, when small 
crystals separate, some of which are Jurown and 
some ruby-red, lustrous, and transparent. The 
crystals are heated in a Jiath of molten Idad until 
SO, ceases to be give^' off (G., l.c»). According 
t<A Mdnzig (i.c.), the orange-coloured crystalline 
powder that separates when Y,0, is added to 
boiling cone. H 2 SO 4 until the acid is saturated 
is YjOySSO,. By keeping a solution of V,0, ii^ 
a large ei^iess of cone. H,S 04 at 130^-150° for a 
long time, Gerland (f.c.) obtained a hard, opaque, 
sealing-wax red, crystalline ornst oomposed of 
T,0, and SO, in approximately the ratio 
YA:2S0,. 

Y 2 O 4 . 2 SO, [«(VO,),S 04 .SO,l is described by 
G. {l.c.) as a clear red, crystalline, deliquescent 
solid; addition of a drop or two of water ppts. 
Y,0,.xH,0. 

Yanadic trUulphate Y 203 . 3 S 03 (? xH^O). This 
salt seems to have been oHained by Berzelius 
{l.c.). Ditto {C. R. 102, 757) gave x the value 
3; Oerland’s analyses (f.c.) were inconclusive, 
the percentage of water found varying from *8 
to 7*3. G. (2.C.) prepared this salt by long-con¬ 
tinued boiling of a solution ol^Y^O, in a largo 
excess of cone. Ho^i; spiall cry^.al 3 separated, 
some of them brown and soAie ruby-red and 
transparent (probably regular ootahedra). When 
the boiling was not continued for so long a time, 
G. noticed that* fine, golden-yolloV', lustrous 
needles separated. The composition of the 
crystals in each case was very nearly that 
required by the formula Y^Oj.OSO,. More or 
less Y 2 O 4 . 2 SO, was always formed; G. found 
that addition of a little HCIO, prevented the 
formation of much Y 2 O 4 . 2 SO,. 

Y 2 O 5 . 3 SO, is very deliquescent; soluble in 
cold water or alcohol; a slight rise of tem¬ 
perature suffices to ppt. Y.A.xHjO. By adding 
to a solution of this salt in cold water the 
proper quantily of E 2 SO 4 , G. (f.c.) obtained 
small, amber-yellow crystals, which, after a few 
w^ishings with cold water, pressure between 4 
paper, and drying over H 2 SO 4 , had the composi¬ 
tion of the double salt Y 20 ,. 2 S 0 ,.E 20 . 6 aq. The 
same* crystals w^re obtained by using the 
disulphato Y 20 ,. 280 ,. Beplaoement of 
K 2 SO 4 by (NH 4 ) 2 S 04 produced the double salt 
double salts were 
obtiined by using NojSO, or MgS 04 , the 
tiisulphate (Y 2 O 4 . 3 SO,) crystallised unchanged.*^ 

Gerland (B. 11,102) found that when a solu¬ 
tion df YjO. in hot. cono. HgSO, was largely 
diluted and ^dialysed, H 2 S 04 Aq passed rapidly 
through the*-dialyser, along with small quan¬ 
tities of V compounds, untU the liquid fii the 
dialyser oontainod Y,0, and SO, in th#* ratio 
Y 2 ( 1 ,. 3 S 0 „ after which SOjAq passed very slowly 
through, and the composition of the substance 
in the dialyser gradually approached Y,0^.2SO,. 
By dialysing a mluted sokition of Y,0, m cold 
cone. H 38 O 4 , the conditions being the same as in 
l^e experiment with the hot aoid, G. found that 
SC^Xq passed^ through the dialyser regularly, 
and that, after a time, the ratio of V, 0 , to SO, 
in the dialyser was 1:1*82. G« supposed these 
resuKs to mean that a solu^pn of v, 0 , in eold 
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eontains loose, easily deoomposed com- 
poands of 7,0. and 1 ^S 0 |, bat that a solution 
of V« 0 ,<in hot H 2 SO 4 contains Y^O^.SSO,, whio^ 
graduimy loses SO, until Y,0,.2S0, is formed. 

Solutions of V,0, in cona H^SO^ be re- 
duoed to sulphates of lower oxides (Boscoe, 0. J. 
[21 6,8344 ftammelsberg, J3, B. 1880.787):—Zn, 
Cd, or Na-amalgam causes reduction to lavender 
solutions of Y,0,.icS0,; Mg effects reduction to 
green solutions of Y, 0 ,.a:S 6 ,; and ILS, SO^^r 
oxalic acid reduces only to blue solutions ox 
Y-O^-^SO,. * 

• By fusing V,0, with 3,0, (Guyard, Bl. [2] 
25, 354) obtained a green glass, which he.took 
to be a vanadic borate ; no analyses or*descrip¬ 
tions are given. 

The compoundsof 7,0, with As^Oj, 

MoO,, and WO, respectively^-or some of theao 
compounds—may perhaps be regarded as vanadic 
arsenates, iodates, &o .; v. Arbeno-vamapio acids 
AMD SALTS, lODO-VANADIO ACIDS, <S:C., p. 853. 

Hvpovanado-vanadio qxldes. Several oxides 
seem to exist intermediate between V 2 O 4 and 
VjO,. Bosooo notice^d that 7,0, gradually ab¬ 
sorbed 0 and HjO from the air, forming a 
greenish solid; Briorley (C. J, 49, 30) found 
that a pale grass-green substance was formed 
after some months, having the composition 
Y,0..2V,0,. 8 aq = Y,0,.4aq. By dissolving this 
solid in dilute HjSO.Aq, and neutralising by 
KHOAq, B. obtained 2 V* 0 ,. 4 V 20 ,. 6 K, 0 . aq. By 
gently heating the compound 
2 V 204 . 3 Y 20 j. 3 {NH,), 0 . Oaq (v. Eypovanado- 
VANADATBS, ». 863), B. (Z.C.) obtained a dark- 
green solid That absorbed water from the air, 
and then had the conSposilion 3 ( 720 ,.VjOJ. 8 aq 
=* 8 Y 4 O,. 8 aq (c/. Ditto, 0. li. 101, 161; also 
Manasse, A, 240, 23). 

Compounds of SO, with oxides intermeuiato 
between V^O, and 7,0, are formed by the re¬ 
ducing action of zinc on solutions of 7,0, in 
HjSO, {v. Bommelsberg, B. B. 1880. 7H7). 

Yanadium ozyaoids, and salts and deriva¬ 
tives thereof. Two oxyacids have been isolated, 
H70, and H 4 Y 3 OT, corresponding with HPO, and 
H,P,0,; salts of these, also salts of the tribasic 

f pid HjYO,, and several more complex salts, are 
QOWD. Salts derived from the hypothetical 
hypovanadio acid 7,0,(OH), (» 2 V. 20 ,.H 20 ) 

have also been prepared; and several compoifnds 
are known which are most eimply regarded as 
» 7 , 04 .y 7 , 0 ,.AMO, and which may be called 
hypovanado-vanadates. 7,0, also combines 
with several acidic and basic oxides 6 imul%- 
neously^o forzfl compounds of the general formJ 
fl}7,0,.yX:a;M0; these compounds are generally 
described as arseno-vanadales, phospho-Ana- 
datesfAo. *• 

7ANAD10 ACIDS. Two vangdio acids, 


JU.4V,V/7, uaio uoct* 

the thid acid, H, 704 , are knou^, but the acid 
itself has not certaiiily been prepared. 

Metavmiadio acid HVO,. (Monobasic 
vanadic acid. Monohyd/raU of vanadic oxide 
%0,.H,0.) Gerland (^. 9.872 [*876]) prepared 
thifl acid by adding an excess of NH 4 ClAq to 
cold CaS 04 Aq, then ^ding • KHYO,Aq ^iU a Ad metavanadates, 
peimanent pp. formed, heating to 75^, washifig Msxavamadatzs MWO, or II,0.7|(V 
the lustroua yellow scales that sloYfly separated ^Ammonium metavMi^^ NH 47 O 1 
with dilute H,^ 4 Aq and 80,Aq (to remove 
7^J, then wasting with water, and drying at 


100 ^ until the smell of KH, ceased. Manassa 
(A. 240,52) obtained liYO^by decomposing cono, 
solutions of the Ca, Mg, or Sr salt by a little 
HNO,Aq, *and PP* dilute 

HN0,Aq, tmd then with hot water. Metavanadio 
acid forms go|d 4 n-yollow crystalline scales; it 
is unchanged m*air; dissoUes very slightly in 
water; insoluble in absolute alcohol; soluble in. 
KH,Aq, KOllAq, or NnOllAq. By adding 
NH 4 VO,Aq«to CuSO.Aq, iUtoring from the pp. 
that formed, and <ya!y.sing for several days, 
GerlandJ/.c. p. 874) obtained a solution in 
dialysei^f vanadic acid, wlucii Remained cloak 
wlJbn heated, an^ oi^continue*d evaporation gave 
a pp. of red amorphous Metavanadio acid 

forms a series of salts (u. Mktavanadatbs, infra). 

This compountteis listed as n colour in place 
of gold bronze, uidcr the name of vanadium 
bronze. According to Giiyavd (Bl. [2] 26, 350), 
the substance commonly known as ^runadium 
bronze is really an ammoninm vanadate. 

Pyrovanadift ^ acid 11, {Telrabasio 
vaniiilic acid. Dihijdrate of vanadic oxide 
V20i.2Il20f) This acid is obtained by decom- 
4)osing*a fairly cone, solution of an alkali 
vanadato of the form M^V^O,, or M^Y, 0.4 {V. 
Tethavanadates and lIt;xAVANAnATEs, p. 852) 
by HNO.,Aii, washing with t!old water, and drying 
in the air (von llau^'r, J.pr. 80,3**1). According 
to Ditto (C. li, 101, IJ9H), tlio red ternu>f 7,0, 
(f. p. 819) absorbs if^O from the air, Torming 
V20,.2I1...0, and also V20,.5I1./). Tyrovanadic * 
acid is dcscribcil as a brown, uinorphous powder, 
resembling FeOJI,; dried over H2SO4, it is said 
to lose h||^ its water. Very sliglitly solublj^ in 
frater; the solution is clear yellow; it reddens 
5tmu6.| II4V2O, is insol. in absoMIte alcohol; 
it dissolvcsereadily in ^lI,Aq. For salts of this 
acid V. PvnovANADATKS (p. 862). , 

VANADATICS. The greater number of the 
vanadates belong to the aeries (1) MVO„ (2) 
M,V.,0„ (3) M,V04. (4) M2740,„.or ( 6 ) 

M^V^O,,. • Series (1), (2), and (3) may oe 
called normal salts; the formulie may bo 
written as (I) M.O.YjO,, (2) 2 M 2 O. 72 O,, and 

(3) 3M., 0 . 726 ,. Series (4) and (5) may be called 
acid salts; the formulie may be written as 

(4) M 2 O. 27 .A 1 and (5) MaO-SV-^O,. Acid salts 
arc also know^ intermediate between series (1) 
and (4): the chief of tbeso are (6) 3M20.4V,0, 
«M,vA, (M20;720,= 1:4), (7)8M2a57,0.- 
M«y,„ 0 „lM 20 :V 2 O, = 1;J .•), and ( 8 ) 2 M 2 O. 872 O, - 

(MjOiVjOj-lrli). A fewe salts of the 
form 4M..0.V20,-M,720p (MjOVjO,-!:!) may 
be called basic salts. Boine salAs, espeoially 
those of Bi^and Tl, bcloi% to more complex 
fojpns. ^ 

• Itescoe (0. J. [J] 9, 28) has shown that the 
alkali oi^ovanadates, M,704 or SMjO.YyO,, are 


H70. Mid H.7,0„ have been isolated ;*6aUa of I Asily dWe^posed aqueous solution at the 


ordinary temperature t(sp’yr<fvanadhte 8 »M 4720 „ 
and MOHAq; bat that orthovanadktes are 
formed, rather than m,ta- or pyoo-vanadatea, by 
{Being V,0, with alkali carbonates; farther, that 
aqueous solntions of alkali pyratranadatea era 
really decomposed by CO, to alkali oarbq^ies 

- - Ob- 

tained by •dissolving V, 0 |UrH ,0 in axoeif o( 
NH,Aq, warming, and aUowiiig to OT^pont* 
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rotmt k white, etystalUne ernet. JWeeolvee 
elowl; in cold weter^ quickly in boiling water. 
Decompoeed by heat, giving V,0, when air « 
present. According to Berzelius (P. 22, 1), 
when a solution ol V,0.jeH,0 in excess oi 
NHiAa is allowed to evaporata without having 
been heated, NH.VQ, acparates'in lemon-yellow 
crystals (v. B., Z.c.\! Bosooe, C. J". [2] 6 , 322; 
Ditte, C. B. 102, 918; Norblad, ^ 8 , 126; 
Wagner, £>. P. J. 223, 633 ; Bottger, <?. 0.1873 

*^*^ariam metavanadate Ba(VO,)„aq. A 
yellowish-white ,pp.; obtained, along mth red 
crystals, by ppg- by BaCl,Aq 

(Manasse, A. 240, 23). SI. 1»1. in watSf. Loses 
HjO when heated to o. 200” (Berzelius; Norblad, 
lx.). a- 

Potassium metavanadate I^VO,.a:aq. Formed 
by dissolving VjOj in KOHAq in the ratio 
VD^hOi*. Various hydrates have been ob¬ 
tained as white crystalline solids, melting to a 
clear yellow liquid, which sohJ.fios to white, 
lustrous KVO, (i). Berzelius, f.c.; Ditto, O. B. 
104,902,1061,1168). * ' , v 

Sodium metavanadate NaVO,. Obtahied by, 
Bosooe (C. J. [2] 9,31) by fusing VA andNa,CO, 
in the ratio VA:2Na,CO„ dissolving in water, 
crystallising Na.V^O,. 18aq,_ and passing CO, 
into an aqucoifl solution ol this salts when NaVOj 
crystallised out and Na.,CO, remained in solu¬ 
tion. Alba'll yellowish-white crystals, probably 
' monoolinio prisma, melting readily and solidify¬ 
ing to a yellow crystalline mass {c/. Norblad, ip.c.). 
Hydrates with 2, 4, and 6 HjO have been ol^^ 
tainpd (c/. Ditte. Z.c.). . u- v 

The other metavanadates that have beorr 
prepared ara 0d(V0M)2 (Ditte, C. it. 104,4705)? 
Oa(VO,)j. 4aq (von Hauer, J. pr. 69, 385; 80, 
824; Manasso, A. 240, 23 ; c/. Bosooe, C. J. [2] 
'tf, 32); Co(VO,),. 3aq (D., l.c. ; Eadau, A. 231, 
114), forma double sails with KVO, (B., Z-c.); 
Pb(VO,)* (B., Z.o.; D., Z.c.); LiVO,. 2aq (Ditte, 

, C. B. 104, 1168); Mg(VO,) 2 . 6 aq (D., Z.o.; 
Sianasse, Zx.); Mn(VO,)j. 4aq (Eadau, Zx.); 
AgVO,.4NH,.2aq (D.. Z.C.); MVOJ^-daq (Nor- 
blad, l.c. ; Manaase, I.c.); Zn(V 03 )j. 2 aq (D., t.c.). 
OBTHOVANAnATKS bDaVO, or SM-.O-V-.O,. 
Potassium orthovanadate K,VO,. Obtained 
• by fusing VA with KjCO,; decomposed by 
water, giving KOHAq and K^V^O, (Eainmels- 
berg, B. B. 1883. 3). ' 

Sodium orthovaiiadateNa,VO,.xHA Boseps 
(0. J. [2] 9,<29) obtained the salt with 16AO 
by fusing V.O, and Na,CO, in the ■ ratio 
VjO,:SNa.,CO„ allowing to cool, dissolving in as 
Uttle oolit water as possible, quieklji adding ex¬ 
cess of cono. alcohol, allowing to stand tor soipo 
hours, washing the orystalsthat formed with emal) 
quantities ol alcohol, and drying o_i^ poroM 

f late over HaSOx in CzuCimwicz, x\ 

20,84; Kai&mmsberg, B* 1883. 8 ). Bkkor 
(0. J. 863) obtained Na,V0,x!Hi,0 with 
0 - 8 ( 7 ), 10 , an 412 ; he a^ obtained the double 
salt Na,V0,NaF.19H,0. TJje orystallins formt 
•re given by and the various hydrates, of 
jIa,V(». are shown to be isomorphous with cor¬ 
responding arsenates and phosphates. Na,VO.At. 
changes to Na.V,OAq “d NaOHAq; the change 
oocura slowly at 'ordinary temperatures, a,nd 
(•pidly lA higher temperatures (B., 

Xh* other orthovanudates that have been pre- 


10,T, 

.PbCl, 


pared are OasfVOXCaOl, (Hantofeulllc, O. B. 

600; 104 , 601 ); Pb,(VOJ, and 8Pb,(VOJ,.Pbt;i 
(B.,i.c.); Ag.VO, (i, Zx.l; T1.VO. (CasneUey, 
C.X26, 823). 

PiBOVANinATXs M'jVA O' 2M,0.V,0,. 

Barlmn pyrovanadate Ba^A- Obtained, as 
a white amorphous powder, by Wdir^BaCljAn, 
to freshly-prepared Na,VO,Aq, waging, and 
drying at 100°. The ssalt is slightly soluble in 
water (Eoscoe, C. cTl P] 9, 83h « - , 

' 'Potassium pyrovanadate K,VA- Hard, de¬ 
liquescent monoclinic prisms, formed by adding 
KOHAq to KVOjAq, rapidly evaporating to a 
syrup, an^ placing over H^SO, (Norblad, B. fck 
126). - 

Sodium pyrovanadate Na4VA4®®s9' 
.Formed by fusing VjO, and NagCO, in the ratio 
V A:2Na.,CC)„ dissorlving, andorystalUoing; also 
by exposing NajVO.Aq to air free from CO., until 
addition of alcohol ppts. silky scales (Na.V.O,) 
(Bosooe, Z.C., p. 31). White six-sided tables; 
e. sol. water, insol. alcohol. Na,VjO,Aq is de¬ 
composed by CO., to Na.,CO,Aq and NaVO,Aq 

(B-. *•'•)- 

The other pyrovanadates that have been pre¬ 
pared are 2Ca,VjO,. 6aq (Bosooe, Z.c,; c/. Ditte, 
O. B. 104,1705); Cu.,V.,0,. 3aq (von Hauor, Zx.); 
Pb.V.O, (Ditto, Zx.); 2 PbjVjO,.PbO (Bosooe, Zx.): 
Li,V.,0,.6aq (von H., Z.C.); MnjVjO, (Ditte. Z.c.); 
Ag.V.O, (Bosooe,I-Zx.; Ditte; Zx.); Tl.VA 
(CameUey, 0. J. 26, 323); ^niVjO, (D., Z.c.). 

Tetiulvanadates Id/V,0„ or M 2 O. 2 VA (ulso 
called diva-nadates). 

Ammonium tetravanadate (NH,j,V.O„.xaq; 

0 = 3 or 4. Formed by adding a little aoetio 
acid to boiling NH,VO,Aq and evaporating in 
vactio; also by saturating NH,Aq with VA 
a closed, warmed flask, and allowing to eva¬ 
porate ; red prismatic crystals with a golden- 
yellow sheen (Berzelius, P. 22,1; Eammelsberg, 
B. B. 1883. 8; von Hauer, Z.c.; Ditte, C.B. 102, 
918). 

Potassium tetravanadate xaq : 

0 = 3 , 4, 7, and 10. Obtained by saturating 
KjCOjAq at 80° with excess ol VjOj and allowing 
to cool; also by adding aoetio acid to V,0, in 
KOHAq, concentrating at 80°, and letting oooL 
(Ditte, G. B. 104, 902,1061,1168; of. Norblad, 
B. 8 , 126). Orange-ooloured tablets (t>. also 
Giblons,O.N. 80.267). 

The other tetravanadates are CaVAi-udq 
(Manasse, A. 240, 23); PbVAi (Ditte, Z.c.); 

Li jV„0„.9aq (Norblad, Zx.): MgV,0„.9aq. (B., Z.c.; 

Yoo Hau 6 T« {iCe} > NiViOjieSaq {Radau» A, 251« 
114); Na,V.0„.9aq (BerzoUus, P. 22, C; von 
HaaoXi i.c.; Norblad, i.c.); SrV 40 |i. 9aq (B., teC.; 
von H., Z.C.). „ „ 

HsxAVAijMOATEa M.,W,0„X!AO or e 

MA3VjO,.aiHjO (also called InvanadatM). 
These sftlts have been described by IJorblad 
"(B. 8 , 126) and Ditte (0. B. 104, 90St 1061, 
4168). The chief are those where M,-(NH,)» 
Cfd, Ca, Kj andNa,. . ,v 

The principal vanadates belongmg to otn« 
series than thoge already mentioned are the fol-' 
Sowing :-(l) 3MA4VAT-M.“V,0„). 

, and £ ( 0 . Manasse, Z.e.) r ^ 

h2V ^0.6VA (-M“,V„OjL.MyBa. Ife X 
(ir Manasse; Zx. ; Bwau, A. .4)51, 11^ 1 

( 8 ) 2M0.8VA (-M“,V.O„ 1 , M-lNHJ, Ba. 
R,Me, K.. Ne, (o. Ditto. tc.»i*lK> O.B. 96. 
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1048 I Manasse, l.c. ; Norblad, lx.) ; 
(4) 4k,0.Vg0*(-iM»,V,0,). M»Li and Na (v. 
Ditte, 11^). • 

Serem other vanadates not belonging to any 
ci these series have also been described; for Ca 
and St sa\|s (and doable salts), v. Manasse 
and for Tl salts v. Camelley (C. J. 26, 823). 

HYI^^VANADATES.. Salts of hypothetical 
hypovanadio acid V^OjfpH)* («= 2 V, 04 .Hj. 0 ). 
These salts belong to the form M*,V 40 ,.x 3 djD 
{ = M, 0 . 2 V* 04 .xHP). The formation of the NH, 
and K salts was described by Berzelius; a series 
^f salts was prepared and examined by Crow 
<0. J. [2] 15, 458). The alkali salts af® obtained 
by treating fairly cone. VOjClAq (r. Hvi>iuted 
VANADXOM DioxyuoNOOHLOBn)B,p.864) with excess 
of caustic alkalis, allowing^he pps. to settle ift 
closed vessels, washing with alkali solution, then 
with dilute alcohol containing a little acetic 
acid, and finally with alcohol alone, and drying 
between paper. The salts'of Pb and Ag arc ob¬ 
tained by ppn. from a solution of the K salt. 
The salts form brown to block crystalline pow¬ 
ders ; the alkali saits dissolve in water. Crow 
prepared salts with =» (NHJ,, Ba, Pb, K„ Ag,, ‘ 
and Na*. 

HYPOVANADO-VANADATES. Salts of the 
form nVj 504 .wVs 05 .pM 5 j 0 urH, 0 . Alkali salts of 
this series wero^obtuined by_Brierley (C. J. 49, 
82) by reducing VsOjAg by SOj, adding VjjOj in 
alkali, then a slfght excess of alkali, and then 
acetic acid; pouring into alkali acetate solution, 
washing the pps. with alcohol, and drying over 
CaCla, T*e salts crystallise fli greenish-black, 
or black, prisms. i;^e following were prepared: 
( 1 ) 2V204.V30s.2Na.,0.13H20; 

(2 2V,04.V.40,.2Kj0.GH,0 ; 

( 3 ) 2 V, 04 . 2 VA.(NH.).. 0 . 14 Hj 0 ; these spits are 
wluble in water: (*4) 2VA-'4VA-6K^0.1l,0; 
(5) 2 V, 04 . 4 VA- 3 (NU 4 ).p.GH. 40 ; these are in¬ 
soluble in water. 

COMPLEX VANADIC ACIDS AND SALTS. 
Vanadio oxide VgOj combmes with several an¬ 
hydrides, such as AsA, IA» Ao., and many 

of the compounds thus produced combine with 
basic oxides. The compounds of VgO* with 
certain anhydrides are generally regarded 
acidic; and the compounds formed of VA» 
hydrides, and bases are usually classed a| salt- 
like substances. It is quite*likely that many of 
the compounds of VjO.witt anhydrides, such as 
AB 3 O 4 , PjOj, * 0 .. would bo better classed as salts, 
just as the compounds of VjOg with 
classed as salts. 

Abskno-vanadic acids and salts. By boiliAg 
VA with excess of H,A 804 Aq, aud <yncen- 
tra4ing the solution, Fernandez 17, 1032) 
obtained lustrous, golden-yellow crystals of 
V,0«A8,0..11aq (c/. Friedheim*a. SebmUz- 
Di^nt, B. 23. 2600). Gibba (P. A. 2?^ 
5<^tamed xYgO^.i/AaP*. e&q (x and y proba¬ 
bly either 6 and 8, or 7 and 6), by decomp<^ng 
a mixture of Na vanadate and arsenate by 
HNOtAq. For various compounds of the form 
«VA.»As,0..i>M0.%here m Ad n are 1 and^, 
3 and 8,1 and 2. 2 a«d 1. Ac., and p varies from 
Fto'6. o. F. a. G-c.)i • • ♦ • 

lODO-vv*®^" AoxDS. Ditt® ((J. B. 102, ®7) 
aays that compounds of YjOg and IgOi are 
formed by he^^ VA with cone. H10.Aq; he 
^ves formula, bii no analyses. • 


MOLVanO-VANADIO ACIDS AND SALTS. For d** 
scriptlons of numerous compounds of the forms * 
xV.Pi.pMpO,. raq, a:YA*y“oO,.pMO. saq, and 
also xV,Oj.yMc^),.wP,Og.pMO. raq, v* Gibbs 
(P. Am. A. is, 232). 

PnoBPno-va^dlDio acids and salts. . Various 
compounds of VA» FjOj. Mid H,0 arc described 
by Gibbs (P. Am. A. 21, 60); Ditto (C. li. 103, 
757) alsA assigned formula to substances ob¬ 
tained by hAUng VA-i with cone. H:,P04. 
Friedheim (B. 23,1530) obliiijunl V._.()j.PA*^l^^ 

I by dissolving V5O.S in syrupy liJ’OV 

Fordescriptloiis of a groat many compounds 
of the ^orm raq, v. Gibbs 

(Z.c.); and cf. FriAlhciin (l.c.). 

F. divides the compounds formed by reacting 
with Y;,0^ on alka^ phosphiiti s into two claBses, 
which he calls •Zuh’o- and purpurea- com¬ 
pounds. 

Luteo- compounds arc formed by (^) the inter¬ 
actions of phosphoric and vanadio acids in 
solution; (2) iutcraetiofts of solutions of 
phosphates anil vanadates in jircsenco of small 
quant^iet of acids; fl) the intoractiona of solu¬ 
tions of phosphates and vunadic acid; (4) the 
interactions of vanadates and phosphoric acid, 
by heating solutions nearly to boiling and eva¬ 
porating. Tliese compoiirnls ari^yellow, granu¬ 
lar, and indistinctly crystalline; the alkali com¬ 
pounds arc very slightly soluble i%w^or, solu¬ 
tion being accompanied by decomposition. Tho 
following luteo- compoumis aro described by P«J 
Vj0-,.P,0,.2H 0. Oaq. 

•V..O,.P.04.(N}[,),.O.li .0.2aq, 
2VA‘I^G,.(Nli;)A7aq, 

V.,6vP.O^.K,0.11.0.2aq. and 

2V.,6j‘P 7aq. • , u j- 

PurpiAeo- compounds are formed by dis¬ 
solving vanadic acid in c<tnc. solutions of alka^ 
phosphates, and by adding phosphoric acid to 
cone, solutions of alkali vanadates; in each 
case the solutions should bo strohgfy heated. 
The pu^urco- compounds described by F. bolo^ig • 
to the form 12V./VP P4.7M.,0.2Gaq; they aro 
dark-red crystalline substances, sol. in water. 

F. regards the luteo- compound of the form 
V.PvFP .2HjO. 9aq as acid phosphate of the 
radicle VO^^thus (V0,)H,P04.9aq; he com¬ 
pares this frith the acid orthophosphates 
MH,.Ep,. Tho compounds of the form 
V.pj.5o,.M.p.H20.xaq aro looked otP as double 
Ubid phosphates of alkali metal and VO,, • 
I thus Nn4(V0.,)nP04. Tho lot«)- compounds 
I 2V.^6,,.P,Oi.M,b. xaq aro formulated by F. aa 
1 double compounds of alkali mbtl^an%dateB and 
! (VO..)lliV6 ^; thus 2V.A*P8G»‘Ka0.2H,0. 5ax| 
a. 2(KV0,.(V0,)H.PQ4. 2\aq). The purpureo- 
compounds which belong to the form 

dqpbl^jSnpoundsiof qciij van^ates and acid 
phosphates; this vi<8v of their conatitution is 
exprosled by the staiemont 
k 12V,0,.P.,0,.7M,0. xHP = » 

^P,0,.2M,b.H,0 + I2VPy6M,0 + (»- 
These views of F. are considerahiy modified ixk A 
later paper {Zeit.f. anorg, Chemie, 5, dS^l^where 
the purpureo- compounds are looked on aa dl- 
vanadateewfth someVPti^morphoualyraplaodd 
by PP,. According to F., many of the anbataoMa 
described by Gibbs and by Ditte do not exist- 

Berzelius (P. 22, 1) described a eompoond 
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and 8 iO» mih H, 0 , which may ba 
named j 7 h^ho> 4 iZico*«anadic acid. 

Ti 7 MaaTt)-vAKAi>to‘AcxDBAin> SALTS., The com* 
nnds of VjO, with WO, an^. bases that have 
en described are very namerons, add the for- 
mnlsa. given are generally eiiremely complex 
(v. Gibbs, P. Am. 18, 232^, Eosenhoim, A. 
251,197, 234; and especially Friedheim, B. 17, 
1505; 23, 1506; 24,1173). • 

Vanadium, oxybromides of. Two rompoundb 
of V with 0 andBr have been isolated; VOBr, 
and VOBr„ corresponding with two oMhe five 
oxychlorides. 4^ocording to Schafarik (?/. A. B, 
S3, 14; 47 [11] 1^61), othjr exybroi^ides also 
exist. ^ 

Vamadium: oxvDiBROBiina VOBr,. {Vanadyl 
dibromide] A brown, dei'quescent powder. 
Prepared by heating VOBr, (v. infra) ; decom¬ 
position to VOBr, and Br occurs slowly at tem¬ 
peratures * below 180°, and suddenly at 180°. 
Heated in air forms ; dissolves in water, 
forming a blue soVution (lloscoq, J. [ 2 ] 0,20). 
Ditte (C. Jtt. 102, 1310) says that a compound 
V 0 Br 2 . 4 H 20 is formed,* as dark-gfeen, deli¬ 
quescent crystals, by treating red V^Ui with* 
HBr. B. writes the formula V 2 OjBr 2 . 2 HBr. 7 iLO. 

Yamadicm oxi’TRumoMinx VOBr,. {Vanadyl 
tribromide.) Prepared by passing vapour of 
pure Br over VjO, heated to redness, condensing 
the yellpwiyh-white vapours that arc formed, 
removing excess of Br from the red liquid by 
"heating to 40°-60° at 0 .100 mm. pressure in a 
current of perfectly dry air, and then distilling 
in vacuo (Itoscoe, 0. J. [2J 0, 24). VOBr, is v 
red,.very hygroscopic liquid that boils,at 130°- 
136° at 100 mm. pressure; S.G. 2 0673 at 0°^| 
2‘9326 at 1V6°; decomposes slowly tt the 
ordinary temperature, and suddenly ut 180°, to 
^VOBr, and Br (11., l.c.). 

Vanadium, oxychlorides of. Five compounds 
of V with O and Cl have been isolated; YOGI, 

' VOClj, VOCl„ VACi. and YO^Cl. oraq. 

Yamai>iuu oxYMONOCHrx>Rii>B YOGI. ^Va7iadyl 
fkonochloride.) Obtained by the regulated re¬ 
duction of YOGI, by II. The mixed vapours are 
passed through a red-hot tube; YOGI is de¬ 
posited near the end whereat the vai>ours enter 
the tube. A brown, light, llocculcnt powder; 
insol. in water; easily dissolved by llNOjAq 
(lloscoe, C. J. [2] 6 , 347). ^ 

Vanai^cm oxYDiciiLoRinK YOGI,, i^anadyl 
dichloride.) Prepared by heating a slight exco-is 
of YOGI, with ssinc for some days in a sealed 
tube, at 400°, cutting off the part of the tube on 
which the auVMmate of VOGlj has formed (V-A 
and ZnOl, are the'^ther productfi), quickly 
placing it in a wider tube.,and removing YOG.', 
by heating in a stream of ary COj at 130°. Also- 
ootained by passing vapour of VOClyjind H 
through a red-hot tube; VitCl^isi^ep'J^edEgiax' 
the end of th^'tube whereat the gases enter, and 
V,0*CI al^ the further end of the tube (iloscoe, 
I.C., p. 348). Lnrtrous, gra^s-green, deliquescent 
tablets; S.G. 2*88 at 13°; dowly decomposed 
by water; soloble in dilute HNO»Aq. Acorn- 
poondrt with PtCI,, having the composition 
2 (VOCl,.PtCl 4 ). 21 aq, is said by Brauner (H. 3,* 
68 ) to be formed dissolving YjO* in cono. 
HCLAq in presence of PtCl^Aq. 

YAttADiuii oxTTBXCHiiORma YOGI,. r{yaiMdyl 
|rtc/(loride.) Mol. w. 173*27. 


Formation. — 1. By heating YA gently in 
a stream of Cl (Berzelius, P. 22, D.~9. By heat- 
ifig a mixturo of YA 0 in Cl. * 

Preparation. —A mixture of y,0, and sugar, 
oharcoahis heated to redness in a stream of dry 
H, and allowed to cool in that gas; % stream of 
dry Cl is then passed over the mixturel^ which U 
heated to redness, and^he product is oondenaod; 
the Hquid thus obtj^ined is heated for soino > 
btf Ars in a flask with an inverted condenser, in a 
current of dry CO.^, and then rectified ov^r Na 
(Roscoe, C. J. [2] 6. 342). 

Properties arid Beactions.—^ clear, mobile^ 
lemoh-yeflow liquid (Berzelius, l.c.; Roscoe,2.c.; 
Schafarik, A. 109, 85). S.G. 1*836 at 17*6°, 
,T-828 at 24“ (E.,?.c.); 1-88534 at 1-63073 at 

b.p. (Thorpe, C. J'.'b?, 348). B.P. 127-19’’ (T., 
lx.). S.V. 10625. Does not solidify above 
-15° (R., U.). V.D. 88*38 at 186° (R., l.c. ; c/. 
T., 0. N. 24, 827; Schafarik, l.c.). Gives off 
thick, yellowish-red fumes in the air. Dissolves 
in a little water, forming a thick, red liquid; 
dissolves in much water, focming a clear yellow 
liquid; dissolves in absolute alcohol with a red 
colour, but the solution soon becomes blue, 
owing to reduction. Heated to 60°-70° in a 
closed tube with ether forms needles of the com¬ 
position VOCl,.Et/) (Bodson, Q. J. 29, 309). 

DiVANADIUM DIOXYMONOCqnOALDE VA^^ 
{Divanadyl monochloride.) Yellow-bronze, 
microscopic crystals, resembling 7nosaio gold ; 
formed by passing YOClj and H through a red- 
hot tube. The crystals are doposLed on the 
part of the tube farthest from the end whereat 
tlio gases cuter (Roscoe, C. J. [2] l>, 348). In¬ 
soluble in water; soluble in HNOjAq. This 
compound was thought by Schafarik (A. 109, 
85) to be V. 

Hydrated vanadium dioxyuomoculoridb 
VO.UL {Hypovanadic chloride 
VjOAr Formed, as a brown, deliquescent 
solid, by passing H^S into a solution of VA. 
hot HClAq, filtering from S, and evaporating 
(Grow, C. J. 30, 457). Heated in a stream of 
dry GOj gives off HCl anclH^O, and leaves VgO*.^ 
0: (2.C.) gives the hydration as VgOA** 

Vanadium, oxyfiaorides of. No compound 
of Y^with O and F-^has been isolated with cer¬ 
tainty, VA dissolves in excess of HFAq; on 
evaporation, solution in water, and evaporation 
©■▼crtH^Sp,, Petersen (/. pr. [2] 40,194) obtained 
blixi, microscopic crystals which he saoposed 
might be VOF,. a:aq, inasmuch as** a solucion of 
these crystals in HFAq treated with fluorides 
yielddd salts of the form aMF.pVOF, (w. Hypo- 
VANADOXTPLVWiiDiss, p. 845). P. did not obtain 
enough of tbe blue crystals for analysis. 

Vanadiam, ozyiodides of. According tCDitte 
B. 102, 1310), an oxyiodide 2V0I*.9Bi*0 is 
fofined, as a black, deliquescent mass, by adding 
excess of HIAq to a warm solution of red V,0», 
removing free I by shaking with finely-divided , 
filtering, arffi evapora*ing in vacuo. The 
compound is said to iPeact with NHgAq, 
i^ivingt (NHJgVA* D. writes the formula as 
V/l,V2HI.8HaO; but no anal^s are given. 

No reaction occurs when I is heated with 
V,0, (Roscoe, C. J. [2] 9, 28); nor when V.O. m 
digerted with water, or alcohol, imd 1 (Gayard» 
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V, 6 » and 1,0s probably com* 


6U 


Bl P3 ®W) 

bine («. Ditto, C. 12.103. 757,1010) 

Viyadittin, oxysnlpMdot of. None of these 
commands has been oertoinly isolated. Oay* 
•ulphidea may perhaps be formed by decompo> 
sing alkali thiovanadates in solution by dilate 
aoids {v. Cay. 0. X 87. 728). 

Vad^nm, salts of. Compounds of the 
oxides v,Oa. VgOa. and ^, 0 , with acidic oxides 
have been isolated; the formulas of one or two 


of the compounds may he written as deiived f corresponding to three of tl)e four oxides; the 


from oxyacids by replacing H by V, but it is 
simpler, and more in kdbping with the facts that 
•are known, to‘represent all the compounds by 
the general formula V,Os.^X, whefe X* is an 
acidic oxide. The best-studied hompounds of 
y, 04 ‘with acidic oxides may be represented as 
salts of the radicle Y^O, (^ivanadyl), or of the 
radicle YO (vanadyl); and the compounds of 
YgO, with acidic oxides as acid salts of tlie 
radicle YO,. The sulphates have been better 
studied than the other salts; the following 
table presents the compositions of the sul¬ 
phates. 

I. Vanadous s'slphates {v. p. 847): 
Y50,.4S0,.a:aq« Y.H3(S04)4.yaq {y = x-l)i • 

??V, 0 ,. 8 S 0 ,=-V,(S 04 ),. 

il. Hypovanadio sulphates (v. p. 848): 

Y,04.2804 «V,0,.(S04)5« (VO)SO,; 

VjO ,.3S0j. xa(>= VjOj HiCSp,),. ’/a'l {y = * -1) 

= (VO.SOJj.a.SO,.w»q. 

in. Yanadic sutpluites (v. p. 850): 
V,0.-2S0,-{T0j),S0,.S0.; or if tho salt con- 
tains xaq, then VjOj.iiSO,. xaq = 
(VO,),SC)‘.U.,SO,.i/aq (;/ = x-'l): < 

V,0,.8SO,- (VOj),S 04 . 2 SO,; or if the salt con; 
taino xaq, then . 

VA-3S0x =■ (VOJ),SO,.2H3SO^. tjUfi 

— 2 ). 

Alkalis probably ppt. V^Oj.xaq from solu¬ 
tions of vanadous sulphates (v. p. 847) j from 
solutions of hypovanadio sulphates alkalis ppt. 
YjO*. xaq (v. p. 848). 

Y,Oj dissolves in oxyacids, forming lavender 
olutions which probably contain VjjO,. xX, where 
L is an acidic oxide (v. p. 816). 

Yarious salts of V,Oj, V^Oi, and V-Pj besides 
he sulphates probably exist, but they have,not 
)een thoroughly examined (u. IIypovanaiuo 
ULTB, p. 848; Yanadic sa^tb, p. 850; ^useno- 

/ANADin ACIDS AND SALT|, p. 863; lODO-VANADIO 

1C1D8, p. 863 ; Moltbdo-vanadic acids and salts, 
s. 863; Phospho-vanadic acids and salts, 8.53; 
iind Tunosto-vanadic acids and salts, p.^oi). 

Vanadium, silicide of. Roscoe (G. «/".*2] 8, 
558) says that Y acts on glass or porceJain 
vessels^hen strongly heated therein, fyming a 
sgmpound with Bi; tubesin which Ychloridosare 
reduced by heating in H get coaled with a grey 
lus^ouB mirror of this oompouncR No details 
anvjBes are given. • . 

yenadium, silicofinoride of. By boirmg 
V,0.with HjSil'.Aq and alcohol, Oayat«,(m. 
[21 40, 352) obtained a greyish, uncrystalhsabl^ 
mass which he took to be a siiicofluoride of V j 
no analyses or detlils of preparation are gijen. 

Vanadium, sulyhidei of. Berzelius (P. 2jL 
1) described two compounds o4 V and B, <jpe 
kained by* ppg* a solution oL an alkali Vhio- 
vanadate by dilute aqid, and the other by heat- 
tog V,0, in#E«S. B. gave the formulie YS* and 


YS, to the compounds he described. The suI* 
phides of Y were re-examined by Kay in 1880 
(C. J. 37, 728), who found that the pp. obtained* 
by adding dilute HGlAq dr H,S 04 Aq to a solu¬ 
tion of sodium ganadate saturated with H,S, or 
to solution of V.jOf in an alkali hydrosulphide, 
contained 9ut probably bad not definite 
composition ; find that ihp product of heating 
YjOyinH-B is the trisulphide Vo 8 ,j Kay pre¬ 
pared Ifireo sulphides, VoS., and VjSj, 


sulphides dissolve ia solutions of alkali sulphides, 
probaUy forming thiovanadates (q. v. in/ra), 

V^adium disulphidb V;.S^ (Ui/povanaaous 
fulphid 4 .) Pr#pai^d by hiaiting VjS, to full 
redness, for a loi% time, in 11 quite free from O. 
I’ornis black lustrous plates, or a brownish-black 
powder; S.G. 4‘‘i’h> 4 -1. Absorbs O very quickly 
when heated in air, giving V.A).„ V...O 4 , and then 
V.^O,, with evolution of .SO... Not acted on by 
boiling HClAq, dilute or cone., ndt by boiling 
dilute JLSO^q, or cold cone. Dissolves 

in hot cone.* II. 4 SO 4 ; ditilolves in llNO^Aq. 
Slowly acted on by NaOIIAq or KOHAq, hot or 
coldj dfssolvea in (fillJ.SAq or KllSAq, form¬ 
ing purple to reddish-brown solutions (Kay. l.e. 
p. 735). 

Vanadium TnisuLPiiinis (Vanadous 

sulphUie.) Formed by strongl^hoaling V^O, in 
a stream of IFS (IkizidhiH, T.c.\ Kay, l.c, p. 
736); also by heating any clilorido^fV^or VOClj, 
to rcflness in (K., l.c .); and by strongly heat¬ 
ing VjOj in a stream of vapour of CS, so loifg 
as any reaction ocenrs (K., f.c.). Forms dark, 
lustrous plates, or a black amorphous powder; 
S.G. Ik7 to 4 0. Oxidisod by heating yi air, 
finally lb YjO^, giving off 8 (V Soarooly acted 
on Iv dilute HClAq or II^SOjAq.^iot or cold, nor 
by conc.*HClAq; readily oxidised by IINOgAq. 
Soluble in (NUdaSAu or KllSAq, forming pur^e- 
red to goldou-rcd solutions; also somewliat 
soluble in KOHAq, NaOHAq or NH 4 . 0 IiAq 
(Kay. U.). • 

Vanadium pentasclphide VjSj. (Vanad^ 
sulphide.) Prepared by mixing y,S, with | its 
weight of pure powdered 8 , heating to fusion (O. 
406°) in a narrow lube quite filled with COj and 
sealed, cooling, and dissolving out excess of S 
with eSa- A black powder; 8 .G. 3 0. Heated 
in a gas thftt docs not react with it, V^S. gives 
off a and leaves V..S,; Leatod in air gives off SO,, 
formmg V^Oj and finally V,Oj. Behaves towards 
►acids similarly to VjSa. Dissolves in hot 
NaOIIAq; also in (NH.l-HAq or KHSAq, forming 
yeflow to red solutions (Kay, l.c. p. 738). 

Vanadium thio-acids, thereof. No 

eompouffd of V with Hand 8 has bfion isolated, 
but some thiovaq^dates, and also some oxy- 
Ihiovanadates, have boon prepared by Kriiss a. 
Ohni^is (B. 23, 2.547). 

, Ammniium tivio-ortJwvanadaie (NH 4 ),YS|, 
Obtained, in- pulplb crysnils, , resembling 
KMilb,, S.G. 1*62, by passing HL^Selnto a solu- 
Ition of NU.VO, iD,NH,Aq SiG. - 888 ; the solu¬ 
tion is saturatod in the cold, and is kept cold 
^ while H;S is passed in. A br^wn pp.is formed, 
and this dissolves after passing in mose HjB U 
a dark-violet liquid, from which the salroryital 
iises after «ome time. 

Sodium monoxy-thio-orthovanadats 
Na,Y06r^^* Obtained by saturating 80e-< 
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KaOHAq S.G. 1*122, with H,S, adiing a eola¬ 
tion ol 8 Ka 4 V, 0 , in 6 o.o. water, ooeiing tb« 

liquid bj loe. and passing in B^S for 4 hours. 
The salt was also obtained without water of 
crystallisation by Kriiss {ZeiL f^.anorg^ Chemie, 
8,264) by fusing a mixture Of V^O^, Na’^CO,, and 
S, until excess of B was removed.^ ^all crystals, 
that melt at the ord^ry tompeiuture to a red, 
oily liquid (K. a. 0 ., tx.). 

Sodium trioxy-thiO’OrihovatuidaU < 

Ka,VO,S. lOaq. Obtained by heating Na 4 V, 0 ,A,q' 
to boiling, adding freshly 4 >repar^ NaSHAq, 
cooling by ice, and adding alcohol. A red oil, 
that solidifies to a crystalline mass whicb'molts 
Btl 8 ®(K.a. ^ ^ 

Ammonium mo7ioxy4hio^p^rovanadate 
(NH 4 ) 4 V, 0 S 4 . Formed by passing H^S into a 
cooled solution of NU 4 V 0 ,vin NH^Aq S.p. 
greater than *898, and allowing the liquid to 
stand for some months, wlien crystals separate 
having S.GM*716 (K. a. 0., l.c.). 

Potassium monoxy-thio-pyrova^date 
R.V^OSg. 3aq. Obtained by parsing H.S into 
KVO, in KOHAq S.G. 1*472, air being excluded 
and the liquid cooled by icdr Crystals Vesfimble 
KMn 04 ; 8.0. 2*144; loses all water slowly at 
150*^. By evaporating the mother-liquor from 
this salt in vacuo, large crystals of the salt 
2 K 4 Y 2 OS 4 .3aq are obtained (E. a. O., l.c.). 

M. M. P. M. 

VAiri^ 07 ,TPI.UOSID£S and Hypovanad- 
oxyftuorxdes ; t>. pp. 844-5. 

‘* VAHABTL COMPOUNDS ; compounds of the 
radicle VO: v. Vanadiou oxydkomides (p. 854), 
Vanadium oxvchloridks (p. 854), and Hypo* 
VANADIO SALTS (p. 848). fx 

VANILLIC ACID v. Mcthijl deriiMtive of 

PBOTOCATEOnmv; ACID. u 

VANILLIN V. Methyl derivative 'of Pno* 
TOCATECUUIO ALDBnYDK. 

VANILLO-DIACETONAHINE v. Aoeton* 
AUIKE. 

VAP0T7B DENSITIES. The term * vapour 
.density Ms now generally employed to signify the 
specific gravity of a gas referred to hydrogen 
as unity. For descriptions of the principles of 
the methods used in determining vapour den* 
fities, V. Densities, relative, vol. ii. p. 374; 
and for an account of the application of*vapoar 
densities to finding molecular weighVs, v. Atomic 
AND MOLSCULAB WEIGHTS, VOl. i. p. 340. ^ 

VEOETABLE PBOTElDS v. PBOiEiDSi 
VEBATBALBINE v. Jervzne. 
VEBATBIO'ACID V, Di~methyl derivative of 

PfiOTOOATEOHDIO ,AriD. 

Homo-vs..rdiiic acid^. Dx-oxy-pbehtl-acetio 
AOXD. ^ ^ 

VSRATBOLE u. Di-metHyl ether of Pybo* 

OATBOHIN. g, 

VEBATBUX ALXAL0ID4I * ^ 

▼eratri^ C;, 2 H 4 gNOi. «> Cevadine. [206*^. 
8 . *12 at 1^^ Occurs in the seeds of VerStrum 
Sahadilla (MeissxMr, N, J, 5, 8 ; Pelletier a. 
Oaventou, A. Ch. [2] 14, 69; Ocuerbe, A. Ch. [2] 
52, 862; Merck, 95,200; Ar. Ph. 231,135 r 
Delondrc J, PK [ 8 ] 27, 417; Weigelin, O. C. 
1872,9^9; Sohroidt, Ar, Ph, [ 8 ] 10, 611; B. 9, 
1116; A. 185,224). Occurs also in the root of 
Sarraeenia purpurea (Si, Martin, Z, [2] 2, 442 
H4t6t, 0 , B» 88,186). Prepared by extracting 


seeds with ^Ung alcohol oonUming a Uttte 
tartario acid, concentrating the eiUaraot, adding 
water, filtering from resin, adding Ka,OC^, and 
ahodcing with ether. The ether^ solution Is 
shaken with dilute tartario acid sifiutiozi, and 
the acid solution mixed with Na^OO, and ex* 
tracted with ether. The ethereal fztraot is 
mixed with ligroin and allowed to eVaporate 
spontaneously, when a viscidmass first separates, 
followed by crystals yvhich are reorystallised 
fri^ alcohol (Wright a. Luff, 0, J, 83, 888 ). 
If commercial veratrine [144^j be disaolvqd in 
alcohol at 70^, water added till turbidity ensues, 
and the solution evaporated at 60^ to 60°, crystal** 
line veratrine separates first, then a resinous 
mixture of vefatrine and veratridine, while the 
mother-liquor contains veratridine and veratroiu 
vtratrate (Bosetti, Ar. Ph. [ 8 ] 21, 81). 

Properties. —Needles (from alcohol), sol. 
ether, insol. water. Inactive to light. Very 
poisonous, a small quantity producing vomiting 
and purging. Introduced into the nose it pro¬ 
duces sneezing. Alkaline to test papers. Cone. 
H 2 SO 4 forms a yellow colour changing to 
crimson, 1 pt. colouring 3,000 pts. H,S 04 (Vas* 
mer, Ar. Ph. 2, 74). Cone. HClAq forms a 
violet solution on warming. HNO, forms a red 
solution, becoming yellow, Veratrine mixed 
with sugar (3 pts.) is coloured by H 5 SO 4 dark 
green and finally <^ep blue (^Yeppen, Fr. 13, 
454). A solution 01 amn^pnium selenite (1 g.) 
in H 2 SO 4 (20 0 . 0 .) gives a yelloVv colour at 30°; 
in 3 hours a red pp. is formed, the liquid re¬ 
maining yellow (Da Silva, O. R. 112,1267). On 
heating with alcoliolio potash or baryl.* it yields 
angelic acid and cevine (’iy. a. L.; Bosetti; 
“Stranaky, if. 11,482). IClformsayellow flooculent 
pp., sol. hot HClAq (Dittmar, B. 18,1612). Gone. 
UClAq yields tiglic acid. Veratrine yields ti^ic 
acid and (/3)*methyl*pyridin6on distillation, un 
distilling veratrine with lime the products are 
( 8 )-m 6 thyl-pyridine and ks bexahydride and 
isobutyric acid (Ahrens, B. 23, 2705). Vera¬ 
trine is not affected by boiling dilute H 3 SO 4 . 

Salts.—B'HCl. Amorphous.—^B'jHjPtCl*: 
amorphous.—B'HAuCl 4 . Yellow needles (from 
alcohol).—^B'HAuCl 4 2a^ (Bosetti, J. 1883,1351). 
—P'HHgClj. Crystalline pp., v. sol. alcohol.— 
B' 3 H 3 S 04 (dried at 100°).—B'H^. Beddish* 
brown amorphous solid (Bauer, J. 1874, 861). 

Bihzoyl derivative C„H 44 BzN 02 . [170®-* 
160°). Brown crystal! (containing I| aq) (from 
ether).-BmuCl 4 . 

'Vi^trorxide CajH^rgNO*. Formed by 
allo\flng the tetrabromide to stand in cofitact 
wii^ dilute EOHAq. Light-yellow amorphous 
solid. 

Te^ahromids C„H,aBr 4 NOa. Formed^y 
shaking veratf&e wiUi bromine-water. Yellow 
amorphous powder, insol. water, v. soL alcohol 
Wd ether (AhrenSw.B. 23, 2701). \ 

.-Ceviae 0 „H 43 N 0 , (W. a. L.); 

(Bos^ti). Cevine. [145^ (W. a. X.) ; 

4[182°~1B5®3 (B.). Formed by boiling veratrine 
with alcoholic NaOH (W. a. L.). Yellow resin, v. 
B 0 I 4 , alcohol, si. sof? etner. Ks aqueous sdutioa 
becomes turbid on warmings Does not attack 
Ul^ mucous membrane,’gives a tfimson oolour* 
within,SO 4 , an^ brown colour 'thth oane-sugar 
and H 3 S 04 . Its salts are amorphous.—B'HBglt 
(dried at 100°). Precipitate. 



Ttniridift* 0„H„N0„ (W.a.L.); 
Oit^JiNO. (Boaeiti). Veratrine, [180° cor.1 
(Ca..L.); [160®-166T [K). S. Sat 16^ If 
tha vlBoid mass which separates before veratrifie 
when a solution of the crude base in alcohoU 
ligroln is evaporated be shaken with e&er, ceva* 
dilline vA^ains undissolved, while veratridine 
dissolves in the ether (Wright a. Luff). 


VINTL-AMINE. 
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KH,, and a violet pp. with baryta. Boiling 
EOKlq (S.G. 1*1) also forms divioin. When 
evaporated with HNO, (SXl. I’d) the residue is 
edged with deep violet. Fotaw>fusion forms 
KCy. .* * . 

Salts. ^B;4H,S0.. -- B'linoi. Slender 
needles. * . 

Divicitt By boiling vioin with 


Amorphous resin, si. 8 ol>etber. Decomposed by 1 water (i^pts.) containing H.,SO, (1 pt.) at 0® 

alcoholic potash into voratrio acid and verino ^herc is h>ruv(l crystalline (C^,Jl«NaoOa) 2 ^S 04 , 
.... ' ' “ ' .... ^. 


C^H^jNOi [c. 96°] (W. a. L.) or veratrx>!n 
[143®-14b’^}, (U.), an amorphous 
base, sol. ether.^ Veratriaino dissolves in boiling 
Vater, being converted into voratro'ii) veratrute 
C„E[g,Na 0 ,gC^,a 04 2aq (Rosetti), whfth melts, 
when,anhydrous, at 166®-170°; ILSO, forms a 
yellow solution which turns crimson.—Salts.-s- 
B'nAuCl*. Amorphous.—B*H, jS 04 lOaq, crystal* 
line. 

Oevadilllne G^H^NOt. Obtained as above 
(W. a. L.). Amorphous, si. sol. ether, in. sol. 
benzene. Decomposed by alcoholic potash. 

Salts.-B'HAuCli.-B'HHgl,. Gelatinous. 
Gevodilline is perhaps identical with the saba> 


which yields divicin on troutment with exactly 
the calculntcd qnan^tyof KOllAq. Flat prisms 
(from fft ater). Reduces AgNO, at once. Not 
ppd. by baryta. A little FcCl •followed by NH, 
gives a^plenddl bltie colourr B'tSUNOj. Whet¬ 
stone-shaped crystals, got by adding HNO, to a 
solution of divici’>. 

Convicin Cj„jlaHN,,0,,2aq. Obtained from 
powdered vetch sectla by extracting with alcohol, 
allowing vicin to crystalHso from 4 ho extract, 
ppg. the mother-liquor with llgCl^^and potash, 
decomposingSthe pp. with etopK'ous. ILS, and 
evaporating. The mixture of vicin and convicin 

obtairmd is trciilqil with dilute which 


dillineC 4 ,Hu 4 N.p,Jof Wiegeiin (C.C.1872,2‘29),^'dissoRes the‘viciii only. Thin plates (from 
to which Hesse (A. 192,18ti) assigns the formula | water), often restunbling leucine. Hardly sol. 


C„H„NO,; while sahatrino C,,Hg.N.,0„ (W.) 
or CjJHjjNOo (H.) was probably a mixture of 
decomposition-products (Wright a. Luff). 

Veratrum aNiuxn. The Alkaloids in the root 
of this plant,* aisd in that of V, viiidCt are de¬ 
scribed under Jeuvine. 

VEBATRUHIC ACID is Yrratrio acid. 

VEBINE V. Veratrum ALgALoii>s. 

VERKIN OiaH-rtNHOH Baq. Occurs in young 
vetch plaints (Vicuf saliva), in young red clover 
{TrifoHum pratciiso),' in pumpkin seeds, in 
ergot, and in the blossom of Corylus avellaiui 
and’Pinus sylvestris (E. Schulze, J. j>r. [2] 32, 

447; H. 10, 80, 320). Separated from aspara- 
gin by crystallisation from hot water. Minute 

silky prisms, v. sol. hot water, insol. alcohol. ^ • . - . . 

Its aqueous solution is neutral, gives no pp. \ stance might be expected to be identical with 

with Pb(OAc)„ but is ppd. by AgNO„ by picric ’ aldehyde CH 3 .CUO, but Poleok a. Thttmmcl* 
acid, and by phosphotungstio acid in presence of j (if. 22,2803) suppose it to bo present in ether 

HCl. Boiling hydrochloric acid forms guanine.— | that has been exposed to air and sunlight, wd 


cold water, si. sol. alcohol. Not decomposed by 
boiling KOHAq (S.G. I'l). rotasb-fusion gives 
off NH 3 , but forms no KCy. lAsoI. cold dilute 
HCl and ILSO 4 . Its a(picous solution gives a 
ilocculent pp. with Hg(NO.,)... ^ • 

VINAGONIC ACID v, Tui misxmvdenb d»- 

OAltDOXYUC ACID. 

^ VINCETOXIN [59°]. [a]o--60^ 

Extracted by milk of lime from powdered 
ascle.piSs root (Tanret, C. It. BM), 277; til. [2] 
43, 020). Occurs in two forms, jpo soluble and 
one msolublo in water. Both forms are Imvo- 
rotatory, amorphous, s). alcohol, insol. ether. 
Boiling dilute HCl yields an amorphous, in¬ 
active sugar, which does not ferment with yeast. 
VINYL ALCOHOL CU.,:CU.OH. JThis sub- 


AgaCjjHi^N.O,. Gelatinous pp. 

YEBNONIN C„IL,0,. Occurs in the roofof 
Vemonia nigritiana, used on the west coast of 
Africa as a febrifuge (HcckeU.Schlugdonhauffen, 
C. H. 103,1416). White powder, si. sol. ether 


that its presence is indicated by the formation 
of a pp. C.JlsOHgOHgGlj when a solution of 
mercury oxychloride in Na^CO^Aq is added to 
commercial ether. This pp. is white, and is 
convA'ted by boiling potash into explosive 


and chloroform, sol. alcohol. Cone, H.jSO, gives ' groeni*h-blaok ‘ aoctyleno mercury ’ C,H,0,Hg„ 
. brown colour, changing to purple. Cgtiljao j and by adding nitrio acid to itSjOUialino'sola- 
poison, 80 pts. being required to produoe.tho ■ ■« 

offeot* of 1 'i>t. of digitiilin. Decomposed 
boiling dilute HCl into glucose and a resin 
C,H,.0,. • 

•nOIK 0aH„N„0„. S. 1 at,23’. Occurs, 
in the seeds of yicto saliva, Y- “od 

y. Fsba minor (Bitthausen, J. pr. [#] 2 , 333; i 
24, 202 ; 29, 859). Obtained V eitracting thj 
seeds with cold dilute H^SO, (1:60), ncufraijsing 
with lime, filtering from CaSO., evaporating to 
dryness and crystallising from 86 p.o. alcohoL 
The yield is -26 p.o.. s 

Propsrties .—Taflj of small needles, ncafly 
insol. alcohol. Lwes 2H.0 at 160^. Sol. i 
yiv«lia and saline earibs, rejipd. on neutral¬ 
isation. Not affected by boiling baryta-wifter. 

Sol. dilute HC3 and H,BO„ bat aftra boiling the 
solution give#a deep-blue colonr with Fe(;(,and 


tioa into C^HUgjOCl,, wliich is not explosive. 
}[..S passed into water containin^he compound 
CjlI.OjHagClj yields (yj-f^i-UiioSbtfc aldehyde 

^ Vn(Tt,-DIA.0E11>)lAHINE ». AcKTOHuniras. 

VIHYL-AMINE CH,;OH.NH,. Formed by 
the aSisn of moist Ag,0 or of KOHAq on 
bfbmo-ethyhimine n..^«)l>romid<Mtt 48“ (Gabtiol, 
B. 1049, 2G66). Known only to aqueous 
solution. Volatile with steapj. Decomposes in 
aqueoq^ solution f v jn in the cold. SO, converts 
(4 into taurine. 

Salta.—’‘B'HCl. Foiaonons. Its uusons 
solution is decomposed by heat.— 

Crystals, v, sol. water.—B'.2Bi^ Minuta 
scarlet hexagonal leaves.e-B'HAuClf OoIdsD 
«rystals^B'C,H,N,0,. [142°]. Blender yeliow 
needles. 
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Pi-ioixmirmiMisB. 

Vnm BSOKIDS «. Biioiio-bthti.bi(h. 

Tlnyl tribromide ;tf'. Tai-BBoHO-BbHimi. 

VI BYL CHIOKIDE «. Cai.OBO-XTHn>ESi. 

v myL ETHANE v. BonrLBUB. 
VlHyi.ETHTI.-aABBINOL , V, FBNTXirrii 

AUXIB&I..' .. ' 

THm.-EXHYlHIE o. BtmHKN*. 

VINYI. ETHYL OXIDE OH,OH.OEt. 
(36-6<> i.V.). S.O. n;|-7626. Fara)^byhoat< 
ing oblorO‘aoetalpH 3 Cl.CH^Et )3 with Boditim at 
140° (WisUcenuB, A. 192, IOC). Liqtiid, smelliog 
like ether xnize(| with allyl oompoundsr* Cora> 
bines with 01 and formii^g dyohloro^* and dl* 
bromO' di-ethyl oxide. A smafl quantity (1 g.) of 
iodine oonverts large quantities of toe oxide 
(200 g.) into a visoid liquid, dilute (1:4) H 3 SO 4 
forms aldehyde and EtHS 04 . «, 

ReferencA. —CnLono-viNTL-ETn'YL oxir»B. 

VIKYLt^THYL.PYRIDINE 
C 4 H,NEt.CH:CH,. (98°-102°at21inm.). Formed 
by heating 04 H,NHt.CH 3 .CHjj 0 U 4ith cone. IICl 
at 170° (Prausnitz, B. 26, 2394). Oil, v. sol. 
ether.—Neefles, si. sol. hot water, 

VINYL IODIDE v. Iodo-ethAkne. 

VINYL-MALONIC ACID v. Tuimetuylenb 
BIOABBOXTLXO ACtl>. 

VINYL OXIDE (C. 3 H„)., 0 . (39°). Formed 
by the action Vf dry Ag-P on vinyl sulpliide 
(Semmler, Ay..241, 90). 

Refe^A^e. —nBXA-cntoKo-Di-viNYi. oxide. 

* O-VINYL-PHENOL Cn^iCH.OHH^.On. 

Methyl ether CH 3 :Cn.CHH,.OMe. 0 - 
Vinyhanisdle. (c. 198°). S.G. 1*0096, ^ 

I'OdOR. Formed from either of the methyl deri- i 
vatives of o*oxy-pl>enyl-acrylic acid by successive f 
treatment with HI and NojCOsAq (Perkin#* O. J. ' 
83,211; 39, 429). Oil. Polymerises itadily (at 
forming a glassy mass, which, however, on 


ethylene througn a red-not tune (^denourg, b. 
20, 1643). Formed also by distilling oxy-ethyl. 
pyridine under high pressure or in presence of 
roH (Ladenburg, B. 22, 2686), and by the ac- 
tion of NaOHAqon ^•bromo-A-pyridyhpropionic 
acid (Eixilhom, A. 265, 229). Liquid smelling 
like oonyrine, m. sol. water, v. sol. aloOhoL De 
composed by distillation under atmospheric 
pressure, but boils at 81^ imder 29 mm. Oxidised 
by EMn 04 to pioolinio acid, and reduced in alco* 
hCAo solution by Na to ethyl-pyridine.'-Salta: 
B'a^PtCl,. [174°]. Crystals, m. sol. water.— 
B'HAuCl 4 . [144°]. Yellow nee^a. 

Tetra-vinyl.pyrldine OsH(C 3 Hs) 4 N. (977®).* 

5. G. A 1'6616. Formed in the preparation of 
^-ethyl-pyridine by heating pyridine ethylo- 
iodide in sealed tubes at 320° (Karan, B, 25, 
^76). SI. sol. wat;.r.—B'jH^PtOl*. [176°].— 
B'HAuCl,. [148°].—B'HHgCl,. [146°]. Needles. 

VINYL-QUINOLIKE V. QulNOLTZi-ETHXDBNE. 

VINYL SULPHIDE C 4 H 4 S U. S(CH:OH 3 ),. 
(101°). S.G. *913. Constitutes the chief part 
of the essential oil of Allium ursinum (Semmler, 
A. 241, 90). Liquid, smelling like allyl sulphide, 
r Reactions. —1. DryAgjO forms vinyl oxide.— 
2. Moist Ag.G gives aldehyde.—3. Alcoholic 
ITgOlj forms crystals of OaHi^Cl^HgjS.,,' which, 
when heated with potassium sulphocyanide, 
yields vinyl sulphocyanide.—4. PtCl 4 added to 
its alcoholic solutioh pptSj^(C.H 3 f 4 Ql 4 Pt 2 S 3 , which 
is decomposed by ammonluiu sulphide into 
vinyl chloride and dark-brown (C 3 H 3 ) 3 ptS 3 .— 

6 . AgNOa forms (C 3 H 3 )..SAgN 03 .— 6 . Dr gives 
(C.JI;,Br 3 ) 3 SBr 2 [*195°].—7. Oxidisi4:g agents 
yield COg, oxaiio acid, and H 38 O 4 only. 

VINYL-TOLUIDINE so called is Bi-p-TOLYL- 

DI-ETH Y LEN E -DIAMINE. 

VIOLAQUEBCITRIN v. this vol. p. 373. 
VIOLANTIN C.H 4 N 4 O 3 4aq. Formed by 


distillation, regenerates the original oil. It 1 fixing hot cone, solutions of nitroso- and nitro* 
smells like high-boiling coal-tar naphtha. It 1 barbituric acids (violuric and diliturio acids). 

■ ..-.im.l wifi, KrrvminA. ■»:» a _i_._ _i_ ...TaI. 


forms a ^Hjolourloss compound with bromine, 
r Forms a red solid with H.SO,. ^ 

*■ 0 -Vinyl-phenol. Methyl ether 
CH,:CH.C,H40lfte. [3°J. (205°). S.G. 

1*0029; *9966. Formed by distilling mothoxy- 

phenyl-aorylio acid {q. v.) and from the same 
acid by snccessive treatment with cono. HI 
(S.G. 1*94) and Na..CO,. 

Reference. —Bromo- and Nitro- yiNXL- 

PBBKOZi. * j 

VINYL.PIPERIDINE C 3 H,„(CgH 3 )N (?)i 

(147°). Fornr^d by dehydration of oxy-ethyl- 
piperidine [32°] (Ladenburg, B. 22, 2587). 

Liquid, like tropidino and coniine, v. sol. 

water. f * 

Reference. —BnoMo-viNrt-piPKRiniNB. ♦ 

n-VINYL-ISOPROPYL-BENZENE Oi,H ,4 t.a. 
C,H 4 Pr.CH:CH,. (204°). S.G. ^ ^*8902. 

Formed by disrilling pumyl-rf-^rylio acid at 210° 
or by boi’ing a-bromo-j 8 -humyr-propionio acid 
with Na,C5,Aq (Perkin, O. J. 1877, ii. 66 OJ. Oil, _ 
smelling like cunllnio aldehyde. Partially poly -1 A. 130, 140) 
merises on boiling, and also 06 keeping, forming ■ ■»—— 

a glassy mass,** reconverted into the originm 
hydro£;t-*bon by heat. Yields 0,iH,,Br, [71°]. 
•-VIKYL.PYRID31NE C.HjN i.o. 

® 

Vormed by passing a mixture of pyriHino and 


Formed also by warming hydiirilio acid with 
dilute HNO 3 (Baeyer, A. 127, 223). Yellowish- 
wliite, crystalline powder, decomposed by water 
into its two component acids, but may be re¬ 
crystallised from HOAo or 60 p.c. alcohol. It is 
alio split up into its components by salts of the 
stronger acids. 

VIOLURIC ACIP 04 H,N 304 i.e. 

* Nitroso-harHturic acid. 

Mol. -y. 157. 

^ormrffton.—1. From hydurilio acid by the 
action of nitric acid (S.G. 1*2) op nitrouC acid 
(baeyer, A. 127, 200).—2. By heating diliturio 
(nitro-^arbiluric) ncid with glycerin.—3. By 
warming ferfpua diliturate with KCy.—4. cBy 
boiling an aqueous solution of alloxantin with 
hydroxylf^ine hydrochloride (Pellizzari, (^. 17, 
2*58).—6. iyaddittghydroxylamine toan aq^oua 
Solution of alloxan (Ceroaole, B. 16, lISo).— 
6 . adding KNO, to barbituric acid (BaeyeZr 
■ 130, 140). 

Prqperto.—'yrimetrio crystals (containing 
aq); a: 6 :c« *83:1:1*92. M.^'sol. cold water, si. 
Lsol. alcohol. Its aqneou# solution is ppd. bv 
j afcokol.*' FeSO,’gives a deep in^i^o-blue colour. 
HNO| forms ritro-barbiturio aoid.' Br forma 
di-bromo-barbiturio aci 4 and nitrous fume|U 
Beduding agents form uranil (amf>do-barbituric 
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aeid). Cono. HGlAq forms hydroxylamiiie on 
boating. 

Salts.—NH 4 A'. Dark'blue prisms.—KA'Saq. 
Deep-blue crystals, v. sol. water, forming a "blue 
Bolation; tamed red by excess of KOH. A 
eolation of the K salt in cono. EClAq deposits 
(RA'Uja!Cl)i 6 aq in colourless eliioresoent 
prisnn.—BaA', 4aq. Bed dimetrio tables, nearly 
insol. cold water.—MgA^, 6 aq. Purple-red crys¬ 
tals.—^PbA’s 4aq. Smdll red oi^stols.—AgA'. • 

eJfter ^CO<^g^>C:KOC,H,. 

[226*^]. Formed by the action of benzyl chloride 
on silver violnrate (Conrad a. Guthzeit, J3. 15, 
2849). Silvery scales, sol. hot watoi^and alcohol. 

.VIBIDIC ACID t>. Oawetannio acid. 

VIBIDINE (25r). S.G. 1^)24. 

A hoznologue of pyridiift occurring in coal-tar 
(Thenius, C. 0. 1862, 53). Yellowish oil, with 
slight greenish fluorescence, si. sol. water, v. sol. 
alcohol and ether.— B^H.^PtGI.. Greenish 
brown, insol. water, alcohol, and ether. The 
mercuric chloride double salt molts at 
85*^ and crystallines from water. 

Isomeride Cj.^mN. (230'^-23r>®). Obtained, 
with other bases, by heating methyl-ethyl-acro- 
le'inVith alcoholic ammonia (Hoppo-Soyler, M. 
9, 661).—B'HAuCl,. 

VISCIN C,oII;.,0^ (?). The glutinous consti¬ 
tuent of th/ stalky Icavds, and berries of the 
mistletoe (visemn album). Extracted from the 
bark by kneading with water, washing the sticky 
mass with 90 p.c. alcohol, and extracting tho 
viscin with cold ether. The residue consist» yf 
visoaoutchin and woody-fibio (lleinsch, C. C. 
1661, 145). Colourless, tasteless, scini-fljid 
mass, S.G. 1*0, decomposed by distillatiJli, 
yielding oily viscono (226°) S.G. •B.'i, which 
forms a crystalline Ka salt with cone. Na011.\q. 
Viscaoutchin is very glutinous. Its S.G. is 


*978, and it is insol. alcohol and ether, sol. oil 
of turpentine. 

VISCOSE is DextiUvk (q. v,), 

VlTElXlIf V. Pboteids. 

VII^ELIOSS V. PnoTBiDB. 

VOIDXE|,SPECIFIC; v. SPEcmoTonuussr 
p. 498. * • • • 

VDLPIC ACID C„Bf,0, le. 
p Ph:CltOU).q :CPh.CO:a. 

[148°], Occurs in Cclran'a vuljntuit a lichen 
growing in Norwa/, and used flioro,mixed with nux> 
vonxita, as poison for wolves (Gebert, A. 2, 842; 
Strccker a. Moller, A. 113,*56; Spiegel, B. 13, 
1029f 14, 219, rt). Tho lichen con- 

tains 2.^ to 4 p.c. of tho acid, which may be ex¬ 
tracted by warp] milk of lime. Vulpio acid is 
also formed by dissolving piilvio auhydride in a 
solution of KOH in ILcOll. It appears to occur 
in the lichen ParnuUa iwieiin^ (Berzelius ; 
Stein, J. 1864, 553). 

Properties. —Yellow pkitcs or needles, sol. 
alcohol and'etlier, v. 0. sol. cliloroform, nearly 
insol.vboiling wn|pr. Decomposed above 200° 
inib MoOH and pulvic anhydride. Boiling milk 
of lime converts it into pulvio acid. Boiling 
KOHAq forms di-benzyl-glycollio acid andCO^. 

S a 11B.—Nil,A'. Yellow crystals, sol. water. 
— IJaAViaq. Yellow noctllta (from water).— 
BaiV.7aq.—KA'aq. liight-yollow needles, si.sol. 
water.—Ag<\'. Pp. BlackensBt 180°. * 

Acetyl derivative 0,4l|sAo04. [156°]. 
Colourle.ss iioimIIos, insol. NaOTlAq, 

MethyL ether v. Di-methyl ether of Pulvio 

ACID. 

ftovulpio acid C, [124°J. •Formed, 

in^mall quantity,together wit^mlvio anhydride, 
by heating vulpic acid at 20(r(Spiogel). Thin 
golden plates (from alcohol). Forms orange 
solutions in alkalis. • 


W 


WACKENEODEE'S SOLUTION. Thrf solii- 
ion obtained by passing H.S for a Jong time 
uto nearly saturated S(XAq. The solution con- 
ains much 11 . 8 , 0 ^. and pro- 

»ably ILSjOb, along with IIBO,, disaolvci^ 
elloidal S, and a little S in s^sponsum: v. 
CUIONIC ACIDS, p. 698. # 

^W^IVIH C„H„0„. [230°]. S.G.,1-40. 

}. ‘17 at 15°; 8 at 100°. 8 . (alcohol) •b'd. lix- 
racied by dilute alcohol from the powdered fnut 
>1 Shnaba toaldivia (Tanrett*Bf. [2] 35, l(^i; 
0. B. 91. 886 ). Hexagonal prisms (containing 
)tq), V. sol. chloroform, insol. ethm:. Neutrokto j 
Itmus. Inactive to light.* Tastes bitter. * 

WATEB. H;0. (Hydrogen numoxid^^ Mol. 
w. 17’96. (For physical data v. Propertm.) 

Occurrence.—Pure water is never found *ia 
oature. The pi;gperties ctf different specimeo^ 
of naturally occucring waters depend ou tfle im¬ 
purities thev comain, and these iiTjpuritiea are 
derived. from the substaneW with whiolf the 
water has come into oontacq; hence ivis cus¬ 
tomary to classify natural waters in ^cordande 
with their ori^n, as ram-ica^r, surf^e-xoatert 


\ well-water, mineral spring-water, and sea~water* 

• Till! composition of the substatfbos found in these 
waters, and tho properties of the waters them- 
I sotves —that is, of tho various more or lessdiintE^ 
aqXcouB solutions - aro discussodTn pp. 989-960 
of vol. iv. of the Dictionauy o|‘AprLZSi> Cusmis- 
riiY. Solid water, moro or loss pure, is found 
as ice and snow. Wafer va^ipiuis a constant con- 
stituoit uf the atmosoherc. i^roat many mine¬ 
rals, and also many organic substances, oontasB 
water combined^vith other compounds. 

Historical.—In 1781 Cavendish showed ex- 
I pcAifcnlally that water was tho only product of 
burning H pniCO.mtxod in certain proportions, 
and that almost me whole of th^H and O dis¬ 
appeared. The account of the experiments mode 
by Cavendish.W &8 publisSed in 1784 (T, 1784* 
116). 

* Wlieo a mixture of InfliKnmable and dfo^gistioated 
air [i^. iu modero laomage, bydrogea and ciygwi} Is ex- 
plodod iu each propordooa that the burut ^ u uot moob 
pliloglstloatoi], tbe ooudeofad liqiur oontalni a llttU artd, 
wbiob U always of the nlwoui kind ... i but tf tbe pr»> 
portiens be sucb that tbe burnt air U almoet eoUi^ 
pblogUticated, the ooodeuMd liquor is not at all acid, bsi 
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ems rare Wftt«r, without unjr ftdditioa whuterar; u4 m, 
rhw liui 7 «r* mixad in that proportton, rtKcy litttt sir 
opaina after the exjdoilon. elmoet the whole being ood> 
lensed, it toUowa that almoev tiie whole of the Inflaaunable 
iod depblogiitlcated air la oonrerted into'pure wlt«* (<•<• 
k IM). «• 

Tranfilated into modern lan^og^, this state- 
nent would be thken as asBerting^tbat water ia 
brmed by exploding aSnixtore of H and O in 
proper proportions. It is, however, worthy of 
3ote that Cavendish did not himeelf interpret 
bis experimental rpsults as ve interpret them 
to*day. He regarded * depKlogisticated air * 
oxygon] as ' nothing but dephlogistioated ^tor, 
or water deprived'o£ itsphlogistcp.* He said:* 
' We must allow . •. tnat inflammaoie air [hydro* 
gen] is either pure phlogiston ».. or else water 
united to phlogiston ’ (lx. pp. 18|?, 140). 

The formation of water by bu.^’niDg H and O 
was thought of by Cavendish as the restoration 
of phlogistoneto water that had been deprived 
of this principle. * Water,’ he said, ’consists of 
dephlogistioated aii*^ united to ^ {ihlogiston.* 
Cavendish evidently thought of H and O as what 
we might now call/oT'ww 0 / wtjier; one of these 
was water with too little phlogiston, andiibe 
other was water with too much phlogiston; the 
explosion restored the phlogistic balance, and 
the properties of water were apparent. When 
Lavoisier had interpreted Cavendish’s results, 
Cavendish spoke of Lavoisier’s explanation as 
an bypoth^bis:' ’According to this hypothesis 
we* must suppose that water consists of in- 
dammable air united to dephlogistioated air’ 
(l.c, p. 160). Cavendish established the fact 
that wa^cr ia the product of burning a mi;|(;ture 
of H and .0 in the ratio (approximately) of 2 
vols. H to 1 vol*:0; but he stated this fact, in 
language that no longer carries a definite^mean- 
ing with it. Lavoisier added to tho experimental 
basib whereon the fact rested, and ho expressed 
the fact in language that still is clear, dehnlte, 
«nd descriptMre. 

Formatioyi. —1. By the direct union H H 
and 6 by igniting a mixture of these elements. 
2. By deoxidising metallic oxides, and many 
other compounds that contain O, by heating 
wi& H.—3. By the decomposition of many 
oompounds containing H and O, by heat, or by 
reactions with other substances. * 

According to Freyer a. V. Meyer (B. 26, 622), 
a mixture of «H and 0 in the ratio 2H;0 dbes 
not explode when slowly passed through a ^lass 
tube at 006^, and the temperature of ignition of 
the wet, gaseous mixture is between 660’’ and 
730®. Askenasj^ V. Meyer (A. 269, 49) found 
that when pdre, dry eIccV-olytic gas was«passed 
at a moderate rate through a glass tube heated 
to 618®, only 0 . *7 to 1*7 mgms. of water were 
produced in ten hours; and that a little pore 
water, but still only a very a^all quantilT in 
proportion to thtf total' qUactity of H and O, 
was formed a^ 606®. Experiments made to*de- 
termine the relatiof. betweem the quantity of 
watw formed and the time of the experiment 
•bowed that no conptant relation could 1^ arrived 
at, even ^en every precaution was taken to 
insure Quality of conditions; the irregular 
action of the surfaces of the vessels was protobly 
^e cause of the irregulalities in the results. 

Davv (T. 1817) found that electrolytic gas did 
not explo^ when the pressure was so ri^aoed 


( 

that the gas was rarefied toAol its ordinary 
density. Thomas (0. J, 86,2i^ found that the 
gu exploded at 168 mm. pTOssuie. Ij.Me^ra. 
Seubert (0. J. 46, 686) found that the sparks 
from a Buhpokorff coil caused the combination 
of 0 . I of a quantity of eleotrolytlo^ gas at 
0 . 70 mm. pressure, and that the restainder 
combined when the pressme wsa increased until 
it became the same as before the first explorion; 
Chis.i^sult ia in keepin!|j with Bunsen’s deter- 
mlnauoDB of the quantity of oxygen needed to 
prevent the explosion of 6H*f 0 (v. M. a. 8., i.o. 
p. 588). Dixon (T. 1884. 634) noticed that elec 
trolytic gas^did not explode at a pressure under 
70 mm., but that explosion occurred nnder^ 
76 mm. pressure (c/. D., l.c. p. 642). 

According to the experiments of Dixon (he.), 
’the union of oxygeh ana hydrogen is not 
affected by the presence or absence of water ’; 
dry electrolytic gas exploded by the spark at a 
pressure between 70 mm. and 75 mm., and the 
wet gas exploded at the same pressure. 

The velocity of explosion of oleotrolytio gas 
was found by Berihelot and ^ieille (C. B. 95, 
151) to bo 2,810 metres per second (c/. Explo¬ 
sion, vol. ii. p. 630). 

Preparation.—Sta.9 (Chem. Proport. ' 110) 
prepared pure water as follows. When large 
quantities were required, spring-w^ter was very 
slowly distilled through a long copper tube, bent 
into zigzag form, completely filled with pure 
copper turnings that had been oxidised by 
strongly heating in 0, the copper tube being 
surrounded by alumina and sand, and bmted to 
full redness ; the distillate wiy) then distilled in 

apparatus of platinum. * 

The second method recommended by Stas, 
especially when comparatively small quantities 
of pure water are required, is based upon de¬ 
stroying the organic matter in distilled water 
by the action of K manganateand permanganate* 
The process is described by Stas as follows:— 

1 prepared potassiuin znanganata by reacting on man¬ 
ganese oxide with eanstio potash and potassium chlorate. 
1 sitook up the poa’dered product with water, just suf&cient 
to dissolve tho manganato that had been formed, and 
allowed the mixture to settle to a olosed vesseL 1 then 
aildod»4 or 5 p.c. of the clear, dark^een solution to the 
spring water which was to be distilied, and allowed the 
components of this mixture to resuit for 84 hours. I then 
poured ln|o the dlstlllatioiw vessel one or two litres of the 
ooDO. eolutionof potassinm msmganatetbat had been mixed 
with an eiiaal volume of couc. caustio potash eolution; 
(this solntlon of potash was auffioiently oono. to make the 
salt sq stable that its dilute solution could be heated for a 
long time withbut decomposition. I then filled the di^ 
tiUatloir vessel to o. A wato* which bad boei la 

contort witii the potassium manganate, and distilled in the 
ordinary way. When boiling began I moderated the heat, 
in order to. prevent the liquid, which frothed mneh for 
(3me minnt^ from passing over. When the frothing ha§ 
stepped, the water &J.y be boiled rapidly withont the le&n 
InooDvenienoe. When ^ of the wator has distilled over, 
t^ which thm distils Is completely free from orgwlo 
Biibs^iccs, and also froi%mineral sabstanoes, if the npWr 
partipf the distiUation vessel Is famished with diaphragms 
to hold .back the extremely small drops that ere alimys 
earriednotward whm a liquid is boiled vigoronsly. 

* Staa says that water thos prepared ia perfectly 
dree j![rom organio matter. Wh«3 he wished to ob¬ 
tain water abaolntely free froip aoy form of aolid 
nfaUer, Ste, re-disti!ied the water that hi^ been 
purib^'aa described above, using dS oondenier a 
long Inbe of platinnm soldered .with gold. It 
IS adviaajile to diatil the w*tac joat |elon it ia 
to ha na^ 
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On OB« ooouloD Stas assdrain-vstermstejd 
of mU-watsr, and he found distinct qnantities 
of ammonia in the distilled water thus prepared. 
To remove this he recommends to re-distil irith 
^ part of NaHSO. or KHSO,. 

Oomporitim of water. —The gravSnetrio com- 
nositiopiof water was determined by Berzelius 
a. {A. Ch. [2] 16. 88) and by Dumas 

M. Ch. [8] 8, 189) by passing pure H over a 
weighed quantity of red-hot CuO, and weighinf^ 
the water produced and the copper whiAr re¬ 
mained. The results gave the ratio H:0 = 1:8 
(B. a. D.) and 1:7-98 (U.). An extended series of 
measuremenfs by the same method, with many 
precautions, by Dittmar a. Hendorrtm (C. J7.C7, 
127,139, 161, 164 [1898]) gave the ratio H:0 - 
1:7-9327. , „ . 

Several measurements have been madd of 
the proportion by volume in which H and O 
combine to form water. Gay-Lussac in 1805, 
and Humboldt in 1805 (A. Ch. 63, 239), found 
the volumetric ratio of H:0 to be 2:1. Morley, 
in 1891 (Am. 8. [3] 41. 220, 276), determined 
the ratio of H:0 to be 2-00023:1 by directly 
measuring the volumes of the gases. In 1893 
Leduo (C. B. 116,1248) found the ratio H:0’= 
2-0037:1, from determinations of the relative 
densities of H, 0, and electrolytic gas. In 1893 
Scott (T. 184, 643) completed a moat carefully 
performed series of syntheses of water by spark¬ 
ing mixturJs of Hvand 0, and determined the 
most probable value of the volumetric ratio 
H-.O to be 2-00246:1. 

Properties. —Water is a^ clear, transparent, 
almost ^lourless, tasteless, odourless liquid. A 
column of water, appears slightly blue when 
looked at lengthwise. Bunsen (A. 72, 44) 
pointed out that the slight blue colour of water 
may be observed by looking at a shining white 
object through a column of water 2 metres long, 
contained in a tube Mackened inside. V. Meyer 
(B. 16, 297) recommends to join five wide, thm- 
Wled glass tubes, c. 40 mm. internal diameter, 
and each c. 14 metros long, by wide caoutchouc 
tubing, and thus to form a tube o. 74 metres 
long; to lay the tube perfectly hori-zontal, and 
to close the end by smooth glass plates held m 
position by metallio clasps; then to covet the 
tube with black cloth. On looking through the 
tube the field of view appears quite cqjourless, 
but on now filling the tjibo with pure water (by 
means of brass tubespassing through the metallic 
clasps) a deep-blue colour is seen on^ looking 
through the column of water. • a ,, 

OThe botling-point of water is 100’ uncTer the 
pressure of 760 mm. Zeuner 
mechanUchm Warmetheone, Tab. Ip [1877J) 
^ves the following table, shovjipg the increasd 
of boiling-point vrith increase of pressure: 


1,46 [1881]) based on Begnanlt's determinations ; 
the table gives the b.p. of water for each -1 mm. 
from 680 to 800 mm.-pressure. (The table is 
given in Landolt a. B6m8tein*s Physikesliseh. 
Chemisphe TesbelUn [Berlin, 1888], pp. 47-49.) 

The meltmg.point of ice is slightly lowered 
by pressure. *J. Thomson (T. E. 16) ooloulated 
that the m.p. would bepowered by »-0076® for 
an increase of n atmospheres; W. Thomson 
(P. 3f?[3] 37,1231 confirmed this calculation by 
determiningUie m.p. of ice at 8-1 and 16-8 atmos. 
Moussou (A. Ch. ,[3] 66, 262) kept water liquid, 
I at jA® by greatly increasing pressure, and ho 
L found that at c. 13,000 atmos, pressure icemelted 
' at -i8®. • • • _ 

The specific*gravity of water is greater at 4® 
than at any other temperature. Exner gives 
the tempcratuiS of maximum density os 3-946® 
(older determinations are tabulated by Exner, 
tv. A. B. 08 (ii.), 463 [18731). The following 
table, showing the density and voTume of water 
from 0° to.^00®, is given |)y Volkmann (W. 14, 
260 [1881]) :»it is based on the determinations 
of Ha^on, Matthiessen, Bierro, Kopp, and Jolly: 


PgiMam 

1 . 
2 . 

3 . 

4 . 
6 . 
6 . 
T 


Boillag- 

poiat. 

100 
120-6 
188-91 
144> 
162-32 
. 169-22 
*166-84 


Pressure 

Inetmea 

8 . 
9. 
10 . 
41. 
12 . 
1 ?. 
14. 


boillng- 

poiat.4 

. 179-8f 
. 176-^17 
. 180-31 
. 184-60 

. 188-A 

..192-08 

06-53 


Temp. 


An elaborate tab(e is given by Brwh (Troe, 
«< 3Um. AtiBvreau iniemat. des PoiOV et Mes., 


0 

1 

2 

8 

4 

6 

' 6 

7 

• 9 

9 
10 
11 
12 

16 

10 

17 

18 

19 

20 

« 21 
j 22 

23 

24 

25 

40 

45 

55 
» 60 
65 
70 
*75 
80 
85 
90 
95 
1^ 


Density (in Paeuo) 
{^. wt. o( 1 O.C. 
water iu gram*. 


Volumo of 1 gram 
water io CM. 


•990B78 

‘999933 

•999972 

•999993 

1*000000 

•999992 

•9999G9 

•999933 

•999882 

•999819 

•999739 

•999<i.'>0 

• -999544 
•909430 
•999297 
•999154 
•999004 
•99BB39 
•098GG3 
•908476 
•908272 
•9980G5 
•997849 
•907023 
•9‘.I7380 
•997110 
•99677 
•994 J7 

*99236 

•99036 

•98817 

» -98684 
•58334 
•98071 
•*97789 

• -97493 
•97190 
•90876 
•96649 
•9020) 
■96850 


1-000122 
1^00007 
1-000028 , 
1-000007 
1-000000 
1-000008 
1-006031 
1-0OOO67 
1-000118 
1-000181 
l'00026k 
1-000850 
1-000466 
1-000570 
l-00070i» 
1-000847 
1-000997 
1-001102 
1-001839 
1-001627 
1-001731 
1-001939 
*1-002166 
1-002383 
1002021 
l-0028(» 

■ vl-00425 
1-00586 
1-00770 
1-00974 
1-01197 
1-01436 
.1-01094 
*1-01967 
1-02261 
1-02572 
1-02891 
l«ii225 
1-03674 
1-03941 
1-04323 





m WATER. 

Rossetti (P. Erg&nabd. 5, 268 [X871]) gives athurated water vapowr and the weight (la 
he densities and volumes of water for each kilos.) of 1 o. metre of the vapour, at tempera- 
legreefrom —10° to 100°,referred both to water tures from 0° to 200°, is given by Zeuner (v, 
kt 0° and to water at 4° as unity. The 'S.Ci. of Lanfiolt a. Bdrnstein's Pkyeikaliach-ekemieche. 
ceisc. *916 at 0° (water at 0°»*1); aOoording Tabellen [Berlin, 1883], p. 63;^ e/. Dieteiici, 
o recent determinations by Zakr^^vski (W, 47, W. 38, 1). 'According to Bieterioi (f.c.) water 
155 [189C])4he value is *916660. «« ' vapour saturated at 0° behaves like a^perlect 

The ea^nnon of water for various intervals gas. • 

)f temperature has been measured by wrious The vapour pressure C>f water varies from 
>bserTer8; patting V<=*Vp (l+at +the |;0288mm. at—19° to2(J926*4 mm. at 230°; for 
ollowing values are given by Kopp {P. 72, 1 complete tables calculated from Begnault^sdeter- 
1847]; c/. Pierre, P. 86, 461J Wcidner, P. 123, minationso.Landolta.BOnistein’sPAysikafiw/j- 
100; Matthiessen, P. M. [4] 31, 149; Rossetti, chemUclie Tabellen [Berlin, 1883] pp. 40-46 (the 
P. ErgUmbd. 6, 258; IXirn, A. Ch. [4] 10, 32): vapour pressure is given for each *1° from —19° • 
Temp. ^ ^ 

0° to 25° -•000061046 *0000077183 - *00000003734 

26° to 60° -;000066415 *0000077687 -*000000035408 

50° to 76° -*00005916 *0000031849 •00OX)00072848 

76° to 100° -*00008645 *0000031892 *0000000024487 


For the dlpansion of water above 100° v. to 101°, and for each 1° from 101° to 230°). 
MendeUeff (A. 119,11. ^ Ramsay a. Young {T. 1892) give a table of the 

As water freezes it expands by c. of its vapour pressures of water up to 270°. In con- 
volume; one volume of water at 0° becoming noction with the vapour pressures of water and 
1*09082 volumes of ice at 0°.*" It expand^ wj^cn ico, v. R. a. Y. (2\ 1884. 470). For an expression 
heated at temperatures below 0°; Zakrzovski ( W, representing the vapour pressure of water at any 
47, 165) gives the co-elliciont of expansion temperature up to 325°, v. Antoine (C. R,. 113, 
•000077 (v. also Brunner, P. 64,116; Struve, P. 328). 

66, 296; Marchapd, J. pr, 35, 254). The spec, lieat of water increases as tempera- 

The compressibility of water is small, turo rises; the quantity of heat required to raise 
ROntgen a^ Schneider (W. 33, 044) give the 1 g. of water from to f°-vl is taken as unity 
absolute compressibility at 17‘9.'>^ as *0000462 in determinations of the spec, heats of other 
pel’atmosphere of pressure {v. also Ramsay a. substances. Tbe following table presents the 
Young, T, 1892; and cf. Grassi, A. Ch. [3j 31, data for S.H. of water at intervals of 10° from 0° 
437; and Rankine, P. M. [4J 1,548; also Amaury to 230° (the momoiVs by the different (Aservers 
a. Doscamps, C. 11. 68, 1564; and CaiVetet, are: Rcgnault, Acad. 21, 729f[1847]; Jamin a. 
O.R.75,7'7). AWury, C. H. 70, 661 [1870]; Bosicha, P. 

A table shov^lng the volume of 1 kilo.i' of Jubelbd. 549 [1874]; von Munchhausen, W, 1, 
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599: 10, 98411877 and 1880]; Henriohsen, W. 8, 
83 tl879] : Baumgartner, W. 8, 648 [1879]). 

Thd following yaluea for S.H. of water, from 
0° to 86°, are given by Bartoii a. Stracoiaii 
(d. Ch, [6] 29, 286); the values in thg column 
‘ calottlated ’ were obtained by using the formula; 
- 1-006030 

• - -QOOSgSOGOf 

+ •000004338650^ 

, + . •0(}D0004255201* „ 

. - -OOOOOOOOOSlOt' 

• 

The unit if the quantity of heat given out by 
\ gram water at 16^ in oooling^to 14°,^ . 



S.H. oaled. 

S.H. observed. 

0° 

1-006630 

1*00664 

1 

1-000041 . 

1*00601 

■ 2 

1-005463 

1*00513 

8 

1-004S98 

1004S9 

4 

1-004360 

1*00135 

5 

1-003820 

1-00383 

6 

1-003307 

1*00331 

7 

1-002824 

1*00283 

8 

l*b02.3G2 

1-00233 

9 

1*001027 

1-00190 

lo¬ 

l*(mi522 

1-00149 

ll 

1*001146 

l-OOlll 

12 

1*00080 

1-00078 

13 

» 1*000496 » 

1-00048 

14 * 

„ 1*005224 

1-000*23 

15 

0*099990 

i-ooooo 

16 

0*999705 

0*90983 

17 

0*000042 

,0*99968 

li 

0*900530 

0*09959 

1.9 

00004()2 

0*09951 

20 

0*000430 

0*99947 

21 

0*009463 

0*99950 

22 

0-909533 

0*99955 

23 

0*900652 

0*99964 

24 

0*000821 

0*99983 

25 

1*000040 

1*00005 

26 

1*000311 

1*00031 

27 

1*000633 

1*000(>4 

28 

1*000967 

1*00098 

29 

1*001438 

1*00143 

80 

1*001921 

1-00187 

81 

1*002459 

1-00241 

32 

1*003054 

— 

S3 

1*003668 


84 

1*004408 


85 

1*005170 

— 


The S.H. of ice is considerably less than tAat*of 
wateiif Begn^Vs determinations gave ’41%* be¬ 
tween — 76° and 0°;.the determinations 
Person a. Desains gave *504 between - a)° and 
0°^ Ramsay a. Toung {T. 1884.^475) give the 
value *5 as the mean of various experiments.' 
S.H. of water gas at 100° is giveft bv Streckcr 
J7, 85) as *37 referred to ^n equal weight 
water •• 1, and 1*36 referred to an equal volume ui 

air-1; the ratio g given by S. is 1*4, 

d'aeger (TT. 86,165 [1889] gave the value 1*33 to 
this ratio, and Cohdh (W* 37, 628 [1889]) gave 
|he value 1*287 foi^ the temperature interval 
144° to 800°. ,* ' • • I » 

The hedt of vaporisation of >water— i^ 4he 
quantity of heat'required to convert 1 g. of 
water at lOCP into steam at 100°—if 535*77 
, » 


gram-units, according to Favre a. Stlbermann 
(A. Ch [3] 87, 461). The following values are 
given for the heat requited to convert 1 g. of 
water at*f° completely into water vapour; 
606*5 when i » O'* 037 when t -100°, 676*6 when 
fe230° (Begnaglt, Acad. 21, 635); Dieterid 
TV' 38, 1) gfvqs 696*8 when f 0° ; Beftnault 
l.e.) gives the formula A >• A •f Bf for the total 
heat of \|iporisation of water at different tern- 
{leratures, anc^ gives the values A » 606*5, B « 
*305. 

According to Sakhrai {C. /.’Cl, 405 [1892]), 

* the tfisnporaturc of the steam escaping from a 
bfiling salt solution is exactly the same as that 
of the solution,^ • * 

The heal o//m5u>u of ice,<.c. the quantity of 
heat required to convert 1 g. of ice at f° into 
1 g. of water is given as follows by 

different obsorvorl (tho values are in gram-units 
of heat):—79‘*24 aud79'06 when U^^Olognault, 
A. Ch. [3] 8. 10); 79*25 when t -0°, 74*2 when 
f -» -10°,80*32 when t varie'kfiom —2° to-2l° 
(Person,^. C7« [3j 21, 205; 30,73); 77*86 at 
-2*8°, 'Hj’IC) at-4*005°, 76*11 at-6*28°, 76*0 
at —6 6° (Pctlerason, J. pr. [2] 24, 120). 

The thermal comlucHvity of water, from 10° to 
18°, was dclormincd byWinkfdmann (P. 153, 491) 
to bo*154; Boltomleyi|p/*.31,300)obtainednearly 
tlio same value ; tins figure mrans that heat 
sutVicicntto raise *154 mgm. water from 0° to 1° 
passes per second through alayero^wa*c^ 1 Aim. 
thick ami 1 sq. inm. area, when tho differoneg 
brtween the temperatures of the two surfaces of 
tho layer is maintained at 1°. For electrical 
^conductivity of water v. iieaclions, No. 2. 

, Th6*refiac(ivc indices of water at dilTbrent 
• temperatures, and for different Im^.ts of deter- 
xninaie ivave-longths, have boon measured by 
many observers. Tho following values have 
been found for jUn*: 1*33120 at 10*0°, I’SSOOl 
at 23*7°, 1*33000 at 26° (Briilil, B. 24, 644). For 
detailed tabulation of tlie rusulls obtained by 
P’raiinhofer, van dor Willingon, Bailie, Damien, 
Landol^ Wullncr, and lluUlmann, v. Landplt* 
a. Bornstein’s Physikalisch-Chemische Tabellen 
[Berlin, 1883] 205; cf. also Perkin (0. J. 61, 
203), who gives values for n for tho lines A 0 D 
and F, at 15° and 83*7°. , 

Observatipns have boon made on the absorp¬ 
tion spectrum of water and water-gas, but the 
matU# has not been thoroughly investigated (u. 
Vogel,*i>. 156,326; Jansen, B. il. 1860. 11). 

Water crystallises, as ice, in rhombohedral 
forms; snow is generally found^crystallised la 
six-sided stars derived from ai^-sided prisms. 

* Molecular weight of Several 

observations have becn'hnado which tend to 
‘^how that the molcedlar weight of liquid water 
is greater than 16. Patemo {B. 21, 3180), from 
measii^ments of the lowering of the freesing- 
pjint of water dilsolved, in oq^tio acid, con- 
clade(} that the mm. V. might be 1& or might 
perhaps be 36. From the depmssmn of the 
freezing-point of parSioluidinc^y water dissolved 
therein £ykmBn*(B'. P. C. 4, 510) ooooloded 
tliat tho mol. w. of liquid watef is probably 86, 
and this conclusion was strengthened by WjfiUcer’s 

experiments on the connection between heats of 

fusion and holnbility {Z. JP. C. 5,194). From 
meaEuremeats of the surface tension of water 
Bamsay&nd Shields (C. /.68,1069 £1898]) ooft- 
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WATER. 


elode Uut the mol. w. ot liquid water U pro* 
hably 72 at the ordinary temperature. 

JleactiofM.-l. In *1847 Grove (T. 1847. 1) 
showed that water was decomposed into H ana 
0 by heat Grove formed .a Kttle baU on the 
end of a Ft wire, by fusing thq Ft. heated the 
globule of Ft to whiteness by an. electric current, 
and plunged it into ctiittle air>free water, nearly 
boiling, in a small basin, with a teat Jube full 
of air«free water arranged to collect ^'any gas 
that might come off. Beville (C. il. 66, 196, 
322 [1863]) found that H iind O were given off 
in considerable quantities when moltevcFt was 
plunged underwater. D. noticed no decompr* 
sition when steam' was passb<^ through U Ft tube 
heated to bright redness, but by passing a cur¬ 
rent of anindifferentgas, such as GO., through the 
hot tube, and thus sweeping ^ay‘the products 
of decomposition, H and 0'were obtained.— 
2. Water ^ scarcely decomposed by an electric 
current, laohliausch found the electrical con¬ 
ductivity of the purest water he co ild obtain by 
distillation in vacuo to be 2*5 y 10~‘' in C.G.S. 
units, or o. 72 billionths the condut-'tivity of 
Hg (P. M. [6] 18, 542). By calculations'based 
on this result, Ostwald concluded that in a litre 
of pure water the weight of water dissociated 
into H and OH ions, expressed in gram-molecules, 
is *6 X C. 11, 621). By other methods 

of calculation, based on otner data, Ostwald ar- 
rived at <he 'Jalue *2 to *9 x 10’® for what has 
been called the dissociation constant of water 
{2. P. C, 11, 621); Wijs, by oalcnlations based 
on the hydrolysis of methyl acetate, obtained the, 
values *1 X 10’’ {2.P. 0. 11, 492), and *14 x 10'® 
(ibid.®-12, 614); Arrhenius obtained th^ value 
•1126 X lO-® (iftid. 11. 027); and Brcdig. the 
valne *6 x 10~*'{ibid. 11, 829). Late** experi¬ 
ments on the conductivity of water by Kohlrausch 
a^Heydweiller {Z. P. C. 14,316 [1894]) with water 
that had been distilled in vacuo ten years ago, 
had then stood in a vessel filled with water, and 
been again distilled in vacuOt gave the following 
tesidtaconductivity (Hg «1) *014 at 0^, '04 at 
18®, -058 at 26®, *089 at 34°. *176; all these to be 
multiplied by 10'*®. K. a. H. say that 1 mm. of 
this water at 0° had a resistance = that of 40 
tnillioD kilometres of Cu wire of the same area. 
E. a. H. calculate that in 1 litre a® the purest 
water at 18® there is’00008 mgm. H as free ions, 
and *000106 mgm. at 26°.—3. Steam is dajom- 
posed by iiectric sparks \ for conditiont an^ 
details of results v. Thomson (Pr. 63, 90). 

The reactions of water are so many that>an 
approximate oiass.*fication of them into groups 
is all thatecA' be attempted here.->i. Many 
metals react with water,* at temperatures varying 
from the ordins^to a fullered heat, forming* 
oxides or hydroxides and giving off H. The fol¬ 
lowing metals decompose cold water: Ba)#l, Ca. 
(Ce ?), (Ltt ?), Li K, Bb, ITt Al, Fe, Pb, M* 
i reaot ato. 100°; and most of the 
other metMs at tempuratures from o. 100® to a 
full red heat.—5. Many non-metals reaot^ gene¬ 
rally slowly, with water, forming acids and giving, 
eff O. F rapidly decomposes water at the ordi- 
luu^ tei'4}eratare; 01 reacts slowly at the ordi¬ 
nary temperature, and somewhat more rapidly 
at a red neat; Br re»Jts more slowly than 01; 

Z has probably a very slight (?any) ac^on. 8* 
%a^ F reaet slowly al 100®; Se is said not to | 


^deoompose water at 160®. Carbon gives off H at 
a red neat. Boron acts like a iqetal, giving oft 
H at a red heat.— 6 . Many haloid compov/nAs react 
wi^ water, giving oxyhalqjd compounds or 
oxides. andhaJoid aoids.—7. Some metallic sul^ 
phidee reaot with steam to form oxides and H^S 
8 . A few of the lower oxides deoomp'4ee water; 
e.g. OxO.x'H^O at the ordinal^ temperature, and 
GO at c. 600®.—9. Water reacts with many 
oxi^ to form hydroxides whioh are either basic 
o^Hcidio; in some cases hydrates arl formed. 
Hydrates of various salts are also prodnoSd by 
combining the salts with wates (u. HmsATEs. 
vol. ii. p. 703; cf. Hydbozzdes, vol. ii. p. 783).—-* 
10 . WaWf dissolves very many componnds of 
the most different properties iv. Solutions, vol. 
iy. p. 484). 

Small quantities ^f water often bring about 
chemical changes that do not occur when the 
substances are perfectly dry; for instance, a 
mixture of dry CO and O is not exploded by 
sparks, but a trace of water suffices to start the 
change {v. Baker, 0. J. 65, 611 [1894]). 

The acidic and basic characters ot water are 
^so nearly balanced that the compound cannot be 
classed among either aoids or basic bodies. The 
chemical relations of water to the ooifipounds 
formed by reactions between it and other sub¬ 
stances are determined chiefly ^ the chemical 
characters of the stfostances thifc ^eact with it; 
thus the relations of HOtt to lI,(OH)„, formed 
by the interaction of water and metals, are those 
of an acid to its salts, whereas the relations of 
HOH to HX, formsd by the interactioi^s of water 
and non-metals, are those of a basic hydroxide to 
• salts derived therefrom. Ttfe relations between 
'both classes of derivatives of water and the 
parent compound are sometimos expressed by 
saying that the compounds belong to the water 
type {v. Types, vol. iv. p. 811). M. M. P. M. 

WAX. A term applied to various natural 
solids more or less resembling bees*-wax. They 
are compound ethers, but differ from fats in 
yielding monovalent alcohols and not glycerin 
on saponification. They melt below 100°, are 
insol. water, si. sol. or insol. alcohol, and soU 
ether. They are not volatile. 

‘Bees’-wax. [64®]. S.G. •965. Consists of 
a portion (about 6 p.c.) soluble in alcohol (cerih^ 
and apportion insoluble in alcohol (myricin). 
Myrioin is myrioyl palmitate (Brodie, A. 67, 
180; 71, 144). Oerin is chiefly composed of 
corotiobaoid; but it contains small quantities of 
meliifiio ao'id CsoHmO, [90°], and an %oid malting 
at ,73° (Schalfejefl, B. 9, 278,1688 { Nafzger. A. 
224, 246). There is also present one or more 
acids Whose lead salts dissolve in ether ud 

f rbose Ba saU» dissolve in alcohol, and whilh 
herefore probably belong to the olefo series. 

may be saponified by aloobolio pok.,ah, 
ai|d the myrioyl ifioohol separated from pdtlas- 
sium /)almitatd by extraction with ligroln. Geode 
myricin yields CCI 4 and G^Olg when heated witii 
U and excess of SbGlg at 400° (Hartmann, B. 
24,1022). Bee 8 *-wc x oontainf two hydrocarbons,. 
on4 of which [60®] (c. 276? at 11 mm.) is pro. 
i^ably n-beptaico^e and the omer [ 68 ®}« 
( 0 . 810® at 11 mm.) n-hentriadontane t(,Hg 4 
(SchValb, A. 236,106). According to Schwalb, 
the myricyl alcohol of bees’-wax the formula 
OnHggQ [ 86 ®], aud is eonverted by heating witb 



lods-Ume Into to Mid [89% whioh 

{orms a methyl ether [71°] and an ethyl ether 
[70°]. Among the proidncte of eaponifioatiipi ot 
b^’-wax, ceryl^alcohol O^H^O or OaB„ 0 , and 
an alcohol C,.H„0 or Oj,H„0 ooonr. The last- 
mentioned aloobol when heated with soda-lime 
giree aii acid 0,iHj,0, or Cj,H„0, [7fi’6°]. 
Oaraadba wax v. rpl. i. p. 710. 

CUnan wax, whiou is produced by an insect, 
is almost entirely composed ol oeryl ceiotatw 
(0 _h 40„H„0, (Bi-odie, A. 67, 199). 

’Cork wax v. Oebin.i 
B ine wa&v. Oaaorio acid. 

Sngar-cane wax v. Ceb<)sih. . 

Japan wax. [42°-65°]. Oblaibed in the 
East from JRAus aw^cedatua. It appears to be 
really a tat, since palmltin is its chief cem- 
ponent. It also oontaiiib the ether of a fatty 
acid of higher melting-point than stearic acid 
(Sthamer, A. 43, 343; Buri, Ar. Ph. [3] 14, 
403). 

wax of Blent gnmmlflna ot Java contains 
an alcohol 0„H„0 [73°], v. sol. ether, and a 
small quantity [5 p.o.) ol isoceryl alcohol 
0j,H„O, si. sol. ether (Kessel, B. 11, 2112). » 

Myrtle wax. [49°]. Got by boiling the 
berridS of Mj/rUd cariferd of North America 
with water (Moore, J. 1862, 606). Consists of 
palmitic and some laurio acid and (20 p.o. of) 
palmitin. , ’ , '' 

Opium waX. Contains oeryl oerotate and 
oeryl palmitate (Hesse, B. 3, 037). 

Tobacco wax. Contains C™H,,„0, [63°], inaol. 


WRIGHTINB. 
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BtCO.O.H,, (164°), and OH,CO.O,H„ (1«4°) 
(Hartwig, J. pr. [2] 23,449). • 

Heavy oil of toinc, which passes over when 
the ten^erature is raised after the preparation 
of ether, oonsftts tit EtjSO) mixed with olefines 
(Claesson, .(.pr. [2] 19,259; Serullas, 4 . CK [2] 
89, 152). • ■ 

WIN IEROBEEN 0l2 contains methyl 0 oxy- 
benzoMe. 

WIHTEBEHB 0„H,.. (260°-206°.) 8 .Q. 1* 
•934. [ajj ll-3° at 16°. A dextrorotatory seeqni. 
torpeno obtained by distilling winterbarlc (from * 
DryMia Wintcr-Forater) with water (Arata a. 
•Canzoneri, 0. 18.527). Cpmurod green by Br 
I in C^i,. ' e 

WOOD V. liiunoNX. 

WOOD ODK^o. Xtiah. 

WOOD NAPTHA v. MzTnTL at, Conor. 
't/’WOOD OIL. Qurjun Balsam. Flows from in. 
cisions in the stem of DipterocarptK cuslatiia. U 
contains an essential oil, which gives a splendid 
violet colo^ when its solution in CB^ (20 pts.) 
is treated with a drop of a oold mixture ot HNO, 
and The eamo reaction is exhibited by 

the balsam itself, and also, in a more transient 
manner, by cod-liver oil and copaiba balsam 
(Fluckiger, Ph. [3J 7, 2). I'bo essential oil con¬ 
sists chiefly of a torpeno (255°) (Werner, /. 
1862,461), whioh composes OS^i.o. of the balsam 
(Gnibourt, J. 1876, 9(17). The rfsin oontpins a 
neutral substance, C„1I„0„ which brystsllisoa 
from light petroleum in triclinio prisms [128°- 
130°]; it dissolves in cone. H,80„ and is reppd. 


Tobacco wax. Contains C..U„„0, [63 J’,!"®'’,.! from the resulting reddish solution by adding 
cold alcdhol, sol. ether and i small quantity of I j j j aflicted by potash-fusion 
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C„H,J„0., [64-6°], nl. sol. oold ether (Kissling, If, 
16,2433). > 

Coca leaf wax (Hesse, A. 271, 214). The 
wax from Trujillo coca is palmityl-( 8 )-nmyrin 
C„H„0, [76°] Wo ” 54-5°. On saponi 6 oation it 
yields palmitic acid and ( 8 )-smyrin C„Ho ,0 
[196°] Wo = 94-2°, whioh yields an acetyl deriva¬ 
tive [236°] and a benzoyl derivative [228°]. 
The wax from the broad-leaved coca of Peru 
and Bolivia melts at 70°; contains palmityl- 
( 8 )-amyrin and a ketone, (O)-cerotinone 0 ,,,H,„aO 
[ 66 °], m. sol. alcohol, ether, and ligroin. The 
wax from Java coca contains the same -eub- 
atances, and also some oeryl oerotate and ethers 
of myristio acid and of oryoerotio acid ftoH„ 0 , 
[82°], which is v. e. sol. hot alcohol and ligroin, 
V. si. sol. ether, and is converted by AojO at, 
100° into corotoiio acid [70°J. , . 

WHEY.PaOIElD V. Mils. ' « 

(fit. Light oil of winte An oU.ob- 
tain^ in the preparation of ether by distilling 
alcohol with H^SO*. The ether is shaken with, 
Slk of lime and fractionally d^tAilled, the sncr 
oesBire fractions being ether* alcohol, and wet 
alo^ol. Light oil of wine]:26 to ^ p.o. of the 
aldihol etheriaed) rises to tfie surface when ^e 
Iasi fraction {90®-l20®) is allowed to atand. 
When dried over CaCL it has S.O. Ill* *90^ 
It contains )» EtOC^Hn (112°h 


kkiAkVtv AO saww miaa wwv.v. eej 

(Fluckiger, Ar. Ph. [3] 12, 58). A substanoo 
C„I(„0, [129°] is described byriliix (Jtf. 2, 616) 
as ppd.'by adding water to an alooholio extract 
of wood oil. It is neutral and insol. alkalis, and 
yields a diaCCtyl derivative [75°]. It is perhaps 
identical with the compound 0,,H,„Oj- Wood 
oil also contains gnrjunio acid CjHjiO, [ 220 °], 
whicbjcrystallisfts from alcohol, distils with d^. 
composition at 260°, and forms Ag,A". * 

WOOD 8 PIBIT V. Mktiivi. ALConoi. 

WOBMSEED OIL. Oleum Cinte. Ob* 
tained by steam-distillation from wormseod, the 
fiowor-buds ot Artemiaia Ydhliand, A. Sieberi, 
and A. incilld (Trommsdorn, TV. N. J. 8 , 812 1 
VOIckol, A. 38, 110; 87, 812; Hirzel,/. 1854, 
691? 1865, 655; Kraut a. Wahlforss, A. 128, 
293;° Faust a. Homeyer, B. 7, 1429; Hell a. 
Bitter, B. 17, 2609; Wallach Brass, A, 225, 
291). It consists chiefly of cineol 0„H,,O. 
Wormseed (A. Odllicd) also en^tsyis betaine and 
oholinedJahns, JJ. 26, 1^9.3). 

WBIOHTINE q„H|,N. [122°]. Occurs in 
the juice of Wrtghlid diUidyaentericd (Sten- 
house, Ph. [2] 6 , 493; Warneoke, B. 19, 60). 
Neeiffl? with bif*,er taste, al. sol. water, v. sol. 
alcohol and ethoii jCAnif. H,80, at 100 ° gives s 
dark*grecn colour, tamed dark blew by adding 
•water. Wriglitine, ia protobly idenUoal with 
oonesaine (g.v.)., 
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. ZAlCTHAUItX 0„B^V,0~ [eOffo]. Oman 
In opiom '(T. a. H. Smith, PA' [8] 28, 798). 
Whita eiystalUne powder, inaol. water and 
alkalis, eh lol. hot afoohol, m. eol. benrete, v. e. 
■ol. ohloroform. Wdak base, forming yeUow salts 
from which it is, ppd. by hot water. Oonc. 

forms a deep-orange solution, from which 
water ppts. the sulphate as yellow needles'* Hot 
HlIQi does not decqmpose it, ^no and,H,SO,*| 
reduce it to hydrozanthaline which ' 

forms white crystals [137“], nearly Insol. water, 
▼. sol. alcohol and twnzene, acd forms easily 
soluble orystalline salts. Hydroxantbaliue is 
coloured deep-violet by H,80, (even free from 
HNO^, the at.lour being destroyed by water, bat 
reproduced by H,80,.—B'H,C1,4(^: yellow 
needles. Gives oS tSl its acid at 1^6°. 

XAHTHAXIOE v. Ethyl ether of (8 )-Thio. 

CUBBAKIO iOm. « ■ r 

XAiriHATES. The salts RS.CS.OEt wnere 
B is a metal j v. Ethyl dithiocardonatb. 

XAXTHIO ACID v. Ethyl DITHZOOAJIBONATE. 

XANTHIHE 0,HgNA i 

0^- Mol- w- 

169! s! -(to? In the cold; -08 at lOO". Oeca- 
■iotiallj found is arixxary oalouli (Marcet, Essay 
<m Calculi^ London. 1819; Liebig a. Wubler, A. 
26. 840; Lebon. 0. it. 73. 47) and in urinary 
deposijj^ (Benoe Jones, 0. J. 15.78). OcQiirs in 
■mall quantity in the urine of man, in the 
panoreas, Bplea:', and liver of oxen, in < the 
thymoi gland of the calf, in muscle ol mam* 
malia and fishes (Scherer, A. 107, 314; 112. 
B6f; Btiidelec, A. Ill, 28; 116, 102; Ddrr, A. 
184, 46; Eossel, S. 6. 422), in some kinds of 
guano (Ungor a. Phipson, C. N, 6, 16), and in 
▼east (Schindler, H. 18, 432). Occurs a’jso in 
lapil^ seeds (Salomon. J. 1881, 1012; Schulze 
a. Barbieri, J, pr. [2] 27, 868), in pumpkin-seeds 
ffl. Schulae, J. pr. [2] 32. 467), and in tea 
(Baginsky, H. 8, 39^. 

Formafion,-~X. By the action of nitrous acid 
<m guanine (Strecker, A. 108, 141 [ 118, 151; 
181.121 ; Balke, J.pr. [2] 47.642).~2. In small 
quantity by,, heating a mixture of HOAo%nd 
aqueous HGy (Gautier, Bl. [2] 42,141). ^ 

PreparaticmA-l, Separates as a crystalline 
powder when NaHO, (8 g.) is added slowly td a 
solution of gu^'nc'llO g.) in H,SO« (20 g.) and 
water (150 f.) at 75^ (^soher, A. 216^309).^ 
8. Tha aqueous extract of spi^puting lupin seeds 
it avaporated, the residue ^ated with alcohol, 
and the alcoholic filtrate evaporated. ^ The 
vesidae ia dinolved in watery and AgK‘0f^an() 
added. Tho gelafin^ut po. is dissolved in 
hmMNOi (tf!G. 1*1), whioh yirids on coolihg a 
oryatalline oompouvd of hype^xanthine and silver 
nitrate, and on adding KH, to the filtrate silverw 
xanthine is ppd. /8. a. B.).~8. Urine is ppd. 
with barv^-water j the filtrate is evaporated to 
a smalP unlk and boiled with enprio acetate. 
Tha pp. is dissolved in warm nitric acid and 
Md.wnh AgNO,; tbe^p. is ctystallised from 
hot’diluted HNO,, treated with ammfiniacal 
AgKO|, decomposed by fi^, and tha solution 


evaporated.—4. A solution containing yanthine 
IS treated with Fehling’s solution and hyEroxyl- 
amine hydrochloride, an^ the ppd. ooppef com¬ 
pound decomposed by H^^S. The xanthine may 
<be fpgther purified by pz^pari;ig its lead salt and 
decomposing this with H.S (B^ke, J.pr, [2] 47, 
562). • 

Pro^fies.—Small scales (by evaporation) 
or pow^r ^emposed of minute globules, nearly 
insol. cold water, insol. alcohol and ether. V. e. 
sol. EOHAq and reppd. by pO.^ and other acids. 
Weak base. Does not form an acetate. A cold 
saturated aqueous solution of xanthine gives 
white pps.with HgC^and AgNOg, and a yellowish- 
green, flocculent pp. with hot cupric acetate. 
An a nmoniaeal solution of xanthine is ppd. by 
HgOi,, ZnClg. OdClg, and AgNO,. Xanthine 
reduces ammoniaoal cupric chloride (Brechs^ 
B. 25, 2454). Xanthine evapf>rated with nitric 
acid leaves a yellow residue turned orange by 
KOH (but not by NH,), the colour bw^ming 
violet-red on warming. Solid xanthine added 
to a mixture of bleaohing-powder and t^aOHAq 
on a watch-glass forms a dark-gre^n spot, chan¬ 
ging to brown and fin^ydi^ppearii^. Xanthine 
warmed with chlorine-water fdld a trace of 
HNO, as long as gases escape, and then evapo¬ 
rated to dryness, yields a residue which is 
»?oloured rose-red by gaseous NH!, (Wsidel. A» 
168, 865; Kossel, H. 6, 426)., 

*' jReoefton^.—1. Decomposed above 3s50®, giv¬ 
ing off HCy, NH„ cyanogen, and CO,.—2. KCIO, 
and HClAq at 60® form urea and alloxan.— 

3. Cone. HClAq at 230® forms glycoooll, formic 
acid, NH,, and CO, (E. Schmidt, A. 217,811).— 

4. NaOH (2 mols.) and Pb(OAo),, form a lead 
salt whioh, if dried and heatea with Mel at 
130®, yields theobromine (Fischer).—6. Slowly 
attacked by pure HNO,, the gas evolved con¬ 
sisting of nitrogen (1 vol.), CO, (4 vols.), and 
N,0 (11 vols.) (Fran^imont, i2. 77. C. 6, 223). 

Salts.—B'HGl. Nodular groups of sill^ 
nee^es.—B'H.^SO, aq. Scales, decomposed by 
water.—B'Balip,. Bl. sol. water.—B',Ou,Os- 
Formeef by the action *6f Fehling’s solution and 
hydrozylamine hydroclfioride (Balke).—B'AggO. 
Tellowish-white flocculent pp., got by add^g 
AgNO, to ar ammoniacal solution of xanthine. 
Black^s on boiling.—NaC,H,N 40 ,%i. Biiqate 
needles. 

Broam-xiintbiAe CtHjBrN^O,. Formed by 
,heating \anthine with bromine at 100®, 
a^.so by the adUon of nitrous acid on broach 
guanine (Fischer a. Beese, A. 221.348). Onrs- 
tb^ine powdftr, sol. pone. HClAq and H,S 04 ,€ni 
rcj^d. by water; si. soL hot water and ftot 
alcohpi; Bol. alk^is. 
tf IsoxontMne C,H 4 N 40 , 4.C. 

C?.WH RcH^^' ^ Formed ty rednolng dlaxo- 

ifloritrosoimethyl-^XTacil .C,lf,N,Oa with BnOl, 
and ^Aq (Behrend, A. 246. MS).. Kcedlei 
, (containing 4aq),^sL sol. hot wirier. BiaSolm 
m Ao,0< without chlange. On evapmtion with 
HNO, if leaves • residue coloqxM oraase b(f 



KOHA^. Yields O^H^rK^O, eq, eryii t*iu«lnq 
from voter in six-sided tebtes. 

reevde-xestUne 0,H,N,0r A prodnet of 
the eotion of (9 pte.) on orio aoid (rpt.) 
et 190° (Sohoftzen s. Filehne, p. 1, 160). 
Fonned, eiso by the action of nitrons acid on 
adenios'(Kossel, H. 10, 968). Powder, sol. 
water} HtJlAq, and Ni^,Aq, t. sol. KOHAq. lU 
aqueons solntion is soid in reaction, and on 
eT^)oration with HNO} leaves a lemon-vdions 
residne, whioh is ‘turned orange on wMming 
with KOHAq. , 

The name psendo-ranthine is also given by 
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XAKTHOOBXUMnO AOIB «; Qnunoln* 

iOIS. _ _ . 

KAXTEOOBXAXlXm *. Oaxamma and 
IixoooiAzkxs. 

XAlfTHOChUOl 0„H.Br„0, is. 
C.H^r.0<g"^J^>0 (»). [199°3. .Fumed 

by adding pyrogaliol (1 #t.) to bromlna (10 pti.). 
leavioAtho mixturo to stand tor tvo honrtp Mia 
then sluing with water and heating (StenlMOM 
a. Groves, 0. J, 98, 1 ; A. 177» 191; 179,987 1 
Theurer, A. 245, ^4). Tri-6romo°pyro^lol it * 

.ew 't:*"' - 7 r-- »*•”“ i itffermediate body in its preparatioiu Tallow 

Gautier {BU [2] 48,19) to a^ubstaQoe C,H,K^O ^lamina (from CSa and ligroiA), v. soL ether and 

AAAnrrinff in mnaAiilmte fiaoita .a t\.. 1_i_i_ 


oooorring in museular tissue. This* is a yeliow 
powder, whioh forms a very soluble hydro- 
ohloride. Its aqueous solution is ppd. by Ugpl^ 
AgMO„ and ammoniaeal' Pb(OAo)„ but not by 
Pb(OAo),. This pseudo-xantnine also gives an 
orange colour when the residue, after evapora¬ 
tion with HNOs, is treated with potash. 

Paraxanihine OjHgNqOjf. ‘[o. 284^]. Occurs 
in human urine (Salomon, B. 16,195; 16,310U; 
S. 18. 187; Thqdiohum, H. 11. 415; KosSel, 
M. 18,302). Silky needles or monooHnio tablq^i, 
insol. alooQol and ether, si. sol. cold water, v. sol. 
hot Water. Sol. NH,Aq and HClAq. Poisonous, 
aoting like oaflelne and theobromine. 
added to its solution in HNO, or NH^Aq gives a 
gelatinous m^ocoulent pj/. Picric acid forms a 
yellow orystaUiDe p^. when added to its solution 
in HCIAq. Gives a red colour (like xanthine) 
when the residue after evaporation with chlorine- 
water VI exposed to gasecdis KU,. Does not, 
give an orange colour when KOHAq is added to 
the residue after evaporation with UNO,. Gonj>. 
NaOHAq forms a crystalline salt. KOHAq 
does the same. A solution of paraxantbine is 
ppd. by Ou(OAo)„ phosphotungstio acid, HgCl^ 
and ammoniacal lead subacetate, but not by 
mercuric nitrate. 

Heterozanthine C«H«NqOp Occurs in urine 
of men and dogs (Salomon, H. 18, 8407; B. 11, 
412). Amorphous powder, v. si. sol. cold water, 
soL NH^q, insoL alcohol and ether. Its solu¬ 
tion in UCLAq is not ppd. by picric acid. AgNO,» 
HgOi„ OuCOAc),, and ammoniacal lead sub¬ 
acetate give pps. When evaporated with chlorine- 
water and HNOa it leaves a residue whioh is 
coloured red by gaseous NHa, the ooloi.« chan¬ 
ging to blue on addition<of NaOHAq. NaOHAq 
forms a salt crystaUisii^ in tables, v. soL water,,, 
si. sol. NaOHAq. The hydrochloride tosms^spa- 
risgly soluble orystoUine aggregates, whifh lose 
Bu on treltment with water. 

Kypozanthine w. voL u. p. 745. 

ZiJITHDriHS OjH,N,Ol S. 0025 In the,, 
ibid: *096 at 100°. Formed byiiieatiog amme^ 
niom thlonorate at 200° (Fiook, A. 132, 293). 
Q«t alao by heating pseudo-aiio aoid with H.,8C\ 
,t>160° (arimaQi, BL [9) 81, 635). ‘White 
powder, nearly ineol. water, «>!. NH,Aq, Inrmmg 
a eolation with bine Saoreeoenoe. Its wiAition 
lives a white pp. with HgCL and a yellow pp: 
with AgNO- %t attaokrA by BNO, Sol. 
KOHAq uid reppd. by CSO, Sol. oono. KAO,, 
lorming • lamfntt i.ttlphate, deooigposea » 
water wi& a.{paration of xanthinlna.— 

Unlky yellow pp., got by pooling en enunaSia^ 
■otntion «t,xaiithlnli>e intw excess ,1 uosoos 

hgHo, ’ r 


CS,, A. BoL^ligrolD. De^mposed by boiling 
with water or alcohol. 'Very etablo towards oxld- 
ising agents, even orystaUising nnaltered from 
oono. HNO,. Not reduced by sodium-amalgam 
or by sino Md dilute H,SO,. Aniline in HOAe 
yields an anilide [206°]. to wnioh Theurer assigns 
the impossible formula 0„H,Br„(NHPh),0.. 
p-Toluidin«P forms a oorutspondiiig p-tolmda. 
Itoocts with ^snyl-bydrasins aostaie. 

/!eectto»s.-.l.,^aOHAq forms hexa-bromo- 
bentene dihydride C,H,Bra [189°], si. sol. aloohoi, 
which crystallises in prisms, while the mother- 
liquor contains a s^ium salt of an acid 
C,H,Br,0, [124°], which forms BaA", eiystsBis- 
ing from dilate alcohol in l,erga white plates 
(Theurer). By the action of dilate NaO^q 
on xanthogallol, Hantzsoh a. bchnitar (fi. 90, 
2033) obtained 0,.H,Br„(0Il).0„ which yields 
Ba,(C„H,Br„0,), and orystaliine 0,,H,Br|,Ac,0- 
9. Na,CO.Aq converts xanthogallol in the oedd 
into C„H,Br„0„ orystaUising from benssna in 
needles [79°] and prisms [131°], yielding t^ 
orystaliine derivatives C„H,]4hO,3NFhB, and 
C,.ll,Br,,0,8NH,.C.H,Me.—8. HBr passed into 
a cooled solutioa of xanthogallol In MeOH 
forms 0„H,Br„0,(OMe)„ crystallising bom 
MeOH in prisms [113°], and converted by boiling 
dilute NaOHAq into an aoid 0|H,pc,0.(OUe), 
[105^, and by MeOH and bydrooblorio aoid into 
C,HBr,Cl(OMe), [77°]. The brominatad eoid 
0.H,Br,0,(0Me), reacts with aniline, forming 
orystallma C,H2Br,0,(0Me).NH,Ph. Cono. 
H,80, converts G.HJBr,0,(0Me), into O.BLBi,0, 
[G6°].—1. Hydroehlorio aoid gas passed into a 
cooled solution of xanthogallol in MeOH forms 
C„H,Br,,01,0,(OMe). [86°], whioh is insoL weter, 

T. u>t alcohol, does not resot with aniline, and , 
is ducomposed by dilnts alkaUs.—6. HOI passed 
into an sloobolio eolation of xqntbogallol forme 
Gt,H^r,,Cl,0,(0Et)„ orystellie^ from aloobol 
in colourless prisms [76°], oatuerted by NeOBAq 
into e product [99°]. C,aH.BrJ^uI,9, [104^ ie n 
bye-pr^not in the action of alcohol and B0| 
on xanthogaUoi. 'li forms large yeUow oiystaU, 

T. sol. alcohol. 

£furis 0 a£!ri 0 acid «. Stan nttmotui. 

boSATE. ■ „ 

XAITTHOlrKTBtllO AOH)«. Ifnm me. 

OAEBOHATES. 

Z,A?T]SOHI(is Diraniunm xaron oomb 

ZAHTHOFBBFB&ni In m-Dr-oxx-ums. 

qontoEi. ' 

XAXTEOitTrnno adio «. on.4inxou>a 
CABBoxmp xom. 

ZAXTa0BHAII]II]r,0«H«0am. Obtalnel 
from ^rsian berries (the frnit of BhamHtu in. 
ftttona) by extracting with tbne- times tbiA 



XAKTHORHAMNIM. 


weight of 85 p.«. eloohol; the jrield being 13 p.e. 
(Liebermann a. Hermann, B. 11, 963,1618 ; A, 
196,807; c/. Kane, Pi 'M. [8] 38,8; Oellatl;, 
N. E. P. J. 7, 262 ; 0. N. 8.196 : HlasiWetz, A. 
Ill, 108 ; BoUejTi A. 116, 66; U. J. 18, 828; 
Btein, Z. [2] 6, 188, 668 ; BehrendeJ?. 11, 1853). 
Yellow lieci^ee (oontaining 2aq),>'T. eol. water 
and aloohol, inaol. etlAr. Has little tinctorial 
power. Bedooes Fehling'a sointion aid am- 
moniacal AgNOi, forming a mirror., Fe)^ gives 
a dark-brown pp. Fpd; bj ammoniaoal lead 
acetate. Boiling dilute H,SO, splits it up into 
rbamnetin (2 mols.) and isoduloite (4 moll-V 


Yeljow powder, v. 


Baits.—0„H,_ 

SoL water.—Pb^A". 'Yellow pp< 

Aeityl derivatives 0,,H„Ao,.,0„ 
^chOtzenberger, Z. [2] 4, 668)^0„H„Ao„Os. 
Powder, t. e. sol. aloohol (Liel;ermann a. Ber- 
gami, B. 20, 3246). 

ZAITTHOBOOCELIH v, Ftcao •BOCeSLIN. 

XANTHOBBHCEA BE81N is Aoaboid brsin. 

XAHTH0XYUir*>C,^„O4. [80*']. Occurs, 
together with xanthoxylene 0,*H„‘(1(»2°) in the 
essential oil from japan-pepper {XantHjxylon 
piperitum) (Stenhouse, Ph. [2] 13, 423; 17rl0; 
A, 104, 237). Silky monoolinio crystals, insol. 
water, v. sol. alcohol and other. Its alcoholic 
■olntion is not ppd. by AgNO, or load acetate, 
even o n add ition^ NH^Aq. 

XEKY^KINB V. p-AMiDO-nipnENYL. 

ZBHTBENA-DIAMIME V. j^-p-Di-AtODO-nx- 

PBSNXL. 

XEBOKXO ACID v, Dx-ZTHYL-UAi.E'io aoid. 

XTLAH 0,H,90t. Tree gum. Wood gum. 
8^ 2 at 100^ [a3o«-69-6® (Tollens); ,-84° 

(Thomsen). Obtained from the bark of tro'cs 
(T. Thomsen, [2] 19, 146; Poumardd^ a. 

Figuier, A. 64, 388). Obtained, to the orient of 
1*78 p.o., by extracting jute with dilute (5 p.o.) 
Na<bHAq; and got also by extracting beech* 
wood or pine-wood sawdust with 5 p.o. NaOHAq 
(ToUens. A.„264, 807, 320, 324, 326; Bl. [3] 1, 
1102; Winierstein, B. 17,881). Obtained, also 
bV axtraoting wheat-straw, first with 2 p.o. 
MHpAq, and then with 6 p.o. NaOHAq (Tollens, 
A* 260, 291). The alkaline extract is ppd. with 
alcohol and HOI. 

Propsrttes.—Porous mass, insol. cold, sobhot, 
water; sol. NaOHAq. The hot aqueous solu* 
tion becomes opalescent on cooling. Insol. 
alcohol, bnt |h6 aqueous solution is not ppdP by 
aloohol unless an aoid or the salt of an alk&li is 
added. Insol. hfH^q, lime- and baryta-water. 
Its aqneous solution is Issrorotatory. GivtfS 
torha^idehyde distilled with H2SO4 or 

HOI, and xylolewhen bailed with dilut»H,S04. 
Gives no colour with HNOt oxidises 

Bjlaa to saccharic aoid, but gi^es no muoio aoid. 

o-XTIiENS CgHjf i.s. 04 H 4 Me 2 [^1>2]. Xhrw 
NM^i-benseHc. Mol. w. 106. (Wson, 

Ae CK [6] 6, ;.2d). *(l%2r)^ 8.G: J *8932* 
(Ivetta, Ae 143, 60); U *876 (Gladstone, S. J. 
69, 290). /tA l-492a. Ah 1-6328. O.E. (0°-10°) 
•00098. 8.V. 189*0 (Sefaiff); ;d7-6 (Pii^tte). 
RO. 1,084,274 [0,0,-94,000; H„0-69,000] 

g bmaim, J. j>r. [2] 86, 41). M.M. 18-81 
lOnrt&i Z, P. 0, 11, 763. Criiical tempera- 
X 858° (Altsohul, Z. P. C. 11, 690). Occurs 
(il d^*tar. ' The S.G.*of crude xylene varies 


i' 

o-zylene, and 8 i6 10 p.e. laity hydioearbons 
(Levinstein, B. 17,444; of. Fittig, A. 148,10). 
If }00 0 . 0 . of the mixture are boiled tdt 45 
minutes with 40 0 . 0 . of HNO, (S.G. 1*42) diluted 
with 60 aq. of water, the p» and o>xyl«;e are 
oxidised, leaving the m-xylene and fativ hydro¬ 
carbons. If the residual hydrooarbonip after 
washing with NaOHAq |ollowed by steaftx dis¬ 
tillation, be shaken for 80 minutes with 
orolqmes of H,S 04 , th» m-xylene will be suU 
'phonated and dissolved, while the fatty hydro* 
carbons remain. If 100 «p.o. of crude xylen^be 
shaken with 120 0 . 0 . of the o- and m- 

xylene dissolve, letting the p-xylene and fatty 
hydrooorbohs. On orystallising the sodium 
salts of the dissolved sulphonio acids, sodium 
o-xflene sulphonate separaies first, and may be 
converted into o-xylen€ by heating in a sealed 
tube with HClAq at 190° (Jacobsen, B. 10,1009), 
or by beating with diluted sulphuric acid. 
Nolting, Witt, and Forel (B. 18, 2068) found 25 
p.o. of p-xylene in commercial xylene. According 
to NOiting and Palmer (B. 24, 19561, orude 
xylene may contain 10 p.o. fit ethyl-benzene. 
When a mixture of o-xylene and ethyt-benzene 
is treated with Br (20 pts.) and I, tetra-bromo- 
xylene is formed, together with a less Highly 
brominated ethyl-benzene (Crafts, 0. B» 114, 
1110 ). 

Formation. —1. By distilling \tp oarboxylie 
acids with lime. 2. From o4iromo-tolaene, 
Mel, and Na (Jannasch a. Hubner, A. 170,117; 
Beymann, BL [2] 26, 632). — 3. By heating 
^antbaridin with (Piccard, B. 12, £801.—4. 
By passing McI through a mixture of toluene 
trad Aid, at 86 ° (Jacobsen, Bl 14, 2628^. 

* Prgperiies.’-OiXt solidifying in a freezing- 
mixture at — 28°. Unlike m- and p- xylene 
it does not yield a solid nitro- derivative with 
a cold mixture of H,S 04 and HNO,. It is com¬ 
pletely oxidised by chromic acid mixture. 

Beactions. —1. Dilute HNO, forms o-toluio 
aoid.—2. Boiling aqueous KMnO, oxidises it to 
phtbalio acid.— 8 . PCI, at 200° reacts, forming 
0 ,H 4 (CC 1 ,).CHC 1 , (Colson a. Gautier, BL [2] 45, 
507).—4. Bromine in the dark forms bromo-o- 
xylene CJEl,Me.^r [1:2:4]. In direct sunshine the 
prodhets are CgHfMe.CH^Br and G,H 4 (CH,Br), 
(Schramm, B. 18, 1278).—5. AlCl, and gaseous 
HCl at*'100° yield beiizene, m- and a little p- 
xylene, ^ cQtucne and* mesityleue (Hesse a. 
|i.T0bl, A. 270,168). 

tJt-Xyiev O.H 4 Me,[l: 3 ). VJ>. 8*68 (calc. 
8*67) pSohiff, A. 220, 92). (139°). g.G. g-^Bia 
(Piifetts, A. 243, 60); i|? -8716 (S.); -8666 

iBriihl, A. 235, 13); -864 (GUlstone, C. J. 

%9,290). O-E-CO^-IO”) •00090. M. 1-496 ffi.f 
if^ 1-4876, M, 1-6277. S.V. 139-8. H.O. 
1.084,168 (B^ohmann, J.pr. [2] 86, 41). IrWj. 
1253 at 20''-S0‘’ (9l*6ntock, Z. P. C. 11, 76B1. 
Crnicql temperature : 846° (A.). Oooura in coal- 
tar (tF. o-XvucN«). 

* Formation. —1. From m-iodo*toIaene, Ual> 
[.and Na (Wroblewsiy, A. 19^ 200).—2. From 

(I,s:!i)-X 7 lidine and amyl nitnto (Stoedel a. Holz, 
M, 18, 89U)).—8. From tplnnie, MeCl, and Aid. < 
(FnedMo. Croft.,'A. Oh. [ 6 ] l,*t61; Adoro. 
Billiet, B. 11, 1627).—A By distilling mesityl- 


bMnMir'667 and -866; it contain! 70 to^7 p.a. ‘enio zylylio ados irithdime (Fit^, A. 14^ 
» t*10 p.o. p-xylene, 3 .to 16 p.s, 10; 166,236). 
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' PnptrUm .—Llqaid. Kot attacked by dilate 
HNOj. Oono. HNO| oa warming lotma tri- 
ait^'iylcne {176*’]i al. aol. atoobol. « 

Reactions. —1. Oxidised by chromic acid 
mixtvre to isophthalio acid— 2 . ^ 1 , at 200 ° 
loima a bexacbloride (Colson a. Oantier, Bl. [2] 
46, 59m.— 8 . Bromine in the dark forma 
C,H,bf^r [1:8:4], wlplo in direct sunshine 
C.H,Me(C^Bc) and C,H,( 0 H 3 Br)j are produced 
(Schramm, B. 18, .1277*! U. 8 , 305).-4. ,\IC1/ 
and gaseous HCl at' 100° fprm benzene, mesityl-' 
end, and some p-xyleno and ^'-cumene (Heise a. 
T 6 hl, A. 270,- 188). On boiling with AlCl, the 
products are benzene, tolueqe, a little p-xylene, 
^-cumene, mesitylene, and dureno (AiischUtz, A. 
236,182).—6. On heating with Mel and I at 260° 
it yields <t-oumeno, mesitylene, and 0„H„ (Ray- 
man a. Preis, d. 223, 320).—6. Ethyl-maUmyl 
chloride at 60° in presence of AlCl, forma the 
ketone 0,.H„O, [63°] (B4hal a. Auger, Bl. [3] 3, 
122).—7. Benzoyl peroxide forme dixylylene 
C„H„ (266°), S.G. -OOSd (Lippmanh, M. 7, 
628).—8. OrOjCl, added to its solution in CS, 
ppts. chocolate brqwn C,H 4 Me./ 2 Cr 03 Cl,p which is 
converted by water into m-toluic aldehyde and 
at 200° yields C,H,Me.CH(CrO,Cl), (Etard, A. Ch. 
[ 6 ] 2d, 244).—0. CHjCl, and AlCl, form tetra- 
methyl-anthraoene [163°] (Friedel a. Crafts, 

A. Ch. [C] 11. 268).—10. PH,I forms C,H„ on 
heating (Bitoyer, 2 ^ [2] I, 456). HIAq and P 
at 280° form we-xylene hexahydride. 

p-Xylene C,H.Me, [1:4]. [13°] (Roissert, B. 
23, 2242); [15°] (Jannasch). (138°). S.O. 5 
•8801 (Jl): ’860 (Gladstone, 0. J. 69, 290)» 

C.E. (0°-10°) -00098 (Pinette, A. 243, 61). 
p, 1-4^. 1-S253. S.V. 140 (SchiR). U.«. 

1,084,274 (Stohmann, J. pr. [2] 35, 41). M.m. 
12-79 at 20°-30° (Schonrock, 2. P. C. 11, 753). 
Critical temperature : 344°. Occurs in coal-tar 
(Vs 8upro>) And in GaUcian petroleum (Pawlewakii 
J5.18,1916). Formed by the action of Mel and 
sodium on'p-bromo'toluene (Fittig, A. 136, 303; 
Jannasch, A. 171,79) and onp-di-bromo-benzene 
(V. Meyer, B. 3, 763). Moiioclinic prisms; 
o:b:c-3-32;l:2-34; 8-69-6° (Bueyer, A. 245, 
141). 

Reactions.—1. Dilute HNO, forms p-toluio 
acid.-2. Chromic acid mixture yields tere- 
phthalic acid.—3. PCI, at 190° gives C„H,(CH,C1), 
and at 200° C.H,(CC1,), (Colson a. GaAier, Bl. 

[2] 45. 6 , 607)_4. Brdtnine in the dark forms 

C HBrMe,, while in direct sunshine the productsj 
are 

-- ~—• - 

Ibe same way as with O'Xylene. 

Be/crsTtcea.—B bomo-, BBOMo-mtao-^iiioBo-, 

plCHLOBO'MITBO, Bl-lOW)*, UrTBO*, Ad 0xt( 

Itlbhis. ** . • 

ZTUEHE-AZO- compound* u. Azo- ooH- 

OAKBOZniff ACID t«. Di-Msx^- 
BBSzoio MID and Mesitvijehio acio. t 

m-XTlEHE DICABBOXYtIO ACID 0,;H..0, 
As. 0 ,HJMo,(CO,H),[l-. 8 ; 4 : 6 ]. DimethyUsi- 

aeifh Mol. w. 194. [above Ao»]. 
Formed by heating di,brom^-xylen» tosMvAl 
in ether opdA pressure with OlCO^t and i^um* 
amalgam. Foynjed also, U^ether wito ( 8 )-, 
aomidic aqid, by oxidation of durene wjjh dilute 
sran, nr nTamrylio ocid with KliInO,{BolinspaalI, 


B. 19, 2508). Minute prisms (ftom wateri oe 
plates (by sublimation),—BaA" llaq: orystals, 
V. s^ water. Yields m-oylsne on disti l l in g with 
lime. ’ . 

Methyl ether [76°]. Orystali. 

m-Xyleqsdiearbuylis acid 


C,h7mc'(’cO^)V[T:3A:61. Dimethyiphthalic 
acid. Isocumidie acid. [l80°]. Formed by oxida¬ 
tion and (•r)-iaodurylio acid (Jacobsen, B. 

15, 186^). i6mall crystals. May be sublimed. 
Yields m-xylene oq distillatiun with lime. The _ 
Ca salt crystallises in small plates. The Be ' 
salt M amorphous. 

• p-Xylene dicaHwxyllc acia 
C.H,rfe,(CO.;ft)>[I:4:2;6].17i-»wfbpi-fs«p«k<^ 
acid. (ByCumidic acid. Formed, together with 
[a)-oumiaio aoi<), by oxidation of s-durene with 
dilute UNO, or,of durylio acid with KMnO, (8.). 
Minute six-sided prisms (from alcohol). Sub¬ 
limes in small plates witliout melting. Nearly 
insol. hot water. Yields p-xylone on distilling 
with limc.-bBaA°21aq: tAles, V. sol. water. 
Methyl ether Ueji.". [114°]. (o.297°oor.). 
Xylene dicarbocylic acid 
C.U;Me(CO.,H)CH,CO,H[S;2:l]. [178°]. Formed 
by oxidation of C,H,Me{CO.Et)CHa.CO.,H (Bbbal 
a. Auger, C. B. 109, 972). Gives ofl CO, on 
fusion. 

Xylene dl-oi-carboxyUc aoH o. Pbestiieb- 
DUoi/ric ACID. e 

Xtc/cn-MCC.—OXT-XYDK.VE CAllBOITiaO A 

XYLENE OLYCOL v . Di oxy-xydenb. 
o-XYLENE DIHYDBIDE v . Cantkabbhb. 
m-Xylene dlhydride C,!!., (183°). S.G. *» 
• 828 ..V.D. 8-74 (calc. 3-88). 1-4675. Formed, 

togelRer with a polymeride Oi.H,, (2S(f’-286^ 
a.4. M -832, by heating the k| 4 *ne G,H|,0 with 
ZiiCl,. • The ketone itself is obtained by dis¬ 
tilling the anhydride C,.H|,0, which is got by 
the action of Ao,0 on oineolic acid, fotmea by 
oxidation of eucalyptol (Walioch, A. 268, 827). 
Liquid, smelling like xylene. Yieldfton nitration 
C.U.Ve,(NO,) [1:3:4]. cHCH-...* 

p-Xylene dlhydride OMe-^Qjj^'Qg’^DMe. 

(134°) at 720 mm. Formed by heating di-methyl- 
quinite dibromido C,H,,Br, with quinoline 
(Baeyer, B. 26, 2122). Smells like turpentine. 
Forms a ol^Btalline compound with jSBr. 

m-Xylene tetrahydride G,H,Me,. (119°), 
S.». 2 '814 ; H -794. . . < 

formation.—1. By heating oxycamphoiw 

“L. . I ing camphoric acid with symz«t phosphoM 

at 200*1—3. By distilling campnofio acid with 
ZnCl, (Ballo, A. 197, 3ft2).-4 By heating 0 ^ 
phorio acid withlSlAq at 200° (Wreden, A. 187, 
171) 

I A«p«rfws.—pil. Oxidised by chromic aoid 
rmixture lo.aoeSc, fcololaio, Jjophthalie, and 
' tertphthalio acids. HNO, fomU tri-nitoMW 

*^*Zyi*B« tet(plfydri4e djH,,. 8.0. 

ss -816. Occurs among the ;yodacts of the dis¬ 
tillation of colophony (Beaard, A. Dfc M 1. 
236). Slightly dextrorotatory liqmW YieW 
oily dl- and tri- bromo- derivatives. SnlphniM 
acid forms an oily pql^eride C„Hn> whinh iB 
oxidistd by faming HNO, to sucoinio and ox^ 
acids. Absorbs oxygen. Does not xeaues 
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luainoaisoal A^EO, betiierAlwIationitotat* 
binei with Br, (otinlng 0,H,4Brp 

m-Xylto* tatn^yMit (7) OA,. (190°). 
Oetonaphihylme. Farmed by }he o^on ot 
moiat Ag,0 on 0,H^, which is got by the action 
oi OaljSt 60° on 0,H„01 (17S°), a yrodnot ot the 
bUorinatiOn ot octonapbthene (Jiahowldn, J. B, 
16, ii. S94). Oil, emelUlg like turpentine. Com¬ 
bines with Br (2 atoms). An isomeric octpnaph- 
thylene (123°-129°^ is got by distilling ^,B,,C3 
obtained by chlorination ot ^.octonaphthens 
(Futocbin, J. B. 16, ii. 295). 

ta-Xylene hezahydridc 0,H,, i.e. '* 

_ i.Ai _ /I 

. . . 

O.E. (0°-26°)-001072. V.D. 3-87. S.V. 164-8. 


1 


FCIi and AlGl, (W.). Plates or needles, t. e, 
sol. alcohol and ether.* Decomposed by alkalis 
into m-xylene and phosphoric acid. 

jp-Xylene phoaphonie acid 0,H,Maj.PO(OH)r 
[180°]. Formed by the action ol water on 
C,H,Me] J’Cl, [o. 60°] which is got by passing Cl 
through the product of the action ol PCI, on p. 
xylene in presence ol AlOl, (V^Uer, B. 21,1494), 
Ijeedles, m. sol. water, v. sol. alcohol, si. sol. 
ether. Cone. HHO, forms the compound 


id Mid on beatihg .with aftall. 

Br added to dilate iwlationt forms btomo- and 
di-hromo-m-xylene. Yields two nitro- derisdUTes 
[182°] tad [100°], 

Salts. 7 - BaA" aq. Plates. — OdH,A", aq. 
Plates, more sol. cold than hot water. — 
NiH,A",aq.— AgjA" : white pp. • 

•n-Xylene a-pnosphonis a^ • 

OAllCrl’0(OH)r m-iylent {B)-^hotphhiic 
«ci4., [161°]. 8. 1-8 sat 16°; 117-3 at 100°. 

‘Prepared by boiling yfith water the mixtnre ot 
chlorides 0Alle,.P0C4 (280°-300°) whiolF is 
got by the action ot SO, on the mixture of tetra- 
0,H„Me, [1:3]. OcUmaphthifjf . (118°). S.Q,<j chlorides O^Me,.|^01, formed by combination 

8 -7814 (Lossen, A.*'226, 110); b -770S (A.), of chlorinb with the mixture ol chlorides 
~. (0°-26°) -001072. V.D. 3-87. S.V. 164-8. 0,H,Me,PPL obtained by heating m-xylene with 

Po-1-419 ot22°(Wallaoh,B.^,923). Occurs ° *-°’- 

in Baku petroleum (Beilstein m EurbatoS, B. 

IS, 1820; Markownikoil a. Spady, B. 20,1860), 
and among the products ot the distillation of 
colophony (Benard, A. Ch. [6] 1,229). Formed 
by heating heptandphthene carbdxylio acid' 
with HIAq and F (Aschan, B. 24] 2718). Pre¬ 
pared by heating camphori* asid or mexylene 
With HIAq at 200° (Wreden, A. 187, to7). 

Liquid. Not oxidised by aqueous KHnO,. H,SO, 
and BNO, form tri-nitro-m-xylene. Sulphur at 
220° forms m-xylene. 

IsomarideO,tf,'r Iso-octonaphthene. (122°). 

8.0. §. -77i),7 -7637. Occurs in Caucasian 

petroleum (Putochin, J. B. 16, ii. 295). Liquid. 

n-Xylene hexahydride O.H„Me,[l;4]. (138° 
eord. V.D. 4-0l '(obs.). S.O. |-7956. Formed 
by heating bromo-camphor with ZnCL, (B. Schiff, 

B. 13,1407 ; G. 10, 320). Liquid, yieidiiiy tri- 
nitro-p-xylene [127T on nitration. 

m-XTLXS£ PHOSPHINIC ACID . * 

Cklorids C,H,Mo,.PCl, [1:3:4]. (257°). 

Qof from meroario dixylyl Hg^CgH^Me, [4:1:3]), 
and PO 4 at 235° (WeUer, B. 20* 1720). Liquid, 
converted by water into the acid C,H,Me,P(OH),. 

Ohlorine forms the compound 
v^hicii isoo&vertedby water intoG,H,Me,PO(OH), 

[194°]. 

' wi-Xylene-phosphinio acid CgH,Me,F(OH), 

[98^ (Miohaells, A. 212, 237). Formed by the 
action of ij^ater on the chloriae* Needles (from 
aloohol). Probably a mixture. 

. Chloride 0*H,Me,,PCl, (256°). S.G. « 

1'94. Form^ from m>xylene, PCI,, and AI.C1, 

(Weller, B, 20, 1720). It is a mixture of the 
preceding body %nd tne 1,8,5 ieomeride. Eeadily 
absorbs chlorine, forming C,H,Me,PCL, whence 
SO, forms (280°-d00°). 

. OwXylene*’^iMphinio aoid 

p^Xffltne pho^hinom oAd. Formed by treating 
the ehlonde with hoi watet*'(Weller, B* 21, 

1494). OrystalUses with difficulty. 

OKlorid4 C^,Me,PCi,. J-80°]. '(*4°). 
dr by, ee '* 


8.G. U 1*25. .Formed 
(ISOg!) with^Ol, (SOg.) and PCI, (200 g.) tm Se 
houra with inrertw 'condenser (Michaelis a. 
PaUeeki A. 212, 236). Stropgiy refracting 

!‘^'^nxira i-#X0SPH0NIC ACID 
h,H ,M«ij tal(OH)r m-Xyltnt M-phomhinic 
ociSrim^. S. 1-6 at 20°i 6-9 at: 100°. 
Formed'by bmling the ofiloride 0,H,Me,F01, (e. 
tt/pra) With Water (Weller, B. 20,1721), %edles, 
Widt .iol. aleohoL Decompoaed into m-xylene 


beating p-xylene’ 


0,H,(NO,)Me,PO(OH), [224°]. KMnO, ^elds 
C.H,Me(CO,H).PO,H, [278°]. 

Salts.—EH A'.—BaA". Pearly plates, more 
sol. cold than hot wafer. , 

Chloride C,H,Me,.PO(flr (281°). 8.0. {| 
1-31. OU. Formed by the action of SO, on 
C,H,Mo,.PCl,. 

Reference. —Niiwo-XTLXin pnosmomo acin. 
XYLENE PHTHALOYUO ACID v. Pukhti. 

aTLXt. KETOKE OiBBOXYMO AOIU*. • 

* 0-XYLENE SDLFHINIC A<XD C,H,.SO, «.«. 
C,H,Me,.SO,H [1:2:4]. [83°]. Formed by the 
action of zinc-dust on o-xylens sulpbochloride 
(Jacobsen, B. 10,1011). Plates (from water). 

m.Xylene sulphinic aoid C,H,Me,(SO,H) 
[1:3:4). [o. 50°]. Formed by reccing the 

sulphonio chloride C,H,Ma,.SO,CI (Jacobsen; 
cf. Lindoff a. Otto, A. 14(i, 233). Crystalline. 

p-Xyleae solphinio aoid 0,H^a,(S0,H) 
[1:4:2]. [86°]. Croups of needles (Jacobsen, 

B. 11, 22). 

C-XYUNE SDLPHONIC ACID C,H,.SO, ie. 

C, H,Me,(SO,H) [1:2:4]. Formed by warming 
o-xylend with H,SO, [Jacobsen, B, 10,1011; 11, 
22). Tables (containing 2aq) (from dilate 
,H,SOJ.—NaA'6aq.- BaA',2aq. a 6-8 at 0°; 
33-6,at 100°, 

Ctloriax 0,H,Me,.S0,CL [63°]. Prisms. 
Amide 0,H,Me,.S0,NH_ [144*]. YiHds 

two acids 0,HA^e(CO,H).SO,N^ on oxidation 
by EMne,. . 

, o-Xylene csnlphonie aoid 0,H,MerS0At 
[1:2:3]. Formed by the action of sodinm-amal- 
gam on OJS,Me,Cl(SO,H) [1;2;6;8] (Erdger.eB. 
18^1760). *• • 

Amide 0,H,Ue,.S0AIHr Orannlea. 
m'-Xylene c-anlphonis aoid OAMe,(SOJB) 
(1:3:2]. m-Xylttoe {$)-eulphonio acid. Fommd, 
-together with a laiirar quan^^y ot the (1,8,4)- 
Isoiierlde, by dissaving m-nlena in fuming 
K,SO, (Jwwbssn, A. 184, Iffi; B. 11, 18). It 
lemajA in tbs aoid liquor after p|^. t^e (1 A,4)- 
isomAida by thb proper quentity of water. 
'Potash-fusion yielddn-xylenol [74-6*1 (Jacobsen 
B. 21, 9838). to K salt hesM sm sod iita 
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lonatte toHM »n C,H„0, [99®].—KA’.i- 
SaJ^'.s namite neeSlss.—CuA.',aq. 
ahloridt OM,Ue-80fil. Oil. 

Amide OAMej-SOiNH, [96°]. NeedSa. 
m-Xylen» nlpkonis asid 0,^Me.j(S0,H) 
[l;a:4]. m-Xylene (a)-sulphonie actd. Formed 
U abofS. liOOg fiat prisms (containing iaqS. 

Its E* salt heated wi^i sodium formate yielaa 
nlylio add.—NaA'.—BaA',. Small plates.— 
'%A’,9aq.—CuAjCaq. • * 

Chloride O.H,Mor90,Cl. [34°]. 

*Amide [187°]. Jleedloa (from water). 
IzCl at 1607 forms C,H,Ma,.SO.^HBz [161°] 
Mahon, Am. 4, 194), which jicldj orystiillino 
3a(0„H„NS0,)2aq and BsA,, si. sol? water. 

p-Xylene anlpbpnlo acid C,H,Me2(S0,H) 
[1:4:2]. Formed by sulphonating p-zyl»ne 
(Beilstein a. Wahlforss, A. 133, 38; Fittig a. 
GUnzer, A. 136, 306; Jacobsen, B. 10, 1009; 

11,22; Bemsen a. Emerson, Am. 8,265). Plates 
or prisms (containing 2aq). Oxidised by alkaline 
KMnO, to snlpho-terephthalio and two salpho-p. 
toluic acids.—NaA'aq. [148°]. I'rimetric platps; 
o:6:c-l-077:l:l-4»8 (Moody a. Nicholson, C./. 
67, 978).—KA'aq.—BaA',. S. 2-27 at 0°; 6-$3 
at ipO°.—CuA'jSaq. Light - blue tnchnio 
prisms.—Zn A', lOaq. 

Chloride C.H,Me.,.SO,Cl. [26°]. Prisms. 
Amide (J48°]. NeciBcs, m. sol. hot water. 
o.Xylens disulpljonio acid C„HjMea(SOiH)j. 
Formed by herfting (l,2,4)-xylcne sulphonio acid 
with OlSO.Ii at 150° (Pfanncnstill, J.pr. [2] 46, 
166 ).—K.A"aq.-BaA>'3aq.-PbA''3aq. Prisms. 

C hie ride 0.ttMe.,(S0J01),. (79°). Prisms. 

- Amide C.H,>Io,(SO.,NHJr [239°]. 

«-Xyiens disnlpbonio acid C,H,Mc,(SO,Hl, 
ri:3:4:2]. Formed by heating m-xylene with 
fuming HjSO, at 150’ (Wischin, B. 28, 3113), 
and by heating (l,S,4)-iylene sulphonio acid 
with SO, at 150^ (P.)., 

converted by potwh-fusion into ChH;{Mo.^(Uil).j 
[148°].— (NH,).A’'. —3aq.—K.>'' 2aq.— 
BaA"8aq. Needles, v. sol. water.—PbA 3aq.— 
CuA". Gammy mass. 

Ethyl ether Et,A". Plates. 

Chloride O.H>fe,(SO,Cl),. [129°]. Con- 
yerted by PCI, at 180° (2,4,l,3)-di-ohloro-vle'>« 
( 220 ®). 

Amide 0,H„N.,S,O, [249°]. Needles. 

Oxidised by KMn 04 to [225®]. 

Ethylamide O.H,Me,(SO,NHEt).,^ [135°]P 
nt-Xylene disulphonlo acid 0,JI.,Mej(SO.,H), 
[l-l' 2 : 6 ?].-» Formed in small quantity, tog^ber 
with the preceding isomeride, by heating (IP.O)- 
xvlene sulphonio acid with ClSOJt at 150 
dPfannenstill, /. pr. [2] 46,16^., Neeolee. 
Chloride C,B^e,(SO,Cl)r Oil. 

^ Amide. [210®]. More soL ijater than ^ts 
lipmeride. • , , 

p-Xylene dleulphonie acid 0,H,Me.,(S<^)2 
ri:£2:6?]. Formed by heating m 1,4,2).| 
C.H^e,(SO,Cl) with fuming H,SO, (Holm*, 
Am. IS, 872; PfapnenstilU/. 

Needles, y. e. e<>lri»ter.-BaA'’3sq.—CaA»4aq. 
—MgA^Taq.-PbA"8aq.—AgtA'aq. , 

Ohloriid e OJH.Me,(S%Cl)r 
Xficc'iie 0.^e,(aO>iH^r [296°]. • 
fie/'inaaei.^BBeiio-, BBoMo-ntrao-, Nn»o-r 
aaiNizBAtMioo-, zruan eouxona 


XYLKNX THIObBUXOiVU hnVb. Xp\g\ 
ether C,H,.SO,^.G,H,. Xylul 

Formed by heating zylbae aulphinio aoid with 
watu at.l60°-160° (Otto a. Lindoft, A. V46,mV 
Oil, V. Boi. ^IcdhoLand ether. 

XTLEHlOeALOOHOL is Toiin-CABStROi. 
XYUENIO* BIBBOKIDS v. Dt-i-UOKO- 
zynENK. * 

XYLENIC GLYCOL V. Di-w-oxT-xiLKMa. 
o-XYLBXOL 0.H„0 t.c. 0,H,Mey0H [1:2:4]. 
Mol. w. 122. [628j. (225° i.V.). HF.p. 81,666 . 

■ (Stohmann, J. pr. [2] 84, 816). Obtained by 
Lpotasli-fusion from the eulphenio aoid (Jacobsen, 
^B. 11(^8). and ^Che diazo»reaotion from (1,S,4)> 
xylidine (Jacoblen, B. 17, 161). Long needles 
(from water). SiCl, yields Si(00,Jl,)4, crystal¬ 
lising in prism-J (350°-860° at 120 mm.) (Hart- 
korn, B. 18,1691). Ammoniacal ZnBr, at 800° 
from xylidino and diiylylamlne.—NaOO,H,. 
Flat needles, y. el. so'. NaOIlAq. * 

Beneoul derivative [57°]. H.F. 77,768 
(Stohmann, J. pr. [2] 80, 87. 

' o-l^lencl . C.H,Me,(6H) [1:2:81. [76% 

(21%° iTv.). OCCuft in coal-tar (Sohnlze, B; 20, 
410). Formed by the action of nitrous aoid on 
c-o-xylidine (T5hl, B. 18, 2562; N61tinga. Forel, 
B. 18, 2673). Slender noodles. Its aqueous 
Bolution gives a blue colour wiBi Fed,. 

c.m-Xylenol C.U.Me,(OI^r [1:8:2]. [49°]. 

Obtained from the crude xylidine,,or by the 
action of IICl onp oxy-mesitylenio acid (NOItipg ; 
Jacobsen, B. 21, 2829). p-XylenoI is got 
of m-xylcnol by potash-fusion from (1,8,2)- 
xyleno sulphonio acid (Jacobsen, B. 11, 26; 21, 

***^^Xylenol C.H,Mo,(OH) [1:3:4].* p6°] 
(Jifcobsen, B. 18, 3463); f*8“] (Steedel a. 
H51z, B. 18, 2919). (211-3° i.V.). S.G. J 10862. 
H.F.p. 59,501 (Stohmann, J.pr, [2] 84, 316^ 
Fortnation.^1. From m-xylene Bulphonio 
ftcid by potash-fneion (JocobBen, B. 11,34, 876 ; 
cf. Wroblewaky, Dl. [2J 10, 286 ; Wfirtx, f 10W, 
459).^ 2. By heating oxy-mosHylenio Mid wiih 
cone. HClAq at 200® (Jacobsen, B. 11, 2052).-- 
3. By reduction of uitro-m-xylene and treatment 
of the resulting xylidine with nitrone aoid 
(Harmsen, B, 13,1558; S. a. S.; Hodgkineon a. 
Limpach,p.63, 104). • 

PropertUs. —Needles, ▼. al* 
miscible with alcohol and ether. Volatile 
8 t^. FeCl, colours Its aqueous* solution blue 
and its alcoholic solution green, being ohMgM 
to bright blue on dilution wi«i water. Yields 
the corresponding xylidine. and 
when heated with ZuBr^, aftfc' 
at 31# (MUllor, B. gO, 1041). Totesh-fo^n 
forma (4,l,S)-OM»tolulo acid. YielM oUy 
P )(OC,H,), (Kreysler, B. 18,1703). SiOI. foiBW 
8 (0<!.H,), (4.56»1 (Hortkom, B. 18,1690). 
‘^TT-NaCifc.^ ,V. wL water an! ^e. 

-e.r" ? !s'sSuS?'i:y’te 

(186®) (S.). H.F.^. 46,338 (Btohmann, /.jpr. [2] 
Acetyl dtrivativ$ 0,B,OAe. (228° LV.). 

,.XTl«iolO.H,M.,(OH) [1;8:6]. (64ia:j;(68^ 

1. a. F.) (220®). Occurs in ooal-tar (^alss, p* 
'' — '' le Miion of nitrous a<^ 

r. 18, 862; Ndltinn A. 
Slandor neodlM 




m inrifeKoi. 

inter). Not ooloared fay feCl^—jJLfleti.—Nal'Soq. Tables.—BaA',. Kbate 

Plates, si. sol. NaOHAq. needles. . 

f -Xylenol CAMa,tOH) [1:4:21. [74*5°]. iie/ersnce.—N itbo-xtlenol sounoNio aoio. 

6 ° i.V.). E.F.p. 61,862 (Stohmsnnt .Tjpr. &TLENTI.-AKI1)0XIK v. Bl'USrHTL-BEH- 
[2] 84, 816). S.Geft 4 * 97 l. risrzAed^ b 7 ‘{)otash> zoio acid. 

foeioQ from m< and lrom|>-iyleno ^Iphonic acid XTLEITtL ALCOHOL v. Di>oxt-x7lbkb. 

and from oxy-iOesitylenio acid {^urtz, A« 147t XTLEKTL CHLOBIOE v. Tstiu-»%hlobo< 

878; JaoobBen, B. 11, «36). Formed also from ztlene. • 

p-zylidine by diazotisation followed by boiling XTLETIC ACU) is 0 z 7 *x>i-i££THYL*BSNzoxa 
with water (Kdlting, Witt, a. F^el, B. 18, ^cin. , 

2665). Long flat needles (from dilute dlcobol^. * XVLIC ACID is Dx-u&TSTii-Bmzoxo acid. 
Volatile with steafn. Its aqtieoua solution is XTLIDIO ACID is ^Toluene nxoABBoxsua 

not coloured by Fed,. •« acxx>. 

Fotash'fttsion 'gives (3,4,l)«oxy-toluio and^ c*o<XYLXBIK£ C^HjMe^lKHs) [1:2:8].—> 
oxy*terephthaUo acidL ENO*a^deHOA <7 yield Di-meihi/l-fhmi/l-iAtiifte, Amido-xyUm. MoL 
a nitroso- derivative 0 *H 3 Me,( 0 U)(N 0 )[l: 4 : 3 :C] w. 121, (223° i.V.) at 739 mm. S.G. *991, 
[163°], which is the oxim of p-xyloquinone Obtained by reducing di*> bromo • o • xylidine 
(Oliveri, G. 12, 162 ; Goldschu&'idt a. Schmid, G«HMe.pBr 2 (NH^ [l:2:4f5:3] with sodium-amab 
j&. 18, 668 ). ' gam in the cold (Tdhl, B. 18, 2562). Got also 

Salt.—Largo plhtes, si. sol. cold by heating (l,2,4)'Xylenol with NU^Br and am* 
KaOHAq. raonio-zino bromide at 300° (Muller, B. 20,1039). 

Methyl ether MoOOhH,. (194£ i.V.). Oil. Prepared from o*xylene by nitration and reduc* 
Ethyl ether EtOCaH,. (lOO*^ (S.); (205°) tion (Nolting a. Forel, B. 18, 2671; Wroble^ki, 
(N.W.a. F.). Oil. H.F.p. W.liJO. «• B. *18, 2904). OU. When oxidised by K,Or,0, 

Acetyl derivative GhI^,OAc. (237° iiV.). and H^SO^ it yields a small quantity of o*xylo* 
SeG. M 1’02G4. Oil, not solid at —20°. quinone [65°]. Gonvertod by the diazo-reaction 

X^enol. (220^). Occurs in beechwood-tar into O'Xylenol [73°J. Hj^SOi and HNO,*give 
(Marasse, A. 152, 75; Xiemann a. Mendelssohn, (4,l,2,3)-nitro*zylidine [114°] and (6,l,2,3)*nitro* 
B. 10, 67). Oil. « Yields O^OMe (220°). On xylidine [65°] (Ndlting a. Stoeoklin, , 9 . 24,567). 
boiling with aqueous KMnOf it yields an acid —Salts: B'HClaq. Elates. Begtnsto sublime 
which la ooaverfed by potash^fusion into u-oxy- at 100°.—B'HNO,. Needled—B'^ 2 ^ 04 . Largo 
isophtbalic acid [300°]. plates, si. sol. water. 

ReferenceSe —Bromo- and Niino- xyi.enols. Acetyl derivative C^HaMa^HAc. [134°] 
XYLENOLIO ACID o. Oxt>di*uetiiyl>den. (N. a. F.); [131°] ('JL ; W.). Slender needles. 
ZOIC ACID. i-o-Xylidine oXMe,(NH,) [1:2:4].^ [49°]. 

o*XYLBNOL 8 ULPHONICACIDOHn,oSf; 4 i.c. (220°). S.G. 1L» 1*0755. Prepared irom o- 
C 4 H 2 Me.^(OH).SO|P. Formed by sulphonation of xiylenc by nitration and redaction (Jocooson, B. 
(l,2,4)*xylenol (.Jacobsen, B. 11, 24). , FdOl, 17,159). Gotalsobyhcatingm-toluidinebydro* 
gives a violet colour in neutral solutions.—NaA'. chloride with MeOH at 300° (Limpach, B. 21, 
Bleikier prisms or small Iamln(e.---BaA' 2 * Nodu- 643). MonocUnic crystals, not coloured by ex* 
lar groups of minute lamina, si. sol. cold water, posuro to light and air. Gives no colour with 
m*Xyleiiol (a)*iulphonio acid. Formed, to* bleaching powder. Its solutions colour pine* 
gather with* the (j 8 )*i 8 omoride, by dissolving wood yellow. On nitration it yields ( 6 ,1,2,4)* 
l,§,4)|^ylenol in H.JSO 4 (J.). FeCI, gives u i^olet- nitro-xylidine [137°] and an isomeride [80°] (N. 
blue colour.—NaA'. Tables.—KA'. Plates.— a. S.). Yields a saffranine on oxidation together 
BaAV Leaflets. with di*amido-di*phenyl*amine (Nietzki, B. 19, 

m*Xyle&ol (/3}*8ulpbonio acid 3163).—Salt: B'HGlaq. Prisms, v. sol. water. 

O.H,Ma^{OH).SO,H [1:3:4:2] (Jacobson, A. 105, Yields ^'-cumidine when heated with MeOH at 
288). Forihod as above. Coloured 4 ’iolet*blue 310° (N. a. F.). 

by FeClr Converted by potash*fusion into A ccly2 Aerivafive G 4 H^M 6 ^(KHAc). [99°]i 

r(2,5,l)*ozy*toluio acid. — NaA'4aq. Lami;i;m. c-m-Xylidise C,H 4 Ma 4 (NH 3 ) [1:3:2]. 

—BaA',. Mifmte needles, less soluble thanvthe Xylidine (214° i.V.) at 739 mm. (N. a. F.). 
Ba salt of the (a)-acid. By qulphonating (1,3,4)* B.G. *9942 (W.). Formed by distilling p* 
zylenol by GlSOyH, Hodgkinson (C. <7. 68 , ami^^esit^fs^mo acid with lime (Schmitz, A. 
110} obtained a xyl^;;^! sulphonio acid yielding 193, 179) and by reducing c*nitxQ*m*xyl9ne 
BaA'iOq. * f. (Grevingk, B. 17, 2430). Obtained from com* 

m^Xylenol sulphonio ucid mercial xylidine by crystallisation of the suL 

OfHylfey^l^.SOjH [1:8:6:4 ).a Formed from f>haie; the.lasVmother-liquor d^ositlng ory^ 
0,H^e^Hj.80aHbythediazo*reaotion(Sariig. tAla which are converted into the acetyl deri- 
A. 280, 886 ). Slender needles, v. sol. wat^^and votive by d^^^illation with HOAo. The acetyl 
aloohol. Toe aoM and its <jaU^,give^with FeClt'' dertvative is saponiflbd by treatment with dilqie 
a bluish'VioletcoIour turned £reea by alcoho\;— (25)>*<i.l H,S 04 (Nolting a. Pick, B. 21, 8160; 
KA'.—BaA's^q. Eeedlus, y. e. sol. water.— .cf. Wtubleweky, B. 12, 1226). Gives m*xylo* 
PbA.2aq. ^ * qttinone [73°] on oxidation (Nblting a. Forel, 

Ethyl derivative 04 H. 4 ltfC;,(OEt).S 6 ,H. B. 18, 2676). Yi^ds {4,l,0)*niiro-xylidine 
Formed by heatiri^ diazo-m-xylene sulphonio [82°]*on nitration (NOlting a.^toecklin, BL [3] 
acid with^eoholunder pressure. Minute tables, 64 . 381 ).—Salts: B'HGl.—B^Gl laq. S. 9*7 
y. ebl* water and aleohoL—^BaA',3aq. Minute at 18°* iSonooUDio plates. YieSs mesidine 
l^ates, V. sol. water. o * on belting with MeOH at 310°.—S. 

p*Xyleaol smlphoaio acid. Formed by die* 6*2. Needles.—Vexyeoloble needles, 
solving j>-xylenol in warm HaS 04 , Hymrated —B'H|S ^4 2||aq. S. 60. * 



Di- 
[60^. 


jcYtlfcUrtt 
(®-)i 

(N. •• «•}• Keedles. 

iBantoyl derivativ$ [140°]. Neefies. 

Fields benzojl-nitro-xjlidine [1T8°] on nitrauon 
(Httbner, A. 208, 318). 

s-m-Xylidine C.H,Me,(NHJ [1:3|6]. (222° 

I.V.). I^G. ^ *972. Fomaed by reaction of 
«-mtr».TO.xyleno [71®] (Thai, D. 18, 363; N61. 

(Ing s. Forel, B. 18, 2678). On oxidation by 
KsOrjO, and H^SO, it giws m*xyloquinone £73®]., 

By boiling the diazo-compound with w^ter*j 
xylbnol [68®] is forjneH. ClCO.Et forms 
OAMe,NH.GO^t [77*6®] {Prentzel, C. C. 1888, 

1361).—B'HCI. MeOH at 250°-300® yields iso- 
oumidine C,H..Mo,(NHa) [5:4rd:l] (Llinpacli, B, 

21, 643).—B'ri,SO,aq.-B'XINO^ S. 4*06 at 13®, 

Acetyl derivdtive [1405®] (N. a. E.); 

[138®] (T.J; [144’6®] (W.). Colourless plates 
(from aloonol or ether). 

t-w-Xylidine C«HaMe,(Nn.,) [1:3:4], (a). 

Xylidine* (216®) at 745 mm. (G.). S.G. ^ 

•0184 (H.), 8.V, 148-3. 

Formation.— 1, By reducing »-nitro-»»- 
xylene (Deumelandt, A. 144, 273; Tavildardif, 

B. 2, 653; Wroblowsky, A. 102, 215 ; 207, OL; 
Grevingk, B. 17, 2430; VVallach, A. 258, 331j. 

It ma^ be isolated from commercial xylidino by 
conyersion into hydrochloride and several crys- 
tallisationi^ from water; the yield being about 
40 p.o. (Noltihg a. Forel,©. 18, 2677).—2. By 
beating o- and p-teduidino hydrochloride with 
MoOH at 300® (Hofmann, B. 0,1295; liimpacb, 

B. 21, 640).—3. By distilling (4,3,l,5)-amido- 
mcsitylej|io acid with limo« (Schmitz, A. 103,, 

177).—4. By heating i-w-xylonol with animo- 
nium-zino bromidd and NlI,Br (Miillcr, B. 2(^ 

1030). • 

Reactions. —1. When dissolved in 
(10 pts.) it yields C«H,,Mea(NHJ(N02)[l:.3:4:6] 

[123®] on nitration (NOlting a. Collin, B. 17, 

266).—2. The hydrochloride heated with MeOU 
at 310® yields xnesidine.—3, ClCO.^Et forms 

C, H,Ma^NH.CO.,Et [67®] (Prentzel, C. C. 1888, 

1361).—4. When mixed with di-amido-di-phcnyl- 
amine it yields a saffranine on oxidation (Nietzki, 

B. 19, 8163).—6. When m-xylidine (4 pts.) is 
heated with S {1 pt^ at 190® it gives off 
and forma a base C,«H„N^S [107®] (289^ at 
14 mm.) which crystallises from alcohol in 
yellowisn-white prisms and yields Ci,Q)i,AcN,S 
[227®] (Anschutz a. Schultz, B. 22, 682). By 
farther beating with sulphur a homologue of^ 
primuline is formed.—6. (Enanlhol fowns,oily 
C„^NO (Leeds, B. 16,288).—7. 4l^oZ«*«ifields 

C, ,n„N, a'^eddisb-yellow mass which on ^dis- 
tiilation yields cryptidine C|,H||N (270®) (Leeds, 

A. a/. 6.1). 

* Salts.—B'BCI. Monocliolc * prisms.—” 

B'HCI ^aq. ^tes (Staedel H6lz, B. 18, 
2d49)^B'|H^tGl^—B'HBr.—Trinqptric platft|. 
-i'HNO,.—B'aHjSO^dlaq.* Gums. L^es 
sylidine on evaporation of its solution (KUlfing 
a. Pick, Bl. [2] 60, 606).—B'H,P04. Onlf^hos- 




S. SI, SS49). CSrntola ({r»m wktar). OanTartad 
b; P,8, at 100° Into tfa« thiotormfl daiiTatlrt 


orlo-aettyl i.rivativt 
0,H,Ma.i(NItAd). .[129°]. N«dlM or platm 
(Irom dilate oWohoI). P,8, fomu the oompound 
G,H,Me.Nll.GeiiIe [96°] (Jaoob»en a. HoJ, jB.22, 



I. — 

gea, 0. B. 112, «0). . • 

Formylm derivdtivi 
[111°] (O;) •, [IM°] (G. a. M.).. Got by h«»«ng 
thebaaa (Ug.)'«lth-{oimia*aeid (6g.) at 150° 
(Qaaiorowiai a. Hen, S. 18, 1011; Oaymann, 


cetyl derivativi C,H,Ue^A.e^ 
__ 'ongod, together with the mooo-aeetyl 
derivative, by boiling the base with Ae,0 (Wu- 
laoh, A. 258.801).° • . 

Stemoyl derivative 0,U,Me,NBBa. 
•[192°]. Needles (Ilubner, .dt 208, 818). Con- 
verteaf*by UbK>a into the tiitro-benzoyl deriva¬ 
tive [1B4°] which is reduced by tin and HOAo 

to C,H;,Me,<;^jj?^CPh [195°]. 

Rhthalyl* derivative [168®]« Prisms 
(from alcoiiol). 

jj-XyUdino 04 n,Me,(Nn,) [1:4;2]. [16*6®] 

(Michael, Zb 26, 80). (216®»i.V.) at 739 mm. (N. 
a. F.) ; (313'5* uncor.) (M.); (220®) (S.). S.O, « 
'080. ©btaine^frfm m-xylene by nidation ana 
redottion (Sobauraann, B. 11, 1637; Ndlting 
a. Forel, B. 18, 2664; 10, 2680). Occurs to the 
extent of about 25 p.o. in commercial xylidine, 
from which it may be isolated by dissolving in 
warm H^SO, and pouring inks hot water. The 
sparingly soluble m-xylidine sulphonio sold 
crystulUscs out, and the motner-lkiuoi? after 
successive treatment with CaCOg and Na,CO,, 
yields on evaporation sparingly soluble, pearly 
plates of sodium p-xylidine sulphonate, which 
on distillation with lime give p-xylidine almost 
wilhdbt loss. May also be got frprit eruds 
xylidine by means of its benzvMine derivative. 

ytea^tions. —1. Oxidised K^CrgO. and 
HgSOg to p-xyloquinone [123®], the yield being 
70 p.o. — 2. Converted by the diazo- reaction 
into p-xyloDol [76®] (210®).—3. On beating with 
sulphur it yields G,gH,gNgS [144®],^which crys* 
tallisea from alcohol in yellowish needles, and 
yieldaan acetyl derivative [212®] (Anscht^s &. 
Schultz, B. 22, 685).—4. The hydroohlorido 
heated with MeOH at 290® under pressure forms 
tk-oumidine (Limpach, B. 21, 646).—6. Bensoio 
aldehyde forms CgHgMe,.N:CHPb [102®] (PBug, 
A» 266, 166). The same body [96®/ is got by 
adding benzoic aldehyde to an alcoholic solotion 
of thionyl-p-xylidino (Michoelis, A. 274,237). • 

{>alts.—B'HCIoq. Leafiots, kubliming at 
125®-130® in needles.-B'HNp,. Needles.— 

BiHjSOg. Plates, si. sol. water.-B'^l^CgO^. 

Formyl [112®!. 

Need]e%(Pdug, A. 266,168). •• 

Acetyl derivative [189^. 

Prisms. Yields* dn nitration aoetyl-nitro'p* 
xylidine [192®]. 

Jlhnomo-ace^l derivative 


dilu^ alcohol). Boiling aldoholio potaeh con* 
verts it into Im azine and the eompoond 
CgH,MegNH.CO.OH,.OEt [60^. 

Oxalyt derivative 

Formed bv heating the oxalate at 130®. NeediM* 
subliming at 125®. Am oxalyl-xvUdiae [204®] 
was o^^ined by Gens (B. 8,237) from emdsv 
oommeroial xylidine. 
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B 0 n§oyl 40rivaiiv$ 

[140<^. NeediM. 

Reference8.--3BOU<s\ Chlobo-, and Nfmo- 

XTUDIKS. . . • 

XTLXSnrX 8ULraOHiO> Abxsn «/ Auido. 
ZTLBKa STjLraosio ion> and BBouo-.and Kxtbo- 
ZiuDiNlfi BnnpaoNzo acids. r 

ZTLXDIHIC AOZB Toldzns DiOAnsoiTLio 
AfllD. - 

XTZiXHl)E!l(9. 0| 66*5 p.c. \ 4*7 p.o.} 

K, 1*0 p.o. A green oolourii^ matter 7n green 
decayed wood jBommiert C, R, 66,108; Lieber- 
mann, B, 7, 1102). Extracted by phen<j4 and 
ppd. by alcohol or^ther, Foar>sided blue plates,* 
with coppery lustre. * H.SO. fowns a green solu¬ 
tion. Bideal (C. N. 53,277) finds that the blue 
substance in decayed birch-wood is soluble in 
chloroform, while the blue resin ob^ined from 
conilefin by successive treatment with 
and water is insol. chloroform. 

XYLITOKE 0,,H„0. Xylite oil. (252®) 
(Pinner. B. 16, 680; 16, 1729)1 (o. 240®) 
(Olaisen a. Ehrhardt, B. 22,101^). 8.G. *935. 
A product of the action of en acetoc.e (P.). 
Formed also by the action of KaOEt on mAityl 
oxide in ether, and in the preparation of acetyl- 
acetone by the action of boiling EtOAo and 
NaOAo on acetone (C. a. E.). Oil, easily resini* 
fied by strong aoii's. 

BUyUtone (310®-320®). A pro¬ 

duct df thtf action of HCl on acetone (Pinner). 
**XTL0ETDB0^171N0K£ t». Hxdroxvlo- 

QUXKONB. 

XTIOZC ACIB V. Dx •UZTBTn-BCKZOIO ACID. 
XYWNIC ACID C.H.,0,. [a]„ = 1.7-48». 

Formed by oxidising xylose with bromine (Tol- 
lens, A. 260, 3#7). Dextrorotatory. Its 'Oa. 
Zn, and Ag eslta are nmorphoas.—SrA',. 
Wl-+1214-. 

ZTLOKITAILiE w. NitiriUi of Dt-uxTHm* 

nXNZOXO ACID. 

! o-XTtOiiDIKOKE C,H,0, t.e. 
O^H|^e^O,[l:2:3;6]. [66°]. Formed by oxi&ation 
of c^)-xyUdino by K,Cr,0, and HjSO„ the yield 
being about 10 p.o. (NSUing a. Forel, B. 18, 
2678). Yellow needles (by sublimation), v. si. 
sol. water, m. sol. alcohol and ether. 

ffl . zyioqninone C,H,Me„ej [1:3;2:6]. 
[78°]. Formed by oxidation either of c-m- or 
„ s-m-xylidine with KjCrjO, and HjSO. (NdUing 
a. Porol, B. 18, 2679). Got also by oxldatim of 
mesidine (Ndlting a. Bampann, B. 18, 1161). 
Yellow needles. , 

|(.XylQ4ttinons a.H,Me.A 11:4:2:6). Phlar- 
me. Metafl lmhe. Mol. w. 136. [124°]. 

Farmatum.—!. Ooedrs, together with toln- 
qninons and other bodies, alotng the products 
of the action of MnO, and H.,SO, on coal-tar 
and beeohwaod..tar (Bommier a. Bouilho»A7. B. 
«, 214; GOrnn-^anaz a. toJi Bade Z. [2] 4,* 
660; CarstMjen, J. pr. 28, 426).—2. cBy 
oxidation of V-:iylllenaAiamine (Nietzki, B. 18, 
472; A. 216,168).—ti. By oxiAtion of 4'~oaxnenol 
(Oarstaojsn, J. m. [2] 23, iSOf.—i. By ^da- 
tion of 4-oamldiia by OrO, (Naiting a. Th. 
Banmaailf'B. 18,1161; Sutkowski, B. 20, 977). 
8 . By distilling nUdine (218°) with ^SO, and 
HnO, i -ths rield being 4 px. (0.).—6. By ozida- 
P-Wlidine with KlOr,0, and H.Sp,, the 
yield bdng over 70 p.o. (Haltiog, Witt, a. Forel, 


£YUD1NE, 

ills, 266 ^. 


« H, *>«»**>« 

MaOHAq (Van Peohmann, B. 21,1420). 

Preparation.—!. Commeroial lylene (f80°- 
140^) is heated with ^80, at 100° for six days ; 
the prodncl poured into water; nentraiised by 
CaCO,; treats with K,CO,; and the S salts of 
the suiphonio acids fused with potaat. The 
product is dissolved in water, aoidified, add ex. 
traoted with ether; and the mixture of xylsnola 
<rso phtained is dissolved in warm 1^80,, and 
■then minted with water and distillod with MnO, 
Crystals of p-iyloqninofie appear in the <flm- 
denset and receiver (CarBtanjen,.J'. pr. [ 2 ] 23, 
427).—2. ‘ yellow carbolic acid ’ or ‘ creosote,’ 
the motbef-liquor from which phenol has crys¬ 
tallised, is dissolved in ftSO„ dUnted with 
wo/er, and then distiUod with MnO^ The solid 
found in the receiver irf’oryatallised from alcohol 
when the first crop of crystals is xyloqninons' 
(E. Carstanjen, J. pr. [2] 23, 423). 

Properties.—horn yellow needles (from benz¬ 
ene), si. sol. water and cold alcohol, v. sol. ether. 
May be sublimed. Volatile with steam. 

" Reactions. —1. Distilled w[th zinc..duet gives 
a, hydrocarbon that oxidises to terephthalio 
acid.—2. Bodaced by aqueous SO, to hydroiylo- 
quinone.— 8 . Cono. HOI converts it into mix¬ 
ture of mono- and di-chloro-hydro-xyloqninones, 
O.HClMe,(OH), [147°] and 0.01.,lfe((?H),[176°]. 

Mono-oxim C„K.,Mo,p{NOH).,, Ifitroso-p. 
xylenol. [168°]. Formed* by heating p-xylo- 
quinone (2 pts.) with an aloohoUo solution of 
hydroxylamino hydrochloride (1 pt.) (Gold- 
.schmidt a. Schmidt B. 18, 668 ; Sutkqwski, B. 
20. 978). Obtained also by adding KNO, and 
•xcess of HOAo to an alUaline sedation of 
^-xylenol (Oliver!, G. 12,162). Yellowish needles 
(from alcohol), v. sol. alcohol, ether, and benzene, 
insol. cold water. Alkalis form a deep orange- 
red solution. Bednced by SnCl, to amido^- 
zylonol. Oxidised by alkaline K,FeCy, to nitro- 
p-xylenol. 

Di-oxim 0,H,Me-(NOH).,. [272°]. Formed 
by boiling the quinone (1 mol.) with an alcoholic 
Bolntion of hydrozylamine hydroohlonde (2 mols.) 
(Sutkowski, B. 20, 977). V. si. sob aloohol, 
Metio acid, and benzene, insol. water. Dissolves 
in efikalis with a yellow oolonr. By tin and 
HCl it is reduced to xyljlene-p-diamine. Its 
di-aoo<Syl derivative 0,H,Mo,(NOA«),' arys- 
tallises from aoetio aoid°in small yellow prisms, 
J,.[170°j, V. sol. aloohol and benzene. 

‘ SeferencM. —Dx-bboho- and Ohiaxbo-txxa- 

qnxNorB. V. 

ZYIOBCIN V. Di-oxi-Zilzuul " 

XYLOSE V. p. 638. 

*' XYItOSTEX^JT,. A glnooside in the berries d 
imicera Xylosteum (Hubsohmann, 1866,691; 
Enz, C. C. 1866,393). Crystalline, instd. water, 
sol- alcohol and etbsc. ^ 

^YXOYL-BEHZOiC AOID v. PHzirrx. XILTU 

KETOMB' CAttBOITCXO AOXX). 

• ZYLOYL-FOEKIO ACID o. XniV34-oz,Tomuo 

.ACID. r - 

#.DIXYI.YI. C„H„ U. * 

pared distilling mercury di-p-xym (Jaoobaaq. 

B. 14f‘2113). Iiobg needles (bii^ alcohol). 

* ®l*y}yl. (290°^6°). Foimod tern bioiM. 
nt (7).zy]^o and Ma ^ittig, A. ly, M). 



M^rl (BO-mlled). (295°) (OUveri, 0. 
168)^ li gA t >7 warming commercial xjrftne 


JttLtL-fiOTtRtO ACIIS 

J. 


■m 


.wua.HiSOo but ne?er from xyleue which ibas 
bean mM6 lyleneeulphonio acid. Heace it 
isprotebly not a benzene derivative Armstrong, 
<X /• 4^ 150). It is A colourless, fiuoresoent 
liquid, tmelling like copaiba balsam. 

XYLYL-A0£TiJCI9E v. Acetyl derivative of 
Xtlzdiks and Amide of XfLTL-ACB-txa agio. 

XTLYL.A0ET1G. ACT/D •! 

,ri:3:4]0,H,MeyOH,.002H. [102°]. Formed 

from its amide, wvoh*i8 got by the action of 
.yellow ammonium sulphide on xylyl methyl 
ketone (WiUgerodt, B. 21,534). Slei^er needles. 

Amide CA-CH,.CO.NH,. [133*]. 

B^erence.— Oxt^tlti.*acetic acid. 

XTLYL ALGOHOL iq^'cLYL-cAiiBiNoi.. • 

XYLTL.AHIDO.ACETIC ACID G^U.^NOjt.c. 
[1:8:4] 0,H,Mea.NH.CH.^CO,H. [134°]. Formed 
by boiling m-xylidine (2 mols.) with water an»l 
ebloro-aoetio acid (1 mol.) (Ehrlich, B. 10, 205). 
Prisms (from dilute alcohol). Insol. water, v. 
sol. acids. • 

Xylide C,H,ilH.CH^CO.NHC„lI,. [ 128 ^]. 
Formed by boiling xylidine (2 inols.) witii 
cblor^*acetio ether (1 mol.). Thick needles 
(from alcohol), insol. water and HClAq. 

XTLTL.AMISO-CROXONIC £Xa£B 
[1:3:4] 04 H;Mg 3 .NH.CMe:qp.C 0 ,Et. Formed 

from tn-xylidine andjacctoacctic ether (Conrad a. 
Limpach, B. 2t, 626). Decomposed on heating 
into (Py. 1, 3; B. 2 , 4 )-oxy-tri.methyl.quinoline, 
di'xylyl'Urea, and aloohol. 

XTLH-AMIDO-ETHYL-tHTHALIMIDB * 
[1:3:4] C,H,Me,.Na.C.JH,.N:C,H,0.^ ri23°L 
Formed by heating bromo-ethyl-phthalimidi 
with w*xylidine at 140° (Newman, B. 21, 2197). 
Small needles, v. e. sol. benzene, al. sol. cold 
alcohol. 

DI-m-XYLYL-DI-AMIDO-OIAZTHIOLE 

[79°]. Formcl 

by oxidUing (l,S,4).xylyl-thio-area with aqueous 
H,0, (Hector, B. 23, 368). Insol. water. Forms 
a very soluble hydroohlorido.—B’,H,PtClj. De¬ 
compose. at 214°-217°.—B'AgNO.. Explodes 
onbeating. Blackened by sunlight. - B'C*H,>1,0,. 
[218°]. YelIoworystal8,v.sol.Blcohol. Cyanogen 
passed into its alcolwUo ulution, lorma 

0. C709"]. » 

Acetyl derivative C„H|.AcN,S. Needles, 

Beneoyl derioatiee C,,H,.BzN,S, [^2°]. 

Ifitro,amine 0,^„(N0)N./. [144°I. 

kTLTUMINB v» Xtlidiks and Mbt^yIt 


tSNZT]>AMX2fg. 

Di.<)-xylyl-ainiiie (0,H,).NH. ,, 

IPbrmed, together with xyhdiae, by heating 
tl,2,4)-xylenol with ammonio-zioo bromide and 
KHiBr at 800° (Mfiller, B. 20,1029). LiqmiS, 
wdidiaed at a very low tem]ibratare. 

M-ta-xylyl-amlae. *(306°-810°). Forped in 
like manner from Bi-xylidine. Oil. ’ 

St-xylyl-amine. [169°]. Farmed, ^ethed 
with a liquid inmpnde, by ^ting xylidind with ,| 
it. hydrochloride (yirar d a. V ogt). 

, xtiTi-Buizn.-AHnra , * 

( 0 . 208° at 16'jjim.). 
Formed by hJating w-xylidSne with benzyl 


s-ZylyDbeniyl-atniae 

[l:f2]0,H,Me,NH.CH,Fh. (822°) (Pflug, A. 
25S«6m. 

o-XfiTL ^BNZFI. KBTONE 0,.H,.0 U, 
O.H,Me;.CaCH^h.* [95°]. (910°-220° at 25 
mm.). Fowiftd from o-xyleno, phenyl-aoetio 
chloride, and lUCl, (We®, B. 24, 86i0). PlateJ, 
sot. alcohol, V. sol. etb^. Yields a crystalline 
oxim.i* NaOBt and benzyl obloride yield 
C.U,M^GO«H(CH,rh)Ph [76°]. 

la-Xylyl bensj) ketone . 

[1:3;4) C,H,Me,.CO.Cll,Ph. (350°). Formed, 
togeAior with a smaller quauBty of an isomerlde 
|•[93°],,by the action of t^CI, on a mixture of 
m-xyieno nntF ,Aenyl-acetio oliloride (Bullseher, 

B. 16, 1681). Yields C,H,Mo(CO,U), [3:4:1) on 
oxidation. Nn0Et and benzyl clilonde form 
oily 0,H,.C0.CHPh.CH Ph (365°-376»). 

p-Xylyl benzyl ketone C,U,.CO.CIljl’h. 
(220'’-230° at 26 mm.). Formed la like manner 
from p-xyleno (Wege). Yields an oxim 199°] end 
a pltenyl-lijilrazide [96”).* NiiOEt and benzyl 
chloride yield C.H,.CO.CilPh.CH,Ph [60-5°]. 
m-lYLYL-FElfZYb-THIO-WBEA 

C, H.NH.CS.NIICH,Ph. [85”). Formed from 
benzyl-tbiocarbimide and m-xylidino in alcohol 
(Dixon, C. J. 59, 558). Monoclinio prisms, v. 
sol. boiling alcohol and cliloroforn». 

XYLYL BKOHIDE v. BiioMo xYLKNif. 
XYLYL-terf BOTANE C,lI.k?o.,.OMo.. ^201°). 
Formed from «i-xyicno, isobntyl bromide, vtd 
AlCl, (Baur, B. 24,2840). Oot also from isobntyl 
alcoliol, m-xylene, and U^SO, or KnCL, (Nblting, 
B. 25, 791). Oil, yields mcsitylenie and trimesio 
ociddbn oxidation, • 

XYLYL-BBIYL ALCOHOL,. 

[2:?:1] P.H,Me,.CHPr.01I. (Ibovs 270°). Got 
by reducing xylyl propyl ketone with zino-dust 
and KOHAq, or with sodium amalgam (CBxus, 
J.pr. [2] 46,474). Oil, v. sol. alcohol and ether. 

Tri-xylyl-butyl alcohol (C.lI.),C.CMe„,OH. 
(above 300”). Formed from -xylene, Iri-chloro- 
(erf-mityl alcohol, and AlCl. (WillgGrcdt b, 
Genieser, J. pr. [2] 37, 861). Oil, smelling like 
mushrooms. 

m-XYLYL-n-BUrYKlC ACID 
[l:S:4]C.H,Mo,.CH,.CH,.CH,.CO,H. , {10% 

Formed by saponifying the amide (Claus, P. pr. 
[2] 46,476). Needles, v. sol. hot water. May be 
BuWimed.—BeA', 4aq.—CaA',4aq. JMsma, V. sol. • 
WatA: and alcohol. 

Amide O.H.Mo^O,H,CO.^lH,. [124°]. Got 
by heating xylyl propyl ketone with 8 and 
ammouinm sulphide in Waiied tubes at 2507. 
Flat silky needles. May be sublmibd. 

(335°-34S°). i p-Xylyl.«-butyiic loid 

• ■ ■ * [l:4^]C.H.Mer{*:*.CH,.CH..CO,H. „ [70°]. 

Needles, si. sol. cold water. — BaA, 4aq. 
r!. Atla.n Needles, sol. Water and alcohol. 

Jc^..OO.NH,,d:i26°].. Formdd 


CaA'fqaq. Ne^ 

' Amide. - - e - „ 

from p-xylyl propyl ketone (0.). i Vt needles, v. 
sol. hot water. » " j 

m-Xylyl-lsobntyrlo acia . i 

[1:8:4] O.H.Me,.CH,CHMe.tJO,H. [70°]. Flat 
pearlv needles, soL hot water, aleobo].^ana ether. 
May be sublimed. . * v 

A mi/fe 0*BL.0A°C0.NH^ [120^ Gotb| 
heating xylyl isopropfrl ketone with 6 and 

■’ _a. AAl 


aloohol pjodtwaaeno. i, • 483). Needles,a^Iwt , 



tm 


XYLYL-OAltBAMlO ACID. ^ 


XnTMASXAMlO JtHSUt 
tl:S:4] OAUerHH.OO,H. Bihyl $th$rlStA'. 
[ 68 °]. Formed Iront •t-zylidine and g)[ioio- 
(ormio ether (Hobnann, B. 8,.667t .‘Frentzel, 
C. 0. 1888,1861). Meedlb. 

ZylTl-oarbamie aeid •' , 

[l:8:6]0^,Me,.NH.COA Ethyl tthtr ElA'. 
[77-6°] (Frentzel). *■ 

DI.p-ZTLTI,^ASBIHOI. • 

([2:5:1] O.H,Me,),CH.OH. [131»]. .• Formed by 
reducing di-^-xylyl ketone vith zino-dust and 
KOH (Elba, J. pr, [2] 86 , 484; B. 19, 408). 
White needles (frgm alcohol), nearly ins4L Aq. 

ZYLYL CYAZATK [1:8:4] C.H,Ma, N:CO)' 
(206°) (Frentzel, C. 0.1888,1381). 

Zylyl eyanate [1:3:6] 0,H,Me,.N:C0. (208-5°). 

ZYLYL CYASOBATE c 
[1:8:4] (C.H.Me,).N,C 30 ,. [162°] (Frentzel, 0.0. 
1888,1861). 

ZYLYLEIrE alcohol n. Di-oxy-xyiene. 

ZYLYLENE-DI-iLLYL-DI-THIO-DI-OREA 
(CH,).0A(NH.CS.NH.0A), [1:4?2:6]. [112-6°]. 
Made from o-zylylone dianqnei and aUj-l thio- 
oarbimide (Lellmann, A. 228, 262). Ndbdlea 
(from alcohol). Not decomposed on melting. 

m-ZYLYLEHE-m-DIAMINE 
0,H,(0HJ.,(NH.,),[l:3:4:6].m-i)i-a)«tdo-»t-xylc»« 
[lOO^. Formew’by reduction of nitro-zylidine 
[128°; or of difuitro-zylene [93°] (Fittig, A. 147, 
18; Srevihgk, B. 17, 2420; Witt, B. 21, 2419). 
White oryatale. Sublimable. Docs not yield a 
eurhodine on boiling with nitroso-dimothyl- 
aniline, NaOAo, and HOAo. — B"2HC1. — 
B"H,SnCl,.—B'ASO,. Cryetalline, v. aqj. Aq. 

m.Xyiylene.o-diamine 

0 ,H,Me,(NB,) 2 ^S: 6 : 6 ] [78-5°]. Formed byc(v)uo- 
tion of [ 2 : 4 :l]C,H,Me,.N,.OAMo 3 .NII,{l: 3 : 6 : 6 ] 
(NOlting a. Forel, B. 18, 2683) and also by the 
acAon of tin and HClAq on di-bromo-di-nitro-r»- 
zylene [191°] (Jacobsen, B. 21, 2821), and on 
(6,l,3,6)-nitTO-zylidine (Hofmann, B. 9, 1298). 
Plates (from water), si. sol. cold benzene, sol. 
ether. 

m-Zylyleae-m-diamine 

C,H,Ma,(NH 3 ),[l: 8 ; 4 : 2 ]. [64°]. Formed by re- 
duction of nitro-zylidine |78°] or of di-nitro.m. 
zylene [8^1°] (Grevingk, B. 17, 2426). White 
needles. OiTea a Bismarck brown dith nitrous 
acid and a chrysoldine with diazobenzene. 

c-ZylylMe-o.diamine •• 

0,H,Me,(NH,J,a:4:2:3]. [76°]. FormeS by 

reduction of c-ri-nitro-p-zylene (Lellmann, A. 
228, 261; N61ting,.B. 19, 145). White needles 
^y anblimaB^).,>4'lres a deep-red colour with 

^Zylylene-m-diamBte 

O.H,Me,(NHJ,[l:4:2:6]. [icfti"]. Formed by 
reducing (2,6,l,4)-di.nitro-xylene (L. N.). 

Needles (by sublimation), ^hares ukb*a in- 
diamine. n * , • . c ' " 

^Zylylsfle-p-diamine « 

0,^e,(NHJ, [l:4s2:l^. R42°] ( 8 .); [147°]' 

ra. a. F.); [160°] (N.). Fomuj/,ion. —1. ^ re¬ 
duction of zyUne.qzoxylidine (amido-azo-xylene) 
[2:6:1] aH,Ma,N,C,^erNH, [1;2:6:4] by zinc 
and HCSAq (Nietzki, B. 18, 471; NOlting a. 
Ford, B. 18,2686).—2. By r^notion of nitro-p- 
zyUdine [142°] (NOltin*, Witt, a. Forel, B. ft, 
2666 ; Ton Kostaneoki, B. 19, 2818; Margkwald, 
S. 28,1021),—8. By reductl^ of the di-ozira ol 


J^zyloqninono CAMetfNOB), wiiti tin and 
HOI (ButkowsK, B. 2o7979). / 

tPropertia, — Colourless needles, solf hot 
water and alcohol, m. sol. benzene and other. 
Yields zylyqninone [128°] on ozidaition. Not 
ozidised exposure to sir. May be sublimed. 

Salts.—B°2HCL Colourless ledBets. — 

B"H,SO,. Crystalline meal. • 

o-Zylylene ezo-diamins 

[1:?1PA(CH3.NH3 )i. °Forpied ^ heating the 
phthslimide CA(CH. 3 .N: 030 ,: 0 ,H ,)3 with cpno. 
HCLAq at 200° (Strassnunn, B. 21, 679). ijka- 
line liquid, smelling strongly like ammonia. 
Absorbs CO,. Qiqss with FeCi, a pp. of yellow¬ 
ish-red needles.—B"2HC1.—^B''2HAuCl4. Yellow 
pla^.—B"20,H,N,0,. Ygllow needles, decom- 
poning above 170° wi&out melting. 

Acetyl derinoftoe C,H|„Ao,Ny -[146°]. 
Benzoyl derivative [168°]. 

ffi-Zylylene-exo-diamine 
[1:3] C,H,(CH,.NH.J,. (247°). Formed by the 
action ol cone, hydrochlorio acid at 220° on the 
C,H,(CH.,.N:0,H,O,), [237°], which is got by 
heating potassium phthalimide with di-w-bromo- 
*»-xylene (Bromme, B. 21, 2705), Liquid, sol. 
water, miscible with alcohol and ether. Absorbs 
COy — B"2HC1. Needles (from water). — 
B"2H.,PtCl,.—B"C,H,N,Op Yellow spangles, 
decomposing at 187°. ‘ 

Acetyl deritativf CA^Hj-NHAo),, 
[119°]. Crystalline mass, v. sol.*4>ot water. 
Reference ^—NiTno-XYLYLKNE-niAuiNE. 
XYLYLENE-BENZENYL-AHIOINE u.Benz- 

I EHYL-XYnYIiENE-niAtllNE. «< 

ZYLYLENE BB0U1D£ «. Di-bromo-xylene. 
XYLYLEHE-CHLOBO-M&ONIC BIHEE o. 

UHLOnO-XYLYLENE-MALONIO ETHER. 

Xylylene-cxo-di-chloro-malonic ether v. Di- 

OHLORO-PIIENYLENE-DI-METHYL-DI-MALOHIO ETHER. 

XYLYLENE-ETHEKYL-AMIDINE C,.H.,N, 
*.«. CMe c^^^OjHjMe,. Formed by reducing 

HOI 


Long needles. 

ZYLYLENE IODIDE v. Di-iodo-zylene. 
XYLYLEHE-DI-MALOHIC ACID v. Phenyl- 
ENE-ni-METHYL-DI-UXLONIC ACID. 

0 -XVLYLENE sulphide C,H.S ie. 

[o. 0°]. Formed by heating 
di-w brCmo^-xylene with K,S (Leser, B. 17, 
18241- Hjelf) B. 22. 2904). Oil, qpellingelike 
meioaptan. Very unstable, quickly turning into 
a black tesin.—B',HgC4. Long needles. 

, Metnylo-iodide B'Uel. [166°]. , 

• Di-zylylenS Misulphlde 

[1:3:4:6] C.H^,:S,:C,H,Me, [6:4:3:!]. ' [118^. 

Fmmed byheating xylylene-diazosnlphid^ ^ 
209°-250° (Jacobson a. Hey, B. 22, 911^ (kAo. 
H,S(^ forms a blue liquid, remaining blue on 
dilution. 

w-DI-ZYLYL-ETHANE C,.H-4 a 
CH,.OH(O.HJ r (314°). 8.4 ¥-966. Formed 
from ethylidene chloride, %x^ene, and AlCla 
(Oqjschfita, B. 16..666; A. 286, 82«. Oil. < 
liyerenee. —CHLOBo-nz-XYLYL.inuia, 
Dl-XYLYL-EIOTLENE 0 „hL 1a 
CA|6ferCR:CH.O,H,He,. Tetra-meULl-stUteh*. 
[106°]. r (886°-340°). Formed by diataUng 
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0LHJUaj.O^OBVa,whiahiigot horn dj-ohlotA ' waW, B. 26, 2368). 81. Kd. mtm.—Aoro* 

di. 6 th 7 l oxi^, m-x;Une, and H^O, (Hepp,«B. , obloride [166^_Piotate. [169°]. YaUo* 

7, IHfy Branglea (from alcohol), col. eliier needks, m. aol. oUorotoraL 
and unitea with bromine. Oxidised by oJCIlTl-OLYOXYLIO AOID 
dUnto HNO, to (l,8,4).di-methyl.b|nsioio acid [ 4 ; 3 ;i] c;H,MejX!0:00^. [92°]. Formed by 

oxidising o^yiyl methyl ketone with alkaline 
K,FeCy, (Bu<&a a. bish. B. 20,176(i).-BaAV 
m-Xylyl-glyoxylio aefd 

[4:2:1] •.H,Me,CO.OO.»H. [84°]. Formed by 
oxidising m‘«ylyl methyl ketone with KMnO, 
inn/no-vr 1 Vo«oi w w (Claus, B. 19, 2Sli J. jir. [2.] 43, 142). Flat 
(0-H,M^),&C(C,H,M^. [245 ]. Formed irom Yields (4,2,1) di-nietliyl-benaolo aoid 

«leno,CHCl„nndAlCi,(Sohwara,B. 14, le28). ■ billing with dilute HNt),. Gives riae to 
• Yellow ulatea. • ' tl,H..CJl(OH).CO^ [119°1 on redootion.— 

CuA'aSaq. Ne^di%8,—BoA'gSaq.—AgA'. Needles, 
hot water. 

o-XylyUglyopylio aeid 

[5:2:1] OgH,MejvCO.COja. [70®-80®]. Formed 
by oxidation of p•xylyl methyl ketone by aqueous 
KMnOg (Claus a. WoUnor, 18, 38591. Crysw 
taliino, ▼. Bol. alcohol, ether, and HOAo, v» si. 

. sol. water. ^Splits up above 200° into COg and 
w-xylene, sucemyl chloride, AlCl, and di.methyl-benzoio aldehyde. Oxidised by HNO, 
(Claus, B, 20, 1376). Needles, insol. water, V. ! cjijMOw.CO.fl.'* Ac,0 and NaOAo yield di- 
sol. alcohol and other. Dilute^ HNO, oxidises mcthyhcinnaniio acid.—BaA^, 6aq: small felted 

needles.—CaA', 3aq.—AgA': ciystallino pp. 


ll-x|6yl.ethylane O.H,Me 2 .CH:CH.CJE[,Me,. 
[157°]>> Formed in likp manner irom p-xylene. 
Pistes (irom alcohol). Less soluble than the 
preceding ieomeride. . . 

Tetra-xylyl-ethylese * 


Yellow plates. , . 

m-XTI.YL.ETHyLEN£.DIAUIH!b 
0^,Me,NH.C^,.NIL. (274 ). Form^ irom j g^jj got water, 

m-xylyl-amido-ethyl-phthahmide and HCl (New¬ 
man, B. 24,2197).—B'HO!. [173°].—B',HiHCl,. 

—B'Cja.N.Gj. [141°]. Beddish-yellow needles, 

V. e. sol. sloohol. 

DI-m-XTCbYL-ETHYLENE DIXETONE 
C.H,(CO.C,H,M^ [4:3:1]U [129°]. Formed irom 


to (l,3,4)-di-methyl-benzoic acid. 

O Jim C^,(C(NOH}.C.U.)r [140°]. 
Phenyl-hydrazide 
C^.(C(N^h).C,H,)r [189°]. Crystals. 

Di.p-xylyl bthylene dikbtone 
C.,H.(CO.O.Br;iie,[2:*l]),. .[123°]. Forine4 

irom p-xylene, succinyl chloride, AlCl,, and CS.j 
(Claus). Needles. 

m-XYXYI. ETHYl KETONE 
[1:8:4] c5l,Me2.CO.C,H,. (239°). Bight ml, 
with aromatic ododr, not solid at —10° (Claus/ 
/. pr. [2j 43, 140). Yields (l,3,4)-di-methylJ* 
benzoic aoid on oxidation. 

Phenyl-hydrazide [126°]. Plates,v. sol. 
hot water, alcohol, and ether. 
p-Xylyl ethyl, ketone 

[4:1:2] C,H,Me.,.CO.O^.. (238°nnoor.). Formed 
from p-xylene, AlCl,, and propionyl chloride 
(Glaus a. Fiokert, B. 19, 8182). Oil. Oxidised 
by KMnO, to C,H,Me^CO.CH,C9^ [132°] and 
some ( 4 ,l, 2 )-di-methyl-benzoio acid. 

miYlYL ETHYL KETONE OABBOXYLIC 
ACID [ 4 : 2 : 1 ] C,H,Me,.CO.CHrCH,.CO^. • 
Di-methyl-bcmoyl-propicnie acid. [108°]. 
Formed from wi-xylenor succinyl chloride, 
A10I„ and CS, (Clans, Bj20, 1370). Needles, v. 


Mthyl ether VAk'. Oil. 

XYLYL OLYOXYtIO ALDE^DB 
[1:3:4] C,IIjMc,.CO.CHO. Oxiln [96°]. Formed 
irom lylyl methyl ketone, NaOES, an'JC,ih,NO* 
(Soderbaum, B. 25, 3103). Needles (irom benz- 
cno-Ugroin). Aootio anhydride gives the acetyl 
derivatives oi the sptt-oxim OgII,.CO.OH:NOAo 
[.14°] decomposed by alkalis with iormation ot 
C.H,17eyCO,H [12CT and by hot Kcfi welding 
O.H,Me,.CO.CN [47°]. AeOl converts the oxim - 
intc* C.H,Me,.C(OH),.CH:NOi«*[142°], whence 
cold NaOH forms C,UsMo.,.CH(OH).COjH [103°], 
while NaOHAq at 60° forms 'xylyl iormojn’ 
0,U..CO.CU(OU).CO.CO.O,H, [166°]. 

DI-XYLTL.(niANIDINE 
HN:C[NH.C,H,[l:2:l])j. [168°]. Formed by 

the aiSion ol PbO and alcoholic ammonia on d> 
xylyl-thio-urea (Hofmann, B. 9,1296). Neemes, 
(from alcohol). 

XYLYL-HYDHAZIHE 

[4:2:1] 0,H.MejNU.NHj. [88°]. Formed from 
xylidine bjsdiazotisation followed by reduction 
with NOjBO,, the resulting C,H,.NjH,.SO,Na Jaq 
beir« then treated with zino-dust and HOAo 


"hot water, insoL cold.-NH.A'.-KA; d’aq.i (Klaaber. JIT. 11, 282). T' 


soL __ — 

V. Bol. water.—NaA' 4aq. Needles.—BaA ,Jaq. 

Wa« 61 a 9 —PhA'.: white no.—AgA':>nite owstal- solution on warming. _ 

8 ✓ ^ acetic ether it yields a crjr^Uine body [208°] 

reducedgin alcoholic solutim by 'Na to oxy- 


line pp. - , ,« - 

n Xylyl etliTl ketone oerboxylio acid 
[4:^2] CAMe,CO.CHr.CIH,.CO,H. . [84'1. 

farmed from p-xylene in liko manner 
Colourless needles. 4 

^TLYL.DI-KTHTL-PH0WmK8 . 

OJLMew.P£tr (260°). Fohned by the actan 
ofZnEt, on 0,H,Mle^PClj (Czimatis, B. 16, 
2016). Aick, colourless oil. Yields B'Mei J90°], 
B'gMaJPtaig [202°], and B'Etl [186°]. * 

rnmTL-QVmXALim C.H,N<gg:§“. 
*C82^* (279°). Foftned by the acUon^f HNCti 
on [192°]’,, which is ggt by 

the notion ol HCl bn-the prbdnet oi the action 
■ ft- o» IMarck- 


sl. sol. water, v. sol. qloohol. Bedaoes Fehling’e 
On heuing with aoeto- 


.:ylyl.mcthyl.pyrazole. 

Salt;—C'HC»^. [183°]. Small needles. 
Dl.o-xylyl-hydrasine , 

[ 3 : 2 : 15 «.H,Me^H.NHC.H,Me, [1:2:8]. [Ull- 
t-IIydraeo-o-xylele.^ *001 by heating iutro.n- 
xylwe (20 g.) witn NaOH (20 g!),ii|loohol (100 
C.O.) and zino-dust (26 g.)^aiid reduAng the pro¬ 
duct with alcoholio ammonium sulphide (NOlting 
n. Strieker, Bl. ft] 60,618). White needles, sol. 
alcohol and ether. Eaeily oxidised hr nil. 

ii.DiK>.xylyl-hydrssiBe ° a 

N,p.,(0,H.Mftj:i:8:4])r [107°]. Formed by re¬ 
ducing nitro-o-xylene .with sodinm-smslgam 
n. ^). Yellowish white needles, sol. alee: 



m 
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I>L4H>Sylrt-ll7aT«liM ' . 

NA(0«Bi>le,[l:8:q)r. C136<n. Obteinad tram 
i.nitro-m-xj'leiia (N. '8.). Needlag, eaeilftoxi* 

dised by air. 

u-Di-m-xylyl-hydraitita ■ *' , 
JI^OAMa,|l:a:4]U [182°]. cGpt by warm- 
ni&a^X^ane. (80 g.) with dtaOH (30 g.), 
zioo-dast (40 g.), anb aloohol (250 o.o.) and 
treating the zylene-azo-zylene so obtaiqtid with 
aloohoUo ammonia and H^S (N. a. S.),, White 
needles, aol. aloohol and ether. 
Di-p-zylyl-hydrasine ' 

N, H,(C,N,Me,[l:2!6])r [145°]. Formedafrom 

nitro-ji-zylene (N.‘ a. 8.}. Needles, not aSeoted 
by air. ■ • at *■ 

XTIYLIC ACID tr. Di-HBTan.-BEHzoio acid. 
a-Xylylio acid o. Toi.Tn.-AOBpo' Aom. 
n-XTlTUDENE-BI-IinilX 

O, H,(CH;KH), [1:4]. Formed by the action of 
alcoholio NQj or dry NH, gas upon terepbtbalio 
aldehyde (Oppenheimer, B. 19, 676). Glassy 
brittle orystals. V.4>I. sol. alcohol and ether. 

l)I-XYLYL.KETONECO(C.H,Sro,),. (o.340°). 
Obtained from (>»?)-*ylenc». OOClj, anC AlCl, 
(Ador a. Bifliet, .B. 11, 399). Liquid, notbiolid 
at -60°. Split up by long boiling into H,0 and 

Si-p-zylyl ketone 

[2:6:1] 0.H,Me,.«0.0„H,M6., [1:2:5]. (327° nn- 

oor.). Fbrme^ifromp-xylene, CS„ and COCl, in 
closed veisels; the yield being 65 p.o. (Klbs, 
iTwpr. [2] 36, 481). Oil. Quickly decomposed 
by distillation into H,0 and (B. 2, l',4').tri- 
melhyl-anthracene [227°]. Reduced by zinc- 
dust ^d alcoholic KOH to di-p-xylyl-c^rbinol 

D^-xyiyl-tetnkctons 

0,H,.CO.CO.COmO.H,Me, [4:3:1]. . [l5o°]. 
Formed by the action of cold HNO, (S.G. 1-4) 
onO,H,.OO.CH(OH).CO.CO.C,H,(Saderbaum,B. 
26, 3476). Scarlet needles (froqi OS,). On dis¬ 
solving in FiOAo and ppg. by water it yields a 
dihydrato [100°] 

• XYLYL MEECAFTAS O.H,Me,.SH. (214°). 
B.G. AX 1*036. Got by treating xylene sulpbonio 
chloride with Zn and dilute H,SO, (Yssell, Z, 
1865, 360), an4 also by heating xylyl e^yl 
xanthate with alcoholic potash (Leuokart, /.pr. 
[2] 41, ' 192). Liquid. — Hg(g.OA)»- — 

PbtS.O.H,),. Yellow powder. 

TSI-p-XYLYL-METHAKE 
[188°]. (above 360°). From di-p-xylyl-carbinol, 
p-xylene, and ®,0, by boiling for four hours 
(F.lbs, J. pr. [2] 86, 484). Crystalline grams 
(from alcohol), v. sbl-ether and benzene. 

o-XYLYA Ef ElBYt KETOHE , 

[4:3:1] C,H,Me,.CO.CH,.* (246°). Formed from 
o-xylens, AcCl, and AlCl, (tlEns, B. 18,1856; 
19, 232; pr. 1890, 410). Oil, smelling like 
qonmarin (Armstrong a. Kippipg, C. J. CS, 81). 
Yields (4,3,l)-^metb|{-bbiizafo qqid* on oxida? 
tion. Gono^HOlAq forms OkH^O [114°]. P,0, 
gives a bodymeltimrair 165°.. Zino-dust reduces, 
the ketone to 0,H,.t!H(OH).ca (267°). 

Oa:im 0,H..d(NOH).CH,. [86°]. Prisms 

(^m. dilute alcohol), converted by AcCl into 
0,HrC(K6Ao).CH, [72°]. 

. PhtnyUhydr.atidt. Colourless nrisms. 

m-Xylyl methyl kstoas 
[i:3*.l] OJH,Ma,OO.0^ (228°). Formed from 
m-xyleiw, AsOl, and AlCl, (CUns, B. 19, 280). 


also by boding m-xylena witb HOAi 
ZnCU and POC^ (Frey, Xpr. [3}4B,130). Oi: 
snmlling like peppermint. Not oondenasd b 
HOlAq. Yields 0,JByBr,0 [69°]. Beduotion b 
HI yields (pQMerOH^OH, (}84g^ (Clans. J. pi 
[2] 46, 880). HNO, gives 0«HuN,Q,' [108' 
(Claus, J. pr. [2] 41, 492). •» 

. p-Xylyl methyl ketone a 

[ 6 : 2 : 1 ] OAMerCO.CH,. (226° naoor.). 'S-C 
AS V.D. 4*93. (Formed from p-xyleni 

AcCL and AlCl, (Claqs a. WoUner, B. 18,1866] 
Oil, V. sol. alcimol and gther. Oxidised by 6oli 
aqueous KMnO, top-xylyl-glyoxj'lin acid. Dilut 
HNO, -forms di-methyl-benzoio and methyl 
phthalio Binds. 

Oxim C,H,.C(NOH).OH,. [68°]. 
e XYLYL METHYL XE^ORE OASBOXYUi 
ACII) 0. METHVI.-BXNloT[,-ACXTia ACID. 

XYLYL-SI-HETHYL-FHOSPHINE 
0,H,Me,.PMe« (230 ). Formed from ZnMe 
I and C,H,Me,.FCl, (Czimatis, B. 16, 2016).- Oil 
Unites with CS„ forming a compound [116°]. 

. XYLYL-METHYL-THIOHYDAHTOiH 
61:3:4] C.H,Me,.N<pg;§g«. * [166°]. Formed 

from xylyl-thiocarbimide and alanine (Varok- 
wald, B. 24, 3282). Needles, v. sol. alcohol. 

XYLYL FENTASECYL KETONE 
C.H,Ma,CO.O„H„. t[87°]. (OeOf at 15 mm.). 
Formed from m-xylene, jailmityl bhloride, and 
I AlCl, (Kra&t, B. 21, 2269). Small plates, yield- 
' ing di-methyl-benzoio acid [126T on oxidation. 

, XYLYL FHBHyLAMYL KETONE 
C.H,Ma,CO.CHPh.O.H,. [91*6°]. Formed by 
Friodel and Craft’s method (Wege, B. 24, 8641), 
•• XYLYL-FHENYL- v. PHBNYi.-ivi,ra-. 

TEI-XYLYL FHOSFHATE PO(OC,H.MeJr 
The 0 - and p- compounds are formed by heating 
o- and p-xylenol ^th POCl, (Kreyder, B. 18, 
1702). They are oils, v. sol. ether, alcohol, and 
benzene. > 

«i-XYLYL-FHTHALIDB 

[84°]. Got by heating 

C,H,Ma 2 .CO.C,H,.CO,H with zino and HCl 
(Gresly, A. 234, 237). Needles (from aloohol), 
si. sbl. benzene. 

XYLYL-FEOFIONIC ACID 
[1:3:4] «.H,Me,.CH,.C^.CO,H. [105°]. Formed 
by saponifying the amide. Silky needles, v. sol. 
hot water.—BaA',6sq. Plates, m. soL water.— 
CaA.', 4S(q.--AgA'. White powder. 

Ar>tdeX.H,Me,OACO.NH- [107°]. Got 
by beating the oxim of nt^ylyl ethyYketone%ith 
yellow ammonium sulphide unjur pressure 
(Claus, C. pr. [2] 46, 477). Needles, soL hot 
'water. • «» • 

m-XYLYL iFBOPYL KETONE 0,A.O is. 
64:2:1] CAVa^COBr. (261°). Formed %)m 
m^ylene, butyryl'chloride and AlCl, (CUmis, 
(J7 pr. [2] 46, 474). Oil, v. sol. alcohol and 
ethert Yields m-iylyl-glyoxyllo add [64°] on 
Exidatlon with KMnO,. 

Oxim. CrystaV), V. e. soL aloohol. 

^Xylyl propyl ketone [6:il] (VB,Me,.COJ?r. 
(249°). Form^ in. like maftier fitom.p-xylsnab. 
LigW^rir • • ' • 

[47°]. • Oolonrlees netdlee.' 
o-Xylyl isopropyl fcetens ' ' 
[4;8;l]g;^erCO.Fy. (268°). Oil, 4M>b>8.iat8 
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tatp«ntln« (ClaTU, f. tr. [8] M, 484), Yield! 
di-me^yl-beaiolo aoid [ICS”) on oxidation. ’ 
oixm [68°]. Iiatge prisma. * 

m-Irlyl isopropyl ketone 
[4:?:l]OAMerCO.Pr. (246°). Oil* yielding 
oti oxidation by^MnO,. 
Oasim [97°]. Prisms (irom alcohol), 
f Ainvl.hpdrastds [129°]. Crystals. 
n-Zylyl isopropyl ketone 
[1:2:1] OAMo,CO.Pr. • (340°). Formed tom 
p-xylene, isobntyryl diloride, and AlGl, (Clans, 
/. pr. [3] 46, 484). OA, smelling like mush- 
, rooms. 

Oxim [76°]. Pistes and prisms.* • • ’ 

TSTBA-o-ZYLYl. SILICATE Si(Ob.H,Me,),. 

g u 460°).- Formed ])y heating o-xylonol with 
i01„ the yield being 85 mo. ol the tbooretioal 
amount (Hertkorn, B. 18,1691). Large prisms. 

Zetra-m-nylyl ailioate Si(OC,H,Mej),. (459°- 
467°). Formed, in like manner, irom m-xylonol. 
Oil. 

m-XYLYL THIOCAEBIMIDE C,H,NS t.e. 
(4:2:l]C,H,MerN:CS. Formed from di-xyljJ- 
thiO'Urea and PjQ* (Hofmann, B. 9, I'i'J.r). 
Crystals. Converted by PhOEt and'AlOl, into 
C,H,NaC3.C,H..OEt [140°] (Gattermann, B. 25, 
8630). 

XYLTL ETHYL DITHIOCAEBONATE 
C8(OEt).SC{H.^e, Forqjod from potassium 


xanthate and m-diaso-xylene oUeride (Iieadiart, 

J. pr. [2] 41, 193). Oii, eosiyerted by beating 
with %uopholio potaA ikto xylyl mercaptan 

*^%ilxTlYX.&IO-UBBA 
C8(NH.O.H,M4i[l:2:4]).j. [168°]. Forqied by 
digesting x^Udine with as long at H.^S 
esoapes (Hofmann, B. 9, ^5). Orystala (from 
alcoho1)i 

» XYL^-UUKA NH,.CO.NHO,H,Me,[l:a:4}b 
[186®]. Formed ftpm crude yylidine sulphate 
and potassium ovanate (Oenz, B, 8, 936). 
Needles (from alcohol). . 

' • s-Xylyl urea ,Na,.CO.NHsO.H,M6,[l;8t63. 
[162®] ^reritzdl.C. 0. 188871361), 

Di - s - uylyl - urea CO(NHO,H,Mea[l :8:6]),. 
[215'^] (F.); [2.V®] (O. a. 0.). Formed from 
s-xylidine and QOCl^ (F.). Formed afso from 
yn-xylyl oyanaie and xylidine (Gattermann a. 
Cantzler, D. 26,1089). Needles. • 

Di.w-xylyl*urea 00(NH.0uHsMe,[1:2:4]),. 
[203®]; A product of tho^Stillation of m-xylyl- 
ainido-crotonio acid (Conrad a. Limpaoh, B. 21, , 
627). 3ublimos*wlJBn melting. « 

j)?*xylyl.urea CO(NHCBn,Me,),. Formed by 
heating urea (1 pt.) with crude xylidine (8 pta.). 
Felted needles (from hot alcohol), not melted at 
250 ’ (Gonz, B. .3, 226). 

Ml£TIIYL*BI 5 NZrL*«««*- 
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YTTEEBIUK. Yb. At. w. o. 173. This name 
is given to the metal, not yet isolated, of an 
earth separated byMarignao, in 1878, from crude 
erbia obtained froin gadoliniU or euxenite. The 
ctalm of ytterbia to rank as a definite homo¬ 
geneous compound isnobyet satisfactorily estab- 
Usbed. 

The discovery of a new earth in a mineral 
from Ytterby in Sweden was announced in 1788 
by Gadolin; In 1797 Eckeberg confirmed the .dis¬ 
covery. The new earth was named yttria^ and 
the xmneral from wtfich it was obtained was 
eaXled gadoUniU. Rescarcfiies into the nature of 
vttria were conducted b^ Berzelius in 1819 {v. 

^ rwxL ..3 t A\ 4.. loan an/l 


th at er63o was separable into seven distinct earths: 
erbia proper, scandia, teibia, thulia, ytterbia, 
yttrift, and Soret’s X (afterwards called nolmla). 
(c/. Krdium, vol. ii. p. 460; and Mktals, iubb, 
vol. iii. p. 245). ♦ 

Oc^irrcrtcc.—Along with erbia, scandia, yttrii^ 
Ac., in very small quantities in a few rareScaniKna- 
vian minerals, chiefly in gadoliniie and eux$niU. 
NiUon (lx.) obtained o. 20 g. ytterbia from 6-7 
kilos, of the crude earths prepared from o. 15 
kilos, gadolinite. » 

Prepar<itwn of ytterbia .—Nilson (B. 18,1430) 
mixed finely powdered euxenite or ^adolinitet c. 
400 fe. at a time, with four times (ts weight of 


vttria were conducted by Berzelius in ^ at a wme, w»i.u xuui wxuoo ... 

L^hrlmch [5th ed.] 2). bloaandor in 1839 and') KUS^,. fused over a powerful burner, palvori*^ 
ljua LT or. 30. 271. Scheerer in 1843, Clbvennd ftho fused mass, and thoroughly*exhausted wim 

.-..A..... Urv 4hA nmyonna Bnhitinn nv 


UenTVWrn OW.J •*;, -— 

1843 (/. pr. 30, 27), Scheerer in 184«t< Clbvennd 
othws. lnJ878 Marignao made .4 oorcWl ex¬ 
amination of erbia (s4. Ch. [6] 14, 247)he 
tractionaily decomposed erbium nitrate by heat, 
opd obtained an earth which he called ytterbia. y 
Ae erbia used by Marignao was’ilink, and gave, 
in solution, an absorption spectfum; the new 
earth was white and showedjio absorption ap^ 
tr«n. Nilson (B. 12, 654; 13,1439 [1879-89]) 
prepared ytterbia, bnt found a roactma Wight 
tor the earth different from that assigned to it bj 
Marignao. By repeated fractional decomposition 
by heat of the gitrate of* ytterbium, Ni)pnn 
separated another urth which he called scandia 
‘Itf. Bouroron. thi^ toL, p. 481). Nilsw ifA 
IS, 1480) in 1879 made a fuller exammafiifi of 
ytterbia, and ^feimlned the at. w. of the metal 
al this eartk and ths propertlee of seretal salts 
d the mstii this memoir NUeoA neerted 


cofd water; he ppd. the ajueous eolution by 
ammonia, washed the ppd.-is^ra^^d bxides, ana 
dissolve* in HNO,Aq ; after boiling the solution 
for some time ^ gnd Oltoring, ^he ppd. by 
oxalic acid, washed the pp., dried it, and heated 
strong)y until it was decomposed. The crude 
earthsimus obtaigod yere freed from K-CO, by 
boiling with water, -and toore Lhen diesolved in 
HN®,Aq ; the solution was evapoated to dry¬ 
ness, and the residi,e was fui^ until red vapours 
began to come off. The reddish-yellow, opaque 
solid was then treated with boiling water, where¬ 
by a reddish-yellow pp. was fanned, igbich was 
filtered off by means of a snetion-pam^ (This 
pp. oontauied oxide of Th, along withoxides of Ce, 
Fe, andlJ.) The reddish filteate was svapolrated 
to drynfss, and the solid nitrates thus obtained 
were partly decomposed by beating, tbs solnlds 
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^ondeoomposed) portion * nmoved bp lolntion 
in water, the resida^ disBolved in EKOsAq, 
the eolution evaporated to dryness, th|presi> 
dae partly decomposed by hei^tlng, ^e ande- 
composed nitrates were removedt. by'washing, 
with water, the residue was dissolfed hi HNO^Aq, 
and so'om After thirtv repetitiooB of this process 
a solution was obtamed that showed merely 
a trace of red colour after thirty^hve repetitions 
the solution was quite colourless^ an^ showed* 
onlv two faint absorption bapds, one in the green* 
and the other in the red; after forty repetitions a 
solution was obtained which gave only the red 
bond; and when fhe process qf partial decpmposf- 
tion by heat had bedn repeated 8 h;ty*eignt times 
a solution in HNO,Aq was obtamed which showed 
no trace of an absorption spectrum. This solu¬ 
tion wa^ saturated with H^S, the small yellowish- 
brown pp. of PtSs was filtered off, the filtrate 
was ppd. by^ure oxalic acid, the pp. was washed, 
dried, and decomposed by heating strongly, and 
pure ytterbia was tlfus obtained. |'dr a modifica¬ 
tion of this method of separating ytterbia from 
accompanying earths u. Aues ven Wolslfach (if. 
4,630). •• 

Atomic weight of ytterbium ,—The metal has 
not been isolated; the at. w. was determined 
by Nilson (il. 13,1433} by dissolving pure Yb^O, 
(v. iupra) in HIt'0,Aq, adding a suitable quantity 
of ]^^ 04 Aq, evaporating on a water-bath to drive 
oS £bi[0,^thcn on a sand-bath, and finally over 
a^ fiame until all free ILSO^ was removed, 
weighing the Yb 2 (S 04)3 ^us obtained, and 
analysing ii. Kilson dissolved pure Yb^O, in« 
HNO^Aq, evaporated to dryness, partiqlly de- 
compost the nitrate by heat, treated with water, 
&o.,aBdesoribedv^tfpra, and in this way obtained 
seven fractions, each of which was converted into 
sulphate. The results are presented in the fol- 
lomng table. ! 


Weight of 
^ Tfb.O, 

^ t%^«a 

Weight of 
BUlpliato 
formed 

Fetgo. compositloa 
of sulphate 

Atonilo W. 
»IIb. 

Yb.O. 

SO. 

10063 

16186 

62171 

37-829 

173-21 

10189 

1-6314 

62-149 

37-851 

173-03 

■8S09i 

1-3690 

62’155 

37-8-L6 

173-08 

•7371 

1-1861 

6-2-145 

87-856 

173*00 

10006 

1-6099 

62-147 

• 37-853 

178-01 

•8090 

i-3023 

62-126 

87-874 

17?-84 

1-0069 

1-6189 

__ 

62-134 

• 

37-866 

172-91 f 

Moan. 

. . .^,J2147 

87-863 

173-01 




Chemical relations t>/ ytterbium .—If Yb is 
really a homogeneous suratitnee, it must be 
placed in Series 10 of Group III. in the periodic 
classification of the elements. This gr«s«l^ con¬ 
tains the follqqfing elecndn^ { .« ‘ * 

Ewm series — ^ * 

d 4 «8 * fi 10 

B(ll) So (44) Y(89) La (130) Yb(17^ — 
Odd series-^ * 

6 7 9 11 

A1 (27) Ga (70) In (114) — T! (204) 

A comparison of tbu position of Vb with the 
positions of elements placed la Seriqi 10 ' 

tpble on p. 611 of iU.) ihovt that » 


ughi to be decidedly more metall^ than B, and 
sdmewhat more metallic than Al, «a,or In; the 
da4a, however, are too mea^e to allow a delved 
oomparison to be made. Little is knovm of the 
properties^of compounds of Yb; but what is 
known bfoadly confirms the ooncluaiqps drawn 
from the position of the element in the^eriodio 
scheme of classification-(c/. Eabths, icafa^ or 
THB, vol. ii. p. 424). 

4 , jrtterbiom oxide Yb,0^, (TtUrbia.) A very 
heavy, white, infusible powder; slowly acted on 
by acids when cold or gently warmed, but readily 
dissolved by dilute acid solutions when boiling. 
'Solutions m aoid% are colourless, and show no 
absorptiofi spectra. The emission spectrum of 
a solution in HClAq, obt%ined by help ob the 
spark, shows several ynes, themost conspicuous 
of which have the wave-lengths 6221, 3556, 
5476, 5352, and 5334 (v. Lecoq de Boisbaudran, 
0. n. 88 , 1342). S.Q. 9-176. S.H. (O^-lOO®) 
*0646 (Nilson, lx.). 

Hydrated ytterbiam oxide. A white, gela¬ 
tinous, but heavy pp. obtained by adding NH^q 
to a solution of a salt of 7b; shrinks much 
when dried, and absorbs GOj from the air. 
Easily soluble in acids (Nilson, lx.). ^ 

Ytterbium salts. Nilson (2.c.) preparod an 
oxalate, an acid selenite, and a sulphate; and 
Marignao (0. B. 87, 578) prepar^ a> formate. ^ 

Ytterbium oxalath Yb^({!.^ 04 ),. iQaq. A white, 
microscopically crystalline powder; insoluble 
in water, scarcely soluble in dilute acids; un¬ 
changed in air; gives up part of its water at 
100^ Prepared by adding oxalic acid fo a warm 
solution of the sulphate. 

* Ytterbium selenite YbaUs.dSeOy ^aq. Ob- 
^tained by adding Na^SeO^Aq to a solution of 
Yb 2 (S 04 )„ washing the ppd. normal selenite, dis¬ 
solving in water containing a large excess of 
HgSeO^, evaporating nearly to dryness, and wash¬ 
ing the residue with water. A* white crystalline 
salt, insoluble in water. Loses 4H.:0 at 100'^. 

Ytterbium sulphate Yb 4 (S 04 ),. Prepare d by 
dissolving Ybp, in HNO^Aq, adding H.^SOfAq, 
evaporating on a water-bath to drive off HNO^, 
then on a sand-bath, and finally over a flame at 
low redness till all H 2 SO 4 is removed. An opaque, 
white solid. Dissolves in water when a large 
quantity is added at onob; if a little is added 
much heat is produedd, the salt combines with 
the water, and then dissolves very slowly when 
‘more water is added. Decomposed at a red 
heat, fully ^t a white heat. S.G. 8*793. S.H. 
•103»atO®U^^OO^ • 

rA hydrated sulphate 4n},(SOpy. oaq was ob¬ 
tained ^ Nilson in lar^, white, lustrous prisms 
by eva^rating a solution of 7 b«(S 04 )« in watw 
^t a gontid hetif. M. M. P. M. 

TTTBIUXy T. At. w. 0 .89*6. The name 
I ^|trium is given to the metal of an earthuob- 
' t%ned from a few rare Swedish minerals. Vie 
' 8 eparf.tion of a new earth from a mineral found 
at Ytterby, in Sweden, was made by GadoUn in 
i788. The existence of the new earth was eon- 
firmed in 1797 by Eckeberg, ^d the earth was 
called by him yttria. Su^equent researdies 
Uairied qp by Berzelius* l^osander, Scheerer** 
Delafontaine, Popp, BalA a, Bunsen, 
Marignao, and others show^ flUit the yttria ol 
Uad'lin and Eokebbrg watf a nuxtqfo M maas 
oxldeifje/. Eam^uii, vol. ii.p. 45^; SotimfuM, reU ' 
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IV* p 90A ( uttB vui. p. 879} ftnj 9* 

tn/^, homogeneity of Tttria). 

ihcurreTuse.—AboMi 80 to 85 p.o. of yttrli. in 
eombinfttion with SiOs, is found ki the exceed* 
ii)gly rare Swedish mineral gadoUnite\ some 
of orthite also contain ytt/ia, and the 
earth h\B also been found, in combination with 
HbjOg and Ts^Oa, in specimens of cuxeniie. The 
oxides that generally accompany yttria in those , 
rare minerals are coria, didymia, erbia, laiithana}^ 
lin^, magnesia, soda, and*ozido of iron. 

Preparation of The crude oxides of 

yttrium, erbium, Ac., are separated from 


j««w,****, --r- —-y ^ - atomio weight of ^(vium was deter* 

r^a^foZtntfe by the method af Bah%a.*Bun8m rmme<hby Uerzeliiw, Ihlnfc^taifte, Topp, Bunsen 
described under Ekuiuu (vol. ii. p. 457). Ma- a. Bahr (v. lii'fi'n'uas) by analyses of the 


rigdao (i4. Ch. [ 6 ] 14, 247) converted the oxides 
into nitrates, heated the^nitrates in a Pt brftin 
until red fumes came off freely; treated the 
residue with water, and separated the solution, 
which contained much Yt uitiato.from insoluble 
basic nitrates of Er, Ac. He then evaporated 
the solution to dryness, heated again until par¬ 
tial decomposition was effected, again treated 
with water, poured off the solution, evaporated 
it to dryness, partially decomposed the solRl 
nitralips by heat, and so on. After some hun¬ 
dred repetitions of those processes, approxi¬ 
mately pure yttria was obtained. Auer von 
lyelsbaeh 630) separated approximately 

pure yttria from the^rudo earths obtained from 
gadoliniiG by a*long-continued scries of opevii- 
tions based on the facts ( 1 ) that yttrium uilralo 
is leas readily decomposed to basic salts than 
erbium titrate when a fairf^ couo. solution of*j 
these nitrates is ligated with the oxides of th 
metals fhade into a paste with water, ant) 
( 2 ) that basic yttrium nitrates dissolve in a solu¬ 
tion of the normal nitrates of Y and Er moro 
readily than basic erbium nitrates. 

References .—Gadolin {CrelVs Annal. 1796 [1] 
813); Eckeberg \Scher. J. 3, 1B7); Klaproth 
{Scher. J. 6 , 631); Vauquelin (Schcr. J. 6 , 552); 
Berzelius {Scher. J. 16, 250,404; and Rehrbtich 


easily dissolved by dilute acids, including acetic 
acid, decomposing boiling KOUAq, and KH,ClAq 
at Une ordinary temperature, with evolution qi 
H and metal burns brilliantly when 

heated on Pt foil*; when heated in O'it burna 
with a vcry*da7.zling light. . • 

An examiffatiou of t|^ emission spectrum of 
yttrium was made by Timlin: the most pro- 
ininont linos observed hud the wave-Iengthi 
6191, 6431,^1)87, 5971, 5662, 5496, 5402, 5205, 
5200, 50H8, .1900,*4881, iorjd, 4374, and 4309 . 
{Koi^. Sw. Vetens. Acad. Jhindl. 12). 

Tno 




sulphate, or by trunsfoniting yttria into tho Bul- 
plinte; the values varied from 92*2 io 102*8. 
lu 1873 Clove a. lloglund (e. R. 6,1467) made 
more accurate determinations by analysing purer 
specimous of Yt 2 (S 04 )„ and obtaiflud tho value 
89*6. * 

Citemicmtrclatlons of --Assuming 

yttriuig to bo a homrjgoncous clement with 
at. % c. 89, it raTisft)a piaettsd in Scries 6 of Group 
III. in the periodic ui rangcmout of the elements. 
This group contains the earth metals; yttrium 
is pr<^t:<‘ded in llioovon Boi i <‘3 family by B and 8 c, 
and4i succeeded by La and Yb. A consideration 
of the position given to Y in flic j>oriddio das- 
silicalion shows tliat tlm olcmont^ugl^ to elosely 
rcBoinblc tho other metals of tho earths. 
little is known of t|^o proju rtios of many of flio 
earth metals to allow of a detailed coniparison 
of them one with another. A general account 
of ihcwrolations of lliosu medals will bo found in 
I'lAimrs, mi:tal 8 of tuk (vol, ii. p. 42*?). ^ • 

Whe homogeneity of j/ffridP^Tho properties 
doscribAl as belonging to yttria before 1885 wore 
the properties of a mixttiro of at least five, 
perhaps six, different bodies,according to Crookos 
{C. N. 51, 13, 155). Crookes subjected * yttria * 
to a prolonged process of fractionafton by am- 
monirti(for a description of this method v. EA^rii% 


22, 30; 26, 112; 61, 48; 61, 273); Bahr,(A. , ------ * 

186 376); Bahr a. Bunsen (A. 137, 1); Clevo | For detail^ of tho phos]>hore 9 cenco ^otra of 
a Hdglund (HZ. [2] 195 , 279); Clev6jHZ.[2] I tho substances obtained by fractionating‘yttria 


21, 844). 


tlio substances obtained by fractionating * yttria * 
! V . Metals, kakb (vol. iii. p. 248). By ^birty-two 


* Premraiion of yttriu%i.—’S!he metal has noCfracfynations of * yttria' by ppn. ;withNHjAq, 
been opined pure. \V 6 hIer in WiS IP. IS.’ifollowod by tweiity-eix fraetionotions by ppn. 
680) obtained impure yttrium by irfducing*lhe with oxalto acid, Luebq do BoiHtmudran (O. if. 
cSwde byjpdium. In 1804 Popi/t/t. 131»179) 103. 610 [1887]) obtained p^nto apcoimen ol 
dissolved yttria in HCfAq, added NU.CIAq, dva- yttria which gave no pliospiMbesewpo spectrum 
pornted. Mpatated and dried the douWojhloride j when nflxed with liuio.j and winch, when con- 
olyttriom and ammonium thus lorqjcd, mixed, vertod into ohlo>)()«, gsve^n ^srle spectrum, 
add ■ " ’ ... 


o^yttrium _ 

this with Na, the double salt 


:ormcu,- , . . _ . _ 

the Na boini?; showing only the lines of yttrium. 


mranTedirilttruattlTyc^rheTtldliie'mi^^^^^ bfdi.’’ 

itt^olosed oruoible tiU action begdh and th«<p| ,ery aehqpeMert> 
allSwcd the reaction to proceed; washed the . “"J'iPS 


fused mass with water, sepprated^ unre^pced 
yttria by levigation, washed the dark-grey powdo%j 
that remained with water, and then with alcohol. 


and dried it ove* H,s6.. • In 1890 WinWer Went of CO and lit vapour.'*Very soluUt la 


(B. 33, 787) obtaii*d a black powder that do- 
^mposai 
divided 


p. 882). Popp _- . . 

powder resambling ftrrum redaetum^ dpoom- 
eoldmratv slowly and bol w«ter Apidly, 
Vofc IV. • 


Bl. ffe) 18,193). JChe anhiidrous salOis obtained 
lay iiuboin (0. B. 107, 99, 218) by heating y,0, 
to rodtiesB on a sspport ol gas-carbon in a our- 


water or alcohol; insoluble in ether. 

Tttrlnm, ehlorida of, YCI,.6H,0. Optained 
by dissolving yttria in HCLAq, evaporating to 
dryness on a water-bath', disMlving in alcohol, 
and evajotaling over 11,80, (Oleve, I.C.). Prye- 
talUses in large, colourless, very deliqueseent, 

9Il 
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fhtmhU ^sms ( 0 ., lx.), 'fhe vtthj^xcm com* 
pound is formed by heeding yttria to rednes^n 
a support of gas>earbon in a slow stream oWO 
and Ci (puboin, Zx.)« By evaporating a solution 
of yttria in HOlAq with addition df NH 4 OI a 
double impound oi YCltOnd ^ obtained; 

double compounds with ^01 and Nabl are formed 
by. fusing the consUtuent chlorides together. 
Popp (A. X81t 179) described the double confound 
yOh.3ngCV9H,0. Cleve (Bf. [2] 81. i06) de¬ 
scribed Y 01 «. 6 nCl 4 . 8 H, 0 . < 

Yttrium, fluoride of, 2YF,.Hp. Obtain^ as 
a gelatinous pp. by^adding HFAq, or solution of 
an alkali fluoridcT. to solution of a salt of y V.rium 
(Cleve, BL [2] 18.198). * 

Yttrium, iodide of, {?YI,). Deliquescent 
crystals, soluble in alcohol; obtrined by ovapo* 
rating a solution of yttria in HCAq (Berlin, P. 
43,105: no analyses given). 

Yttrium, (zides of. Besides yttria, T 3 O 3 , 
there probably existSt.another oxide^containing 
more oxygon. « 

YttbuY,0|. {Yttrium sesquioxide*) hy¬ 
drate, probably YsOs.GH-^O (lopp, f.c.), iB.ob« 
tained, as a golatiuous pp. closely resembling 
hydrated alumina, by ppg. the solution of a 
salt of yttrium by ammonia. Tlio oxide is 
formed by strongj^y heating this hydrate ;%lso 
by decomposingl^ heat the carbonate, nitrate, 
oxalate tf ytfHum in presence of air. Yttria 
is described as a heavy, white or almost white 
powder, S.G. 5*078 (Cleve, ^.); 5'04(> (Nilson 
a. Pettersson, B. 13, 1459). S.H. (0®-100‘') 
*1026 (N. a. F., f.c.). By lieating amorphous 
yttria with CaCl« for some hours, and war.hing 
' with warm water, Duboin (0. B. 107, 09, 213) 
obtained highlf ^refractive crystals of Y;Os, 
scarcely act^ on by acids or by fused Ka^GOg. 
Ytt|ia IS a markedly basic oxide; it absorbs CO 2 
from the air, and decomposes suluiions of am¬ 
monium salto, giving ofl NHg. Yttria is insoluble 
in water; it dissolves slowly in cold HCIAq, 
HKC^Aq, or HgSO.Aq, but more rapid4jr on 
warming. By heating a mixture of yttria and 
finely-powdered Mg, in the ratio Y^OsiSMg, 
Winkler (B. 23, 787) obtained a black powder 
which slowly gave off H from cold water, rapidly 
from hot water, and dissolved in dilpte HGlAq, 
with violent evolution of H. 

Yttrium pbroxidb. By adding H^O^Aq and 
NH,Aq to-a solution of sulphate or nitra||9 of 
yttrium, Cleve {Bh p] 43, 63) obtained a white 

f elatinouB pp. tcfwhich he ^ave the compositipn 
'.O,; bat this fora^a cannot be regarded as 


Mitt The« MHtjwhkAi mu 
formed by replacing the H of acid#hy, yttri nm 
belotg to the form YjX), where X » 2C10g. 2KOa, 
SO,, SO4, CO„ ^FO,, &c. AlmosC all the ^trium 
mUb of oxwicids ^at have been prepuud ar^ 
normal salts; a basic nitrate, and an acii ortho¬ 
phosphate and selenate, are known. Mkny of 
the salts are obtained by dissolving yttfttw in 
acids and evaporating; those salts which are 
{Qsokjf)le, or but slightly soluble, in water are 
formed by ppn. from- the nitrate or sulph^^ 
The salts foimed by i^n. are the orsenafe, 
borate, carbonate, chromate, iodaU* and period- 
' a%,ozaTate^*^phoapMites, selenite and awphite; 
besides these salts, the following salts of oxy- 
acids are known, and arersoluble in water: 
brofnate, chlorate aivi perch'lorate, nitrate, 
selenate, sulphate, thiosulphate and tungstate, 
kie^ double salts are known; the principal 
are Y 2 (C 0 g),.M 3 C 03 .a;H 20 , 
Y 2 (CaO.),. 3 M 802 O 4 .a;H 2 O, and 
Y 2 { 804 ) 3 .mM 2 S 04 .a;Hj 0 , where Mss an alkali 
matal. Duboin {C. B. 107, 99, 243) obtained a 
silicate Y 20 ,.Si 0 , by very strongly heating a 
nflxture of "S pts. yttria with SO pts. CaCi,, 
and washing with water. The yttrium salts of 
oxyacids have been examined, chtedy by uleve 
(Bi. [2] 18,193, 289; 21, 344; v. also Berlin, 
P.43,105; H5gbom„Bf. [2j 42„2f Fopp, A* 
131,179). « # 

Yttrium, sulphide of. No * compound of 
yttrium and sulphur has been isolated with cer¬ 
tainty. Addition of (NH 4 ) 2 SAq or NH 4 HSAq to a 
Isolation of a Ba1tof*yttrium ppts.hydraksd oxide. 

fusing yttria, S, and an allyvU carbonate, and 
^mshing the fused mass witli water? a yel¬ 
lowish-green solid is obtained that is insoluble 
in water, but is partly decomposed thereby to 
hydrated oxide and H 2 S; this solid dissolves in 
acids, giving off H 2 S. The same solid seems to 
be obtained by strongly heatin^yttria in H laden 
with CS.^. No compound of yttrium and S was 
obtained by boating yttria with Na^S,. By heat¬ 
ing YCI3 in a stream of HjS, HCi is given off, 
and a yellow powder remains, which is decom¬ 
posed by water, with evolution of much ILS (u. 
Fopp, A, 131,179). According to Popp (Z.C.), the 
composition of this substance is Y^S,. 

By jgassing dry HjS o^er a mixture of YCl, 
with excess of NaCl,^ heated to 0 . 1000** in a 
|)oat of gas-oarbon, Du 8 oin (C. B. 107, 99, 243) 
‘^obtained a greenish, crystalline solid, whion 
wheh ^aslhcd with water left transparent, 
greenfsh lanitils of the double ^ompo^nd 
Y2Si.Na2S. M.1^ P. M. 


ZAKflALOXK « ttj/xis. 

ZXO^f 0„H„O. [!i31’n. Ooonn In the 
rtheiaftl eztraot Irom Z.ora tordida (Paterno, 
Oi 7> 381, 508). SmaU pvramida mth beza- 
gonkl baa. (from eibw-uoahol), z. sL sol. 
•loobql uid .U^er, insol. water. Nenttti. - Mot 
MtaoM bj alkalis or dilute adds, * 


> J!inO. Zn. AH' V. 66-8 («. ioifra). 
Mol. w. 0 . 66-3 at o. 1400°; probably tbe same 
Ih solution in Hs (o. tn/ra), « Melts at 419- (da- * 
tern&ned by sir tbennomd.r;*V., Meyer a. 
,Bid^e, B. 26, SAIS); at 4X7^* (determined 
by plenum tbermraaeter, Callmdau. OfUltiuh 
0, N. 1) I for older deter njnaajns , _ 
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iiwpsal 
>la eala- 


(Brauo; P, 93f 17$). Zino oompounda have been 
loandin adbf apriugs (v. Hillabracd, U. S. Otolog, 
Survey No. 113 [1898]). Traces of sing 
compounds have beea found, according to. 


jjf ' ,e ^ ^ - • * • ^ ' ; — ' Msuieuvi a/wtaasDs wwu TcmMSOfla 

W^rtaa,^. 8,1018). C.E.; if leiij'th of bar at Fomiaiion, —£mc ore, generally oarbonata* 
® then length at T® » (1 + $t ); if volume at or eii^pludo, ia roaated in reverberatory calolners; 

° volume at f® = (1 + 330; 3#* 4 the roaateU ore is mixed with half its weight of 
^001^976 from 0 to 100 ® ^Matthlhfsen, P. M, powfiered chai^oal, cokof or* anthracite, and 
[4] 32, 472). Heat of fusion for 1 kilo-‘28,130 heated in crucibles or retorts arranged so that 

il rtl. roi^ At ^Art\ m .V . .. -aeftvaa BV 


[4] 46, 314); 14*83 at 16®^ (Kirohoif a. descriptions of the diiloront forms of apparatus 
Hausemann, W. 13, 406). Chief lines in emis- v, Dicxionauy ox Appukd Ciiemistry, voL iii, 
•ion spectrum 6360, 6100, 4924, 4911, 4809, p. 1042. . • 

4722,4679 (Huggins, T. 154, 139; c/. ThAIen. 


VrepaTat/hn. —Coniineroial sine generally 


Ditertnin.dcsLongucursd'Ondcdes HaicsMtlkil* contuiiis from,*5 Jo 3*3 p.o. lead, with 0 . *2 to 
Italics [Upsala, 18C8]; and Ames, P. M, [5J 30, *6 p.c. iron and cadmium, and small traces of 
33); for wavedengths of lines of high refrangi* arsenic. 


bilitji V. Hartley a. Adeney (T. 1881 [1]. 97). 
Zino crystallises in tabular hexagonal plates, 


Pure zinc was prepared by Reynolds a, 
llauisay {C. J. 61, 854 [1887]) by dissolving 


1*356425 (Williams a. Burton, Atn. 11, zincf sold as free from common impurities in 

T «*• fld liJI'J . Oft 17a . Ul.nv.vvl.,^0 .lil.vf.. If Vfb A., —.,..,..-..4:..,,^i»:_j_4\.. 


26 ;P. 107, 448; Storer, P. Am. A. 6; Cooke, electrode of Pt wire, dissolving the metal in 
Am. 8. 81, 191). Tlie metal is probably dilute llClAq, ppg. Zii0.^11y by NIl,Aq, dis« 
dimorpbAus. H.C. [Zn,0] = 85,430 (Thoinsenf solving the pp. in excess of RH,Aq, and ppg. 


stone, Pr. 18, 49). 


Refraction equivalent « 9*8 (Qla(^> 


solving tiio pp. m excess of lsJi,Aq, and ppg. 
ZiiStby IIjS; the ZnS was dissolved infHClAq^ 
and again ppd. from an anmipinacal solution 


Historical.-^That copper acquired a reddish by^LS ; the pp. was well wamiod, dissolv^ in 
eolour, and that its properties were modihisd, by pure dilute H^SO^Aq, and the sulphate obtained 
melting with certain ores, was known to the on crystallisation was re-crysiallised several 
ancients and the^alchemists; the ore with which times; an aqueous solution of this sulphate was 
copper was generally molted to form brass was then electrolysed, using a l*t wire electrode, 
oalled codmia/ossth^. The fact that a lustrous and the metal was molted in a tube of hard 
solid ooUld be obtained by heating oodmia/ossif IS glasS^rom which the air had been exhai^tefl. 
seems to have been known to the ancient writers By distilling this metal in vacuo in cf tube of 
on mineralogy. According to Eopp {Qeschichte liard glass, very pure zino was obtained. Pul* 
der Chamie^ 4,116), the earliest use of the word linger (C. J. 57, 816 [1890]) diaiillod zinc sold 
fine is found in a writing of the fifteenth cen* as ' chemically pure ' in a bard glass tube, bout 
tuiy at^ibuted to Ba^ Valentine. Paracelsus, slightly tmvards the closed cud, plhced in s 
in the sixteenth century, speaks of zi^o as a combustion furnace, the open end being con* 
definife metaKlike sub^nce, and assigns it necked with a good water-pump. By melting' 
to the class of bastard or semi-metals. The nam^ the distilled zinc in a tube of horiTglass with s 
* zino * was applied during the sevontcegth^an^. small bulb blown on the end« the part of the 

.1:1,^ 4... _- *1 4 *41.* 4.,*.. 1-..4_ 4t_ - iT-IU_1 .F* ‘fi _... 


fpelfsr, or ^tauter, a term of Indian oeigln ac- he obtained the zinc insperfectly bright, smooth, 
ewrding to Kopp. Tolerably piprg zinc seems to* lustrous spheresShSe from hollows ; ^e pomp 
have l^n obtained hrom zinc or^s about 1720? was stopped while the zino was molten, and the 
prc^ably by Henckel (v. Percy's Metallurgy, incre^iea pressure caused tlie molten metal to 
1 , SO). • * • ifilter throug]^ thfc^fllary tub|into the bulb. 

7!>ceurrfncf. — Zino 'is found in smlU P'o%the preparauoirof pure zin^bv eieotrolysis 

.i«anti4.iaa • IJf "A/f 1 AQfiWa an.4 a# am amnvnrvinaal nali.A.a*. a# Al...**>^1.1.1.^4.. » 


OX native zinc in Victoria, ^onsiaerabie quanti* hioma (G. UT 1884. 419) uys tnat sine can 
ties ol compounds tl zino occur in man, plsdts;' be obtained free bom As ana nearly bed bom 
the commonest or* are calamine (carbonateU bon by the combined interaction tieS and 
Siliceous coZogtine SfsUlcate), Uende (fhl^db), water vapour. Ha mizea burnt gypsum with 
and red tine 08 „(oxide); alovinate, aiscAate, one-tourtfi its weight ohS powto, moulds the 
nho^hate, and snlpl^te ot zino ure also found, 'moistened mixture into spheres sboBt S em. 
but in smaSsr quantiUes. Small quaniUies ol diametf, and sinks these to the Imttom ot a 
Od oeotpoalH* oacoi in most zino ores* The crueiUe containing molten siuo; vapoon ^ 
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H.,S and S are given oflf, and the molten metal Is 
thereby briskly stated. ’ When the reaotio|LS 8 
completed, the little balls are taken oat, ^e 
upper crust is removed, and .th^ ojerdtion is 
repeated if necessary. 

ZifUiMiat is obtained either ip the distil¬ 
lation of the metal, or, ta not suph fine division, 
by crushing and powdering the metal in an iron 
mortar at a temperature somewha^ below the 
m.p. of zinc. The ZnO^H, always prefent in 
‘ specimens of zino-dfist may be removed by digest¬ 
ing with NH^ClAq and then with NHjAqfjand 
drying on a porohs tile in vacuo (Carnegie, 
C. J. 68,471). < f. f , 

Properties.—Zinc is a white metal, with a 
slight shade of blue; it is very lustrous when 
polished. Commercial zinc is®brittle at the 
ordinary temperature, but it beedmes malleable 
between 100® ppdlBO® ; at 210® it again becomes , 
brittle, and at tliat temperature it can be finely I 
powdered in a mortat'. Pure zino ip,said to be 
malleable at the ordinary temporulure. Com¬ 
mercial zinc that has been h^to^i to 100^-160® 
retains its malleability when it cools. Kahlisolmr 
,(JB. 14, 2747) noticed that rolled zino ceased 
to give a ringing sound when struck after it was 
heated to o. 100®“300®, that it could then be 
bent easily, and <yiat when bent it emitted a 
sound hkd the ‘ cfy * of tin; he found that the zinc 
became cr^talline, and the crystalline structure 
wacmore decided the higher the temperature; the 
S.G. was very slightly increased, and the electri¬ 
cal resistance was reduced by o. 3 p.c. 2inc is 
a softer metal than copper *, its hardness is in- 
jjreased'hy rolling. The tensile strength oPzino 
varies much witll the mode of preparation. 
Zino crystallises easily, especially whcn^pu‘^*e ; 
the form is that of hexagonal plates (for refer- 
enoCB V . sMjwa, beginning of this article). Zinc 
melts at o. 420®, and boils somewhat below 1000® 
(v. supra). . Molten zino oxi^ands somewhat 
during solidification. The metal can be distilled 
a? a dull red heat; the vapour takes fire the 
air, and^urns with formation of ZuO and the 
production of a bright white light. Zinc exposed 
to the ordinary air becomes very gradually 
covered with athin film of abasic carbonate which 
protects the mass of the metal from fui« 0 ier corro¬ 
sion ; in pure dry air zinc is unchanged. Zinc dis- 
•'solves in dilute acids, generally with evoluyon 
of H (v. infiat Reactions with sulphuric ^nd 
nitric acids); sdso dissolves in solutions of . 
caustio potash or soda. When impure zino .is 
am^gamated it re^i^ita-tho action of acids. Zino 
is not acted on by mineral lubricating oi)#; some 
of the commoner animal oils attack it elightly 
(o. Redwood, O. S. I. 6 , 362).^' Zino ppts. most 
of the other metals from their solutions; if a 
piece of impure zino is dissolved in aia^aoid, 
most of the me^llio impuJitie} (As^-Cd, Cu, Pb,-^ 
<fec.) remain jsndiaaolved as iorig as undissoVed 
. zinc is present. Zinc ooml^ices directly with, 
O, S, Se, Tp, the lialogous, and P; it ^orms 
alloys with many.metals. Pure zino does not 
decompose boiling water, bat the commercial 
metal resiets and gives off H. Zino-dust usually 
contains some ZnO^H^; it is said also to contain H, 
produced by the interaction of Zn and ZnO^Hg 
(v. Qreville Williams, 0. JV. 62, 205,268h 

^foiiuc and molecular weights of s»ic. In 

1809 Qay-Lussao {Mem, 8. 2, 174) deter¬ 


mined the weight of ZnO obtained bw dissolving 
a determinate weight of zino in wtrio qpld, 
evaporating to dryness, and strongly heating the 
residue; Berzdius in 1811 repeated the experi- 
8 jeot of CTij^-Lussao {O. A. 37, 400; v. also 
6 , 184); and in 1843 Erdmann made similai^ex- 
periments (v. Berzelius* Lekrbuch, 8 ,121^. The 
values obtained for the at? w. of zino were u5r39 
(G.-L.). 65*41 (B.), and 64*94 and 64*88 (B.), In 
S84#€'avre decomposed ZhC ,04 by heating in 
air, and determined the weights of ZnO and CO, 
produced; the value 65*83 was thus obtained for 
,the at. w. of zinc. In the same yehr Eavre ob¬ 
tained the. value 66*78 by dissolving zinc in 
dilute HjSO^Aq, burning the H given off by 
passing it over hotOuO, and-»weighing the water 
thvft produced (.4. C/brt[9] 10, 163). In 1884 
Marignac determined Cie 01 and the Zn in 
ZnCC^KCl, and obtained the value 65*18 for the 
at. w. of zino {A. Ch. [ 6 ] 1, 809; v. also Bau- 
bigny, O. R. 97,908 [1883]). By dissolving zino 
in dilute HaSOjAq and measuring the H given 
offr van der Plaats concluded that the at. w. of 
zinc is 65*18 (0. R. 100, 52 [5885]). Reynolds 
a.**Ramsay, in 1887, by measuring the H given 
off by the interaction between very pure,zfno 
and H^SO^Aq, obtained the value 65*48 (0. /. 
61, 851). By oxidising zino to ZnO, by 
XINO^Aq, in 1888, Movse a. Burtopi obtained thq 
value 65*1 {Am. 10, 311). In 1889 Gladstone a. 
Ilibbcrt (0. J. 5.5, 443) determined the ratio of 
zinc dissolved to silver deposited by one and the 
saino electric current; taking the at. w. of silver 
as 107*66 (the valuoVdopted in this DifStianary) 
tbe at. w. of zinc was found te bo 65*29. 

' In 1886 Monsching a. V. Meyer (if. 19, 8296) 
fouud the V.D. of zino at o. 1400® to be 34*3, a 
number which shows that the gaseous molecule 
of zino is monatomic. Ramsay, in 1889, deter¬ 
mined the lowering of the vapour pressure oi 
ffg produced by dissolving zino therein (C. J. 
55, 621); assuming that equal volumes of dilute 
solutions contain equal numbers of molecules, 
and that the molecular weight of liquid Hg is 
200, Ramsay’s results indicate that the mole¬ 
cules of zino in dilute solutions of this metal in 
Ilg are monatomic. The experiments of Hey- 
cook a. Neville (0. J. 67. 876 [1890], and 61, 
888 [11^92]) on the ^ow^ing of the freezing, 
points of Bi, Od, Pb, S^, and Na by solution of 
^.ino in these metals tend to confirm the con¬ 
clusion Jlhat the molecule of zino in dilute solu¬ 
tions in the^ metals is monatomic. 

Gnemiccdfirelations of sine. Zinc issthc 
second odd-serios membe^ of Group II. in the 
periodiodassification of the elemdhto. Zinc it 
■preceded in thpj*odd series of this group by 
find is followed by Cd, —, and Hg; the members 
of the even series of Group IX. are Be, Oa, Sr, 
, —. ‘^Zino is»the second member of smes 
5 it is preceded in this series by Ca, and* is 
Buccodded by Ga, Ge, As, Se, and Br. Tha 
general chemical character of zino is ^at of a 
metal; its oxide ZnO is basic, its ohloride ZnOl, 
'is vblatilisable withBut decoeOposition. No acids 

S re known containing zino, ^d the molecule of 
nd eltmdht is menatomio. <!iThe^^t that com- 
pouSds of ZnO jmd BLO ara^olained by dis* 
. solving ZnO,H, i^OHAa and adding aloc^ 
shows., that the hydroxide of thee metal hsi 
feebly Biorked aoit^ propertljsi (uaA the isdiA* 
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tK® Of ft fttnnber of ozyehlorides and b^lio 
oaro^natea, nitrates, and sulphates illustrates 
the faet that zinc is less positive than Mg, wHioh 
IS the first member of the zino family of Group 
Fftr a general account of the ^dperties ol» 
the family of which zino forma a feomber v. 
Maon^iuii ohoop op jelements, vol. iii. p. 1C3. 
The» fttom of zinc is *divalont in the gaseous 
molecules of its compounds. 

Bcactionsand CoihbRiations. — 1. Zino ipun*S| 
chuged in pure dry air; in ordinary air the 
surface layers are slowly converted into a basic 
carbonate, wRich protects the metal beneatl^. 
Heated strongly in air or oxygen, ziftp bVms to 
ZnO.— 2. Heating zino in bromine, chlorine, or 
iodine produces ZnCl^^iOr Znlj.—S. Wheu 
zino is heated in phosplt^snis vapour, phosphide 
of zino (^. V., p. 890) is formed.— 4. By heating 
zino with selenion vapour, a* compound of Zn 
and Be is formed (u. Zino sblenipk, p. 890).— 
5. Zino coiqbinos with tellurium when tho do* 
ments are heated together (u. Zino tkllokide, 
p. 891). —6. Sulphur and zino combine wlioa a 
mixture of these elements is very strongly com¬ 
pressed (Spring, B. 10, 1000). — 7. 2ino dccoifi- 
posea^water at a red heat. Commercial samples 
of zinc decompose water at 100® (Ij’Hoto, 0. R. 
101,1153).—8. ZnSis formed by strongly heating 
^nc in a %ti]sam of hydijpfjen sulphide ; when 
hydrogen setenide is* used the product is ZnSc, 
and by hcatin^ftho metal in hydrogen telluride 
ZnTe is formed (v. Margottet, 0.11. 84,1293). — 
0. Zinc is said to reduce carbon monoxide at a 
very hig^ temperature.—lO.^incis superficially 
oxidised by heating to dull redness in nitric 
oxide (Sifbaticr a. Senderens, 0. B. 114, 1429j» 
Oxidation in nitrogen dioxide (NO^j) is effeclrd 
at 300® (S. a. S., C. R. 115, 230). — 11. Many 
metallic oxuies are reduced by heating witli 
zinc.— 12. Zinc reacts with sulphurous acid 
solution', occordmg to Schweizer (v. C. 

293), the products are ZnSOa, along with 
HjSp^Aq, H^SsO,,Aq, aud 8.—13. Zinc dissolves 
in hydrochloric acid, giving off H and forming 
ZnCl,. Beynolds a. Bamsay {G. /. 51, 857) say 
that pure zinc scarcely reacts with boiling hydro- 
ohloric acid. For reactions of zinc with.sul- 
phurio and nitric aci^, v. infra. ~XA. Zinc dis¬ 
solves slowly in hot solutmns of caustic^oda or 
potash, giving off H, and forming Zn0.a;3l.,0 (c/. 
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Zino hyi)«oxii>e, p. 888); tho reaction 


fonning ZnSO„ Ka,d,0,Aq, and Na,SO,Aq {e. 
Ht|p 8 DL»aiTE 9 , this vol. p. 693).—21. By he*!- 
ingxiinf^ with sine sulfide in an exhausted 
tube, sumo of4he ZuS is carried forward and 
deposited irf the front part of tho tube; probably 
at a high t^i^erature ZnS is docompoeod, and 
there exist oifly Zn ani^S, and at a lower tem¬ 
perature these rdicombino to form ZnS (Morse a. 
\Vhitef.^m. 11, 348). A similar phenomenon is 
uoticedft)n Boating zino with zinc oxide (M. a. 
W., l.c. p. 258).—22. ZnS is formed by strongly , 
heatpig zino and mercuric stdphide or zino and 
^)otassium i-folysulphules (v* Zino suLvuins, 
P- . . • • 

^Vhon slips of zinc-foil are immersed in 
CuSO^Aq, a deposit of finoly dlvided Cu is 
formed ontho^iiitc. This couple is 

aneuorgotio reducing agent; KCU\Aqisre(mced 
to KCIAq, KNO.,Aq to KNO^Aq and NU;,Aq, 
KjFcCyuAq to K,Fi!(’y„A<i, S().,Aq^o 8 , ASjO,Aq 
to Asll-„ OJijNO.^ (in alct^ol) to Cyll^Nll., do. 
(v. Gladstornaa. Tribe, C. J. 33, 300). 

Re^tions zinc icith sulphuric and nitric 
acid§. CommorcAl zino dissolves easily in 
dilute H.SO^Aq, with formation of ZuSOfAq and 
evolution of II. In 1830 Be la Jlive noticed that 
very little action took place between approxi¬ 
mately pure zino and ll.BO^q; this fact has 
been coiilinnecl by other czpirimentors. Boy- 
noMs a. llamKay (C'. J. 61, 85? tm87J)*found 
that zinc prepared by repeated electrolysis of 
tho sulphate and distillation in vacuo scarcely 
reacted witli ILSOA'i; J/HMo(C. B. 101,1153) 
also asserted that pure zinc does nut react with 
H .S(.^Aq. Divers a. Sliimidzu (C. J. 47, 698 
[1H85]) observed very great difTers;nce 3 bctwoeif" 
thi^ratoof action of the sauio^.!lsO,Aq on sheets 
of comBiercial zino of the same size. Pullinger 
in 1890 (C. J. 67, 8l5), and Weeren in 
{B. 24,1785), made somewhat elaborate inves¬ 
tigations into the coiincctlona between tho con¬ 
ditions and tho rate of the interadlion of ziuo 
and #r.^S 04 Aq. • 

FulUngcr used * pure ’ sulphuric acid drlutod 
with three times its weight of water; and zino 
prepared by distilling that sold as * chemically 
pure ’ in vaetto and casting in balls under pres¬ 
sure to pr^ent the formation of croaks or hol¬ 
lows (v. supra, Vreparation of zinc, p. 885). He 
found tliat when the surface of tho zinc was very^ 


zino.—15. Many nurtalUc salts inz^oL...^, 
redftced byline, with ppn. of tMfe metail, e.g. 
salts of As, Cd, Cu, iLnd Pb.—16. When ;flnc- 
dust is shaken witli an aqueous solution of 
teric chloride, the whole of fe/ric salt iai 
very rapidly reduced to ferTou| chloride (fc* 
detmls of the application of this reaction in the 
esmation of ferric iron, ti» Carm^^io, 0 . J. 
4CT[1888]).—17. According to Siorsch {J. 1867. 
267), zino dissolves in sodium chlonde s<ifttion, 
forming ZnCij.2NaClAq, ZnO, and H. — lift 
Fonmar^e (/. pr. 73, 49C) says that nearly all 
chlorides and fiudHdes are^reduced by rea(fting*| 
with vapoar of ziifti in an atmosphere of 
*19. By heatjpg redness a mixtulft ql aino 
filings and sodium meta^hgsphate, Hebslef 
{A. 100, 99) piobab]y obtamed phosphides of«j 
tine (n. Zv0c pbosphidss, p. 890).—2(^ *S^oc re- 
ftfttft with ^bodimm hydrogm sulphiU Alntion, 


_ ^ 1 is much sin^th this was best accompliuhed by im- 

hastened by adding iron or Pt along with th*, incrsing in aqua regia for 10 or 15 seconds, 
“ * ‘arto/f are ” and washing with water-ani the acid was 


tt^d washing 
boiled for some hours ^fore tho experiment, 
there was practically no iBlictioft at 20®-26'* 
(spher^ of zinc weighing c. 21 g. lost from 5 to 
G mgins. in 20 ^ieurs). Ptillingcr found that 
the presence of small quantities of H^S, SO^ or 
HB^^q did not affect tho weight of zino ^s- 
lyeolvoa by the botfed M-^Sj^fAq ; addition of some 
U. 4 O, mateAtflly*i]tercased th(B%ftte of action; 
and HjSOtAq th^t had b^en electrolysed before 
use dissolved fronf four to ten times more zino 
than^some of thft same iteid that had not been 
electrolysed; addition of a fe# drops of HUOiAiqi 
considerably increased the action; wl^n a few 
drops of HIAq were added to the H^SO^Aq prfto- 
tically ne action occurred. P. supTOsed diat all 
the ‘ pure * acid used by him contained traces of 
an oxflising substance, probably and 

that the solvent action was due to tnia. F* 
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Snsiito OB the Im^rtant oonneotion betwMn the oi aoid, sad %X anj tempeaatare up to 

rate of aotion and the vnoothnesa or roaghadss the b.p. of the^ add naed; that apDitxi> 

. of the aortace of the dao need. Bat hejjlbn- madely pure aino litUe or no SO, or it 
eludea that * in all probability pure dilute tol* formed unlega the temperature be high; and 
phurio aoid would, at ordinary temperatures, ,that the piyer the zino the less is the <y3antity 
entirely, without action upon tnetallie zino, of S produced (c/Ditto, il. Oh. [6] 19, ' 

whether the surface of the fatter*were rough or The produota of the interaction bl zinc 
smooth.* ® • and nitric aoid are Zn(NO,)^q, Zn(N5^q, 

Weeren used zinc which he founds to be NH^NO^Aq and NH4NO,A.q, and NO, N,0, and 
bhemically pure by analysis; he ^ve% no ao- v^oworth found that when HNO,Aq reacts 
count bf his meih(^ of preptpration nor any de> with* zinc in presence of (NH4)NO, the chief 
tails of his analytical results. W. foun/i that gaseous product is N (atong with some N,Onnd 
the weight of ppre zino dissolved by^pure NO) (0. J. 28,828 [1875]). Aoworth a.Arm- 
HjSO^Aq (1:20) at tlm ordinary temperature, aod*^ Strong'studied theereaction of HNO|Aq and Zn 
under a pressure of 10 mm., tVal o. ten times more fully in 1878 {C.J. 82, 54), and found that 
greater than the weight dissolved at 760 mm. the only gaseous products yere K, N-O, and*NO 
pressure: but the weights of ^pure zinc dis- (e^ Deville, C. i2. 70, ^2, 550 fl870]). Accord- 
solved al the two pressures ^ere almost the ing to Divers (0. J.43,448 [1883]), alittleN^OH 
same. The pure zino used by W. dissolved fairly is formed when 6old HNO,Aq (3-to 4 p.o.) is 
rapidly in boiling HjS04Aq; in one case when poured on to granulated zinc and quickly poured 
2*1 mgm. dissolved at 0° after thirty minutes' ol! again. Divers a. Shimidzu (<7. J. 47, 597 
action, 122 mgm. dissolved in the foiling acid. [1885]) found that considerable quantities of 
W. found that the solubility of his pure zino NH^On are produced by the combined reaction 
increased very slowly as temyeAture ro^ ^ to of HNO,Aq and HjSOiAq, tor HNO^Aq and 
within 1° of the b.p. of the acid used, but that HClAq, on*zinQ (v. HYDBOXYLAMiNis, FoTTnatiofit 
when ebullition actually began the solubility of vol. ii. p. 734). Divers (2.C.) thought th^ zino 
the zino suddenly increased; the weight of pure does not form Zn(NO^,bya direct reaction wi^ 
lino dissolved by H,S04Aq at lOO"^ and boiling, IlNOaAq, but by interacting with some of the 
was 0. sateen ti:il&es greater than the weight of Zn(N03)3 formed by the primary,action of tl^ 
the sarne ^no ^ssolved by the same acid at 100*^ metal on the aoid. *^rii6 products ^f the inter- 
but kept from actually boiling by pressure. On action of zino and HNOjAq havj^been examined 
ihh other hand, W. noticed that as much impure recently by Montemartini (G. 22 [1], 277 [1892]), 
zinc dissolved at 100*^ when the acid was boil- who says that free H is not produced (he also 
ing as when it was prevented by pressure from «says that no NH,OH is formed), ai^ that in 
boiling, Addition of oxidisers, CrO^ or 4,11,02, addition to nitrate and nitrite of zino and 
enormously increased (o. 300 times) the sola- ^mmonium, hyponitrite is also prodilced; the 
bility of pure 25 b* in H.SOiAq at 18'’-20'^,ebut gaseous products, according to M., are N^O, NO, 
only slightly increased (o. six times) tiie sola- NO^. and N; tlicre is no nitrous acid formed, 
bility of impure zinc. W. supposes that when says if the HNO,Aq contains more than 30 
pufe zino is immersed in pure H2S04Aq a slight p.o. HNO^and no NOjif less than 30 p.o. HNO^ 
reaction oooure, and that the H produced is present. M. also gives detefminations of the 
is attracted to and held firmly on the sur- -quantities of the various products at difierent 
f^ce of the zino, and that the reaction 4ccascs temperatures, and of the rate of reaction with 
because the surface of the metal is protected by differcut concentrations oi HNO^Aq {Abstract in 
the layer of H. Increase of temperature docs C. J. C2,1279 [1892]). 

noVappreoiably affect the rate of action, because Zino, alloys of. Alloys of zino have been 
the layer of H remains fixed to the surface of fonped with most metals by fusing the consti- 
the zino,hut when the aoid boils the H is ro- tuents together; the allovs are generally hard, 
moved aud rapid dissolution occurs ;^any condi- some of them are brittle.* With antimony^ two 
tions which remove the layer of H increase tlie crystalline alloys ar4 formed by meltiilg the 
' solubility of (he zinc. W. supposes that tbe^(ate metals togetiuerr in die ratios 3Zn:2Sb and 
of dissolution of impure zinc in H2S04Aq is not ^Zn:Sb, and allowing to cool very slowly; Cooke 
much affected If boiling, presence of oxidise^, ' {AiK, ^ [23^18, 220 ; 20, 222) formulates these 
&o., ^cause H is ip>t given off at tlie surface *of alloyS as ZngCb, and Zn,Sb2 respeot^ply. T^ese 
the zinc, bu^at th'^^.face of the more negative allcyys react with water aifJ give on H. Alloys, 
impuriUes. The rapid solution of ^ino ‘ in with ar^nic are formed by heating together Zb 
. fiNOaAq is connected, aficordipg to W.,with the i^nd As, or Zn and As^O,, or by heating Zn. 
rapid oxidation of the H prod need at the surface rapour of A{'and H; by the last method 
of the zino, and hence the production of flayer Descampa (C. 86,1022,1065) obtained orys- 

of water on the surface of thf met%l whlmh de^ t^s agreeing in copiposition with the fonifala 
Btroya the attr^Jon btftwcer the wlno and any ZeaAs,. Spring (B. 16, 824) formed an alloy^y 
H that mayfisoape oxidation. * com^ssing Zn and As, in the ratio 8Zn:2A8, 

As regards the i^ro^ucts CP? fhe interaction of' pt 6,600 atmospheres. Zino alloys 
Bine and salphurio acid, when acid is fairly when the metals are melted together, but on oool- 
oonoeptrated (c. H^SOi.H^O to c. H2SO4) SO, is f ingftwo layers are firmed, thn upper containing 
given offe nd at moderately high temperatures zino with 0* 2 p.o. Bi, and thrower Bi with from 
H,S‘and^ are also produced (v. Calvert a. John- 8 tp U p<3> zino. Jin alloy (jf zinovvith bi$muth 
son, O. tT. [2] 4, 485 [1867}). A qualitative* ex- (3 pts. Zn, 5 pts. ^imd S pU. Fb) 

aminaiton of the produtts by Pattison Muir a. , melts at 94*5**. Sfor desoripflo^ of alloys with 
Adie (O. /. 58, 47 [1888]) showed that Z11SO4 is caldumt e. Caron (C. B/ 48, 440d 50, 547^ 

. 0ie ouy salt ol sine produced, with any oonoen- Wdhlels(4S. 188, 253}; and .Not^pm * Tvitliw 
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X10, JOI. Bnu» STbomposed of alloys^ 
■InO with (9» vol. it p. 9^4; and for^e- 
DiOTiONABT oy Ayplxxd Chkuj8tbt,vo1. 
lit p. 1052). Alloys of zlno with copper and 
nUM^tona German silver\ m^i modero^l 
5fonfees jxe alloys of zino wifh oo^r and Un 
{v, Yol. V. p. 254 ; and for details v. Dictionaat 
OY Oh^xstry, Tol. iii. p. 836). Zino 

alloys with iron (for details o. DicrioxaRr of 
Applied Chbmistb 7,* y«l. ui. p. 1051).^JPor*| 
all<m with lead v. yol. iii. p. 125 (also Krant* 
8* V. L 6, 637). Allops mth lead and" tin are 
B^entioned m»yol. iii. p. 126 {v. also Wright a. 
Thompson, Pr. 48. 25). Fof alloys with nuuf- 
nesium v. Parkinson {J. pr. 101,376).* Zino and 
fffereurp form a number of amalgiuns, which are 
battle when a Httle is present and pa^ty 
when mnoh Hg is present (for references v. S. C. I. 
9, 612). For- alloys with pleOinum v. this vol. 
p. 288. For alloys with silver v. Wright a. 
Thompson fPr. 48, 25). 

For an*8CC0unt of the formation of zino 
alloys by immersing zino in various motullio 
solutions o. MyUus a. Fromm (D. 27, 0^0 
[1894]). • • 

Zino, amide of, ZD(NHJa. This compound 
was obtained by Frankland (Pr. 8, 502) by 
passing dry NH, into an ethereal solution of 
ZnKt,. A white, amorphous powder; unchanged 
at 200*^, bu^aocomppsed dl a red heat to Zn;4N.. 
(o. Zino nitruVr, p. 889) and Nir,; reacts witli 
water to form ZnO^Hj and Nil,. 

Zino, bromide of, ZnBr,. F'ormula probably 
moleculoy, from analogy of^ZnClj. S.O. 3 (')43 
at 10® (Bodeker). Melts at 394® (Carnclloy, C. /. 
33, 277).* Boils at 695® to 699® (C. a. William* 
O. J. 33, 283) ; at 650® (Freyer a. V. Moyer, if. 
26, 622). H.P. [Zn.Br*'] - 75,930 (Th. 3, 275). 

Preparation, —1. Zino filings are heated to 
dull redness in a stream of Br vapour.--2. Zinc, 
or ZnOaHj, is flssolvod in a slight excess o< 
HBrAq, the solution is evaporated to dryness, 
and the dry residue is sublimed out of contact 
with air, 

Pr<n)ertic3 and Peactions. —Wliite needles; 
very deliquescent. Easily soluble in water, 
alcohol, or ether (v. Berthemot, J. Ph. 14, 610). 
Thomsen gives [ZqBr^Aq]*» 16,030(1’^. 3,275). 
Aqueous solutions of ^nBr, of different wncen* 
trations have the foUm^ng specific Cavities 
according to Kremers (P. 108, Jil5) i— 


Zitto, ehlorid* of, ZnCL, Mot w. «. 186b 
Melts at 262® (Braun, P. 154, 190). Boilt at 
70^719® (Camelley a. Williams, 0. J>83, 264); 
at 7f0®1(Freyex a. V. Meyer, B. 25, 622). S.O, 
2*753 oi laS (l^eker). V.D. at 890® to 907®* 
‘66 (P. a. H.F. [in.Ci’G-97,210 (Th. 

3, 275). • 

Fomuition.^. By Seating zino filings in 
Cl.—2ii By boating a mixture of 2 pts. and 
1 pt. zifiiO filings in a retort.—8. By distilling a 
mixture of equal^ts. ZnSOj and GaOI?, or a 
mixture of I pt. ^0 and 2 pts. NH^Cl.—4. By ' 
dissdiving zinc, or ZnOdl,, Jn HCLAq, evapo* 
'ratine to dryness, ond heuting«the residue in a 
rotor* # • • . . 

Preparatio7i.-~l. Zinc filings are heated m a 
small retort in ^ «trcuin of Cl; the nroduot is 
distilled.—2. Zjno, or ZnOslI,, is dissolved in a 
slight excess of IIClAq; the solution is evapo* 
rated to dimness, and the residue i» distilled from 
a small retort. 

Properties and Iteactvbns.-~^A white, semi* 
transparent, crystalline, very ca istio solid; very 
ihdiWSscent. Easily solublo i& water, also in 
a!<?onol. Thomson gives [Zn01*,AqJ —16,680 
(Th. 8, 275). Sublimes at U red heat. An 
aqueous solution is partly decomposed on eva¬ 
poration, giving oxychlorides (q.v.). Oxychlorides 
aro also formofl by heating a#8olutioi^ of ZnCl, 
ill IlCIAq with ZnO, also with HgO og PbO. 
Kremers (P. 105, 300) gives tho following data: 


8.Q. ZiiCl^Aq 
1-1275 
l-2.1(iB 
1-38B9 
1-5S31 


I'.o. ZnOl, 
13-8 
25-8 
37-5 
4fl-9 


8.0. ZnBr,A.i at 

p.c.ZiiJIr,- 

1*1849 

18.S 

. 1*3519 

84*7 

1*6276 • 

432 

1*7082 

62*0 , 

1*8526 

69*1 

2*1027 



.Combinatums.—l. With ammonia to tortn* 
Mki.1 of oommands. Thise eomponnda ^ro 
examined by Bammeleberg (J?. 66, 2401, and, 
more recently, by. Andri (BJ. [2] 898 fr88S]b J 

By diseolvmg ZnBr, in NH^q under diflereiR | 
eonditions, A. obtained ZnBrj,2NII,^2i^. 
tt) 8ZnBrr8NH3H,0, (8) 3ZnBr-X0NH..H,O, 
and (4) ZnBry6Ni; by saturating 
with -ZnP, %LOOtained 8ZaBrr6nHr%o.— 
8. With eatifM bromide, to lorm ZDBr,.8CsBr 
and ZnBi^CaBr (Wellf t! Campbell^ Zeit. /. 
flMOty. 878J. • / 


A w>no. solution of ZnClj is often used as a 
bath for maintaining fairly high constant tem¬ 
peratures. Dry ZnCl, is used as a caustic; %lso 
as a dehydrating agent; a dilute aqueous solu¬ 
tion is employed as an nntisoptio. « 

Combimlions.—l. With water. By keeping 
ZnCl^q containing 70*6 p.o, ZnClj at 0° fbr 
24 hours, Engel (O. B. 102, 111) obtained large 
crystals' of tho trihydrate, ZnCVSHgO, melting 
at 7"’. When ZnCl.,Aq containing 79*9 p.o. 
ZnCl, at 0“ is kept for a long time it solidifies; 
on heatirife to 10° a part molts and a part 
remains solid \ the liquid part is the dihydrate 
Znlci.,.211,0, and the solid part is tho hydrate. 
2ZtlCl,.31L,0 (B., U.). By boating a syrnpy 
solution of ZnCI, with a little ilClAq, Schindler , 
(Uay. Ptuirm. 38, 45) obtained octahedral or^ 
trjs of the mo7to%<irat«rf"T54*H,0. Aooorduig 
to Engel (lx ), the hydrate obtaiilbd by B, wae 
2ZnCl,.3H,0.—2. Witfc hydrogen chlcM* and, 
water. Engel 432) obtained the com. 

pounds 2ZnCl,.H01.2H,0 and ZnGl,.HC1.2^ 
by pdksing UCl^as into ZnCl^q, and adding 
zino from-Umo fo lime, and, ^>>8 solntioa 

had tho S.G. of 2*5, cooling Various 

compounds of wifc ammonia hare been 
dosigribed; the formnls) ZnOl,.NH,, Zn04-2]fH« 
2(ZnCl,.2NU,).H,0, ZnCL4NBC3,0, and 
ZnCl,.6NH,.U20 have been ^ren to impounds 
obtain edby dissolving ZnCi. in KH.A^^assing lit 
Nl^, aim evaporating under diflerent oondltions 
(v. Marignao, Arm. M. ,6] 18,1; Divers, 0, if. 18, 
13; Priwoznik, P. 142, 467; Davis, 0. If- 28, 
266i £a^ A. Oh. [6] 3,84,98; Thomib B.aO, 
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748 ).— 4 . Ijang (B. 31 , 1578 ) described a com¬ 
pound with pyridins, ^a0l3.20aHjK.^5. ZaOl, 
oombinoB'with alkaU'chlorides, Gompo^ds, 
Zn04.NH,CnucH,0, ZnC1^2NH.Cl.xH.j5, and 
ZnC 4 . 8 NH 401 are desoribed by ^bij;kdie& 

Pharm. 86, 46), Ma^fignac (X 1857.217), Ram- 
melsber^ (P. 94, 508), and Hant:7 66, 287). 
A compound ZnCl2.2&(Vi8 described by B. (Lc.) 
and M. ({.c.); and a compound ZnG1^2NaC\3!^0 
by M. (tc.). Wells a. CampboU {Zcit. X anorg, 
Chem^i 6, 273) describe two, compounds with 
GsGl, to which they give the formulas 
ZnGl2.2CsCl and ZnCl.^.dC8Gl.—6. sine 

oxidct V. O^chlcrtHes, p. 891. ' 

,A solution of «in5 in cone. ECXAq, to which 
as much NH,C1 has been added as the weight of 
zinc dissolved, is used for cleaning the surfaces 
of metals'that are to be soldoreq together; any 
oxide on the metallic surfaces reacts with tho 
NH.Ci present to form chloride which dissolves 
in the ZnCl, solution. 

Zinc, cyanide of, tind double z)rK; cyanides; 
V. vol. ii. p. 347. For details regarding the con¬ 
ditions of formation and the i ropertios oi zinc~ 
mercuric cyanide^ v. Runstan, G. J, 01, 606 
[1892]. 

Zine, ferrooyanide of; v. vol. ii. p. 337. 

Zinc, fluoride of, ZnF,. Formula probably 
molecular, from analogy of ZnCl,. Formed by 
heating zmo or ZnO to redness in a stream of 
dry HF; also by the interaction of fused ZnCL^ 
and dry HF at 800® to 900^; also by heating 
the hydrated salt to redness in dry HF (Poulenc, 
0. B. 116, 681 [1893]). The tetrahydratc 
ZnF3.4^0 is obtained by evaporating a so^^ition 

zinc in HFAq, and crystallising. The salt 
ZdF, crystalliscb ii, colourless needles, probably 
monoclinio. S.H. 4*84 at 16®; the crystals act 
strongly on polarised light (P., f.c.). Clarke 
(Avh. 8. [3] 13, 291) gives S.G. of ZnF., as 
4-666 at 17®, and 4*612 at 12®; and the S.G. of 
ZnP,^4H20 ts 2*667 at 10® and 2*635 at 12®. 
ZnFj is slightly soluble in cold, more solul^)o in 
hbt, svater; it is insoluble in alcohol at 95®; 
soluble in tailing HGlAq, H-^SO^Aq, or HNOgAq 
(P., I.C.), Hoat^ in air, or to redness in steam, 
it is wholly changed to ZnO; fusion with alkali 
oarbonateEL produces ZnO and alkali fluorides; 
heating with H.S forms ZnS, and'with llGl 
forms ZuGU It is reduced by H at a rod heat 
' (P., I.C.). ZqFj forms double salts with AIF, 
and with alkali fluorides. Berzelius (P. 1?20) 
described the sn'ts ZnF^.2AlF3 and ZnF3.2KF; 
and Wagner (B- 19, 896) the sails 

ZnFjj.2NH4F.2aq, 7r.Ia:KF, and ZnP8.NaP. The 
compound ZhF^.ZrF,. 6aq(»ZnZrF,.6aq;i8 de> 
Bcribed by Marignac GO, 257); S.G. 

2*266 at 12® (Topsoe, C. O. 4, 76). For 
Zn^8iF4 V. Zinc siLicoFLUoaiDE, p. 890, - 

Zinc, hydrophoiphide S^PH., A'‘white,., 
friable solid ^dng this cc^mpositioh was ob* 
talned by Drfcbsel a. Finkolstoin (B. 4, 362) by 
passing dry PH, inf/o cT coolel ethereal solution 
of ZnEt|. The compound cai; be kept In a 
closed^,vessel; in vair it absorbs moisture aud 
rapidly defpmposea, giving off PH,. 

Ziae,''ttjdMinlphid0 of. According tp Thom¬ 
sen (B. 11, 2044 [1878]), the pp. obtained by 
mixing KaHSAq and ZaS04Aq, in equivalent 
^nanUties, is prolmbly a bj^dxoaulphide rf zinc 
analycos or formula given). Addition of 


Oo equivalents of KaSH in solution to M 
equivalent of ZnS04 in solution prowces no^pp., 
but cthe solution gives a pp. of ZhS or hydro 
sulphide on standing, or on addition of i£cid or 
5oda (T., According to yon Zotta 10, 
807 [1890]}, the pp. supposed by Thomaeh io 
be zinc hydrosulphide has the comfiositlon 
ZnS,H,.2ZnS. - When four equivalents of IrgSH 
are added to one equivalent of ZnS04, both 
In solption, and the clear solution is boiled, or 
'treated with acid or alkali, a pp.of ZnS,H2.2ZnS 
is obtained (von Z., l.c). \ Linder a. Picton (Cf.«r. 
61,130 [1892] obtained evidence in*favour of the’ 
existence of.oompo'inds of Zn, S, and H, pro¬ 
bably 7Zn^.H^S and 12Zn3.H2S, by passing 
n,S into water at 0® with ZnO,H.^ in suspension ; 
th^ failed to isolate a dcfliiite* compound with 
certainty. 

Zinc, hydroxidV of, ZnO^H.. {Zinc hydrate. 
Hydrated zinc oxide) Obtained, as a white 
flocoulent pp., by adding to solution of a salt of 
zinc rather less KOHAq than is suflfeient to de¬ 
compose the whole of the salt, washing thoroughly, 
an<l drying at a low temperature. According to 
VIIlo (0. ii? 101, 376), ZnO^Ha is obtained in 
crystals by shaking very finely-powdered ZnCO,, 
or basio carbonate, with twice as much KOH in 
10 p.c. solution as is theoretically required for the 
decomposition of the carbonate; .formation of 
crystals of Zn0..jnj5 begins at once, and is com¬ 
plete after twenty to thirty minutfes. ZnOj-H^ is 
said to be obtained in lustrous rhombio prisms 
by immersing zinc in contact with iron or copper 
-n NHgAq (Nickl^s, 2I. Ch. [3] 22,31; C*rnu,Bf. 
5, 64 [1863]). Bodeker (.1.94. 358) obtained the 
7if07iohydrated hydroxide ZnOyH.,..II,0 ’ in very 
lustrous octahedra by keeping a saturated solu¬ 
tion of the hydroxide in NaOHAq in a closed 
vessel for some weeks. S.G, of ZnO^^ is given 
by Nickl«is (Z.c.) as 2-677, and by Filbol {A. Ch, 
[G] 21, 415) as 3*053. ^’homsen gives 
[Zn,0,IP03 = 82,680 (27t. 3, 276). ZnOjH^ dis- 
solves easily in acids, forming salts ZnX^,. 

ZuO.JL also dissolves in caustic alkali solu¬ 
tions, and in {NH,)...CO;,Aq. By adding alcohol 
to a solution of ZnOnIL in KOHAq, Laux (A. 9, 
183) obtained small lustrous crystals (?ZnO,K,); 
Fremy (0. B. 16,1106) obtained (?) ZnO^>E,.ZaO; 
by using NaOHAq Comoj a. Jackson {B. 21; 
1589 [l‘«88]) obtained* two compounds derived 
from ZnOJIj by. replabing H by Na. They 
Chook a solution of ZnO^H-^ in cono. NaOHAq 
with'aloohef- separated the upper (alcoholic) 
layer -nd allowed it to crystallise, ^pd treated 
the lower (watery) layer repeatedly with alcohol 
until it solidified. The crystals fretm the lower 
layer haa the composition ^ 

;Zn30,Na4ltj.l'{H.,0( Zn3(OH)3(0Na)4.17H,O), 

agreeing, exceptrin water of crystallisation, with 

ammonius)i comppund described by Mala^^ti 
(CT b. 62, 413 [1666]); this compound melts 
0. 70®,^rapidly absorbs GO, from the air, loses 
■ l^H.p at 100®, is insol. In ether, and is decom¬ 
posed by water, but not in presence of excess of 
NaOH, with forma^.on of ^nO and a little 
ZnO^H,. The crystals from ij^e npper layer had 
the ijompriition ^ » A 

2^,NaH.7H,6 »(aZn{OHJ|g*tt).7aO), 
corresponding wim the compdjura described by 
Fremy He.); this compound forms ^ite radi¬ 
ating which do not n^t si 800®; it 
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hWrba OOj^rom the air Anore slowly than t^e 
7the|; oompSund, is decomposed by aloohoi or 
irater, and does not lose H»0 until heated above 
*00® (t>. Am, 11,145 [1889]). 0. a. J. failed to 
obtain compounds derived from ZcgpI^H, by re« 
pladthff dd by NH« or Mg. Compounfis of ZnO 
with paO, CaO. and MgO are described liy 
Bertrand (O. B. 115. 999); these compounds are 
of the forms 2ZD0.M0.a5H20. 

Zinc, iodide of< Znt.^. Formula prabnbl^ 
mc^cular, from analogv of ZnCL. Foi;raed by 
beating together zinc and iodine, and subliming; 
also by digesting I with water and excess of ziiys 
until the liquid is colourless lAid evt^fqratlng over' 
(Bammelsberg. P. 43, 005). Crystallises 
in white octahedia ;*S.G. 4’096 (BOdeker); melts 
at 0. 440® (Carn^ley, C.i. 33, 278); and boilf at 
0 . 624® (C. a. Williams, v. C|rnclley’8 IdcUi?}C!- 
aitd Boiling-voint Tables, 1, 23). H.F. 
(Zn,P] = 49,230 ; [Zn.l-.Aq] ^ 00,510 (T/i. 3, 
276). Healed in air Znl^ gives off I, and ZnO 
remains. Demers (P. Ill, 61) gives the follow¬ 
ing data:— • 

8.a.ZnT,Aq P.C.Z 11 T, 8.G. ZnT.Aq • P.o. Znl, , 

1-2310 23*1 19746 63*5 

T5121 42-6 2-3976 7G0 

1-7871 66-3 

1 Hot Zn*I._.Aq is said tc'» dissolve zinc in non- 
tact with tlfe air, artd on filtering an oxyio-lido 
is said to be deposited (Miillcr, «7.pr. 2I». 111). 
Znl.^Aq also dissolves i; Baup [J. Ph. 9, 37 
[1823]) says enough I is dis^lved to form Znf,. 

Znl.^^combines with NHj. By allowing it 
solution, of ZnL^ to NlI^Aq to cvajionito, B.iiq- 
melsberg (R 48, 152) obtained lustrous, fou»- 
sided prisms of ZnI2.4N.Mj, decomposed by water 
with production of ZnO. Various double cjih- 
pownffs with other iodides have been describe<i; 
Znl2.2MI, wlier(^M = NU4, K or Na (Itammela- 
berg, l.c.\ also P. 43, 605); ‘ZnIj.'iCsl and 
Zn^lCsI (Wells a. Campbell, Zeit. /. anorg. 
Ch^mie, 5, 273); 2Zul2.BaI.j (it., l.c .); 

ZnIj. 2 BiIs. 12aq (Linau, P. Ill, 240). 

Zinc, nitride of, ZdjNj. Obtained by Frank- 
land (Pr. 8, 602) by healing zinc amide 
(Zn(NH.).j*. v. p. 887) to low redness. A grey, 
pulverulent solid; unhanged by heating to red¬ 
ness •out of contact with air; reacts violently 
with water to give ZnOyll, and NH,. 

Zinc, nitroprusside of, v. toI. ii. p. 341. * 

Zino, oxides of. Besides the 4^rnral basic' 
ox^e Znpj there seems to be another -iiighor 
(? superoxide) of zin#. «» 

Zinc o«de ZnO. Formula not ^certainly 
jnolecular. u 

Occurrence.—With oxides Of ^Mn, and Fo, -.s 
red sine ort and franhliniU. 

•Pormafion.—1. By bur;jing zinc in air ot 0. 
8f By strongly heating ZnOjHj, Zn(NO,)„ 
ZqCO„ or another s^lt of zino with a volat^y isable 
acid. * s * 

iVQwrafton.—Pure ZnSO*, prepared as de¬ 
scribed under Zq|0, PrepaMatUm (p. 883), U dia» 
solved in water, i^d the solution is very slowly 
* added to a ^Uinf^solution pure F«,^apoh- 
taining ratBw^sss Ka,COa than sufBoes ^ ds- 
aompose all too ZnSO^, pp. of basic z^ 
oarbonataidi washed by decantation toth boiling 
vratsr nntii^airashinga ara Ina from aaibonates 


and sulphates; it is then dried, powdered, 
and heated oitlier in ,a Hessian oruoibla, or, 
betijp, in a fiaak of bard glass, until -a portion 
taken f^om thg middle dissolves, when cold, in 
acid witiiogt effervescence. The solid is now 
finely powdeted, sifted tlirough a fine sieve, 
again heatedf and then rubbed up ^ith ^ter, 
and washed and drie# ZnO is prepared in 
crystals by heating ZnOL to redness in steam 
(Danbi^o, i?. 39, 153); also by heating the 
amorphous oxidu slowly iq a etroauV of H 
(Ilognault, A. Ch: f2J62,350 ; Dovillo. A, Ch. [8] ' 
43, ^7 ); also by licating tl^ amorphous oxide 
to w)j|teno8a in a stream of U(Kidot, C. B. 69, 
202); also ib]|* heating %ii(NO,), to rodpess 
(Briigclmann, H'. 4, 28.3). 

Pr(qvrfi<’.s-.^^Assliglitly yellow, powdery solid; 
becomes darker yellow wimn heated, bdt recovers 
its original colour on cooling. S.G. 6*6 to 5*7 
(u. Briigelnianii, B. 13, 1741; Fil^iol, A. Clf- [8] 
21, 415 ; Ilorapath, 0. J. 1, 4z; Karsteu, S. 65, 
391). S.Gf crystalline (A 15^) 6-782 (BrilgeU 
manii^ IK. 4, 286). ZnO oryslalliBOB in slightly 
yellow, lustroiTs.eliemimorplious pymmids bo- 
lonjng to Iho hexagonal system (B., J.C.). 
TIminscn (Th. 3, *275) gives JI.F. fZn.O] ~ 85,430. 
liicliai'ils a. Itogers {Avt. 15, 567 [1893J) fouilfi 
that ZnO, prepanul by heating Zn(NO|).^ gave off 
some gas when dissolvml iujdiluto acids; the 
nmxhuinn amount of gan from 10 g. Z^O was 
20 c.c.; the gas consistetl chietly <« N, with a 
lilllc O; tlio higher the temperature to which 
the Zn(NO.,)J\ad l»cvn heated *tho less was the 
quantity of gas obUiined; hut some N always 
caing off, even from ZnO which ha<l been healed 
to the sufl.4‘uing tcmperaiui'o c)f porcelain. Moi^ 
say (O', if. 115, 1031 •Kta...JS that ZnCT 

volatilises reu'Uly when heato'! in an electric 
furnace, and condenses a;.'ain in transparent 
crystals. ZriO is not 4U‘cornpOHcd at 0. W50® 
(Head, O, ciT. 65. 313[1H91!). 

iCeacfions (ind Coiuhiiuitions,--rX, ZnO Is a 
basia oxbU*. It interacts with most acids to 
form salts ZnX{X-2NO„ SO,, i|rO„ Aa) atid 
water.—2. With fairly cone, caustic soda or 
potash, salts are fonnetl which are most simply 
regarded as derived fronj ZnO.^Hj, with H re¬ 
placed by^Na or K (v. Zino iiYimoxiDg, p. 888).— 

3. ZnO is^educed to Zn, witli explosive violence, 
by heating with magnesium (v. Winkler, B, 23, 
123).—4. Morse a. White {Am. 11^258) heated w 
miiAure of ZnO and zinc in an exhausted tube, 
and found that a deposit of 1 iiO formed in the 
ti-ont part of the tube. Thyy suppose that some 
of the original ZnO is <lut.ocu))U8ed by the com¬ 
bined action of heat and zinc, and that zino and O 
exist together in the 1101 part of the tube, but 
combine in the cooler parts of the tube to toxv^ 
ZnC^5. Oxychlorides, oxybromides, and p^- 
babljoxyiodid^ of ^inc arc formed by heating 
ZnO mtnAuc “sh^prid^, hrom\^, and ioddde ra- ' 
B^tively.—6. ZnO is reduced toi^ino by heating 
with carbon In <Mrdon^mow>xide ,—7. ZnO 
does not diroo>ly interact with v^pXer ; ZnO»H| 
is produced by ppg. a zinogsa^t solotira by an 
alkali (v. Zino hti>bozix>b, p. 888).—^. By heat¬ 
ing ZnO with osAdes of alumirUum, dJmmiumt 
and troji along with BjO, in a pottery fumaoa 
until the BjO, was voAtUUed, Ebelmen (.4. Oh, 
[8] 32W 34) obtained the oompoondi ZnO JJyO^ 
ZnO.Cr,0«, and ZnO-Fe^r 
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Zmo PXBozms. Xir 18X8 Thtoard (J. CK [2] 
9, 65) obtained what hf called * deatoxide de 
sine * by the action of HyO^Aq on gejati^ns 
ZnOgHp and also by adding KO^Aq to-.a solu¬ 
tion of ZnOgH, in HClAq to* wbic& had 
been added. In 1884 Haas (B. 27/ 2249) ob- 
t&ined a*white, tasteless neutral, gelatinous pp. 
by adding H^OsAq to sorations of zino salts and 
then adding after washing and drying 

at 100 **, the solids had approximately the com¬ 
positions Zn,Og and Zn^O^. thinks It pro¬ 
bable that the substances obtaihed’ by him. were 
compounds of ZqO and ZnO,; the formula 
2Zn0.dZn0s agrees well with some o^ his 
analyses. ' » 

Zinc, ozybromides of. Oxybromides of zino 
are formed by heating solutio«is«of ZnBr, with 
ZnO, and*by partially ppg. ZnBr^q by NH^q. 
Several compounds have been described by 
Andc^ {Bl. [2>39^98 [1884]): 

(1) ZnBr,.4Zn0.a;H,0,.a;« 10,13, and ID; 

(a) ZnBra.6Zn0.6H,0f(3) ZnBr2.6^2).86H,0. 

Zino, oxychlorides of. These cornpemnds are 
formed by adding to ZnCl^Aqa qutfbtity of !^u|.Aq 
less than sufficient for complete ppn.; also by 
boiling ZnOljAq with ZnO, or with certain other 
znetalfio oxides. Schindler {Mag, Pharm. SC, 
45) obtained ZnClj.SZnO.dHp by boiling 
ZnOlfAq ^th ZnO^ and the same compound by 
partim\y p^'. ZnCljAq by NH^Aq. By adding 
to ZnCl^q^ much NH^Aq that the pp. which 
formed at first partly dissolved, and also by 
treating ZnCl^.4NH, with water, Kane {A. Ch. 
72, 296) obtained ZnC] 2 . 6 ZnO. 10 H 2 O. Andr4 
(0. B, 106, 854) obtained 2ZnC43Zn0.11H/) by 
^oiling ZnOl^Q with HgO and letting the solu¬ 
tion cool; nsing {’lO he obtained another o>y- 
chloride, probably ZnOl 3 . 8 ZuO, combined with 
ZnC^PbO. 

^ 0 , oxyiodidei of. According to Muller 
(/. pr. 20, 441 [1842]), Znl.^q dissolves zino 
when warmed therewi^ in the air; on cooling, 
an oxyiodide, ZnX 2 . 8 ZnO. 2 aq, is ppd. e 

*Zine, oxyiulphldes of. The compound 
4ZnS.ZnO occurs native as voUzite, as spherical 
globules in some specimens of galeiia. A com¬ 
pound having the some composition was found 
in a fomactf tine at Freiberg by Earstpo {S. 57, 
•186). By heating dry ZnSO^ to redness in H, 
Arfvedson obtained a yellow-coloured oxysul- 
S^hide ZnS.ZnO (P. 1, 69). f 

Zine,-perbromoplatinooyanid 6 of, v. vol. ii! p. 
845. f 

Zino I phosphides jof. Zinc and.P combine 
when heated ,together,'Arming a greyish, lus¬ 
trous, somewl^at malleabl| compound. B/'heat- 
ing finely powdered zinc ip ^vapour of P, 
SoorOtter obtained a compound, with 3.G. 4*76, 
having composition Zn^P^ {W. A. B. H59. 
801). Vigier obtained the rsamf compou^ by 
heating zino until Mistillatlon tiegan, and 
then passing n laden wHh vapour of P over tne 
sino* The same compound ^ whs formed by 
Becmoult {A. ffh, [4] 9,162) by heating to wMte- 
ness a mixture of MgHP 04 , ZnS and 0; along 
with Uie 2 ^Ps were formed crystals of another 
phosphid^ probably ZnP; and by treating 
Zn|PsWith ^ute acid, ah amorphous/ yellow 
•olid remained which detonated when mixed 
- with KGIO, and struck, and which was pdihapa 
SaP^ tho eompound Za,P, was obtsinod hy 


Hlqslef (A. too, 09) strongly heating a dlif.- 
iure of ZnO, P^Ou and 0. By heining a mix* 
tnre^f NaPO, and zino shavings in a retort, H. 
( 1 . 0 .) obtained*a yellowish red, loose sublh^te- 
which confadned Zn and P; and by heatina tlm 
fused ma88*in the retort with HCIAq, grey^s- 
trous tablets of ZnP,. remained. Lilpke*(B. O. 
1890 [ii.] 642) formed zitSs phosphide (f Zi^,) 
by adding amorphous P to molten zino ooverea 
^tb»(^H 4 ) 3 C 02 ; this ptibsphidewas not decom¬ 
posed by water, but was slowly decomposed «by 
dilute HCIAq, giving off PH,. 

For the compound ZnPH v. Zmb btdbophos- 
p. 8§8. « 

ZinOi platinooyanide of/v. vol. ii. p. 344. 

Zinc, salts ot Many sake |re obtained *by 
replacing the H of aoidis by zino. The groater 
number of the salts of zino are normal salts; 
several basic carboftates, nitrates, and sulphates 
are known. The following are the chief salts of 
zinc derived from oxyacids:— Ar^nite and 
arsenaUt boraUt bromaUt carbonates, chlorata 
and perchlorate, chromates, iodate and per¬ 
iodates, molybdates, nitrate and nitrites, ' 
pliosphates i&xd phosphites, selenaU and selenite, 
silicate, sulphates and sulphite, thiosulphate, 
tungstates, vanadates (v. Cabbon&tes, Nitbates, 
Sulphates, t&c.). 

Zinc, selenide of,, ZnSe. Thw bompoundf 
is formed, in reddish-yellow, regular crystals, 
S.G. 5*40, by heating zino to redness in a stream 
of HoSe, and then subliming in a slow stream of 
H (Margottot, C. B. 84,1293). 

Zino, selenocyanlde of, v. vol. ii. p.948. 

Zinc, silioofiuoride of, Zi^SiFe.CH,^. Ob- 
t;fincd in hexagonal plates, easily sol. in water, 
by evaporating to a small bulk a solution of 
ZnO in H^SiF^Aq (Berzelius). S.G. 2*104 (Topsoe, 
C. C. 4, 76). 

Zino, stannifluoride of, ZnSnF«.6H20; 
tllis vol., p. 724. 

Zino, snlphooyanlde of, v. vol. ii. p. 853. 

Zino, sulphide of, ZnS. This compound, is 
not formed by heating together zino and S,*a8 
the S volatilises before the temperature of com¬ 
bination is Mooched. 

Occurrence.—ks zinc blende. 

Preparation. —1. By reneatedly subjecting a 
mixture ^f zino and S^ in xhe ratio Zn:S,,to a 
great pressure; the product resembled ‘zino 
^nde (Spring, B. 16, 1,000).—2, By rapidly 
Mating a mixture of zinc filings and cinnabar 
in a tetoH; Y^rmation of ZnS obours with de- 
tonatidh; Hgdfstils off.—3. By heating 2n0 wUh 
S.-^4' By heating ZnO, or ^ZnO^H,, in a stream 
of H. 2 S; ^ the case of ZnOA f^mation of 
ZnS takes plac^vory slowly (v. Wagner, B.P.^js 
197, 334).—^5. is also formed by heating 

dry ZnS 04 with g and C.->6. ZnS is obtained 
f neutral or alkaline sol^ 
tionfoi a zinc salt, or into a solution in a weal 
acid, s\jrh as acetic acid, washing the pp., dzj^g 
lt<nt 100**, and heating in a stream of dry ^S» 
The pp. dried at 100** is said to be 2ZnS.£40 
(Gei^r a. Beimann, %iag. ^Acrm. 31,178; o/. 
Sou^ay, Ft. 7,78). c 

'' Srtifirtlies andBeacH(m.^.O. ZnS»8’98 
(Karsffm, 8. 65,8^); S.G. orif^«408 to 
4:07 (o. Neoznann, JP« 28, 1). Tbomsen (3PA. 8^ 
276) of ZnS.s^O as [ZfiAaB>01 

ZnS prepared bjppi^ a'YsUdwiilr 
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jdM$ lot in a«ijf (onning salts of In 
and ^ving %U H^S. Zino blende is a grey to 
bUoK oryatalUne solid; slowly acted on byaiids. 
By repeatedly washing ppd. ZnS, bJso by passing 
ii^to water containing pare Zn^l^s ^ 
penliont Winssinger [2] 49, 452*[1888]} ob¬ 
tained QoUoid^ ZnS, sol. in water; the solution 
ooo^^be boiled nntib ail excess of H.jS was 
expelled without ppn.* of ZnS. ZnS prepared by 
adding excess of to ZnCljAq, ppg. th^ 

aiiM as ZnS by H.^S, washing and drying the pp.* 
ana then heating nearlyto whiteness in a'Hessian 
oxocible inside a plumbago crucible, is ve^ I 
phosphorescent (v. Henry, i2.11^. 503). 4 

By heating ZnS with aino in a vacuous tube, 
Morse a. White dl, 348) found that some 
of the ZnS was Barned ^rward and deposited on 
the cooler port of the tube; they supposed that 
some of the ZnS was ,d<^comfbsed, and that Zn 
and 8 existed in the hottest part of the tube and 
combined m the cooler portions. By heating 
blende witn I and a little water some ZnSO, is 
formed (Filhol a. Melhies, A. Ch. [4] 22, ^8; 
Lasaulx, 1870.*1272). 

According to Schiff fA. 115,74), &J}olysulphide 
ofei}^, probably ZnS^, is formed by ppg. a neutral 
solution of a salt of zino by K^S^Aq, and drying 
the pp. over H^SO*. Spring (B. 10,1DOO) thought 
^at a polysiijpbide of zin^ was probably formed 
oy strongly^ompreij^ing a mixture of zinc with 
excess of S. * 

Zino, telluride of, ZnTe. Obtained, in largo 
ruby-red, .regular crystals, by strongly heating 
zino in • stream of H.^To, aftu then subliming i» 
a slow current of (Margottet, C. il. 84,1293). 

Zincf, titaniilaoride of, ZnXiF«; v. this voR, 
p. 742. M. M. V. M. 

ZINC, ORGANIC COMPOUNDS OF. 

Zine methyl or Zino methide ZnC.^H^ ue. 
ZnMe^ Mol. w. 95. V.D. 3*29 (calc. 3*30). 
[-40®] (Haase,26, 1053). (4C®). S.Q. ilt^ 
1*386. 

J'ormafiott.—1. By heating methyl iodide 
with zino in sealed tubes at 1.50®. The com- 
* pound IZnMe is formed as an intermediate pro¬ 
duct. The reaction trJses place more easily 
when the Mel is mixed ^ith two-thirds 
of its volume of ether and heated to 100®, 
but it is then dilUcuN to separate the ether from 
the ZnMe« (Frankland, *A. 85, 346; ill, 02; 
Wonklyn, C, J. 13, 12%; Butlerow, A. 144, ^ i 
Ladeaburg, A. 173, 147).—2. By heating hneff^! 
granulated zine with HgMe, in a s^lei? tube for 
24#hour8, at 120®, and distilling the ^oduct 
(Franklana a. BupjA, 0. 17, 30).—8. IZnMe 

' is formed IN 24 hours if Mel is left i|i contact 
jrith a large amount of oopper-zme couple (Glad¬ 
stone. C. J. 35, 109). ^ . '*• J ^ ^ •, 

PreparafuTM.—Zino filmgs (v pts.) are heated 
wfth reduced copper (1 pt.^ till tho copper-z^ao J 
Auple is produced and the product treated with^ 
Mef (Gliostone, C. J. 86, 569). *. 

Properftee.—Oobuiless mobile*liqaid,TaKi^ 
fire on exposure to air, Decomposed^ by water 


OH^OMe(OZnMe).Cn,4-CiZiiMe, ofj^talliaiiig 
in prisms, and converted by water into tert- 
buM aioohol, 0H|, zino 'chloride, and' Zn(OH)«. 
The o^pouz^ OH,.OCl(OZnMe).OH, yields 
acetone on^ditiem of water (Butlerow, Z, 1864, 
365, 702 ; P^low, N. Petersb. Acad. BuU.'29, 
497; Bogom^etz, A. 209^ 88).— 2. Bhmo*aeetyi 
bromidct followed by water, yields methyhiso* 
propyjb>carbinol (Winogradoff, A. 191,127}.^S. 
In eth<ircal«Bolution secondary hexyl iodide h$M 
no action at lOQ,®; bu| at ,126® the produoU 
appear to bo GH„ ethyl iodide, and hexylene* 
(Pu«ie, C. J. 39, 464).— 4. Chloral followed by 
watox forma CCl,.GUMe.OH 9 while butyrio 
chloral yield•C^!^,Cl,.CU^fb.OH.—6. 
passed into ZuMo^f forms 0 H,N^O 2 (ZnMe), 
which is decq 



Zn(0&)» n2ltin|l aioohol, and ^ . 

BeaetioneT^ Aee^l ef^Sride (1 mot) forms 
0HrGCU(#ZoMe) .CH„ whi& is slowly WYerted, 
fnxtte ^kMOinBnt wltii ZnM ^, into 


_ ipDsed by water, yiuiding orys 

tallino (CHjN.^QJ.jZnuq* from wliich tlie Na salt 
CHjN.^OjNaaq of ‘ di-uitro-methylio ’ acid may 
be obtained (Frankland, A. 99, 360). 

Zino ethyl or Zino eHiide ZnEt,. Mol. w. 
123. [-5W^ (Haase, IT. 20, 1068). (118?). 

S.G. iS M82; H.F. -31,800 (Guntz, C. it 105, 
6731. • V.D. 4*20 ^bs. and calc.). 

VorniatioK. —1. By heating zino or zino- 
sodium alloy with Ktl or a tuixiure of Ktl and 
ether (Frunkland, 0. J. 2, 297 ; 8, 44 ; Tr, 149, 
431; 145, 259; A. 95, 28; Wanklyn, C. J. 13, 
121; Pebal, A. 118, 22; HM. 105 ; Kloth a. 
Bcilstein, A. 123, 215; 120, «48: Clmpman, 
Laboratory, 1, 195; AloxojelT a. BelTstoin, O. B* 
08, 171; ilathko, A. 152, 220; WioliolhauS; J. 
1808, 125).—2. By boating granulated zinc with 
HgMt^ in scaled tubes for 30 hours at 100® 
(Frankland a. Duppa, 0. J. 17, 3).—8. From 
zino Alings and EtBr (Wichelhaus. A. 152, 32tt». 

^l’rcj>aration. — C[ca.n zin^liiugs (180 g.) are 
mixed*\vith copper (20 g.) reduced from the 
oxide at a dull-red heat by coal gas; the mix¬ 
ture is rapidly heated over a very largo Bifhsen 
Aunic. and is well shaken meanwhile. As soon 
as tho Alings begin to cake together and the 
copper is no longer visible, the oopper-zine 
cou^e has been made. The Ausk is now c^* 
ncctcd with an inverted oondonsor, inclined 
sligUtiy upwards, and when it is cold ethyl 
iodide (175 g.) is added. Dry CO, is passed 
through tho apparatus, and the Aasl^heatod by 
a water-bith; in half an hour the EtI ceases to. 
run back from tho condenser, for it bos been 
ccwverted into IZiiEt. Tho apparatus is no\^ 
liltBd so that the condenser is inclined down¬ 
wards, and heated 4n a bath Df paraffin. The 
Reaction 2IZnBt«« ZijEt^ now takes place, 
and ZnEt, fCO g.) is coliiuted in a receiver kept 
full o^COj (Gl^stone a. Tribe, XJ. J. 26, 445; 
85, 669). . , * 

Proparties.-^Colourleas, mobile liq^^^ f am^g 
In tlv air, and quickly taking. Are, burning wi{h 
a IcminouB green-qdged Aame, and giving off 
clouds ofeZnd «l^edlateljL,AeoompoBed by 
wtter into Zn(OH)2 and ethon'^p like manMt 
it attacks organic doxz|poand8 contai ning 
hydroxyl or 4kmidogen» with el^umtion . of 
ethane. It causes india-nifci»er to swell la&gslt* 

Qiadoally treatA^wUli dw 
oxyg«n\\\ appears to produce ZQBt(OBt) um 
ZD(OEt)a suoo68ttyel;(* ^laiikland). Aioooiding 
to Demutb a. Meyer (B. 28,894), tha passage d 
axjgen through a eoiutioii d ZbBI in ligrolD 



m ztNO, omAixiv ouidt>tml)8 d 


(7 vols.) yielda EtZn.O.O.Et, vbioli Is deoom- 
posod by neat, Bometimea with explosive viole^e. 
The compound EtZn.OlOEt seta free I fio^ a 
solution of K1 and yields aloohol«when distliled 
with dilute H^SO*.—2. SulphitriotTa 3 zincmer* 
oaptide , Zn(S£t)2 . tSo appears tS ibct in like 
scanner (Ohabri^, Bl. i8J 2, 7885.-3. Iodine 
forms IZoEt and Znl^ succcSfaively, together 
with EtI. Bromine sots in like manner, Zinc 
ethyl takes hre in chlorine.—4. Dry ammonia 
forma Zn(N^), and ethane (Erankland, Pr. 8, 

■ 602).—6. Nitric oxide is absorbed by an eth.ereal 
solution of ZnEtj filming oryatalline ZnEt2(K0)^ 
which melts below 100*^ and is split up by y^ater 
Into ethaneandG2llj.f^202.Zn0il.* Cttbondioxide 
passed into an aqueous solution of this salt ppts. 
zinc carinate, while ^ino d^nltrootbylato ’ 
(C^H^N-jO^^Zn remains in solution (Frankland, 
Tn 1857, 59 ; A. 90, 342 ; C. J. 37, 670). The 
salt (C.^jN^O^)^Zn aq orjstallisos in prisms, 
yields NH, and NHjEt^n treatment with sodium- 
amalgam (Zuckschwerdt, A. 174; *^02), and 
HNOg and KH^t on treatment with alcoholic 
potash (Zorn, B. 15, 1008). Chb dinitroethyl- 
ates NaA', BaA'j, CaA'^Oaq, MgA'.^, CuA'alaq, 
AgA', and AgaA'(N03) were prepared by Erank- 
Ikhd.—6. SO^> forms zinc ethane sulphhiato 
(Hobson, C'. j. 10, 455).—7. rCl, yields 
(Hofmanp a. Cahrf .rs, Tr. 1857, 578).—8. SiCl, 
gives SiEt^—9.*'Heated with EtI at 170’’ it 
forms n-butane and Znl^.^ Ethane and cthylono 
are*also formed (Brodie,*C. J. 3,405). ZnEt^ 
docs not act on amyl iodide.—10. Displaces halo¬ 
gens in organic componnds by ethyl.—11. Adds 
itself to,a carbonyl group. Thus with di-ciJiijl- 
^^»f>tone it forms Et,C(OZnEt).]'lt, wliich is con¬ 
verted by water inWJtri-ethyl carbiiiol. Di-pno- 
pyl ketone forms, in like manner, ethyl-di-propyl- 
oarbinol. Ketones containing the group CO.CK^ 
act &i£ferently, forming condensation-products ; 
thus acetone yields mesityl oxide and phorone 
(A. Saytzeff, i/.pr. [2] 31, 310). Zinc ethyl has 
no^actioD on paraldehyde (Wedensky, J. pt [2J 
39,' 588). With acetic aldehyde it forms 

GH,.GHEt.OZnEt, which is converted by water 
into sec-butyl alcohol.—12. In some cases it can 
add ZnEt and H to a carbonyl group, C.U4 being 
evolved. Thus ZnEt^ converts chloraLdiasoixod 
in pure ether, into crystalline CCl3.GR.OZnEt, 
which is converted by water into tri-cbloro-ethyl 
Wcohol (Dolarre, Bl. [2] 48, 784). Furrier 
action ef zinc ethide on chloral yields 
(GGl,.CH30)3Zn, d white powder. In like manner 
butyric chloral is converted intoCaH^Cir^^H^.OH!. 
In this splittipg off <bf Sfn olefine, ZnEt, differs 
from ZdMo,, but resembles zinc propyl add zinc 
isobutyl (Qarzarolli, A. 2^6, 102i-—13.* Gan dis¬ 
place oxygen by two ethyl radicles; thus it con- 
vesrta oxalic ether into GO,Et.CEt.MCO.,Et (Fjank- 
land a. Doppa..4.142,1; Pn 12| 396).;-14. Gan 
displace ethox;^iby etn^l. /TlfUs IV converts 
formie ether into HGEt{OZnEt).OEt and then 
into HO£t(OZnEt).]irt, which to iurned by water 
into di-ethylv/arbinol (Wagner f». Saytzeff,‘*.A. 
175) 851^).—16. Cantdisplace chlorine by hydro¬ 
gen. Thuei^with chloro-betizoic acid the first 
produet is probably OgH,(ZnEt).G03Et, which is 
eonverted by water into benzoic ether, and 
ZnO.—-16. with beneoniAHU at 150*^, and sub- 
sequmt treatment with alcohol, oyaphenfibe is 
Imuad (Frankland a. Evans, 0. J, 37, 563). It 


p<^Kmerises phenyl-aoStonitrile in th< same waf', 
forming oyanbenzine. —17. Cyaruigen forms 
ZnC^, and* EtCN (Frankland a. Graham, 0. /. 
87, 740).— IS^nAeobenzene is reduced by ZnEt^, 
loUowed bj'Water, to aniline (Frankland aJLiouls, 
C. J. 37,6<^).—19. Acts oaprimary ands^ecSid- 
ary amines, giving off ethane, b^ has no ^tion 
on tertiary amines (Frankland, FV. 8, 602; Gal, 
J. Ph» [5] 7, 484). ZnEtl has no action on 
f(icotif\e or quinoline, forms with many 
alkaloids containing O compounds from wh^h 
the alkaloids are regenerated by water.—20. Acei- 
a^ide gives (AcNH),Zn, while oxamide givoe 
'C/20.,(NH),^o.—21. ‘ Acts on HgCi„ forming 
GlHgEt and HgEt, (Buckton, A, 100, 218). 
Hg,Cl, yields HgKt„ mereur^, and ZnCl,!— 

22. «AgCll forms ZnCL^ silver, and butane.— 

23. CCI4 forms EtCl, ethylene, and propylene 
(liietba. Beilstein,*^!. 124,242).—24. Chloroform 
yields araylono (11. a. B.), while bromoforra gives 
propylene and EtBr (Aloxejeff a. Boil^in, C. B. 
58, 172). CH01,l produces ethylene, butane, 
an(^ hydrogen (Borodine, A. 126, 239). 

Zinc bromo-ethide ZnBrEt.* [02°]. Formed 
by the action of the copper-zinc couple on EtBr 
at 100° (Gladstone a. Tribe, C. J. 27, 410). 
Fearly- scales, decomposed by heat partly into 
ZnBr, and ZnEt, and partly into Zn, ZnBr,, 
C,n„ andC,H«. , « ' 0 

Zinc iodo-ethlde ZnlEb. Fornced in like 
manner. Crystalline. Split up* by heat into 
Znl, and ZnEt,. 

Zinc propyl ZnPr^ (148°) (S.); (146°) 
(Gladstone a. Tribe,'B. 6, 1136); (150^ (Pape, 
B. 14, 1873). Formed by hea^ng propyl iodide 
\^th zinc and a small quantity of an alloy of 
zinc and sodium (Stcherbakoff, Bl. [2] 87, 345). 
Heavy liquid, with disagreeable odour. Beacts 
with aldehydes, forming propylene and such com¬ 
pounds as BClI,.OZnPr, which ^ield secondary 
oKiohols on addition of water. 

Zinc isopropyl ZnPr,. (136°) with decom¬ 
position ; (96° at 40 mm.). Got oy heating PrI 
(170 g.) with ether (100 g.), zinc (100 g.), and 
zinc-sodium (3 g.) at 100° (Bagozin, J. H. 24, 
549). Fuming liquid. Yields crystalline Zn(OPr), 
on exposure to lur. Split up at 132° into Zn and 
hydrocarbons (Gladstone a. Tribe, 0. J. 39, 6). 

Zinc )8obutyl Zn(G^Hj,),V (166°) at 734 mm. 
(Garzaroili-Thurnluckh a. Popper, A. 228,167). 
Farmed from zinc and ^r.GH,I. Got also from 
In and Hg O.H,)2(Cahour9, BL [2] 21, 357). 

Zinc 'isoa'wyl Zn(05H„)g. (i20°). S.G. a 

1*022. * V.D. 6*96 (calc. 6*87). Prepaj(*id by hebt- 
ing zinc with Hg(C3H,,), (Fiknkland, A. 85,360; 
130, 122)^ Liquid, fuming' in the hir but not 
taking tire. Tt^es fire in oxygen. When addedo 
t<x cooled atdeh^^e' it yields, after addition Qf 
ice-cold water, mcthyl-isoomyl-oarbinol, i^- 
tf.pfOieyl>ethyle&e, andrthyl and isoamyl alcoh^ 
(Sokiloff, 0.0.1687,988). ‘ 

Z1|I*2AT£S. Compounds derived from 
ZhO,H, by replacing H by positive metals; u. 
ZxKO HTDROXinSB, p. 888* 

* ZlBCONATESv. ufiffoi ZzBceNiuuBTDBOxcDei 
p.896. 4 

GU^OKIA; oxide of Mircomium ((t v., p. 896)* 

ZfACONltriC. ^Zr. At. w. oftjOO (o.^p. 894). 
Mob w. not known, i^elts abovemp. of Si (4.S* 
above o..a800°) (Troost, 1865. ISB). S.G, 
4-16 (O^t, led ; (A[ois8», B* 11^ 
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ISXI). BJi- ((r-100°) ■()«} (Mixter a. Dana.Ii. 
169, 888 pais]). ‘ 

Miatorical '.—Elaproth in 1789 {IQeitrd^^ 1 , 
203» 227) announced the disoov|ry of a new 
euih, m ooxnblnation with silica, 4 it the rar% 
xniMitu^^con. The same eaith has^een found 
in a le^ other rare minerals, such as eudialyte^ 
^lyfttlgniUt fei^u$oniU, &c. Bright-coloured 
varieties of zircon ard generally called hyacintkt 
the greyish or browp^iads are called zir^iite^ 
and a variety which is nearly colourless is Knowtf 
as Jargon. • 

. In 1845 Svanberg (A, 56, 223) stated that 
zircohia was a mixture of least t}n'ce oxidofi,^ 
but Berlin (/. pr. 58,147), Marignac*(,fl. Ch. [3] 
60,*257), and Hcrii^nn {J, pr. 31, 75; 97, 331) 
failed to obtain* any evideuce of the compe^ito 
character of zirconia. At a later time, Sorby ( U. 
2. 126. 193 [1869J), and also^Forbes (B. 2, 337, 
383), thought they had obtained spectroscopic 
indications of the presence of anotlier earth in 
zircon ; burit was shown that the abnormal itios 
observed were due to traces of compounds of 
uranium (Sorby,#0. N. 21, 73; Knop, A. 159, 
44; c/. Hannay, C. J. 26, 703). * ♦ 

Occurrence .—Never uncombined. The prin¬ 
ciple naturally occurring compound of Zr is 
zirconite, which is more or less pure ZrSi 04 . 
This mineraL is found in small quantities in the 
%and and a^uvial ^posift. of certain rivers in 
Ceylon, and iitthe older rocks in many parts of 
the world; it has been found in t)io granites of 
Sweden, Switzerland, Tyrol, and North America 
(o./.JH#1877.97). • • 

Formation.—}^ By heating with K 

(Berzelihs, P. 4, 117 [1825]).-2. By passii* 
vapour of ZrF^ over Na in a red-hot tube (Troosi, 
0. B. 61, 109 [1865]).—3. By heating ZrO^ with 
Mg (Phipson, J. pr. 96, 353 [1865]).—4. By 
melting ZrO.^ in a carbon crucible in an electric 


method that gives nearly pure amorphous Zt it 
to heat ZrO, with Mg fqil (not powder) and treat 
widh HCIAg.—8. One |^rt dry S^2rl% is mixed 
witn l^tpts. A^ and the mixture ia heated to the 
meltii^ pojpt of iton in a crucible made of got 
ooko; the product is digested with oon^. HClAq 
diluted with #wioo its volume of water, whhu thW 
crystalline leaflets of SH, that have formed on 
the Biirface of tho AJ, separato from the mass of 
Al befqjpe the latter is wholly dissolved. When 
tho whble of tho Al has^iss^vod an alloy of Zr ^ 
and 41 remains, besides tho crystalline leaflets * 
of 2)1; if the tempornturo qj reduction is not 
sulUciontly high, tlio main product is the Zr-^ 
alloy (Troosh fx.\ cf. Fr9nz#B. 3, 58). Tbil 
method yields crystalline zirconium. 

Various mt^lieds have boon used for dooom* 
posingfiremauand obtaining compounds of Zr. 
Franz {Ji. 3, 58) fuses tlio powdered mineral 
with KiiSO,, treats the fused ginatorial with 
boiling water containing a little U^iSO*, washes 
llio insoluWq 3ZrO....SO, tnus formed, ond adds 
it, in small portions at a time, to molten NaOll, 
he BiAi lixiviiflevwith cold water, dissolves the 
ZrCf, that remains in hot oono. 11 .^ 804 , dilutes, 
ppts. byNIIjAq, washes, di i« .i, and decomposes 
tlio ZrO.^..TH^O by beat. The iiiotliod of fusifljf 
wHh KIlFa used by Marignao (j*. .swpm, No. 2) 
yields pure K^ZrF^ very rcallly; Zr(^ 04 )a may 
bo obtained by heating tlio K .f'irf'V with oono. 
II,S 04 (v. lliortdalil, A. 137, U ; cf. J. w. 83, 
2011. For other inetflods v. Hermann {J.*pr, 
97, 330); Schcercr {P. .5‘J, 4H); Stromeyor {A. 
113, 727); Cliancol (/. pr. 74, 471); Berlin (/. 
pr. 145); Hennoberg (/. pr. 38,608); Bailey 
{Pr. 46, 74 [1889]). 

^Propertit's .—Zirconium lit,a'been isolated at 
black amorplious powder, and also as a greyish 
crystalline si»]id. 

Amorj^hoMS zirconium (u. Preparation, 


furnace; or by ihixiug ZrO.^with carbon, meltiia? No. 2) is a black powder, which is extremely 
in an electric furnace, then mixing the Zr porous and resembles powdered charcoal; when 
jarbides thus formed (v. Carbides, p. 894) with pressed with a burnisher it agglomerates to 
)xcoss of ZrOa and again melting (Moissan, grapnitc-likolaminuj. Afterboingheated 8 ti«ngiy, 
0 . R. 116,1222 [1893]). 1 and then cooled, in vacuo, it ia said to glow and 

Preparaium. —1. F'inely powdered zirconite burn when exposed to air. The poyous amor- 
'ZrO SiOJ is thoroughly mixed with an excess plious metal is said not to conduct electricity. 
‘ t . . 3 — 1 — .u_ com- ! Amorphous Zr is stated to be insoluble in ordi- 


70 volts), while a stream of 00.^ is sent tlirouj^ giv^ oil. It is oxidised by beating ta*the air, 

the crucible; the greater part of thg'SiOj isHhus* when it burns to 45rO, with te, brilliant white 

(Troost, C. R* 116# 1428).e The ifght; oxidation is also efejcted by fusion with 
‘ ‘ ” ’ ate now nwxcd caustic or carbonated ifl^talts, or with KNO« Of 

. KCIO,.* 

Crystalliike zirtonium (o. Preparation, 
No. 3) is a ve]$ lustrous, greyish, biiitlo, solid, 
which resembles bb in appearance; very ha^ 


sarbidos of Zr in the crucible 
with exce 68 »of ZrO.^ and melted in llm electric 
(umaoe (Moissan, C. R. 116,1222). —Finely 
powdered and sifted zirconitei^dAixH^ with 2 to3 
timeaits weight of KHFa.the mixture is heated to 


filtrate deposits K-ZrF* on cooling.* The AjZrj^ • 
is re-crystalUsed from water, then dried, mixed 
with K, and hea^ in a v^ael of glass or iron* 
Uie product is wmed with water, digested for a 


This m^od' yields atmrphous zy^nium. 
4oectdin{^ IJ{ii2ey (iV. 46,74 [I889j),«h« only 


Dana, A. Ifl9>388 fl 8 p]). Crystalline Zr 
burst in the 0*11 flainq; » is nqt oxidised in 
0 until heated to whiteness ^ it dissolves slowly 
in hot cono. HGlAq, and is very sightly acted 
on by }^|NO,Aq or H, 804 ,even when worm; cold 
HFAq Jissolves it readily. Molten £010,, or 
KNO .1 ia said to be without action; moltsn EOH 
dissol'jes the metal as lozi^ os any nuAsturs ifi 
present. 
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A.ooording to Trooit (/.- 186S. 188), Zr meltf 
above the in.p, of Si (i.^ above o. 1800°). The 
emieeian-Bpectiiim of Zi bai been mapp^b; 
Thoien; the chief linea are 6127^ the Hd'ana 
in the blue, 48U, 4771.4738,4709, 1686. 

The at. w, of Zr vaa determined/(1) bv Ber* 
zelins (K 4, 136; 8,186'[1836]), tv finding the 
ratio of Zr(X to SO, SI the cnlph&te; (3) by 
Hermann {/. pr. 81, 77 [1844]) by aiia'ysing 
ZrCI,: (8) by Marignao (A, Ch. *[3] 60, 270 
[I860)), by analysing K^tF,; (4) by Bailey (Pr, 
46,74 [1889]), by decomposing Zr(SO,), bv neat 
and weighing the ZrO, produced; (5) by Shxter 

а. Dana (A. 169,888 [1873]), by determining the 
8 .S. of Zr i (6) by Deviile a. Vroost (P. 108, 
636; 641 [1869]), by determining the V.D. of 
ZrCl,. The resets of Berzelbu.gave the at. w. 
of Zr as 89'2; those of Hermaup, 88'6 to 90-7; 
those of Marignoc, 90-3 to 90-6; and the results 
obtained by B(iley gave 90'4 as the at. w. of the 
metal. 

Zirconiiun is the fuird member^ of the even- 
series family of Group IV. in the periodic classi- 
fioatiofi of the elements. This group C(fotains 
the following elements:— 

Xvm Series 3 4 6 8 10 13 

0 Ti Zr • Co — Th 

Odd Series 8 6 7 9 11 * 

. ^ ii Ge Sn — Pb 

As is {o bd expected from its position in the 
classificatory system, Zr Is a metal with some 
non-metallic properties; tlie oxide ZrO, forma 
corresponding salts, many of which are basic 
salts; the haloid compounds, ZrX„ arc probably 

volafilisable without decomposition (the V.D. 
^f ZrCl, only has bf en determined), but aqueous 
solutions yield oxyhalides on evaporation; hy¬ 
drated ZrO, reacts as a weak acid towards strong 
basoj, forming zirconates; salts are known de¬ 
rived from the acid H,ZrF,; there is an oxide 
higher than ^rO„ probably ZrO,. Por a more 
detailed comparison of Zr with the other jven- 
seties^lements of Group IV. v. Tiiuiiua obodp 
or XLEiuiMis (this vol. p. 749), and c/. Tin 
oaoop or eueuiciits (this vol. p. 736). The 
atom of Zr is tetravalaut in the gaseous mole¬ 
cule ZrCl,. 

Seactims and Combinations .— 1. fleated in 
air, or oxygen, Zr burns to Zi-0,, giving out 
dazzlingly white light; amo^hous Zr bums 
easily, o^ystalune only at a white heat, and ficen 
merely superficially.—2. Both amorphous and 
orystalline Zr dissolve readily in hydrofluorie 
acid, giving off B iini^ forming ZrP,.—3. Ac¬ 
cording to B&iley (Pr. 46, 74), amorphsus Zr 
dissolves in cold cone. Sulphuric add. Both 
forms dissolve in agua regiaT-^. Cone, hydro- 
chloric add reacts with Zr, when warm, foqping 
ZKil, solution. Crystalline,Zc is,said to infract 
vUii gaseous 1tyd%ggen chhri^.hi dail redness, 
forming ZrCl-—61 Amorphous Zr is oxidised 6y 
moUsn potash or soda,4iIso b(' tnoifen nifre or 
fotassium chJpraU ;'the crystalline form oi Zr 
IS said not to be epted on by molten KNO, or 
KOtO„and by molten caustic alkalis only as 
long as thbra are traces of moisture present.'— 

б . Zt combines directly vrith the halogens, to 
form ZtX„ and probablyMitb sulphur (o. Sul- 

lgkidg,p,«n). ^ ^ 

- jMtetion and SstimaMoii.—Addition of hot 


o&o. &HG,An to ibldfions of jaltisof Zr pptA 
vrhlta basie sulphate of Zr, which WinsoluUe Ih 
water an& nearly insoluble in much HOlAq. 
Turmerio paper bdbomes teddlsh-brovn when 
gmmersed'ig a solution of asalt of Zrin EOlAq' 
the reaction is completely masked byfnef^re- 
sence of boric acid (©.Brush, J. pr.*(&, 71. 
Bailey (0. J. 49, 481 [1886]) fotfnd that adclition 
of H.,0,Aq to a slightly aom solution containing 
ualtqif Zr, along with tails.of Fe, Nb, and Ti, 
ppd. the whole of the Zr as ZrO, (or Zr,p,), ^nt 
none of the other metals, Troost makes use of 
the comparatively small volatility bf ZcO„ at« 
-Very high temperature, to separate this oxide 
from SiO, (v. C. B. 116,1428). 

Zr is generallybstimat^ as ZrO,; salts of 
volptilisable acids are feoompdlied by heat; or 
solutions may be ppd. by NH,Aq and the pp. 
washed, dried, and strongly heated. 

Zirconium, alloys of. An alloy of Zr with 
aluminium is obtained in the pr^^ration of 
Zr by reducing K,ZrP, by A1 (v. Pr^^ration if 
Zipconiwn, No. 3). Mellis (Z. [2] 6.2961 obtained 
crystals having' the composition ZrAl, (or per¬ 
haps Zr.,,Al,3i) by heating to whiteness a mix¬ 
ture of 1 pt. powdered lirconits with 6»pts. 
cryolite powder, 10 pts. mixed KOI and NaCI, 
and 1 pt. Al, treating with dilute HClAq, and 
separating the larger (jrystals oi t^e 'alloy frai% 
the finer crystals of Si. , « 

Zirconium, bfomlde of, ZrUr,. Formula 
probably molecular, from analogy of ZrCl,. .Ob¬ 
tained by mixing finely powdered ZrO, with 
eager charcoal, making into balls wilt starch 
paste, drying, and -heating tojbright redness in 
tfourront of dry CO, and dry Br (Millie, Z. 
[ 2 ] 6, 296). ZrBr, is a white, microscopically 
orystalline, hygroscopic powder; it is easily 
volatilised; heatod in H it is not reduced to a 
lower bromide. Contact with nmist air or water 
ptoduces the oxybromide ZrOBr,; evaporation 
of an aqueous solution gives the hept^ydrate 
of this compound ZnOBr,.7H,0 in large needle- 
shaped, transparent crystals (M., i.c.). , 

Zirconium, carbides of. By heating an in¬ 
timate mixture of ZrO, and C in the electric arc, 
in an atmosphefe of CO„ Troost (C. B.116,1227 
[1893] obtained a very hard, steel-grey solid, 
approximating closely to the composition ZtCV 
By usinj less 0, other 'carbides seem to be pro¬ 
duced (c/. Moissanv O, B.‘116, 1222), but analyses 
8Si other compounds are not given. ZrC, dissolves 
'easily irf dil^ HFAq, but is mt acted on by 
other t-cids. Moissan (lx.) says t^t carbides 
of Za containing more thdti 6 p.o.O(Zr(^ con¬ 
tains 0 . p.o. 0) take Am fairly dOsily when 
^pused to the air; Troost says that oarbidek 
with a sniElil «dpbrtion of 0 are only snper- 
fioially oxidisedny heating to redness,but that 
Ukqye with Huch bum brilliantly at t& 
r temperature. « • • 

Zirqpninm, chloride of, ZrCl,. Mol. , w, 
-0^231". V.l>. 117 at 440° (Deville a. TxoMt, 
K108, 636). 

• Bpdnation. —1. B}- heatingaZr in Cl_2. By 

heating an intimate mixture^ ZrO, and 0. in 
Ct.-«S 4 Bp passing, vapour od3i01,nver hiatad ' 
,ZrO, i^roost a. Hautefeuiiie,0. & A, 1819). 

, Prsi^rationfr~%- mixture of. with «. its 
own we^t of lampblack is'made inhs a l>a<i« 
with oU> little balis. c. the liao jd Hkxol-ntM - 



mOONIUM HYDROXIDE. 


8M 


«B jomiaaj>f uub, ana ^lesQ are oovered 
Jiowdsred oflsrooal. and heated to fall redneu m 

• okised diftaibia ontil the oil is oompl^ely 

duured; the pellets are then heated to bright 
redness in a tabe of hard glass, wBije,a eurrei^ 
of toCl is passed tbroogh the tub#; the ZrCif 
whioh fAms oh the cooler parts of the tube is 
sobliaed, in a stream of dry Cl, into a tube 
drattn out into bulbs, which are sealed o& when 
the operation is flni8^c^(o. Bailey, Pr. • 

Properties^ Readtions, and Combinatw^s .—• 
A white solid j volatilises unchanged at-c. 400°. 
Dissolves in tpater, with production of heat; the 
solution on evaporation ^ves mycltl^dMS 
(q, V.). Does not interact with siifle ethide at ~ 
180.° (Hinsberg, A. 239, 2M). Combines with 
ammonia to lym* ZrCl,.ffiHj; with sodium 
chloride to form ZrCI,t2NaCl (I’aykull, ISi 6, 
1467). • 

Zirooninm, ferrocyanide of. According to 
Homberger (A. 181, 232), the pp. formed by 
adding K,BkOy,Aq to a solution of a salt ot Zr, 
when washed and dried, has the composition 
Zr,(PeCy,)j(?); it is a blue powderwith a greciiMi 
tinge, insoluble i& water, decomposed by aciil;, 
giving o3 HCN. 

Zirconium, fiuoride of, ZrF,. Formula pro¬ 
bably molecular, from analogy of ZrCl,. 

Formation.—b. The hydrated compound 
8rF,.3aq is formed by dowly evaporating a 
solution of BSrp^dli* 2rF,, m Hb'Aq.—2. By 
heating ZrO,? with twice its weight of (NHJUF.j 
to dull redness, till all the ammonium salt is 
volatilised (Marignao, A, C\ [3] 60, 263). , 

PrepBration. —Deville (A. Ch. f3] 49, 81) 
obtained, ZrF, by Seating to whiteness a inix, 
ture of finely powdered sirconite and fluarspaf 
in a stream of HCl (? ZrSi04 + 2CaF4 +2HC1 => 
ZrF, + CaClj + CaSiO, + H,0). 

Properties and Beactions, —Prepared as de¬ 
scribed, ZrF, is B colourless, transparent, orys^ 
talline (probably hexagonal) solid; volatilisablc 
at white heat; insoluble in water and acids. 
ZrF, prepared by heating ZrO, with (NH,)HF., 
•is said to be soluble in water and in dilute 
HFAq. The crystals of ZrF,.3aq ar^ partially 
decomposed on drying. Heated io full redness 
in air, ZrF, gives ZrO, and HF. • 

Combinations.—l.Vliih water (v. Formation, 
No. l)to form ZrF,.3aq.-r2. With variius me- 
lallie fluorides to form qompounds of the form 
ZrF,jrMF.pH,0. These salts are often callo:!>| 
sircond-fluorides, or fluo-sircor^tes,-, ihey.are 
better named sirconi-fluoridei.. The zir- 
ooc^oorMsB have been examidbd chiefly, by 

• Marignao {A,Oh. [3] 60, 267); they are obtained 
either by gradual evaporation of solutkins oon- 
tfcining the constituent fluoridpa or. by adding 
hTdroxidds or oarbonatca of thewarioua metals 
to mlntion# of ZrF, in HFAq, and evaporating. 

.Ammoninm aitoonf-fluorides. TMI 

iJu are described: (l)2NH<F.ZirF4» 

fHHi)«ZrP.t rhombic cryetals, iaom(jrphoae»witD 
LzrF.i (2) 8NH,F.ZrF„ small wtahedrefl 
ehowing ample rofractioi^ (Baker, 0. J.^86,^ 

^®*(jadminm «l*ioni-floorldss. Two salt, 
•seem* exW: a?2(HFrZtFj.6aq, tSoufeUtue 
erratalc, UomoMona with the Mn aalU^, (2) 
OdF,.SZrF^6a4i'lKiaui»rt fa»-ahaFed groopa of 




Manganese alreoni*f!aorides. (1) 
MBFrZrF4*5aq; and (2) 2MnP^.ZrF4. Oaq. 

fNiokel ziroool'flVoridea. 

(1) jfiFAZrF4.6sq, hexagonal prisms; S.G. 2*227 
(TopsOe, a CX 70); and {2] aNiF4.ZrF4.i2aq, 
monocliniofqrystals. The first salt forms a 
double salt w^h KjZrF^ viz. NiZrFe.K.j3r^.8a(i. 

Potassiuni^zlroosi-fiuoridos. 

(1) K-ZrFfl; obtained by strongly heating sir* 
co»u7e*witlL two or three times ite weignt of . 
KHF„^iling with very dilute HFAq, filtering 
from K.^SiF*, and %llowfhg the filtrate to cool..* 
CrysIHlliscs in rhombic crystals, terminated by 
siX'Sided pyramids; solnbilil^ •« *78 at 2®, 1*4 at 
15®, t*7 at 19i and 25 «t 1^®. tf.G. 3 flB2 
(Topsdo, hej; (2) KF.ZiP,.aq («KZrF4.aq); 
obtained, in monoclinic crystals, by dissolving 
the proce<ling tau in water containing a large 
CXCO88 of ZrF^? (H) 3KF.ZrF^( KjZrF,); ob¬ 
tained by crystallising KjZrFg from a solution 
containing excess of KP; Binnll, brilliant, 
regular oct^liodra, with •iinjilo refraction (w. 
Baker, CL /f 35, 7G2). Soluble in water; the 
hot c(»c. Bolutipn.depoHits K^ZrF^ on cooling. 

ibodium zirconi-lluorides. The salt 
5NaF.2ZrF4 is said to be always formed in 
whatever proportion the constiluont ftuorid^ia^' • 
arp mixed. Small, monooliuio crystals; solu¬ 
bility at 18®-“*38, and at 1(10*^c. 1*5. 

Zinc zirooni-tluoridol; fji) ZnZr^.6aq> 
isomorphous with ZnSiFa.Oaq and ZliSnFgcdaq, 
crystallising in rcgulai*hoxagonal prisms, easily 
soluble* in water. 9.G. 2*255 (Topstje, 

(2) 2ZnPa.ZrF4.i2aq; dejiositod from ablution 
containing excess of ZnF.^, in monoclinic crys¬ 
tals, ffeomorphous with 2NiFa.ZrF4.12aq.* 

Ziroonium, hydride of. -Bjr heating ZrOJ 
afid Me powder, in the ratio Zr0.a:2Mg, in an 
atmosiHiere of H, Winkler (B. 24, 888; cf, B, 

23, ‘20(>6) obtained a black powder which burnt 
in 0, and contained 0. *73 p.OfU. On treating 
1 this with dilute IlOlAq, Mg and MgO 
' solved, H being given off, and a olaok residue 
‘ was IJft which W. regarded as Zrllj. Supppsiag 
the reduction of the ZrOa had proceeded in 
accordance with the equation ZrOa + 2Mg +■ 2H » 
2MgO + 2ZrHa, the product would have con- 
tained 53*44 p.c-ZrH*, and, therefore, wouldhave 
given l*15ip.e. H; as only *73 p.o. H was found, 
W. concluded that 0. i of the ZrO, had been 

^rconinm, hydroxide of, (?) Addi¬ 

tion of NH,Aq to ayohition of,a salt oFZr pro¬ 
duces a white, bulky, gelatinous pp.of Zr04.a;H40« 
According to BerzeUjis, ||J^ firy pp. bas the com- 
positioj Zr0,.H,0-Zr01I,T Hermann 
97,318) gave the forniula ZrO,.2Hp« Z^,H, 
to the pp. dried«t.l7-6°; Paykull (B. 12,1719) 
said that after drying in vaeuojhe omnpoeitto 
was «r0,.8H,0. and afUr drying at IW 
|9ZtO^Hp..jA Wailffl piaminati<« of 
hydration S'the pf. formed k^Wdding M^Aq 
to a cold solutiisf of Zr(80,), was made by Cat. 
nelley a. Walker (C. J. 63. 98. 82 11888]). Tha 
loss of water byUe air-dfied jpp. wfle fairly ram- 
lar to 0.90°, when the pp. half apptoxlmaiely tha 
compoeition ZrOr2H.P; the loea wrt 9hro MH 
rapid, bift very regular, up to 0. 886 °, whOMt 
the composition was aoprozimately 2Zx0vH,0; 
somewhere between 886° and 416^ tbuiM. wm .a 
•nddeh'inorease io the pexoeatage hm of «M«V 



B 09 zraooxnm 


lor 8 rise of 10^, this Inorease being sooompanied 
b; s change of colour from grey to pure white; 
at 415^ the composition was approximattly 
24Zr03.H,0; water was then giv^n off fbgu- 
larly, until at c. 660° dehydration was cothplet^. 
C. a. W.'conclude‘that probably ?io definite 
hy(irate*of ZrO^, uncharged throughout a lair 
range of temperature,Qls formed by heating 
ZTOf.xHiO ppd. from a ealt of Zr; they^think 
that the change.of colour which ^coi^anies 
the comparatively large percentage loss oi water 
at 0 . 400° is an accomp'haime'nt of a condensa¬ 
tion of molecules chiefly of the compo^’tion 
nl 2 Zr 02 .Qjt 0 ) to, Molecules chiefly of the ^com¬ 
position n(24Zr0.^)H20). Theresa,^ distinct re¬ 
semblance between the phenomena of the de¬ 
hydration of ai^d those of the 

dehydration of SiOjjurll^O, Stl0.^a;lip, and 
TiOr^HaO. 

Hydrated ,ZvO, ppd. cold, and washed with 
cold water, dissolves easily in the ordinary acids, 
including oxalic acitf (Bailey, C. /. 40, 481), 
forming salts ZrX'^ and ZrX^j; when^pd. hot, 
or washed with hot water, tlie^pp is only .slowly 
dissolved by the ordinary acids. According to 
Paykull {B, 12,1719), moist Zr0..a;HaO absorbs 
from the air. Digestion with Zr(SO^)^Aq 
produces basic sulphates 3Zr02.4S0;,. loaq and 
6Zr02.7S0,. IQfui /jP., U.). 

Zii^ohATES.t Zr 02 .xH 20 behaves as a weak 
acid towat'ds the stronger bases. A few salts 
have been prepared which are most simply ro< 
garded as derived from Zr(OH);r by replacing II 
by alkali and alkaline earth metals; theso 
zirconatea are obtained by heating ZrO^ with 
bases; "they have been examined chiefly by 
Hiortdahl (A. 2a6 [18«/>J). 

Sodium zirconates. (1) 
(^NajO.ZrOa); obtained by heating ZrOj with 
NajCOa ratio ZrO^tNa^COa; the crystalline 
mass thus formed is gradually decomposed by 
water with separation of amorphous ZrOp (2) 
Na^ZrO^ (“QNa-aO.ZrO^) 5 obtained by heating 
ZfOa. with a considerable excess of Na^CTO, to 
whitonoRs for a considerable time; decomposed 
by water, with formation of (3)Na20.8Zr02.12aq, 
which forms hexagonal tablets. 

Zirconates of calcium and uiagnesium were 
obtained 0^ H (l.c.) by heating to fodness mix¬ 
ture of ZrO^ with SiO^ and CaCI, or MgCL^. 
Ouvrard {C. B. 112, 1144 [1891J) descr(,||ios 
lithium sirednate, LhZrO,, obtained by ftumg 
Zr0.j with LiCl, and cooling slowly; when Li^GO, 
was used, and the fused mass was treated with 
boiling water conta|;iiic,% littlo acetic acid, pure 
ZrOy remainod. 

Zlrooaium, nitride of.i In fusing amorphous 
Zr with Al, in a cracked lifiie'^cruoible, Mallet 
(Am. 9. [2) 28, 346 [1868]) obtained a dark^roy, 
[ibrous solid, which gavo^ yellowish lustrous 
mioroacopio cubes wher treat4^, wi^h HDlAq; 
the crystals w^Vl- unchanged' by aqua requunt 
alkali aolutic^s; when f jsed KOH they gave 

off NH,. The yellttw crystals were probal^ly a 
nitride of Zrl « ^ 

Zirdoniom, oxluMof. Besides zirconia, ZrO^, 
there exk'U^a higher oxide, probably ZrQ,; and, 
possibly, also a lower oxide (?) ZrO. ^ 

ZiAcomuKBioxznBZrCr (Zirconia. Zirconic 
anh^ride,) Moi. w. not known. ^ 

jVfjMM’otton.—There are many methdds lor 


p4paring ZrO^ from t. fhe mlneill 

is lieatea to redness a^d-.throw# into water, and 
the ieast-coloored pieoMaird finely^wdere^^and 
levigated; powder is very strongly heated 

f pth four* times its weight of NajCOa, in a Ft 
rucible, ana the product is heated witl^e^ess 
of HClAq; the whole is evaporated to ttryness; 
the residue is digested water, filtered from 
SiOj, and ZrO^-isH^O is ppd. by KH,Aq. Thlpp. 
Js w^bed and dissolvedanoHGlAq, and the sola- 
vion IS nearly saturdied with^Na^CO,, and boiled 
with NasSiOjAq as long as 862 is given V)ff, 
whereby ZrO^.a^H-P is ppd. (Berzelius, P. 4,124; 
<8> 188Hermann, /. pr. 31, 77; Chancel, A, 
108, 237 ;*' Stromeyer, ^ 113, 127).—2. Very 
finely powdered sigeonife is boiled with cone. 
HQlAq, and the residue is^wanhed with water 
and dried; 100 g. of%e dried powder are 
added to 400 g. molten NaOH, with which 
20 g. NaF have been mixed, and the whole 
is heated in a nickel crucible until the action 
ceases, when the molten mass is poiJ3%d on to a 
slieet of nickel, and, after solidification, is plunged 
into water; the portion insc^uble in water is 
dissolved in^ HClAq, the solution is evaporated 
to dryness, and treatment with HClAq and 
evaporation ];o dryness are repeated ^eral 
times to remove SiO.^ and HF. The solution in 
IKUAq is then ppd. byNH^Aq; the Zr02.xH20 
is thoroughly washedoby decantatton, dissolved, 
in the smallest possible quantity (=‘f 66no. HClAq, 
and the solution is ovapornted to dryness; the 
residue is washed in a funnel with cone. HClAq 
jnixed with 4 pts. of alcohol; the washed solid 
is then repeatedly crystallised from oon8. HClAq. 
7(he white, lustrous orystalU of ZrOCl^ucH^O 
uhus obtained are dissolved in water, and 
ZrOj-xH^O is ppd. by NH^Aq (Venable, C. N. 
G4, 315 [1891]; cf. Bailey, Pr. 46, 74 [1889]; 
cf. Preparation of Zirconium, p. 893). By 
l^ating ppd. to c, 1^50°, ZrO, is ob¬ 

tained. 

Crysialline zirconia Is obtained from the 
amorphous form (1) by fusing with borax at a 
very high temperature, and washing with HClAq ’ 
(Nordensl^'old, P. 114, 612; Knop,i4.157, 3631; 
(2) by fusion with microcosmic salt (K., lx.) ; 
(3) by b^iating to dull redness in dry HCl at a 
pressure of throe atmospheres (Hautefeuille a. 
Perrey,*C. P. 110, 1038); (4) by melting and 
volatili.sing in an electriafurnace, using a current 
860 amperes and 70 volts (Moiesan, C, R. 

► ilC,91232 [d893]); (6) by heating, to dull red¬ 
ness, ^ salt of Zr with an* acid that cari be 
rcmqvcd by heating, in a current <ef dry uCi 
(H. a. P., f.c.). 

Propyrlies .—Amorphous zirconia is a 
./ bite, tastolosA ckiodorous powder; S.G. 0 . 6 V 
insoluble in amds, except in oono. H^SO. (v, 
^Qeactions, j^o. 7) or HFAq. Orystall^e 
"zirconia is a ^trab^parent, colourless solt4; 
S.G. 5-1 (Moisaan, Ic.), 6-42 (Knop, f.c.), 6-7 
. (NorcWiiskjoM, Lc.). The crystals are described 
byN. (i.c.) as quadratic prisms, isomorphous with 
^nQs {tinstone) and TIO 3 {rutile). The crystals 
are extremely hard; they soijlteh glass easily 
(Ofoissan,. f.c.). It is gen^r^y said that when 
Zr6p\a heated to' inoipienr redzsss it glows 
brigoffly, and beoemes denser ^ut thb exp«ri* 
ments of Camelley* a. Walker* {O.J. 68, 82 
[1888]) ^oa the a^ion of heat on 
0 





ZIRCONIUM SULPnoCYANIDE. 


eer 


DiaKe It protiaDie t&ai tallowing is an ocoqp* I Zlrooniam, oxytcid at Hydrated a{rooai% 
paniment ox the dehydrat^n from approximately Zr0.^.xIIo0, reacts aa a weak aoid towardi strong 
2ZrO,.H.^O ^.approximately 24ZrO^.H.^O. ^Zir- batps(i'. ZiAcoxiTBs, p. 

oonia reacts towards acids as a basic oxide. | Sirceaittm, oxybromide ef, ZrOBfr^HgO* 
forming salts ZrX*4 and ZrX'*^ (iftwy of which j ZrBr^ dissolve^^iu^water; on evaporation, trans* 
are Baaio salts); it also decomposer^Ikali cai^ I parent* ne^bJ-shapod crystals are formed, to 
bonategf and some ether alkali and alkaline i which [2| rfc*2»«) gave the donipoai- 

earthgsalts, wl^n fused tliorewith, forming ' tion ZrOBi...7U..p. By^lissolving ZrOj.arU^O in 

IlBrA^ and evaporating, Weibull (R. 20, 1894 
[1887jTobta4iied lustrous neodlosof ZrOBr,.6HgO| 
isomoi^hous with ZrOClyAH^O. 

Zirconium, odycbloAdei of. Various oxy- * 
chlofides have boon described. (1) Zr0Cl;,.arH,0; 


siydbnates mZrO^^nb^O (u. ZirconaUSt p. HUG). 

Reoefiofw.—1. \Vh^ Zr0.j is heated to ^ 

Tery high tomperatVire it ^melts, boils, antft'ola* 
tiliseB, condensing in ^jstals; Moissan (G. It, 

116, 1222 [1^93]) eilected the vulatiUsalion in 
sT crucible heated in the electric f 

using a current of 300 am^res an9*70 volts. , cvap<Trnting (fotil 
2. When very strongly Jwated with excess of car, \ Wtibull, B. 20, 1394). Hermann {J. 81, 


furnace.# prepared by dissolving ZrOa..^(«0 in IlCIAq.arid 
volts. , evaporating (fo9 details asto Uio beat conditions 

___ ...^... ..JS of car, 1 V. Weibull, B. 20, 1394). Hermann {J. w. 81, 

bon, carbides ai^ fdrmcd (v. Carbides, p. ^91). ! 77) gave the form^^la as ZrOCl.^.yHU; Mclli8(Z. 
Heating in a carbon crucible in the electric fur* f2J G, 290) gavo'^iZrOt/l/dll/); and W«fibull (fx.) 

/a(>01..811.0 (r. alto IhLyktill, B. C, 1467; and 
Hailey* JV. 46. 74). (2) Zr,()OI,; prepartwi by 
'J’roost a. Haulcfeuillo (G. It. 73, 663) 


nace produces Zr (M., f.c.)«r3. Heating with 
magnesium produces Zr, pcrha]is also an oxirlo 
lower than ZrO, (Winkler, B. 23,2642; 24, K58; 
Fhipson, 96, 353 ; Hailey, Pr. 46, 74 ; cf. 
Zirconium numoxidc). Wlien heated with vuuj- 
nesium in an atmosi>here of htjdro'jcn, sOtno 
ZrH, is perhaps produced (v.* Zirconiii^n 
hydride, 


_______, by paoi* 

ing st<!am jud vapour of Z^Cl, through a rod*hot 
tube, m 2/r.O^Cl^. 1511.0; prepared by Endo- 
munn^J.pr. [ij ^>1, 219) by adding ether to a 
warA alcoliolio solution g( ZrOClj-xU^O. 

Zirconium, oxyiodides of Hy adding the ^ 
calculated weight of Ual^, in solution, to Zr(SO|^g 


, p. 896).—4. ZrCI, is forme<l by heating 

ZrO-lf mixed with carbon in rtA'/rcam ___ 

using bromine produces ZrBr^ (v. Bromide and ,iissolve(l in a slight excess of U^SOiAq, filtering. 
Chloride, *p. 894). - 6. ZrP, is formed by evaporating over II.SO,, an<; romoviyg free I 
heating ZrOf to dull redness with excess of ; ffQ,u the residue by CS;^, IliiisLJrg (^,2*19,268 ^ 
ammonium^Jl^orM-ij. is-formed by [ihH?]) obtained a white, amorphous powder, 

slightly heating ZrO.^ with excess of potassium golublo in water, giving oil I in moist fcir, 

hydrogen fluorule, boiling with very dilute whiqji lie gave the formula ZrI 04 Uj.*llaO 
liFAq, ^d filtering. - 7. Zr^SO,)., is obtained {.r probal.ly -S). 

heating with excess of a mixture of 2 pta. j zirconium, oxyiulphide of; v. ZiHCOHiOM 
C07tc, suiphuric adid and 1 pt. water. • j gui,i>iin>K8 {infra). 

ZincoNiUM PERoxiDB. By adding H^O^Aq : , •Zirconium, salts of. TKO saUs formed by 
and NHjAq to a solution of Zr(SO,);. Clevo {Bl. j^e replacement of H of acids by Zr belong to 
[2] 48,63) obtained an oxide containing more forms ZrX,,“ and ZrX/; many basic salts 
Othan ZrO.,; to tliis oxide he gave the formula ^j.c known. Tlio following are the chief salts of 
ZrO,. Bailey ill 1880 {G.J. 49, 149, 481) ck* /r derived from oxyaeids: Ar.scnafcs, borates, 
amined the pp. obtained by adding H^O.,Aq to carbonates, nitrates, oxalates, '' phospluitee, 
solution of Zr(SOJj; according toB., the moist j sclen'tes, silicates, sulphates, and sulphites. . 
pp. has the composition Zr.ps,, and this com* j Zirconium, slUcolluorlde of, (?)ZrdiF«; 

*po8ition is unchanged after keeping (moist) for j probalily obtained by Berzelius by evaporating *, 
some months. In Bailey’s paper in»1889 (Pr. goiution (? of Zr0.^a;H,0 in HjSiF.Aq) (o. LeAr- 
46, 74) he gives tho compositidh ZrO,.9n..O to , (,uch, 3, 605 [6th ed.l). 

the oxide ppd. by HjO^^q, either from aA acid or j Zircoaijum, sulphides of. According to 

an alkaline solution o#Zr(SO,),, after drWng over j Berzelius (v. Lehrhnch, 2, 1H9 (6th ed.]), a com* 
P_Oj ;• and the composition Zr.Ps ^ftcr clrying at > ^nd 8 is formed by heating th\ 

100°. Tho oxide ZrOy#H.^O wms oiilained (C. j clcjbyints togetlier in vcte.uo, or \wth H. The 
49 485) by preparing a solution of 2r(H0,). by’^ ,o wliich no formula is assi^oed, is 

heating K..ZrP,«»ith H..SO,, and al,bnci Idling - 


described byU.as a (fark-brown Coloured powder; 



^ from Fe, Nb, and Ti. 

ZlBCONlOU UONOXIDB (?): 


I and dccompiiseiWyJusKm witli KOH to K,S and 
By heatini ' ZrO,. By strongly heating ZrO, in^appur ol 
- -- ■ cs, Rreiny (A. Ch. fs] 38. 826 [1868]) obtained 

X * ^ ...I.:..!. ...na OAtAsI 


7rf) ft.nd T>owdGrGd Mg, in the ratio ZrO./Mg, in CS;., jV®'”y i'** s'-' . ■» 

S H, Winkler (£h23, 26iJ8 il890])_sl/:^.'a .1^ 

tft^ied a black nowder, which allowed to cbol i on^by IINfl^Aq, wtth soparatvWoi S, Fremy 
in H, then kept for sometime in CQj, frraltrom j supposed that tlie^substjnoa migU be an oxy- 

Mg by treatment with dilute HClAq, washed wiUs I sulijnide. Afa Tlv addina 

valei containing HCI, then with alcolrol, and ! Zirconium, %ulphocy^de of. By addnu 
finally wUh S^nddrida in twim. lie fhu# Ba(3CN), to Zr(SO.), solutiAi, 
w - 5m SorsU riAwdfbr which was un- 181.232 fl876]) obtained a solutionigfhich, ha 
’ aotSTon by llNO,Aq, or H,SC?.A^^eVen said, coi?taincd Zr(SCN),; this solution qni^^ 

Tn imS;!.^«^%hi«h’bu%t to' Zr0.^hen*decomp^d deposit.^^ m>Ud. whlk 


h^ted*^ . W. ^opposed Siia black powder. Zr(SCNj, remained in solution, 
to bs ZrO.’ 

Von. IV. 


M. M. 


P. M. 



A‘t)DBNl>A 

«• 

CDEsoBiPTivE GfonaAiria ohemistby onlt.j 


ALUMINIUM (vol. i", p. 14l). Prcparatum.— 
])y electrolysing (v^molten mixture of 
w^itb NaGl (Minat, C. ll. Ill, 003 [1890J). Tim 
beat results are ^btiHnod by the s^ts in 

the ratio AlF,.SNaF:0NaCl ; details of the quan* 
titles to be usedi the strength^f current, dx., are 
given by'M. 

Properties.—Minet (C. It. Ill, 603 [1890J) 
gives m.p. o^rAl as 675'’; and S.G. at 820'’ as 
1*76. The S.H. of A1 is given by Richards (C. N. 
05, 97 [1892]) as -221 at 20°, •292 a. 100 and 
*2845 at the mq). - 025'’; the S.H.' of aioltmi Al 
at 050'’= *308, according to ri,pm,hoii 115, 
162 [1892J). The molecule of Al in dilutc'solu- 
tion in tin is perhaps diatomic (Ileycock a. 
'^^eville, C. J. 57, 370 [1890j). 

llcactiom .—Volatilises in electrio furnace, 
with cu];ront of^*‘250 amperes and 70 volts 
(Mois»ui, 1*. 116, 1429 [1893J). Not ap¬ 
preciably acted on by NO^ at OOO'’ (Sabatier a. 
SoAderens, C.R. 115, 230 [1892J). An amalgam 
is formed by bringing Al into a solution of a 
mercuric salt (Klaudy, G. G. 1893 [1] 201; ab- 
Btract \p. G. J. 64 [11] 376 [1893]). ileated witli 
. .NaPOs in a current of H, from 28 to 31 p.c. of 
the P distils over ;vP is also obtained by heading 
Al with any phosj)hate of Ca or Mg (Rossel a. 
p’rank, B. 27, 52 [1894]). According to Lunge 
{G.*‘N. 65, 110 [1892]), vessels made of Al may 
be used for holding articles of food, at least at 
the ordinary temperature, without danger of the 
metal being dissolved; this result is confirmed 
by Bi.lUnd (0. B, 114,1536 [1892]). 

Alammium, alloys of (vol. i.p. 143). For an 
alloy with gold, Al^Au, v. Heycock a. Neville (C. J. 
05,74 [1894]). 

Alammium, chloride of (vol. i. p. 144). 
Nilson a. Pettorsson {Z. P» C, 4, >06 [1889]) 
made a number of dotoi'minations of the V.D. of 
'’AlOJ,: they ^nd that the compound gradually 
dissociates anove its b.p. until c. 800’, wh^ its 
V.D.becomes coustant andtsorresponds with the* 
formula AlClg. AlGl, may be prepared by heatiTig 
an alloy of Al andcCu^Viearly to redness in dry 
HCl; AICI3 'distils over unmixed with 'any Gu 
compound (Mabery, B, 22^ 2658 [1889]). Sabatier 
{Bl. [8] Ir 88 [1889]) says ih^ crystals of the 
^ydrated chloride after being in vaciio fo^tbree 
months at 20'* over H^SO^^avp the comjfi^sition . 
A1C1,.6H,0. " .. V. 

Alamlni^' ftzldes of (vol. i. p. 146). '^y 
heating Al^O, witlr Mg, in 0h6 ratio Aip,:Mg, 
Winkler (B.]P3,780 [1:^90]) obto^od a bro^vnisb• 
black Dowder whii^, he says, contained a con- 
Biderable quantity of an oxide lower than Al^^O,, 
probabiyAlO. By the incomplete cegnbusUon 
of Al,Pionchon obtained a dark-grey po)^'der, said, 
by P. to have the oomposi'iion Al^O, 2iU,Oy.A1^0 
(C. R. 117, 828; abstract in 0. J. 64 fell] 572 
'1803]}. By heating amorphous AI^O^ to in> 


cipient redness in HGl gas at a pressure of tlfTee 
atraos., Hautefeuillo a. Perrey {Ct ll. 110, IO38 
'(H890J) obtained crystals of corundum. Accord* 
ing to RofftI (G. J. 65, 8IS [1894]), AI^O, is uu* 
changed at c. 1750®. 

^Aluminium, phosphide *of ^vol. i. p. 146). 
A grey crystalline powuer, Al^P^, was obtained 
by Rossol a. Frank {B. 27, 52 [1894]) by heating 
Al in vapour of P, and then heating the product 
till P ceased to come off. * 

AMMONIA (vol. i. p. 196). P^rmation .— 
According to Loew (B. 23,1443 [1890]), traces of 
N/1;, are formed by shaking $t black with very 
dilute NaOHAq in the air. NH, is also formed 
by the combined action of Pt black and dextrose 
on KNO^Aq (L., l.c., p. 675). ^ 

Properties. —Ludeking a. Starr {Am. S. [3] 45, 
200 [1802]) give S.ll. of liquid NH-^ as ’8857, 
For measurements cA the wave-ftpgtha of thi 
lines in the emission spectrum cf NH3 v. Mag* 
nanini {Z. P. G. 4, 435 [1839]). Perkin (C. J. 
55, 689, 728 [1889]) gives M. M. of NH, in 
^Aqueous and alcoholic solutions; also ^ol. R. of 
various Nil, salts in solution. Tables showing 
tiie solubility of NH^ in alcohol of varrous con- 
bontrations, at 10®, 20’, and 30’, are given by 
I)el6pine {J. Ph. [5] 25, 406 ; v. abstract in G. J. 
62, 1049 [1892]). For the freezing-points of 
aqueoua solutions of NH, v. Pickering (G. J. 63, 
1j81 [189,3]). 

Beactions.—Dnj NH^ docs not combine with 
dry hydrogen chloride when these gases are 
mixed (Baker, C. J. 65, 611 [1894]). Nor do 
dry NH, and dry carbon dioxide combine* 
(Hughes » Soddy, G. N. 69,138 [1894]). Michel 
a. Gj*andmongiti {B. 26, 2565 [1893]) say that 
the products of passing NHj over heated per* 
oxide of Ba, Fb, Mn, or Nn;., are N with a little 
HNOj, sfnd HNOj, aad*oxide or hydroxide ef the 
metal. The reactions ef liquid Nil, with CrCl| 
’«and FeClj, are described by Christensen (Zeit. /. 
anong. €henm, 4, 227 ; abstract in C. J. 64 
rilj 489 [ISilai). « 

AHMONlirH COUPOQNSS (voK 1. p. 200). 

Amm^nitutt amalgam (yol. i. p. fiOl). From 
measurements of the polarisation given by th(| 
Vibstance tn ^ station of NH^Cl against zino 
amalgam, and a comparison of these measure* 

. with ^he polarisations given by metallio 
amalgams, Le Blanc concludes that ammonium 
amalgam really exists {Z. P. C. 5,467; abstract 
m C.V. 58, mi [1890]). 

Ammoniam chloride (vol. i. p. 202). Baker 
HG./. 65, 611 [1894])^Asserts that the V.D. of the 
dry salt at 350® Is 28*7, correroonding with that 
f^tuiiipd (by the formula ^iffCl. B. also says • 
thi^^no reaction occurs whei^ifrf NH^Cl and 
dry CaO are healed together. ^ 

^ ANTJMONT (vdl. i. p.*282)*. B^tions.-^ 
Monte&aftini {O. 22, 3^, 426J finv that 00 



ARSENIC. 


m 


^nenites (vol. i. p. Vor the prepara- 

tii'JK |iy iKmli'i’ iKeompo'iirfoii from Iho Halt 
propi^ii.-sTof Ihtf urKoniies 
«)f lh«! folI<;\fin^! iiii lalu r. Ilrfcliavi) (H. 27, 1011) 
[ 18011); — AI, r'a, (M, I'a, t r, Co, I’u, An, Fe, 
ri.. Mj-, Mn. JM. Vi, A;:, Sr. Ti, U. 

ami /ii (refei (■i.a-s luul n ii ii isiiis of foinu'i* in- 
vi‘!stij'atii>n.s aro »pviMi). Stav. iiltaKen {/t'U. f. 
anijiU'. i'h.mif, IK'.M. lO’)) olitaided tlio donhk 
Sii'l of K iy.-ohiteaiMl siil^li.ili-, K 
l>y CN a]><>i'a4iii,<^ holiifioiis of llio cousliluonts 
a!t< r«ini^aii<'. ^ 

lifkrBenic arid^vol, i. p. 007). For a detailed 
account of tin* r<‘aetii)n af 11 S witli Kolulions of 
II A'r. Jjiuuiicr a. Tomccifhck (C. J. Oil, H fi 

ArNCuious chloride (vol. i. p. 310). Accord- 
... AsCL 


ipprofinuje qnMtily ia fonncd bj*the l' Arsenic, bromide of frol. I. »09). AaBr, 

Jfe j oonibinca Willi Nil, to form AsHr..3NH, {Bosson. 

2 ro70 Jp.o.HNO,; NO^is practically th* only C*ii. liO, 1258 [iH'JOiju 
gas^us prodoct of the reaction; when 70 p.o. 1 Arsanates (vol. i. p. 307). For arsenatos of 
il^U^Aq IS u^d, the residue prftl^biy has the Cd v. A*, de Si^ultcn ilU. 1.3! 1. -173 ; for 

cq^njAsition (SbO)NO.,. , arscnflte.sj^fc Cu. uid of C« and Njw r. Hirsoii 

Aiflimoaates (v<?t. i. p. 285). Several salts (C. C. isPl in. i:, ak-,fi;icl in 0. J. tiO.0441; 
been prepared^ by double dcci.nnposii ion many »l<tnblc arst'imt^^ of K, and of Na, with 
the K sjilt. bjt Ih-iUtein and O. v. Uiiise Od, Co, Mir. Mn. Ni, an«l /n are described by 
(C. C. 1889. 8t>3; nb^iavt in O. J. 50^12:0. Lefevre ll. 110, 105 |IH'.}0!). 

All the eoinpoumfs are salts of llSbt.).,; fr a. 1. , Fit of Cji. Hg. Zn.-and Zn and 

Cftncindo that the onl^- wxdl-markcd antiinonalcs Nji, v 1‘ieis (,-1. ‘•‘t?, 11^ j l.'^iO'). 

^arc derived,from tliis acid. Kind (R 22, 301 1 
[18S9') describes several nmlantinionatcs. • # 

Antimonitea(vol*i. p. i“5). l-.ft^inlimonitcs 
■ of K and Na a. Corntimii.i uf (C’. U. 115, 1305; 
ahalractm C'.fflr(ll', 171 llsp.-i'). 

Antimony, bromi^Af (vol i. p. 2 Ni;). 'rh^b.p. 
of Sbllra is given ns 275-' bj^l n.-yer a. V. Ah yi r 
{licit,/, unonj. Ohemic, 2, 1 (l8t>2j). 

Antimony, trichloride of (vol. i. p. 2si;). 

Boils at lfe3^ (Freycr a. V. Meyer, l.c.). 

Antimony, pcntacliloride of (vol. i. p. 2>i7i. 

The V.l). at 218^ and 58 nun. pre; sun? wa |■(fllll| 
to bo 141*7 (cori'i'spunding with* the foi tnuhi. 

KbCI^) by Anschiit?. a. Kvans (.1.253,' IsoT) ), 

Difttblc cvinjumiuh of St>Cl, with 103 1 and 
CsCl are described by Saniub ls {Am. I 1, 152 
[18921), ^nd by Wheeler (.Iw. [3J ii;, 209 

• [1803,). • • 

AutimJn;^, flueffide of (vid. i. p, 287). The 
double cooiimumi ShK,.2.\uiF is deseribe 1 by 
H. von IJtdmholt {licit./, anonj. Chrmie, 3, 115 
[1803J) 

AnRjuony, hydride of (vol. i. p. 288). Tlh; 
tenjpejiitui'O wlft-reat det?oin])Ositi«iM of SIjH, 
begins is giveti by IJruuii iU. 22, 32n2 ri-Ssy.) 
as 0 . ISO'-*. For tin? n actions of SidI, with 
AgNO.Aq V. Vitali {oh'.lruil in O. J. 0^ [11*, 

200 [1803;). 

Anlimonic^xide (vol. i.p. 200). When heji^ d 
to dull retlness Sb.O, ‘fives off U, fi;rtiiiii<r 
Sh.O^, wliicli at c. 1750 j.. further lediieedto 
SkOj (Kc-ud. <J. J. 05. 31.; [I^’dl.)- 

AutimoniouB sulphide (vol. i. p. 201). Black 
Sh.S., is formed, accordirig to .Milaiudl (C. A'. 

07, 291 [1893i), by pu.ssing €0^ into boiling 
water with ordinary bb^.S., in sns])ensio*i. I'icton 
(O'. J, 01, 142 [l80^;) obtained a c'.>Uoidal Sb S, 
in fine suspruisioif in wuOt, b^’^allowing 
solution of tartar eniceic to flow into suturatc-'l 
H,,HAq. * • • 

Antimony^ thio^ehlorides ami* tlvo^igdide# 
oLfvol. i. pp. 202 3). Ouvnyif ((J. ii. IJO, 

15115 tle.-criyes ShSCl afi.l Sb,S,(U., ob¬ 

tained by 4he action of iiS on Sh(!|-,: arui Sb.Sl 
^formed by heating bbf:, to 150' in dixU^S, and 
Sh,Sjl« fonnctl by ht;alinj^y3|_Sj«wili4 1 a^d 
crystallising troui CS_.. • 

ARSENIC (vol. i. p. 301). A^ull aeeoin^h^jj^l 


^hc different farms of A? obtiiined, along 


fa K- .son {C. Ji. 109. DT 
Still.lifi.-s at -IH ', f.imiing wdiitc •ik'cmTIcs ; at 
- .30 ■ A>CI, absorbs nnicli Cl, forming a !u|ui<l 
which does not s.ilidify at -fit)’, and wnicli 
witli water gives oft mneh (M and forms As/)^Aq. 
Besson (C. JlO, J25.S [IH'JO;) .<;ays that the 
•• 011 ^ 10011.1 formulated by lloso as 2 .\h€ 1,.7NH| 
is really AfdJI^.lN 11♦ • 
*• Arsenious fluoride (vol. p. 310). Moissan 
(.1. Oft. 'OJ 19, 2S0 !IH*)1]) prepared AsP, by 
heating Asd), witli Jll*' ; he gives b.p. ns (^1® at 
7.50 min., and .savs that it soliditius to white 
{•ry>la!s at - 8*5^ Besson {0. Ii. 110, 1258 
[iH'.mj dj'seribes tho compound 2AHF,.5Ntf,. 

Arsenic, trihydride of (vol. i. p.310). Brnpn 
(7h 22, 3202 [1889 1) finds that tlie firstpAducts 
of the action of air, or (), on AsII, are solid 
?iAsll and H O, and the next products are Af* 
ami 11X9. .Asl [, and II.^S do not react in absence 
of air all the ordinary teniperatur% either as 
gases or in solution (/)., l.c.). AhH;, begins to 
(1. compose at c. 230’ (iK, l.c.). For the re* 
ait^oii.sof with AgNO^Aqr. Vitali {nbatraJt 
in J. 01 [lij 200 [1893J). • 

• Arsenious iodifie (vol. i. *p. 311). Besson 
(C. Ii. 110, 1258 [l890j)« describes the com* 
pounds AsI,.-fNli, amrlCsI?.l2NlV 

Arsenious sulphide (vol. i. p. 315). Picton 
(C. J. bl, llO^^iy [1^92]) obtained an aqueous 
solution of colloidal Airi.S.,, containini^ also some 
verj^fi.iely divided^ 8ulpiii<lo in siispenlion, ^y 
.^'2"" saturated IfS.Vq, 


utlowmi 
. i#tu whici 


,ah, ^ . __ __ 

As..(),. by sublimii.,; As i.i a tube is civen l.y ^ coruinunft-Vasaing. andli 

Ucieixatz. V. C. i.mf-, ahslrmt inV.J.M raov,n«Il,S In^a slra.vn of H. . . . 

fll]; 570 [1803'). I’clcrsM rIvcs the followltg , /'•»“*« pentrfulphiae ,oI.p 315) As.S i. 
beats of Midatinn, and ^omic volumes, ^ the . 12. 647 

alIotropicformAlAa(2.P.a8.G01[lb'Jlj):- ^ [“'>8 *‘™*’“‘o » 

* » ' ^ het solution of an alkali aihyarogi% arsenate, 

and th9b ppg. by a mineral acid. 


.sjpz As 
Grey; rhom^hedrio 


•[A *AtJ^j^(rae 
d5fh830 1K‘1 < 


Arsinic, thiocblo||ides and thlo-iodides of 


Grey-Wockg amqrphova* 154.KtO • 15 04 • (vol. i. p. 31fi). Ouvrnrd (C. R. llfi, 1615 

Browo^unorphoua 103,500,•^15*99 [1893)5 obtained As^S^Cl, by passing H.S into 



■ KMu »nd wuhing the pp. with CS,. By heat-' 
ing 1 pt. A&jSi with 10 pts. A9O4 to 1S0° ha 
obtained AsSCi. c 

AZO-IUIDX («. Bydrazoie acid, p. %19, 
Addenda). 

' BA&irak (vol.!. p. 440). Biohafae, in 1803, 
nade an elaborate exper^enial revision of the 
at. w. of Ba (P. Am. A. S8p 1; 29, 55). As a 
mean result of the most trustworthy experi* 
meats, B. adopts 1371 as the at. w. Cf Ba 
.(0-16*96). Limb (0. B. V2, 1434 [1891]) 
failed to obtain any Ba by electrolysing fused 
BaCl], or BaClj minpd with NaCl. 

Barium, carbide of. By heating a mixnure 
of Ba amalgam and powdered cAarcoal in H, 
Maquonne (C. R. 114, 361 [1892]) obtained grey 
BaC-j; decomposed by water, givjpg BaO^HAq 
and OgH^; o. also Moissan, C. B. 118, 683 
{abstract in O. J. 68 [1], 314 [1894]). 

Barium, oUoride of (vol. i. p. 441). By 
bringing BaCl, into contact with liquid Nil;,, 
and allowing the gas to escape at 0*^ a^u 760 mm., 
Joannis obtained BaCl«.8NHg (C. B. 112. 337 
[1891]). . . 

Barinm, flaoride ofo(vol. i. p. 441). BaF.^ is 
obtained in microscopic crystals by adding 
^KDl,Aq (3*6 p.o.) to boiling KFAq (1 p.c.), 
boiling, washing, drying, and heating strongly 
(Moissan, [3]^, 6, 152 [1891]). Poulenc 
. iC. B, *.16, 987 obtained BaF^^ in well- 

formed octahodra by fusing amorphous BaF, 
with'KHF, and KCl. 

Barium, nitrides of. Maquenne (C. B. 114, 
220 [1892]) obtained a mixture, probably con¬ 
taining aome Ba^N,, by beating Ba amalga^ to 
^radness in a current of N. Bcrthelot a. Matignoii 
(A. Ch. (7) 2,144 [18c4]) say that BaN« is formed 
by heating AmN,Aq with BaO^H^Aq. 

Barium monoxide (vol. i. p. 442). BaO is 
unchanged at o. 1750'^ (Read, C. J. 65, 313 
[1804]); it liqueHes at o. 2,000*^, but is not de¬ 
composed at (A 2,500*^ (Moissan, 0. B. 115, 
1034 [1892]). 

Batt^nm dioxide (vol. i. p. 443). BaO, is de¬ 
composed bv salts of Al, Cr, Co, Fe, <&c.; some 
^^Its^.a. tnoseof Ca, Li, E, Na—do not react 
with BaO, (v. Kwasnik, B. 25, G51. For decom¬ 
position of BaO, by heat v. Le Cuatelier (C. B. 
116, 664; distract in 0. J. 64 [11], 71 [1893]). 

BEBTLLIUM (vol.i. p.504). Krussa. Moraht 
(B. 23, 727 [1^90]) obtained hexagonal crystajs 
of Be, mi^ed with BeO, by heating BeF,.2Kl<^ to 
redness with Na.^.K. a. M...(2.c. p. 2552) ob¬ 
tained the value 9*03 for the at. w. of Bo by"* 
converting BeO into J<e£.?...4H.,0, and this again 
to BeO. Gibson (C. J. 63, 909 [1893]) deadribes 
methods for preparing BeC ttom.heryU 

Beryllinm, fluoride of (vol. f. p. 506). Peter- 
■en (^.P.d.'6,203 [1890]) gives the thermal ‘^ata 
^4?. [Be0*H*,2HFAq]-19,"-83.^ The MbU 
eompound BeF^lAmP is doscnlj'l b;^'H. von 
Helmholt {Zeit j. unorg. Ghemie^ 3,115 [1893])? 

BeryUlumt'oxide of (vol. i*’ p. 506). By 
dissolving BeOfjraq in KQHAq, Kriiss a. Moraht 
(B. 23, 727 [1800]) Otained potassium beryllate 
BeOA ^), xpixed with K^COs, as a snow-white, 
silky BoUd.' «c 

BISMUTH (vol. i. p. 509). The at. w. of B! 
was re-determined by Cla*..Ben in 1890 (B. 23, 
938 [1890]), converting Bi into nitrate^ and 


th1%!nto BiO,; Mean re8nlt,.was SS)8(8C 
(OJa6*96). 'Sohneidef(j;jpf. [2] 42? 558 i 44, 
23 [1691]) criticises Classen’s resultsr and main¬ 
tains lhat Marlgnao’s value (almost' exactly 208) 
is as trustworthy as that obtained bjr 0. The 
molecule in dilute solution in tin is 

perhaps dialomio (?) (Heycook a. Nevill., C. /» 
67, 376 [1890]). 

. Preparation .—Classen (l.e.) says that pure 
Bi is best prepared by electrolysing a solution 
& thd^etal in HNO,Aq, using a cone of Pt as 
the negative electrode, ihen washing with alco¬ 
hol, and fusing with KCy. 

^Properties .—Melts at 264®, according to 
dlassen (i.e.) * at 269 22®, avoiding to Callendar 
a. Griffiths \C. N. 63, 1 [1891]). B.G. 9*7474 
(0., lx .; no temperature git’en); 9*787 at 
9*673 solid at the m.p., 10*004 liquid at the m.p. 
(Vicentini, Rend, jbead. Lined, 6 [11], 121,147 
[1801]). For S.G. of liquid Bi from 235® to 280® 
V. Cattanco {Rmd. Acad. Lincei, 7^ [11], 88 
[1892]). For electrical resistance v. B* v. Aubel 
(C. R. 108, 1102 [1889]). 

Reactions .—According to V<iley {Pr. 48, 458 
[1891]}, Bi do'os not dissolve in SO p.o. UNO,Aq 
at 80^ if HNO, is absent; but Bi dissol^ves 
readily in 1 p.c. HNO,Aq. ‘ 

Bismuth, bromide of (vol. i. p. 511). BiBr, 
boils at 453® (V. Meyer, A. 264, [1891]). 

Cavazzi a.Tivoli (0.21|,X1],3(16 [189231 describe a 
lustrous, black, hygroscopic solid, PBrHtBiBra),, 
obtained by allowing Bilir, to fall gradually into 
PH, (abstract in C. J. 62. 279). 

Bismuth, ohlorider of (vol. i. p. 512).^ Boils 
at 435®-441® (uncor.) (V. Meyer, l.c.). Tne only 
double chloiide of Bi and K of those hitherto 
described that exists is BiCI,.2KCl. 2aq, accord¬ 
ing to Brigham (Am. 14, 164 [1892]). B. has 
also prepared BiCl,.KCl. aq. 

Bismuth, fluoride of (vol.i. p. 512). H. von 
IleCmhoU describes the double jUtedde BiF,.AmF 
{Zeit. /. anorg. CJiemie, 3,115 [1893]). 

Bismuth, iodide of (vol. i. p. 513). Astre 
{0. B. 110, 625 [1890]) obtained the double 
iodide 2Bil3.KI by keeping I, KCl, Bi, and water 
in contact fer some weeks, and then crystallising 
from Et acetate. ^ 

BisWuChous oxide (vol. i. p. 613). Classen 
(B. 23, 938 [1890]) gives Sp. as 9*044. Read 
(C. J. 65,313 [1894]) found Bi.,Os to be unoha/iged 
ate. 1750®. • 

Bismuth, oxysulphlde of (vol. i. p. 51C). By 
juassing di^ H..S into boiling benz^e containing 
Bi,Oj ir^ suspebpion, P. v. Seberpenberg (0. d, 
1889. [11] 643) obtained Bi,0,S. 

Bismuth, selenide of (vol^ i. p. >16). The 
double compound Bi,So,.E.,Se is described by P« 
v.'S. (fA). o » 

Bismuth, sulphide of (vol. L p. 516). P. ▼. 
S.,{f.c.) obtained the double commund B4S..K,C 

fusing wFffi E polysulphide. 

BOEOK (vol. i. p. 624). The at. w. of B has 
be^ determined by Abrahall by the analysis 
of^Br, (C. J. 61, 650 [1892]); the value ob¬ 
tained-was 10*67 (0 »l{v<96). i4so by Ramsay a. 
Aston (O. J. 63, 207 [1893]lbyjpnding the per- 
celitsi;e<x>f water in orysto^seu bor^x, and by 
distilllhSfused borax withHClAaa,';d^^pHaod 
weighing the residual NaCI; the yiduos'' varied 
aAout 11,-but showed considerable difsrenoes. 
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fembuh ^ 36, 164 [1*8]), by titrating ^lo¬ 
tions ot Ijptaa with atandard HClAq, thing 
meihyl orango as indicator, obtained the#a)uc 
10*91 {0 = 15*96). The following values for S.H. 
of amorphous B ore given by Molb^n a. Oaiiliar 
tOi ilLlie. 924 [1893]): 0^ to^)^ --HOtt?. 
0® tor 192®-*3407,*0° to 234®-*8573. Fori 
atoiflio refraction of JO v. Gliira (G. 23 [1], 45*2; j 
abstra£t in C. J. 64 ^llj, 617 [1893]). . | 

Preparatwn.—A^iCi^iiing to Moissnn (C. R. I 
114, 319 [1892]), the methods employed giJo • 
a^iorplious boron yiejd‘substances containing | 
from 0 . 45 ,to c. 72 p.c. of B. M. {l.c. p. 392) \ 
says that nearly pure amorphous B is obtaii)*^ | 
by heating to rcdAcss a inixtui^ oi one pt. ^ 
powdered Mg with 3 pta. fused BPj, washing 
with HClAq, EOlf in alcohol, HFAq, and water 
(the process is tediout, details are given)* by 
fusing this product with ^0 pts. BP,, and 
washing with HClAq Ac., a brown powtlcr is 
obtained containing c. 98*5 p.c. B, with traces of 
Mg and Aiall quantities of other inipurilics. 

Properties and lieactions .— The properties of 
amorphous boron are described by Moissan (^. It. 
114, 617 [1892]). Brown powdoi-; S.U. 2*45. 
Boos not fuse in electric arc, b\il volatilises fNI., 
C.*i2. 117, 423 [1893]); increases in density 
when heated to c. loCO"^ in II. Specitio oleelrical 
resistanqp =801 mcgolims. Burns in air at 


Boron, ohlortdo o/ (tot i. p. 326). BOl, boit * 
Ing at 17® (Freyer a. V. Meyer, /. «wf, 
C*£mte. 2,1). Ghira P. 0.12, m [1893^ 
givSa gtG* 1*48386. and S.V. 81-94. 

Boroaji^oridO of (vol. i. p. 526). AeoordliU 
to Besson ( 3 . JR. 110, 80 [1890]), BF.hmtes wift 
PH, at c. to fo^ 2BF,.PH„ deobfhpoi^d 
by water givin^foff H and PH,. 

^ntnemium boro/iuoruUia described by Stolba 
(C. Cf 1898. [1] 211; abstract in O.V. 68, 660). 

Boron, hydride of (oul. i. p. 626). Sabatier. 
{C.M. 112, 866 [1891]) says that the gas pro¬ 
duced by adding HClAq loathe brown powder 
forMcd by hqptidg B/),^wit!t Mg iie H hsf a 
very disagAeablo odour, bitrns with a green 
fliiino, gives a brown pp. with AgNO,Aq, deposits 
B whep pass^ tSrough a glass tul]««at a dull 
red heat (H cs)niing olT), and is decomposed by 
electric sparks, giving pure II. The gas contains 
a little B hydride, according im 8. (to.); q^. 
Winkler (Jf. 23, 772 [18<J4>i). 

Boron, iedide of {vo1. i. p. 627). BI,. Pre* 
pan4 by Moi|s;m (C. P. 112, 717 [1891]), (1) by 
heminglnnd if to 700® HOO®; (*2) by heating 
amorphous B (dri(!d In 81 at *200®), in a stream 
of dry 111, in a tube of hard glass until the 
nearly softens; (3) by passing HI and CCl, 

..^ vapours through a porcelain tube heated to red- 

• c. 700®. ^mbines dirottly with Br, Cl, (not 1), , ness. The proiluct is dissoBod in G3^ shaken 
N at c. 12nOS, Se, 15, (not Te); also with Al, Fc, j with Hg, and allowed to orystmlisee Colourless* 


Mg, Pt, and Ag. Be.lucos many oxyacids and 
oxides when lieatod therewith; lU'Kh, HIO,, 
HNO„ and Il,,SO^ art: r<sadily reducc<i; Asp, 
and A^O„ C0,'N.,0, Pp^,, SiO,, steam, and SO, 
are ateo reductfl; many metallic oxides gro 
reduced to metals, often with explosive violtunjo; 
molten KOH gives oU H ; mclullic lliiorides are 
generally decomposed, giving BF,; many other 
metallic salts, both in solution and whea heated 
as solids, are aoduced by amori)hous boron. * 
Boron, bromide of (vol. i. p. 52.5). Bl^, boils 
at 90® (Freyer a. V. Meyer, Xeit. f. anorg. 
Chemie, 2, 1). Ghira {ii. P. C. 12, 708 [1893]) 
gives S.V. 94*72: and S.O. g = 2*64985. Ac¬ 
cording to Besson (O. P- 112, VJOl f5891]), when 
a mixture oi gaseous HI ami IHlr^ is .passed 


crystals, very hygroaoopio, rapidly b^me 
coloure.! in light. Melts at 43'^ and boUs at 
210“ Decomposed by water, giving HlAq and 
(for other reactions v. abstract in 
; C cj- 00, 079 [1891].) I'or compotmds with 
' Nil, t’. llcHson (C. It. 114,/,12 [1892] J o6jt,«dr 
•ft G.^J. 02, 771). • 

i Boron, oxide of (vol. i. p. 527), B,0.. For 
reduction by Mg powder, giving Mg boride, V. 

! Winkler (H. 23, 772 [1H90|). The compound 
lf ,Oj.P.jO, ( -Hl’O,) is olilninod by evaporating 
ll,bO,Aq mixed with IIjl’O,, hoafing to redhoas, 
amt washing with hot water (G. Moyor^ Bm 22, 

: 2919 [1.SHU]). 

I Boratoi (vol. i. p. 529). For some n«*s 
borates ol Li, Kb, and Cs «. Koisohle {ZM. /. 


a mixture or gas,nus iir a.m ,,, ^ ^„„ 

through a glass tu^ i^t 300 -f*" i the classification of alkali and afkaline earth 

aroBIlr/. KKrI,.%nd.BI.. KKr I ^d KlirL, ^ Chatolior (O. It. 113, 1034 [1891]). 

are Colourless liquid^ distilling at c, 13f, anu account of Mn borate, v. Hartley .a. 

180“ ; ' ltl„,age (O. J. 03, 129 (1893)). ke Mmpoands 

light. Tariblo (C. H. llh, 162U [183.111 sa^ ,jFeol’olir,.8l).,0, and OZnV.ZnBrrffllA »» 
that BBr, coAbincs with PBr, airt 1 nr,Cb form ^ Allaire (0. B. 116, 1448 ; 

feCii%“d;'"iftrs:n'^rr/ii:6^^ m c ^ ^ 4i» 

i ,e. a nA7?5».pJSt'ArX 

NHj into * y 4 * •/> ] tained by passing PH, into liBr,,l^nd heating 

th^f-B^ ro"ci£bi; 


The ghospbida ii laid 
water, react- 


•18. 650 [1894J] says .na, « »..u v, g pWilTide; The nhospl: 

iwhefi amorphons B is mked^iBi o. , its uffg* ! , e- - insolubl in . 

of sngar ehariml, and the mixture m hMted m ^ boililTg lono. alkaff Rations to gin 

the electrio fuimMO for some pg . gives oft » wheiJ heated * rednes. in N 

ssi"ir,” j - “• “• “f 

rSJariC'tfii.eS.’y:*,"i 

s G%-6 F' barns very slowly in 0%tlQft)00“; ! a yellowish grey powder, decomposed vtolOTfly 
to by « below 10003, but not by Br, I. S, i by wsder, giving and «ome Be, ly he*«»g 
p N onmiWl acids; ifaots with molten KOH i B t^ull redness m a current ol (Sabatier, 
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, Boron, lulphides of (vol. i. p. '531). For heat (Zeit. /. anorg. 364 [1892j) bbtnineij 

of formation of B,8j v. Sabatier {C. f?. 112,862; valtiljp varying from 11^182 to lll*9(>f (0 = 16). 
dbstraci in C. J. 60, 981 [1891]). Moissan (0. B. The molecule of Cd in dilute solutionen tin m^y 
116, 203 [1892]) gives details of various methoas be diatomic (v. Heycock a. Neville, C. J. 57, 376 
of preparing B.^S„ and describes the reactl9ns of [1890]). Cd ipelts at 320*68*’, according to 
this compound (v. abstract in d. 62, .1393 CiUlendar if. iGrithths (determined by Pt ther*. 
[1892]). According to M. {l.c. p. ‘iW), boron mometer, Ci 03, 1 [IB^l]). For the liife. 
pentasnlj^idct B^B^, is Ol^\incd by heating BI, speotrum of Cd v. Ames {P. M. [6] 30, 33 [iS^^J). 
with rather less than onw cquiw. of S in CS2 According to Williams (Arm? 14, 2^73 [1802]), Cd, 
solution at 60*’ for many hours. M. describes ci^stalliscs in hexagonal an& polyhedral forms;' 
the compound, which was not obtained! puTye, as I a^ial cytio a:c = l:l'65o4! Cd is siipciTicially 
a light white crystalline ppwdci;. S.G. 1*85.‘ oxidised at a dull-retl lieat by nitric oxWU 

BROHHYBBIC ACID (vol. i. p. 632). ^ho ; (Sabatier ‘a. Senderens, Ci'Jl. 114, 1429 [1892]). 
V.D. has been dotorrained by Biita at — lo” i?nd j Montemartini (O. 22 [IJ 250; v, Uhstract in . 
— 28*’ {Z. JP. C. lOi 354 [1892]): the rcsj.’ilts j V. C2,* 1278 [1892|) has,aualysed the gases 
agrbe with the V.D. t’oqnirod by t^he formula j produced by' tlie interaction of Cd and nitric 
IU3r. The M. if-s of HBrAq from 15-47 to acid; with excess of HNOjAij (27*5 p.c.) at S**, 
65*59 p.o. HBr have been mea mred by Perkin N, Np, N.O and NH3 are nroduceft. 

(C./. 66 , 7*06 [1889]). * Cadmium, alloys of (vol. i. p. 655). For an 

Pr^Mration. —1. By the interaHion of P, Br, alloy with gold^ CAAu, v, Heycock a. Neville 
and H 5 O, v. F^oti a. Crosa (O. 21, 64 [1891]; {C. J. 61, 914 [1892]; c/. ibid. 65, 65 [1894]). 
c/. Gassmon, absfracf in 6'. «/. 64 [11], 453 [1893J). For alloys with copper, gold, and si^cr, pro- 
2. By passing into Br covered with water pared by immersing Cd in solutions of salts of 
(Recoula, C. JR. 110, 784 [1890]). — 3.*By adding ' tho pther metals, v. Mylius a. Fromm (B. 27, 
n 2 S 04 Aq S.G. 1*41 to KBr (Feitr a.^Kubiers<rnky, ! 630 [1894]). • 

J. Ph. [5] 24, 159 ; ab^fract in C. J. 60, 1<120 Cadmium, *bromide of (vol. i. p. 655). For 
^1891] ; V, also Addyman, C. J. 61, 97 [1892]; tho double compounds C<lBr...a'CRBr, x = 1, 2, ryid 
cf. L^gcr, abstract in C. J. 64 [11], 114 3, v. Wells a. Walden {Zeit. f. anorg. Chemic, 5, 
[1893]). 266 [1893]). 

Jtfi/rfmfes.—Piclv'ring {P.M. [5] 30, tl [1894]) Cadmium, chloride of (vol. i.p.655b ICwasnik 

has isoUted HB.-.iiH./) and HBr.41l20'; the {Ar. Ph. 229, 569; ahslracLin 0. J. 62, 566 
^former melting at—48° and the latter at-55-8'’. [1892]) describes CdCl/iNlfj and CdCh.NH,. 

Reactions. —For the dcconn)nsition of IlBrAq For tho double compounds CdCl,.CsCl and 
by H^SO^Aq of different concentrations v. Addy- CdCla/JCsCl, v. Wells a. Walden (Ic.). Double 
man (C.61, 98 [1892]). coenpounds with IlCh Nil,Cl, LiCl, apjl KCI, 

BROl^KE (vol. i. p. 534). ^fol. w. in sola- of the form CdCI.-MCl. a-aq, o’-o described by 
.Mtion in water or acclicacid -159-5 (Br..) (I’atcfno Clftissevant {A. Ch, [ 6 ] 30, 5; v. abstract in C. J. 
a. Nasini, B. 21, 215.' [1888]). Tho V.D.s of Jlr G(r[ll], 13 [1891]). 

from IS*’to 280°, and at pressures from 15 to Cadmium, ftuorlde of (vol. i. p. 655). CdP .4 
760 mm., have been determined by Perman {Vr, is obtained by (1) tho intcractioii of HF and Cd 
48, 46 [1891]); no indications of dI.Rsociation at a red heat; (2) tho interaction of HF artd 
were obtained. For mensurcnionts of tho ab- fiisfcd CdCh, or CdO at a red heat;'it is a colour- 


sorption of light by Br v. Cainichcl {G. R. 117, ■ less, ti'ausparcnt solid; S.G. 6*64 ; somewhat 
807; abstract in C. J. 64 [11], 561 [1893]). ^ | soluble water, insoluble alcoliol of 95° (Poulenc, 

Idrocnates (vol. i. p. 538). Lithium hromate , C, R. 116, 581 [1893]). 

LiBrOs t prepared by tho interaction of j Cadmiunn iodide of (vol. i. p. 656). For the 
r.--''<2a(Br08)^q and Li-^SOjAci (Potilit/.in, J. J?. | doubZe cowtpoujwfs Cdr«.xCsI, when a:®!, 2, and 
-22, 392; abstract in O. J, 62, 1275 [1802!). ! 3, v. Wells a. Walden (l.c.). 

Potassium bromaU KBrO^. Tho docomposi- j Cadmiffm, oxides of (vol. i. p. 656). CdO is 
tiou of thi^ salt by heat has been studied by unchanged at c. 1750° (lltHd, C. L 65, 313 
Cook (0./. 65, 802 [1894]); decrepitation occurs [1894J). 

0 . 180°, witl^ evolution of Br; the salt fu.s«»? ^Acco:^ding to KourildlT (J. R. 22, 171; 
at a higher temporaturo, and O is evolved, wiCh- aphract in 0.,J. 62, 1278 [1892]), the compound 
out any Br, untiL.KBr rernai-is; no oxy- com-^ CdOj.tS’dO.lL obtained by heating CdO-^H^ with 
pounds are formed. H.p.Aq/ Morse n. Jones (Aw. 12, 488/ abstrai^t 

(Sfronfiuw 6ro7aaft* bt^-his to decompose at c. in C.- J. 58, 1376 [1890]) obtained small 
240°; the principal change is to SrBr.j and 6, but crystals, vhich they say wc.-e cadmous oxide 
SrO is also formed (PotilUaiu, H. 22, 454; CihO, by gently heading CdOH; the hydroxide * 
nbsiractf wijh Bummary of gudiUilative results, wa^ obtainecT bytheating CdClj, CdBr^, or Cdl^, 
in 0- /.04 [11], 11 [1893]). with excess of Cd, to tho melting-point, in N, 0 |* 

' ’ V. ^ '‘‘‘’■V' Ctio, and t/ealing-with water, when CdCl,, 

CADMIDH (,dqh i. p. 054) ]^3tel:^inationR CdBf^, or CdB Missolvod, a little CdO^Hg 
of the at. w. hayd bden made by Partridge (Am. separated, and CdOH remained as a white 
[3] 40, 377 [IS^l]), and by Moue'n. Jones (Am. anvrphous poWder. 

14, 261 [1892])/ F. cou\erted CdCjOf into CdO Cadmium, salts of (vol. i. p. 656). For the 
by heating, Cd’SO^ itto CdS by heating in HjS, electrical conductivitice’of very^iluto solutions 
and OdCjO. ^nto CdS by heating in H.^8. M. »».. pf CdBr.,, CdCl,, CdB, KjCdl/r Cd(NOs)2. and 
J. oonverteu Cd into Cd(NO,).,., and this iiVJo CdO CdSOj. Wershoven (Z. P.U. 3,48Lj;i890]). 
by heating. The results all lie about .1.12 {v. • Cao^ium, sulphide of (vol. i. 657). Two 

abstract in O. L 60, 399; Clarke, ibid. 390 farms (and perhaps more) of CdS seem to oxist, 
[1391], and 62,1397 [1892]). Lori mer a. Smith one lcm;>f'}-,ellow and the other red; differ 
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•Iisutijr ujjO.vi., aim in onisiaiiino form; tho^l- 
Ww Is saiQ to change to the ted by tiictio# (o. 
Buehner, (fhem. Zeit. 11, 1087,1107; 15 778 • 
vonHobukoa, J.pr. [2J 30,412; nbsirah iii 
6^. 224 [1888]; 56,040 [4880]; 62, 778 
{lw2]]. A solution of colloidal ®dS was of- 
tmTiei^by Frost (0* C. 18S8. 32; ‘uUlmct in 
O. J 9 54, 653 [^^88]) by completely ppg. an ain- 
Vtfniaca! solution (jf CdSO, by H.S, washing 
well, snspending the jm. in water and passin|; 
in H,^S. A solution witli 4 «nns. CdS pfct litj) 
remained clear for many days; one with H 
grms. coftgujated in ‘2l hours. 

CiSSItm (vol. i. p. 657). Accortling 
Bokeloff (n. 06.9/mcMn C. <Vi. Cs 

iaobtained by healing Cs01£ witho. i its weight 
of Al. , • 

Cfflsium, haloid corf^oands of (vol. i. p. R58). 
A series of compounds of form CsX,, wln ro 
I3, or Br and I, Cl, Ur and I, aIc., is 
described by Wells a. Pcntiold (.-Iw. S. 4ih 
17; absimet in C. J. 62,773 (l8t»2J). i)ouh!c 
compounds of Cs haloids with haloid compounds 
of Cd, Cu, Ph, and Zn arc desoilbcMl 

by Wells (ana others) (Am. S. 221 ; 
f. anorg. Chemic, 3, PJ.5 ; 5, 266, 273, 300,4?0I, 
30(t; abdracls in C. J. Cl [111, 07, 322 [18'.)3J ; 
60 [11], 45, 47 [1804]). 

CsBsium, hydroxide of (vol. i. p. CC8). 
• S.Q. 4-0;78; [C^II, AlJI -15,870; 
[CbOlIAq,U0lA<i] = 13,7'JO (llckftull, C.C. 1801, 
[11] 451). 

Caesium, oxide of (vol. i. p. 058). Aceording 
to Bokeloff (</’. 72. 25, iStifabsfruct in (J. J.0i 
[11], 234 [l8'JlJ)#Cs.p reacts with sligluly moist 
fl to give Cs and C.sOU. • 

CALCIITM (vol. i. p. 603). The moloeulc% 
dilute solution in tin may bo diatomic (o. Hcy- 
cock a. Neville. C. J. 67, 376 [18‘.)o ), 

* Calcium, o%;rhida of. By heating 120 g. CaCO, 
with 70 g. sugar charcoal in the electric furnace 
with a current of 350 nuipi-res and l(f volts, 
Moissan {C. i?. IIH, .501 [1804]) obtained lus- 

• trouB, yellow crystals ot CuC;.; S.Cj. 2*22 at 18 
insoluble in most solvents; reacts witli C), ijr, 
and I at 250*^-350® ; burnt tc^CaCO., by 0 at a 
re<lhcat; interacts violently w'ith water,•giving 
oflf pure acetylene, and with steam givflig CaCO„ 
0, H, and C.^H, {(^str^ct in 0. /. 6^ [1], 313 

[ 18345 ). 

Calcium, oxide of (vol. if p. CCC). ^CaOl^s 
unchanged at c. 1750® (Bead, C. J. 65, 3i;i 
[1894]). AcAirding to Veloy (C. .A 63, H2l 
[ft93]; -Ci, 1 [1894]), dry Ca(J*ar>ca no* appre- ! 
ciably coqj^bine witti dry CC.^, SO.,^, or €l*hol<)w | 
800®. Bakpr (C. /.•65, 011 [1894]) saje that dry 

* CaO docs not react with nor with dfy 

NH.Cl. Moissan (C. li. 115,1531 [1592]) fibtaiiecd 
Ratals of CaO by heating ordinary lime in the 

^ectrio furnace. • * 

Calcium, oxychloride of (vol. i. p. 666). ^re« 
pared by boiling CaO with cone. CaGl;,A%; crys- 
. tallises in thin, lustrous needles; dccompo«eU 
by water, alcohol, 4&c.; dissolves in glycerin. 
Composition islprobabl^SCaO.CaOl,. 15a(| (3a< 
horsky, Zeit.f. fioM. Chemie, 8, 84 [1893]). * 

CaleittVf ojmodide of. «By beatillg with 
Cal^Q' in a inaled tube a^ 160® for B^ouri^ 
Tassilly (B2. [3} 9. 629 [1«93]) obtained needles 
,1 CaI,3CiO. 16aq. 


CABSOK (yd. I. p. 684). . 

Diamond. Moiasan (C. il. 116, 218 ( 118, 
sap; obsfraefs in C. I 64 [11], 275; 06 [11], 
18S4[1893 and 1894]) obtained grejr-Uaek cpf* 

, boimih. by diisolving 0 in iron, heating to 
j 2000V300#^ and rapidly cooling the'exterijr 
1 by water dr^y plunging into a bath of meltod 
I lead ; the Rquid intuur eipanda as' it oo^I 
and produeea A very nigh pressure. Diamond 
' bbielbjns, swplls, and changes to graphite in the 
, eleeti|c furnace (M., 0. It. 117, 42;i [1893]). For 
Various reaction%of digmoiijl, t?. Moissan (0. B. 
116*460 ; in C. J. 64 [11], 319 [1898]).* 

Graphite. For uccounki of graphites pre* 
in diffo^nt ways, the cninpo8itk>ns of the 
gia)diitic o«iid*8 obtiiincdrand the IT.F.a of tlftise 
j oxides, V. Boithclot u. Petit (C. It. 110,101,106; 

1 abstract in 448 [1890]). Fo]; tho action 

! of cont. IINC^ on various graphites, v. Luzi (li, 

; 24, 4085 ; 26, 1412 [1892 and 1893J). 
i Amorphous carbon. Mixler^Am. S. [3] 46» 

; 363; abstract in C. .7. ly (111,571 [1893]) do- 
i scribes tlrtr int('r!ietit»n8 of charcoal and N, H, O, 

! and Bm*halogens. According to Kriist (J. pr. 
i [21^8, n ; afstmrt in a j. C4 [11], 461 [1893]), 

I tlie coinposilitin «if Iho^iroilucls of oumbustion 
, of coke (CO and CO .) depends almost wholly on 
] tlie ioniperatino; tho in.i.viinum formatioiT^^SC 
i CO-j is at c. 700^, at l.OOU' CO is the only pro- 

j Alliitropy of CAirbon. A/ folk) wilTg hoata^ 

1 of eombtislion, and atomits voltime.s, aro given 
; by Betersen (A. 1\ C. 8. 6l)l [1H91J) : * 

i [O.O’l. At. Tulutlio. 

I Amorphous . hli.ri.'JO to 96,980 G’7 to 8 

I (irapliih* . . . 93.360 5iB 

! Diamond. . . 93,240 to 04,650 3*4 • • 


For file reactions of vaiioiis forjiia of 0 with 
K.Alr.O; and H^SO, v. Wiesner {M. 13, 871; 
abstract in C. J. 62, 1273 [1892]); anc^ with 
lINOj ami KCIO,, v. Se.huizonborgor (C. K, 
111, 774 ; a6.9fr«cf in 6'. J. 60, 26.%[1891]). 

parbon, tetrabromide of (vol. i. p. 688). 
Ctdlie (C. J. 65, 262 [1H91J) finds tlmt fery 
many compoun<l» of carhem give CBr^ when 
' heiitiMl with NaUHAq and Br. ^ 

j Carbon, bromoeborides of (vol. i. p. 688). 
1 Tlic Ihfce compounds (UlrCl,, Qli'^Clj, and 
CBrCl, aro formed by healing Cllcf, and Br to 
225® in a seale<l tube (Bt^ssoa, C. It. 114, 22y 

Carbon, tetrafluoride of, Cl'\. Mol^w. 88’37. 
,V.D. 44-6. Prepated by thuadiroot union of O 
(purified lampblack) amV F at tho ordinary 
i tempmaiuro; by tho Weiistion F with CCi^ 
aiightly heated, or with CUCl, at* 100®, or with 
cu, (Moissan^ C. lif 110, 296, 951; abtiracis 
in C. J. 58,657, 944 [IHUOj); alsckby beating 
Ag^vith CCl, to 220' in a sealed tube fChafafi4, 
O. JIO, ‘dPO Pl890J). M. recommend^ to 
nass vap^ iA oler AgF Vt 195®-200®, to 
let tho vapoum pass tbrongn aif |prpentine tuba 
kept at - 23®, and to collccitho gas over Hg; tho 
gal is kept in^contact ivith fragments of oaontr 
chouc (to remove CCIJ, tUbn shaken yith ab- 
salute alcohol, in which it dissolyiB, and theii 
expend by heat, collected and snaken with 
H 2 S 04 »(to remove alcohol vapour); metal vessela 
must be used. CF, a colourless gas, liquefying 
at -15® and 760 mm. preseorei or at 30® undar 




OAkBO^, 


«a pressure of 4 atmos. OtHer d&orldea seem to' 
ba formed along with CF,Chabrid (2^) aaya 
that AgF and 0,C1, yisld.C^,. . 

.CarbOBi tatra-iodlde of (vol. 1. p. 669). Upis- 
lan (C. B. 113,13;a&o2racf in f. J. CO, 1420 
[1J91]) preparea 01, by heating CCL«j[fres from 
CHCQ with exoeas of Bl^to 90° in a sealed tube, 
wAshint; %be crystals wiw NaHSCP,Aq, drying, 
and slowly subliming tn vaeiAi, Cl, reacts 
with Cl to form CCl, and chlorides of I; reduced 
to CHI, by B at 140° (for other r&actit.'ns v. 
M.,2a). , , 

Carbcn monoxide (vol. i. p. 689). .For 
some experiments on the sparking of CO, d'ith 
thaformah'on of brown solids, u. Berthelot (ff. B. 
110, 609) end Schirtzehbergor (C' B 110, 500 ; 
abstracts in 0. J. 58, 691 [1890]). Winkler (B. 
24, 873 [1891]) ends that CO iG r^ueod to C, at 
a full red heat, by Mg; carbides o| Mg are pro¬ 
bably formed (c/. W., B. 23, 2642 [1890]). 

Carbon dioxide (vol. i. p. 691). For S.H. of 
CO, V. KumakoS (j. ,B. 22, 493; abstract in 
0. J. 64 [11], 6 [189.3]). CO., is.ri!ducod by 
heating to redness with Mg, amorphout. and 
some CO being formed (Winkl6r,'B. 23, 2C^2; 
24, 878 [1890'91]). Z>rf CO^ia said not to com* 
bine with dry NHj (Hughes a. Soddy, C. N, 69, 
Wis 

Carbon, oxychloride of (vol. i. p. 692). GOCI, 
beoomes viscid,. bf;t remains clear, at -75*’ 
^Haase, 'B. 2(1.10o2 [1893]). 

Carbon diinlphide (vol. i. p. 603). The con* 
tractions observed when mixtures of CS.^ and air 
are exploded show that the reaction is more 
complicated than is shown by the eciualion 
CS,+80<-COa +280^; the volume of f)0, 
"for.nd is, practically, In accordance with the 
equation, out the tjlume of SO, is smaller:, 
some of the N of the air is oxidised (v. Pedler, 
C. J. 57, 625 [1890]). By heating CS, with 
exceed of aqua regiat ScblagdenbauSen a. Bloch 
U. PK [6] 28, 241 [1893]) obtained SO(OCCl,)Cl. 
Decomposition of CS„ heated in dry N, begins 
at 216°, and explosion with 0 at a higher trm* 
perAuA (Baker, C. J. 65, 611 [1894]). 

Trioarbon disulphide C,S,. B. von Lengyel 
26, 2960 [1893]) obtained this compound by 
keeping the vapours of CS, in an electric are 
between C pplos for some hours, iiltorinf off the 
black substance formed, allowing the red filtrate 
to stand over Cu for 6 to 8 days, and evaporating 
inf a current rt dry air. 0,8, is a deep°i^ 
liquid, 1*27889; the vapour, even in 

minute quantities,'-causes violent catarrh; can. 
be distilled, with partial change to a blook solid, 
at 60°~70° and reduced"*pressure; inscduble 
water, but dissolved by EtOH, Et.,0, CS„ CHG1„ 
or 0,H,. A Gone, solution ip deposits a 
Uaok solid ;(!'he same solid is formed by gently 
, he%tin^ ‘the liquid, if h6a>ting to 100°-}'20° 
2 b rapid the change is explosive ^e oiack 
solid is probabl^flc polymVidf. 'A tidvution of 
in CS, reacts with Br to forip 0,S,Br,. (For 
iwer reactions, v. ah9*ratt in 0. J. 66 [11], 91 
0:804].J ■ ’ 

OarDOU, thlcbrosade of, 0,SBr,; formed by 
the action f»(rBr on a solution of C,^ in CS, (v. 
sifpro). ' 

Oaxbon, tbioehloride of fvol. i. p. 695). >• The 
polymeride of thio-carbonyl chloride nas the 
iBoleoular formula (0S01J„ according id the 


cryosooplo deteminatijlia or Carrara ur. aa 
12 iVbstract in 0. J. 6(r[ll], 15 [1894])4 

C|&inX (vol l p. 723). For det&lls regard¬ 
ing me preparation of Ge compounds free from 
compounds of*Di and La, o. SoWtldnder (B. 
2$, 378 [IdOfi]); also Bricout (C. fi. 1^, I4& 
[1894]). • ♦ \ ^ 

Cerium, hydride of. Accord^g to Wiskler 
(B° 24, 873 [1891]), a coifmound of Ce and Q. 
pb.'obably GeH,, is formed ^ reducing CeO, by 
!|;g iif presence of H. * 

Cerium dioxide (vol: i. p. 725). CeO, is un¬ 
changed 'at 0. 1750° (If^ad, 0. /. 65, 818 
y(}94]). 

^ CHLORHFDRIC kCID ^vol ii. p. 6). Bilta 
(Z. P. C, itf, 854 [1892]) finds that the V.D. at 
— 77° agrees with the formula nCl. Perkin (C. J* 
55, 793, 705 [1889] has ^.eterminod M. M. of 
IlClAq and HCi in iso-amyl oxide; the values 
obtained for HCI in£q are c. double those for HCI 
in iso-amyl oxide. For measurements of the 
E.G. of liCl in different solvents, dt Eablu* 
koff {Z. P, Os 4, 429 [1889]). For revised tables 
givirg S.G. of HClAq, v. Lunge a. Marchlewski 
{Zcit.f. anw'g, Chemiet 1891. 133). 

iFor the relations between the number of 
molecules of HGl required to ppt. one moU of 
different chlorides, and the reduction of the 
freexing-points of solutions of the chlorides and 
of nci, V. Engel (C. 117, 845 ;ia^sfracf in 

C. J. 66, 40 [18U4]). * ^ 

Bailey a. Fowler (0. /. 53, 75l> [1888]) find 
that when HCI stands over P,Os the gas is ab¬ 
sorbed, with production of POCl, and HPOa; 
aKd that when HCI and 0 stand oveiS'Hg an 
oxychloride, probably Hg.a0G!,.H.,0, is fprmed. 
BifKor (C. J. 65, 611 [1891J) stales that dry HCI 
does not combine with dry NH, when the gases 
are mixed. 

CHLOEINE (vol. ii. p. 10). For the S.O. of 
liqyLxd chlorine from—80° to 477°, and the 
vapour pressures from —88° to 146°, v. Knietsch 
{A. 259] 100 [1800]). For the preparation of Cl 
for use in the laboratory, v. Klason (B. 23, 330; 
ahstraci in 0. J. 58, 415 [1890]). Shenstone 
(C. J. 61, 4^ [1802]) finds that Cl obtained by 
heating PtuL, al>{rays contains some HOI and 
0, with water, and perhaps a trace of N. Cl 
expands \^en brought into sunlight. Bichard* 
son (P. Af [5] 82, 277 [189l^) has constructed 
an instrument wherein l,he expansion is'’used 
to, measvre the int^slty of light. Baker (C. J*. 
65, 611 [1894]) found that no explosion occurred 
when k^mixtnrj of equal vols. of d.-yCi and dry 
H was exposed *to bright sunlight; > and thiE 
after Exposure to bright sunibine for, two days, 
and to diffused light for two^'days, ropre than a 
qur-rter of the mkttk'e remained unchanged. 

*Pedler {d. 618 [1890]J has examined 

the interaction of Cl and water lu tropical suni 
ho finds S.hqt tb-'re is very little aetioQ< 
unless there is an extremely large excess of 
water. oi^With,. very much water and little 
Cl,exposed to the full light of the sun in 
the hot season in India, the main reaction is 
2H,0 V 2G1, -»• Aq » 4HCfi'Aq -f 0, ;f with diffused 
sunlight HClAq and HClOAaa^ formed at first, 
ana ''HClAq, HC10,Aq, and 0^^ Barker 

{C. P.O:'9,C73 [1892il from anextelMed investiga* 
ticn of the'explosion of mixturea of 01, H, and 
0, coacluj<&d wat when there is insn^Qqilat H to 



uie «ji^u ail Jie 0,adi48ion 1 
ofthe H ^tween the Ci and 0 occurs; and that 
tro product of the numbers of molecilea of 
HCI and 0, divided by the product of the num-' 

^ bers of molecules of H^O and (?1 ,J% a constaat, 
0 % laa^other words, that the law oT.Guldberg a. 
«aago holds good? According to Gautier a. I 
Cjifrpy (C. Bt 113,^07 [1891]), there is no re* > 
%ction between Mg •or Zn and Hejuid Cl at tie ’ 
ordinary temperat«r€% very little reacUpn wife ! 
Fe or Ag, and rather m^re with Cu. * I 

{vol. i., p. 18). Spring a. Prost | 
^ {Bl. [3] 1, 340 [1893]) liave detemnned the 
quantities of Cl obtaine*^ by deco»iipo 8 ing*liiy 
heat chlorates of Al, Ba, Cu, ri5>Hg, K, Ag, 
Na, and Zn; the amount of Cl varied from 
•02 p.c. from KClt), to 14’4r> p.c. from Zn(C10,),. 

Calcium chloral?. Dry Ca(C10;,)^ fnelta 
between 300®-330®, having^previoiisly given off 
from 3 to 0 p.c. of its weight of 0; the rate of 
evolution of 0 incroases, at 330*^, until c. OOp.o. 
of the tofal 0 is given off, after which the rate 
decreases. For the quantities of 0. evolved, of 
Ca(ClOs)a decomposed, and of CiiCl.,*and 
Ca{C 104 )j fofeicd, V. ahstraci in^. C’i’, 1276 
[1892]. 

*rotas{,mm cliloraU. McLeod (C. J. 56, 184 
(1880]) concluded from his exporimonts that ' 
when K 4 ^ 10 .j is heated with MnO^ sonic KMriO^ 

• is fornicdJSid again doAmposod {i\ Man^ianksk 
rKuoxioK, vo4. iii. 183), and that Cl is always 
given off in this reaction. In (B. 2<). 179b) 
Brunck .stated that Cl is not given off when 
KCIO, and MnO^ are heated together, but that 
ozono •is produced. McLeod (C. J. 05, 263 
[1894)^ has piot'ed that Cl is produced in 
reaction. Fowler a. Grant (C. J. 57, 272 [18CW]) 
have studied the influence of various oxides on • 
the decomposition of KCIO, (references aro 
g 4 'en to older memoirs); they support McLeod’s 
view of the rdhetion with MnO.^, and think ttmt 
the oxides of Fo, Co, Cu, and Ni react sisnilurly 
to MnO.^; acidic oxides, such as VjOs, IJ 3 O,, and i 
WOj cause evolution of 0 accompanied by j 
much Cl, a vanadate, uranate, or tungstate being ' 


decompoeltfon If this salt by heal, givirtg BrCl/ 
Sr(ClO|)p and 0, v. Potilitain (/. ft. 21,461 *, 06 - 
Jlracf in a J. 68, 698 il8903). 

•CSBOmffX (voK ll p. 153). 8.H. of pan 
Cr (0^ to 9tf’)*v’121G2 (Jiiger a. KraH,a. 33, 
2028*[18iiA^. The at. w. of Cr was re^detennlnsd 
byKawsoQjJD 1889 55, 21S).bt strongly 

beating {NH 4 ) J3r,0„ weaauring the N given on, 
and^weighing the Cr ,04 that remained; also by 
redudng (^l 4 ) 3 Cr;( 0 ,Aq to CrCl,Aq by HOlAq 
and Sicoho), pps. by NHaAq. and weighing 0 r, 0 « 
produced; the mean ^aUnr thus obtained was 
52^6, or 51*98 reduced to 0** and a vacuum 


also 0, in Ag^CrO, and in Ag//rO,.NII„ (2) 0 In 
K;,Cr.G,; (3) #andCrin(NllI)^Cr.O,; theextremo 
values, from 8.hirty-six experiments, were 62*12 
and 5i'B3; twenty.eight of the exiMiiments gave 
values between 51*9 and 52. AcGurding to Prina 
{C.U. 11^, 392 [1893]), Qr crystallises in minute 
cubes xyth^yramMiil face's. For the absorption 
spetAra of salla^f Cr, v. Lapraik (J. pr. [2] 47, 
\im [ 1893 ]). 

JVc2).nYifion.-Glatf»‘l (B. 23, 3127 [1890J) 
says that almost porfci-tly pure Cr can be^'jh- 
laimd by reducing CrCl,.KCl liy Mg powder (for 
details V. abstract in C. J. 00, 152 [18911). 
Placet (C. B. 115, 945 [18l2j| pro]1hrgs Cr by 
electrolysing a solution of O aluifi, oontainlnff 
an alkali sulphate and K.KO,. Moissan {p, H. 
110, 349 [1893]) says that Cr can lie obtained by 
reducing a inixture of Cv/)jimd C in the eleotrie 
furnace, using a curvunt of 50 volts and 100 am* 
pi^i^s, and then breaking up the prodifbt, which 
contains from 8*0 to 12*9 n.o. 0, and heatinj^if," 
with more Cr/>„ again in the eieclric 
furnoco in a carbon crucible. 

Chromic acid (vol. ii. p. ^54). Miss.Fleld 
(C. J. 01, 405 [1892]) has found that only CrO| 
is obtained by working according to Moissan’s 
directions for preparing H.^CrO,. poterminations 
of Alio incroaKH in the b.p. of water caused by 
solution of CrOy led to tho conclusion That an 


also fonned; powdered glass or sanJ also assista . aqueous solution of CrO, contains some H,0r^ 
the reaction, but only wlien ^ry finely divided i and probably also II.;Cr,0,. 

(v. summary of conclusions, C. $7, 281-2). ' Chromic bromide CrBr, (vol. ii. p. IGl). Be- 
According to Thoye a. Perry (C. J. GI, 92.> coura (ft. R. 110, 1029, 1103) obtained green 
[189^), the main reaction which occtirs wiieu CrBr,.(>H.p by boiling saturated GrO^q with a 
an intimate mixturoeof KCIO, and iodine is ; large excess of HBrAq and concentrating; deU* 
heated is 2KCIO,+ LB>2Ku), fCl^, aid s'l^fiie ! q^'seent crystals, soluble alcohol,insoluble ether, 
of the Cl r^cts with unchan^d I foriA . Unchanged when kept solid, but boIJBoq iooq 
and 1C* Basset (C. J., ^7, 760a [1890]) *t)ecomc8 blue and then violoL with rise of ten* 
exaniined*the rcac^ons between KCIC^, •water, . peraturo. By boiliti^ a'^eon spluGon, thm 
and iodine; he <^ncluded that the main re- i satuMiting with HBr while oold^ filtering, and 
, action, at* 80®, m tho presence 9t a very ' drying the pp. thus^fonned on porous plates, 
small quantity of UNO,i^ ^ as shown ^y crystals of th’ftbl«o variety, CrBri-GH^O, were ob> 
the equation GI, + lOKCiO, .f GH^ .f Aq » tai^d; very soluble water, insol. aliohol. Heat 
•kHXjO.Aq t4KClAq4-6UClAq;^in evaporatjpg of ^lution of blue crystals • 28,700; and*d 
ithe lolution to dryness.^! was given off *antr green » yfQO.^^The b^ie solid ^ ehanged to the 
the results of several experiments led to the re> freen atToO®. (for more do^is v, ahstraet Is 
presentation of the change produced H^evanq- C. J. 58, 1063^[1§90].) • * 

ration to dryn^a aa ISKHlfO^-f 8EOl4-12HdT>- •Chromic chloride OrCi,^vol. il. p. 161). Haif> 
11KHI,0*+9KC1+6H,0^ lOl 4 IC1.HCU4CV chelti (O. 22*[11], 87^ [1§92])*finds that tb< 
For determinates of the quantities of oxidising molecular lowering of the freezisg-noini^ wate) 
gases (Cl and oxld^ of Cl) removed ^yqpMsitig tbo^iolet form of CrCl| is oonsidli^ly greate 
air throng ?)C10,Aq miied with HiMq, v. tnan tnat caused by the green form. 

Pendlebury a. McKillop (0. 8. Proc> fe93-^. Chfomio finorldcx GrP, (vol. U. p. 163] 
[No. 12^ 211). • . ^ \ • Pabrig (G. 20, 682 [1890]) obWned OrP^9H,<i 

Biroiili«meUorat<. ForezperiifieaU oath* as a green orystaUiae pp., by adding excess 4 



006 


chromium. 


'•NH,PAq gradually to 4 cold edlution of violet j 
Cr^(S 04 ),. Slightly sol. water; insoluble; 
NU,FAq or alcohol; heating in air leaves 0r»#,. 
Poulenc (d. R. 116, 263 [1893]) obtainod ChrF, 
in greea crystals by heating. CFOl,, or 

CfF,.*H,Oin HF. • a*. * 

. Ohi^n^otts fluoride.. According to Poulenc 
(l.c,), OrF, is formed by Icfating pr to redness in 
HF, or by the interaction of CrCl, and at 
the ordinary temperature. CrFj, Hfter tosion, 
is described as a transparent, green, crysmlline 
mass; S.G. 4*11; sHghtl^ sol. trater, insol. alco* 
hoi. Heated in air it gives Cr^Oj. (For itjpre 
details v. abstract fn (7. J. 64 [11], 281 [1803J.) 

Alhromfo oxide^r^Cti (vol. ii. p. ^ G4). Moissan 
(0. R. 115, 1034 [1^92]) found that Cr.Pa melted 
to a black mass, dotted with black crystals, in an 
eloctric furnace, using a current of 55 voUs and 
80 amp 6 res. * 

Ohromlum trioxide CrO:, (vol. ii. p. 1C4). 
For action of tfater v. Chuomic acid, p. 905. lie- 
duced to Cr^a by NO tCl the or<linary, tempera¬ 
ture (Senderons a. Sabatier, C. li* 111, 1170 
[1892]). For the reaction ofCr^jVl ® 
BaO,^H,Aq—said to give a pp.' approximately 
BaCrO}— v. Pochard, CfR. 113, 39 {abstract in 
^^7. 60, 1431 [1891]). 

'‘^'Chromiam salts (vol. ii. p. 167). According 
to Bccoura (C. R. 112, 1139; abstract in G.J. 
60, 14.3(^[lr391]),vthf. green solutions obtained by 
•heating solutions of the normal violet chromic 


salts^contain free acid and a soluble basic salt ; and K;Cr, 0 ,.,. 


{N14j)aCr,0, with HgC||faro described i>y*J. a. ^ 

{lx.l . 

Cs|ie dichromate Cc 03 . 2 Gr 03 . 2 H, 0 . P^e. 
pared by passing a current of 2*5 to 3 volts 
through a yligAtly acid solution formed by dis* 
solving Ce^^tOj), in CrOiAq; insoluble^a^jr,* 
boiling water forms yeilo>AP Oe(CrO ,)2 ana then 
CeO,.xn.fi (Bricout, C.R. JIS, 145 L1894]).* ^ 

( Lead chromates. For ciotible compounds 
I^CrQ. with Li^CrO,, K./Jr 04 , and Na^OrO,, u. 
Dachami a. Lepierre,’ 0. R. 110, 1035 [abstract 
in O. J. 58, 1065 [1890]). . • 

Mercury chromates. For basix mercuric 
abromatep and a double compound of HgCrO/ 
with NH.HftCl V. Jilger a.* Kriiss, D, 22, 2028 
{abstract in G. J. 56. 1120 [1889]). 

Potassium chromates. a. Kriiss {l.e.) 

propliTGiyotassium trichnfmatc K^CraOm by treat, 
ing K.,Cr.O, with IIt^O,,Aq S.G. 1*19, pouring off 
from 'iCNOj that separates, and crystallising; 
S.G. 2 (U 8 at ll'^. KaCraO.a is quickW decom¬ 
posed by water to CrO.Aq and K.CraO,^ ; melts 
at 250^'. Pittassiuin tctrachro)tiate K..Cr,0,, is 
preffarod by J. a. K. {Lc.) by di^olving KGr^O, 
in hot cone. MNO,Aq S.G. 1'41; rf.G. 2*649 at 
11 *; not deliquescent; decomposed by water; 
crystallises iinohangod from IINOjAq B.G. 1*41, 
Schmidt {H. 25, 2917 [1893]) says that no nitro- 
chromate is obtained by the action of*HXO,Aq 
onK.Cr.0-; tl )0 snbstirtices obtained by Dariii- 
stiidU:r iv. vol. ii. p. 158) werb mixtures of KNO 3 


in the case of the sulphate this soluble basic 
salt is said to be 2 Cr. 3 Oj. 5 SOj. For preparation 
of green soluble normal sulphates v. Itccoura, 
0. R. 116, 857 {abstract in C. J. 62, 411 [18542]). 

• • * CHROM-AMMONIUM COMPOUNDS (vol. ii. 
p. 158). Petersen (iTp. 0. 10,580 |1892])^nnrlv 
by oryoscopic determinations, that the formulio 
usually assigned to the cliiof salts of this class 
are probably molecular. For a discussion of the 
constitution of these salts v. Jih'gonseii {J. pr. 
[2] 42, 206; 274). 

IIH&OMAXES; a)ui derivatives (vol. iif p. 
164). ^ 

Ammonium chromates. According to Jiiger 
a? Krilas {B. 22,2028 [1889]), normal ammonium 
chromate has not hitlierto been obtained pure ; 
they propai» the pure salt by adding fxccss of 
NHjAq S.G. *9 to CrOjAq free from HjSO.Aq, 
vanning until the solid that separates dissolves, 
and placing in*a freezing mixture. (NH,)Xi :^>3 
crystallists in long, monosyminetrio, golden 
needles, a‘.6:c=*l*»l6u3:l:2'44o2; S.G. 1*886 at 

Atwnonium trichf'onih\'6 (NHJ.GrjOio pre¬ 
pared by J. a. K. {Lc.) by dissolving (NHJ.jCr^O, 
in hot oono. OrO,Aq, concentn.«.tift.g, and drying 
at 100 ° tJie f^ed crystals that separate on cooling; 
S.G. 2*342 at 13°; explodes,at 190°, giviiy off 
KO„ and leavin* Cr,0;,. , • 

Ammonium f UtrachromaU' (NH,)aCr*0„ ic 
formed bydisiolving thg triclwomate in warm 
HNO^Aq S.G. 1*09, of A letting cool Slowly; ^G. 
9*343 at 10°; *melta at '170°, anfi suddenly de- 
composes at 176°, giving off NO and leaving 
CrA- J* obtain 7iara- 

chrennate ; they say that no nitro-ohromales are 
obtained by treating amme^ium chromates with 
HNOjkq. (For more details t». abstract ii^.O. 
66,1117 [18d9J«} Various double com^unds of 


Silver chromates. Pure silver chromate 
Ag.CrO, is prepjirc<\ by J. a. K. {Lc.) by re¬ 
peatedly boiling .XgjCr.Oj with water ^8 long 
as,,anything dissolves; it is a ueep-greci> solid, 
ineol. water. 

Sodium perchromate. Iliinssermann {J. pr. 
[2] 48,70; rtbs^mcHnO.J. 04 [11],471)describes 
a salt Na„Cr.jO,..,.28aq, prepared by adding Nap, 
to f. thin paste of CrOjHj and waUr, kept at 10°- 
20 °. 

Thallium chromates. For preparation of 
Tl. CrO., and the double compoiuid Tl.jCrOj.KprO, 

V. Lachaud a. Lepierre, BL [3] 0, 232 {abstract * 
in 0. J. 6*2, ^>67 [18921). 

Uranium chromates. For double uranyl 
chromS,test,v. Formariek, A. 257,102 {abstract ia 
<7./. 58, 852 [1890]). 

I0D03HR0MATE8 (vol. ii. p. 157). A 39 -iea 
of salts of the forms* I 03 . 0 .Cr 0 ... 01 I* and 
1 (!<?...O.C^ O ,.0).M“*has been obtainod by Berg 
fC.'Zi. lt>'i,‘1514 [1887] ; 111, 42 [1890J); 
M* - Nl?j. Li, 1^, Ag. and Na ; M“ = Co, Cu, Mjj. 
and N^. ^ Most ottbe alkali sjiUs were'Termed oy 
dissolving the alkali iodate m excess <of CrOjAq 
and crystfillising; the other^^salts w'Jre usually ^ 
pApared by the oxide or carbonate of 

IhA metal in excess of CrOjAq and adding 
HlOjAq. (For details v. abstracts in C, J. 
^T6*ri8871; 5^ lii78 [€890].) • t 

PH0SPH0GHR0HATE3. By adding oono. 
HaPO.Af. + CrQjAq to KjCOjAq, Blonde! (O.R. 
IllJ, 194; abstract in 0. J. 66 £11], 193 [1894]) 
obtained compounds ou tlie form 
wKaO.PPs.nCrOj. xoq, m being 6 and 8,n 4 and 
8, land a; being 0 or 1. ^ I 

SWHOCHBOMATES. In A88t Gross 4. 
Higgi^described a ©ompound of etaO,, SO]», and 
R-0 (0. d. 41,113), atrS also comptfunds^ 0^*0^ 
SO,, NgQ^and H,0. Beooura (C. R«Il4, 477 




OOBALTAMMINKa 

mart? ’ [1893]) ias 

made a more complete elimination of theee«nd 
mi»(t comfo.nnde. By evaporating, at JOO^ 

’I"'®* '^'■rlSO,), and if SO., 
m the molecular ratio 1:1, 1:3; and l:.'i, U. 
ecjpinjd chrainosiilplmrk add *11 Cr (SO I* 


«ot 


by »»ing varioue ! colour pJodit^riJ/diS iim edufiX^W. 


Biillihates in placeoUlBoViio’ohUineTc/m'j 
•ulpimka, chromiMlisuhikali-s, and chroiiialr 
sulphates. The aoiJs are croon nowtlrrs^Htwii 


oxp]odo8 (8. te. OP,/V/. [?!■),«, oov iinu3j). Monte* 
nartiiii (O. 22 {I j, 2.7O) iinda that the gases pro' 
ut^d by the intcractiQii of Co and excess of 
HmAfl (27-5 p.c.) are N,0, tfnd N Lv. 
abifrac* in C. i. 02, 127f^ (1H92]). 

CobaZt,jfJlorideof (vol. ii. p. 210). Vor tlw 
solubility of CoCl, in and the changes of 


I discussion of tBe hydrations and dpbydrations 
that ttOi-ompany those chanj'cs, v. Ktnrd, O. if. 



so oiiiuim-.i to liu '' 
llo for some days. The acid forms biiuli', 
transparent, paie-Krecn UimT\iio. Sail;? of Ih.- 
form Cr,(S,0,),(0.M), are obtained by adding 
alkalis t<#the acid in solution; those salts It. 
calls pyrosnlphocliromit,'^. Ity a<Min;,' ot.no. 
IIClAq or iLSO. to a solution'of chn)iiioi.»ro- ' 
sulphuric i^id,^ It. ohtaincfl a coinjxmn.l ' 
Crn(OII)._.(S.O pt/ri>snlphoch loniir. hi/.lrorni,', i 
isomeric witJi chrtuuosuiphuric acid Cr,(.SOd,U .. ' 
(For more dotnils v. ahstnids in C. j. (;2, 7.s;j 1 
[1892]; 64 [llj, 470,028 I 

, COBALli(vol. ii. p. ‘^17). ^Vinkl. r has rc- j 
determincf^a^. w. #f Co, (1) hv dissolvin/^ olcc* j 
troiyticolly deposited Co in JU'I N.p cvaporaiin;' ! 


Cobalt, of {vol. ii. p. 220), 

(0. H. Il l. 11^6; i». (ihstriu t in C. J 


Fouleno 
- j. 62, 1159 
[18'.)2 } j)rc]iares by heating OoCI^ with ox- 
ees.-? of N1I,F for 15 minutes, iwnl repoatt'dly 
washing the douhio llm»ido ColV^NIl,!-’ thus 
ohtainoil \dilji hniltng ali'olud. Hy luetting CoFj 
to in HI*’, tl'.o salt is ohtuiiied in 

I'Ds.'-reif |%isms; H.(r. 4-ld. The ifoaMc 
co/ii/K/f/fi.i Col’\.2KI'' is firmed by heating CuGI, 
wiili KIIK. (F., /.c. p. 711'.; nbsimrf, l.c. p. 781). 

Cobalt, iodide of {vol. ii. p. 220). For som*'”*’* 
bilily in water of (Jof^. and tlio fonnation of 
various hydrulrs altendiiig yoiulioi),iv. hUardf 
C. H. 600 {ahslr.ii-i in C.62,.;i7H {1802]), 
Cobaltous oxide CtiO (vol. ii. p. 220). . * 


to dryness, and determining Cl in tbo c'uCI, nin | oxi.lo me'lls in the cieclncliinKicis"^^^^^^ Wnns 
tamed (Zeit. f. anory. C7n?mn-, 4, 10 [Is'jO ); Mst'.eobmred crystals (Mnissaii, C. Ii. 115. 1084 
(2) by ftiding the quantity of Ag deposited fmm j [lH02j). 

sohitiop of Ago'^^ei, by eleetrolytieally depoiul. •! ; Qobaltoua hydroxide CoO.lf (vol. 220). 

Co {l.c. p. 462). The values obtained were : A. de *Sehultcu ((7. li. 100, 266 [1880]) obtainerMw 
about aJ-() (Ag=« 107-66). j c.impound in mieroi-tlnpic, brownish-red. 


Alleged deconipi^silinn of cobalt. Kriiss a. 
Schniidt {Ii. 22, 11, 2020 [iH.sOi) siippoa-d tliey 
liaa separated into two con-fnueni,. i,r. voF. 
iii. p. 500); and they tliought tliat C-> ;iI-.o wfis 
probably not a homogeneous subst.nieo. jTemm- 
ler, in 1808, obtained a ;i!mib« r of specimens of 
' Co^O.„ by ppg. CoCl^Aq by K011A<| and J3r water, 
treating the pp. with NH.Aq. wliicj^ gradually 
dissolves it, decanting oil the i^nnioiiiacal solu¬ 
tion at intervals during 0 montli>i 


foiir-skle<l prisms, S.(h 8 iV.J7 a* 15''’, by heating 
10 g. (^oCl... Oaq in 60 c.c. water wit)» 250 g. KOU, 
in a llaslc tilled with cojil-gas, letting siantl for 
21 houro, and washing away the lighter amor* 
phons proflucls of the learlion. » 

robalto-coballic oxidei (vol. ii. p. 221). lie* 
garding and oxides inlennedraln hitw(?-en 

this andCo.P:,,!;. Schroder, C. C. 1890. [1} 931 
(4/-.sfrac/ i]i (J.J. 58, 1218 [IH'JOJ). Co.OJieatoa^ ‘ 


tion at intervals during 0 months, evaporating to c. 1750'^ loses ail its C, and leaves Co (Head, 
each and lieating i.i CO.^; the dilTcrcnt s])eci- j C. J. C5,f)18 [lH9lj). 

M of Co,0;, \vor<A)caV'rt in H, au'l liic iiuiiii- ! Cobalt, dioxide of. By the reacBon of lAq 


men 

tity WCo Obliiiiieil in j^cli cn-.c was detorm'ined. and NaOliAq on CuSO.Aql flltoring.anduc'idlfy^ 
The values tlms obtained io, Itie at. \| of fti ; inf, with acetic acid, Voidmann </A 24, 274J*' 
K. coMcJudcd that Co# ub'^fract in O'. J. 60, ...• 


varied from 59’58 to 58-3. . 

purified by th#or<Unary methods m not a Ifoino- 
ge^eous Bufcstaneo. Winkler’s dftffuniinnuons of 
the at. w. siiprf), however, gave vdb/con¬ 
stant valuejj. • • 

• HeacUons .—Heated in IjfO |o 150^, CoO is 

fonned (Sabatier a. SendcronI, u. Ii. 114, l lt'J 
[^92]) ; finely divided Co burns in NO, ut tho 

S rdintry temperature, giving ^0,0^; but if ^fls* by ei' 
fO, is largely diluted with N, a black compotind t^d < 
is formed, Co..NO„ called by 8. a.,S.{C'Wf. 115, COBAXTAMMINES {vol 
236 [1892]) nitro-cohaU, This compound rea^ttf cryoscopio detlriAinatidnSiMPetersen Izf ’p, 
rapidly with' H.,0, giving oil NO. and forming a 10,1580 [1892])«5onclud^ that thofonpulageno- 
solution contair|ng Co(ND.j), with a very^ittie . rally given to the chief cobaJtammines are mole- 
fVtfNOA.. Co remlinintr insoluble, and ftomAfimAB ' eiUnr.. Fn>> a AianttaBirx^ _ 


. 1429 11891]) oldiUmod „ 
Jiiienish-black pp.^inarly agnAing with the for* 
mulaCoO,. For coinpoundH of CoO, with Bat) 
V. Ufim?seau, O. It. 10'..f*61 4abdnu:t in O. J. 66. 
U15flH89j). ^ • 

Cobalt, saljs of (vhl. ii. p. 221). Marshall 
(C. J. 59, 700 [loOlJ^ has preparoj the saitft 
Co,{^ ‘ " ... ‘ “ 



occurs with formation of 4k} and oxides of Co^ ‘ For various octammincs, v. Vortmann a, Bla^ 
when mixjjd with combustible substasi^ OOj^O, | berg (B. 22, 2648), and V, a. Magdeburg {S, 22^ 



sod boBALtAMtitIdSfl. 

' S680; abtit'deii in 0. /. 5$, 14 [lS90]). V. a. anorg. Ontmm, o, au*; attmet in v. ft 

Morgolis (B. 22, 2644; abstract in C. J. 58, 13 66 fllL 47 [1894]). 

[1890]), describe several nureuricobaltammiites. Opprie eoloriae (vol. u. p. 256).' Tznchfeoff 
Ainumber ol croceo-, luteo-, and xantho- salUntKai (iT. B. 26,151; abstract in'C. J. 66-[ll], 47 [1894]) 
also several Jiavo- salts isomeno4rith thebroceo- inds that ^eS.O.ot dilute blue-ooloured Ca01,Aq 
salts, are. described by JSrgensetstSn Zeit. f. increases pnth increase o{ ooncentratjm to a 
anorg. Qhemie, 6,147 (oibstract in ,0. J. 65 [11], maximum, after which if decreases wnile the 
60 [189^). ^ colour changes to yeUowis)>-brown. For h^^ of 

COFFEB (vol. ii. p. 251). An elabor^e in- iiolution and dilution of CuCl,. 2aq, v, Beicheraa 
vestigation of the at. w. of Ou has been made peventer (Z, P. C. 6, 659 [1890]). 
by Richards, P. Am. A. 26, 240 [189'i] (u.'C. N. V Mibh saZ<s.-CaClj.HCl;3aq, 

.65, 236, Ac.! abstractf in 0. J. 64 [11], 12 0uCl,.I,iOl.a;aq,CiiCl.,.Klf,Cl, CuC42NH.Cl.SSlq, 
[1893]). GqS 04.5H,0 was analysed and'^yn* CuClo.KCl, and GuCL.2ECl.2nq .(OhasBovantv 
fchesised, and Gu<9 was analysed; the final Clu [6] 30, 5 [18^]); GuCl..CsCI. 
value obtained R. js 63*604 (0 »10), or fo*44 CuCL.203Clh aaq (x = 0 and 2). and 2 CuC1,.3CbOI 
(0» 16*96). Thelnoleoule of Cu ifv dilute solu* (Wells d. Dupree, Zeit. /. anorg. Chcmie, 5, 300 
tion in tin is probably monatomio (Heycock a. [1893]). * * 

Neville, (X J. 67, 376 [1890]).* 5or the.abaorp- Cuprous ehloride (rdl. ii. p. 255). Wells 
tioQ spectra of solutions of OuCl^, CuSO„ {1.0., p. 306) describes the double tails 
and OuCNO^).,, v. Even, P. Af. [5] 33, 317 2CuOI.C8Cl, 2CuCr.3CsCl, and CuCl.SCsOl. aq. 
(abstract in C.*/. 64 [11], 149 [1893]). Cuprlo finoride (vol. iL p. 256). Poulenc 

Preparation. —For4hepreparatior^ by electro- (C. R. 116, 1440; abstract in C. 8^ 64 [11], 
lysis of pure copper v. Richards {P* Am. A. 25, 625 [1893]) prepares CuK,, as a white amorphous 
199, 206 [1890]). , ' • povfdor, by heating NH^F witji CuF,. 2aq; by 

Reactions .—Ilcatcd in the* electric furiaace, healing in UP at 500*^ (not above/ the CuFj be- 
osing a current of 70 v^ts and 350 ampbres, Gu comes crystalline. Crystalline CuF, is ali^o ob* 
rapidly volatilises, and tho vapour formsCuO in tained by heating CuO, or CuF,. 2aq, in *1E1F 
tni air (Moisaan, C. R. 116, 1429 [1H93J). Ac- at 400^ (P., l.c.). Heated to 800° in air CuO is 
cording to Neumann (Af. 13, 40 [1893]), the H ■ formed; heating in steam gives CuO rand HF; 
occlude^ m Cu^ iJteparcd by reducing CuO by | H^S forms CuS and HF ; HCl form/CuCI^. CuF,i 
aH, cannot be wholly expelled by heating in n ' absorbs water from the air,*and ho^omes blue, 
stream of CO.^; some of the CO^ is also absorbed H. von Ilolmholt {Zeit. f, anorg. Chemie, 3, 
by the Cu. N. also says that Cu reduced by 116 [1892]) describes the double salts CuFj-KF, 
vapour of MeOH or EtOH, or by coal gas, re- CuF.4.RbF, CuF^.AmF. xaq, and CuF.4.2AmF. 2aq. 
tains very small traces of C and II after being * Cuprous fluoride (vol. ii. p. 256). Atcording 
heated io 220°. Montemartini (G. 22, ^84, tq Mauro {Real. Acad. LincH, 1893 [L], 194 ; 
■’’SC?, 426 [1892]) says that tho reaction between af>stract in C. «f. 64 [11], 124 [1893]), Ca^* does 
Cu and HNO^Aq of less than 30 p.c. produott) not exist, and the substance obtained by Berzo- 
Cu(NOJ,{ and HNO^, thq then dedompo- lius was almost certainly merely impure copper, 

sing to HNO3, NO, and ILO; with acid more Poulenc, however {U. H. 116,1446; ahsiractg.\n 
eono.''than 30 p.o. HNO, some NO^is produced C, J. 64 [11], 625 [1893]), say^rthat Cu.Fj is 
with a Utile N-P,, and with 70 p.o. acid only j formejl by heating Cu^Cl^ to dull redness in HF 
NO} is given'* off; no appreciable quantity of (the action is not complete until 1100°-1200°); 
NIf, is produced with acid from 3 to 27*6* p.c. also by heating CuFj in UF at 0. 600°, raising the 
HNO}.* According to Freer a. Higloy {Am. 16, temperature to 1100°-1200° towards the end ol 
71 [1893]), the only gaseous products of tho re- the reaction. P. describes CuyF, that has been 
**^tion of Ou with excess of HNO^Aq S.O. 1*4 fused as a ruby-**ed, transparent solid, with a 
(0. 65 p.o. HNO,) are NO} and N.^O,, c. 90 p.c. crysta^lin/i fracture; exposed to moist air it 
NO} and 19 p.o. N}0}. Cu is superficially oxi- changes to CuF.}. xaq; it is easily reduced by H 
dised in NO at a dull rod heat (Sabatier a. at a red heat. *< * . 

^nderens, 0.i2.114,1429 [1892]). Reduced Cu Cuprous iodide (vol ii. p. 256). Brun 
absorbs NO,at4he ordinary temperature, form^.g (A. Ki4, 667 ;* abs/rocl in O. cT. C2, 1167 
a browniesh powder CU}NO} (S. a. S., C. i2.115, {18931) .deetribes double compounds with 
2136 [1892]). Fo/‘ the reactions of this nitro (NH^J'j^^O, ac(Q NHJ, and also With (NH4)}S|p, 
copper V. S. a. S., C; B. 116, 750 {abstract in and CasS}0}. ' '' 

C. 64 [11], 374 [IdOS])?- $ Cuprous oxide (vol. ii. p. 258)^ Bussell 

Copper, alloys of (vol. I. p. 253). Fora de-* (0. N. 63', 308 [1893]) prepares Cu^O by com-, 
scription of alloys of Cu with OCr, Sn, and Zn, pbttely reducing)iC,ih20,Aq mixed with excess ol 
prepared immersing plates of Cd, Sn, or NkCl by SO,, heating till excess of SO} is ro- 
ZQ, in ‘solutions of salts 9! Cu, v* Myliys a. moved, and then ppg. by Na^CO,, added solid i3 
Fromm, B. 87,CtH0 (abefroef in 0 /.^[11],235 hot Bolutionn Vfith HFAq, CqF}A 4 and 
1894]). lie « O' ^ , Cu are formed (Po'ileno, 0. R. 116,1446 [1893]), 

Ouprle brondde (vol.,ii. p. 254). According Cupvle oz|ae (vol. ii. p. 2^). Moissan 
to Sabatier (G. R. his, 980 [i894])*, the grf^en [O. R- 116, 1034 [1892]) says that CuO is en- 
erystals that^ separate from’CuBrjAq are tirel^ decomposed in the electric furnace ate. 
C^f}. 4aq. A solution of CuBr, in cono. 2500 , yielding Cu ana a orystl.lline compound 
HBrAq an intense purple colour of*CoO .and CaO (the rei^tod was effected in 

becomes less mailced on dilution, but even with a blddd^bf VllaO). By heating 0^ td whiteness, 
*0015 mgm. Cu in solution4;he colour oan'-be de- fn a Idetoher injector-furnace, ul an oxidising 
tectad (3., i.0.) The d(m62e salts CuBr}.C^r and 8»mo8pherd, Bailey iC Hopkins (O. <7^.57, 269 
OuBr}.2C8.Rr ate described by Wells a. Walden [1890]) rbtahied a very bard, yel'owiih-nid 
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with the folfcinla CiiO, Bicha;d< 
{P.Jm. A. 26, 281 [1891]f lound that CuO *• 
olaolB gas» cniefly N ; when prepared by be^og 
Cu(NO,)s the oxide retained c. '08 p.o, m its 
weight of N, which could not btf removed bv., 
experiments on the do^dration or j 
CuO.xB^ V. Spring a. Lucion iZeit. f. aiwni. I 
Cher^, 3, l%\^abstrqct in C. J. 64 [11], 210 ' 
For colloidal, jellydike Cu0.xH^0 Ve^ 
J. van Bemmelen {ZeU. /. auorg. Ch^mis, SjS 
466; abstract in C.-J. OO[11], 101 (1894])l» || 

•Copper, oxybromides * of (vol. ii. p. 360). 
Dupont a. Jansen {Bi.* [3] 9, 193; absfroof in 
C. J. 64 [11], 463 [1893]] obtained the salt, 
3CuO.CuDr;^.3aq by healing vuDr.^Ai^with CuO 
in a sealed tube at 200^, or, better, by heating 
neutral dilute CJp..DrjAq at 225®; the compound 
crystallised in green rlAmbohodral plates, 9.G. 
4'39. 

Copper, oxychlorides of (vol. ii. p. 260), v. 
IXouBBcau, 0. R. 110, 1261 (absfmct in C. J. 68, 
1058 [1896}). 

Copper, oxysulphidos of (vol. ii. p. 260), v. 
Cliche, Ar. Ph, 228, 374 (abstract in 0. J. 58, 
1211 [1890]).^ • 

Copper, phosphides of (vol. ii. p. 260). Hir 
desAiptions of Cu^Pj and CujP, piepared by 
heating Cu in vapour of P, r. Granger, C. It- 
113, 140L; and for Cu.^P.^, prepared by l\cating 
tred P wilTi Excess of Cnephosphito and water, 
V. G., C. 23f (a5>ifrnci.s in C. J. 02, 410 

[1802]; and 64 [11], 526 [1893]). 

Cupric sulphide. From experiments on the 
interaction of II.^S and CuHOgAti, and CuHO,Aq 
in presfneo of acetic acid, Linder a. PictoA 
(C. J. iU, 120 [1892)) conclude that a compound 
7CuS.ILS is formed, and that then such coiit- 
{tounds as OCuS.H.S and 22CuS.H.^S are pro¬ 
duced, and finally (CuS)„ is formed. 

QOPPEB-AMMONIPM COMPOUKDS (vol. ii. 
p. 262). Seveml derivatives of cupruintn<.<o(}/yn 
bromide are described by Uiobarda a. Shaw 
(P. Ayn. A. 28, 247 [1893]). 

FEBBICYANIDES. 

* Barium ferricyanide (vol. ii. p. 337); v. 
Rammelsberg, J.pr. [2] 39, 455 (itbstract in 
C. /. 66, 960 [1889J). 

lead ferricyanide (vol. ii. p. 339) v.*llam- 
melsberg (he.). 

Sotassmm ferrli^anido (vol. ii. p.4339); v. 
^%r, Chem, Zeit. 1^, 1701 [abstract in C. J. 


Kas^ 

68,862 [1890]). 




DIDTMITT J (vol. li. p. 382). For aa (lives * 
ligation iifto the separation of ana P>, v. 
Kriiss, ^.*265, 1 {hbstract in O’. J. 6i,*1421 
[1891]). Pk>r the ^iGsion spectra of '4)xidcs of 
^neodymium and prascodyirihir^ v,, IlaitinRiir, 
Af. 12, 362 [abstract in C. J. 62, 2 [1892f). 
^ad (0. J. 65, 313 [1804]) says that Di.p, is 
•inohSnged at o. 1750®. '•* j ’ • “** ' 

EBBICX (vol. ii. p. 456). It'or^e separation 
of compounds of Er and Di, v. Kriiss, A. 265^1 
{abstract in C. J. 00, 142| [1891]). ^ 

EZBBXTB8 p. 547). J. Bei^- 

melen a. Hk>bb’n (J. pr, [2) 46, 497 f 18j®^) say 
that Fe^O,.E 2 C'and FeP,.1^0 are obtaijod, in' 
erystals^by conkinped hea^g FeP, oona 
KOHAq eand XaOHAq lespeotivd^ y; these 


fenitei are awnapvMu u* wAter, 
FejO^HnO. • ’ 

^LAkB (voL it. p. 5^9). Beferenoa should 
be m^de y> Smithells a. Ingle on * The Strnotura 
and Chemistryviof Flames' in O. /. 61, 
[1892], tand^ LeWes on *The Luminollty of 
Coal-gas Flames* in ibid. p.*332. * ’ 

FLUOBBYDBIC (vol. ii. *p.* 3SS): 

Berthelot a. Moiifsan ((f^R. 109, 209 [1889]) give 
the tSennal dU'tn [11,FJ ^37.600 ; [H.F.Aq]* 
49,400j.' i'ot the description of an a^qiaratus for 
purifying HFAq, V. HfHuiltqn (C. Sf, 60, 252 
riSBlM). 

PtBOBlNE (vol. ii. p. 560> Moissan (0. B. 
Ill, ^0 [lB90])^etermiut:J iho at. w. (1^ by oon* 
verting NajCki),, into Nab*, ahd this into Na^SOg; 
(2) by converting CuF. into CaFO,, and (3) by 
ooDverting BaK ^tu BaSO,; the of the 
results regardo^hy M. as the most trustworthy 
wa.s 19*05. V.D. at the ordinary temperature, 18*8 
(Moissnn, G. It. 109, 861; t>. abstract in C. J» 
58, 208 [1890]). A cubing of F one metre long 
shows no •il^finiic absorption bands (M., lui, 
p. 93jf) if for the cinission spectrum v. M. 
[l.c. ^ abstract In^C. J. 58, 329 [1890]). F does 
not liquefy at —05® atsthe ordinary pressure 
(M., A. Ch. 10) 2r,, 125 [1893]). Gladstone(P.Af. 
[oj 31, 1 [1891]) has determined tlie atomic 
h'lic.tion of F in 0.,II.,F to bo as follows for the 
dilferout lines of tlio solar spi^truin, at»22*8® : — 

A 0 D ' F 'H 
nl. refraction *63 -63 *.53 *48 *44 *35 
Tim values are much smaller than those (oi*’01, 
J^r, ur 1, which are 10-0, 15'23, and 25*2 for the 
lino A. 

According to Brauner, (0. X 
65, 393 [1894J),F is given off when 3KF.PbP,.RF « 
(s'«LP'AI) TKTiuri,uoiii]>K, p. 145) is hoalod to dull 
rodneb%. 

Jicactions.-^F combines with the more 
porous forms of carbon at the ordinary 'lem* 
perature, with incandi-sctmco, forming CF4; the 
denser forms of C combine with incandescence 
at fr*>m SO® to 100® (Moissan, O. B. 110, 276; 
abstract in C. J. 68, 557 [1890]). For a dls- 
cussion of the chemical relations of F| 9, 
Moissan, Bl, [3] 6,880 [1891]. 

OALIdVU (vol. ii. p. 597). Lecoeo de Bole- 
baudran [C. Ii. 114, 815 ; abstract in C. J. 62, 
930 [1B92J) gives moasurements of the chief 
liiJr^ in the spark emission siiootri^ of Ga; th8 
spectrum varies much according to tl^ oondi- 
t^uns under which the spark ib*applicd. 

GERMANIUM (vol. ii. p. 610). A ne# 
mineral from Bolivia,Wu/ivfdtfe, iden¬ 

tical in composition with argyrodile from Frei¬ 
berg, but cryflalUsing in isometric forms (tlie 
form of argyroiiifc is monocHnic), kl descrioed 
by jT^nfiold in Av^. S. [3] 4G, 107 (abstract in 

a J.ViCii], i^iciaOiiv . 

O GOLL-'iVol. li. vp, 6i7). M»At (iV. 46, 71; 
abstract tn C. J. 58, 708 [1890j}.4ha8 re-deter¬ 
mined the ah w. of gold oy various methods; the 
mean value obtained is lu6*9, but the value 
196*88 M. thinks is more trustworthy. The mole¬ 
cule j^jsold in dilute solution in tifanls probably 
monatomic (Heycock a. Neville, C. j, 57, 876 
[1890j),.> Gold volatilises considerably in the 
electrlo furnace with a ourrentof 70 volts and 
860 amperes (Moissan, C» •& 116,1429 [1808]^ 
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Concerning the ▼olfttllisatlpnt^f v, Bose 
{G. J. 63, 714 [1893]). Neumann {M, 18. 40 
[1899]) says that gold absorbs from 33 to 46*5 
times its'volume of 0 at o. 450^. According to' 
Petersen {2. P. 0. 8, 601 [1,89k]), the heats of 
formation of AuP^.SHjO from goli*,t(l) reduced 
^om^^uClj, (2) from fAuBBr^, ^nd (3) from 
AuBr, didfer veiy markwy. ^rom the results 
of many experiments on the reaction b^ween 
gold and KCNAq, Maclaurin (0^.^ J. 03, 721 
[1893]) concludes that 0 must be probent to 
accomplish solution, hnd fhat the equation 
4Au + 8KCN Aq + 0^ + 2H.,0 = V 

4{AuCN.KCN)Aq-l»‘4KOHAq (Eisner, J. pr. 37, 
3513 [184^) exprfcsse^ihe propoM ion between K 
and Au in the solhtion. ' 

Gold, alloys of (vol. ii. p. C48). For an alloy 
with Cd, AuCd, V. Uoycock n* Nrville ((?. J. 01, 
914 [1892]). For alloys with Cd and Sn, v. 
H. a. N. (C. J. 60, 936 [1891]). For alloys with 
A1 and Sn, C(>and Bi, Cd and Pb, and Cd and 
TI, V. H. a. N. (G. J. tt5, 06 [IH'-^D- ^For alloys 
withCdandwith Zn, prepared by irnn.ersiiigplatos 
of Cd and Zn in solution of^a .‘^altol gtld, v. 
■ Mylius a. Fromm {B. 27, 030; abstract in J. 
OG [11], 235 [1894]). « 

'ya Gold, bromides of (vol. ii. p. G18), Petersen 
’■*(/. pr. [2] 40, 328) upholds tho existence of 
Au-^Br, against the statonicnta of Kriiss a. 
Schuii()t fZi. 20^2f.41); in a later paper (J. pr. 
. [2] 47, 301)(’K. a. S. still maintain that AuMr., is 
the ultimate product of the reaction of Br with 
gold (i>. abstracts in C. J. 114 [11], 120,281). 
the double salts AuBr^.CsBr and AiiBr.,.UbBr, v. 
Wells a. Wheeler {Ain. S. [3] 44. 167 [1892]). 

Goldj chlorides of (vol. ii. p. G49). Petfrsen 
(IT. JM*. [2] 46, 32s; 48, 88) maintains tliat 
Au-;CJ^ is a definite compound; Kriissa. SchmMl 
(/. pr. [2] 47, 301; Zeit. f. anortj. Chcinic, 3 
421)^say this substance is a mixture (v. abstracts 
in C. J. 64 [11], 126, 284, 474 [1893]). 

Double salts of AuCI^ with CsCl and RbCl 
arc described by Wells a. Wheeler (Z.c.); for a 
dopblo salt AuCl,.AgCl, v. Hermann {Ii*. '27, 
596; hbstract in C. J. 6G [11], 231 [1894]). 

Gold, sulphides of (vol. ii. p. 651). Concorn- 

the conditions of formation of Au..,S , v. An* 
tony a. Lucchosi {Q. 19, 545; abstraci in C. J. 
68,1216 [14^90]). 

Auric sulphide Au.^S,. This compound is 
formed, ocoordiiig to A. a. L. {G. 20, 001; 21 
fll], 209; abstracts in C. J. 60, 526; 62, 
(lH92j), iby passing UB into a solution of 
AiiCl;,.LiCl kept — io^ Extracting LiCl by 
absolute alcohol, and-dr^ijig in N at 70°. Au.S, 
is a b'mik, amorphbus solid; docompoi^d by 
heat at 200°-206° to Au and S (for other reactions 
V. abstracts, l.c.). ' » ** 

Schnoiiler (Cf. S, Geol. Survep Bull. No. 90, 
6^[1892])obtained aqueous solutions of colpidal 
Au..a and Au .S .p . ' 

HTDBAZOdC ACID (p. p. ^X^^Addenda), 

HYDEOOEN (voUiii. p. 71!»V The ratio .he- 
tween the denshties pf H'and 0 id 1:15*882 ; tho 
weight in giams of 1 litre of H is *08991 (Bay- 
leigh, Pr.pth, 134 [1893]). For solubi^ \n 
water, and in alcohol, v. TimofEeff {2. I\ C. 6, 
141); Winkler (B. 24, 89)^ Henrich {Z: P. C. 
9, 435); {abstracts in C. /. 60, 15. 384 [)891]; 
82. 1043 [189*2]). For the line spectrum of H, v. 


S0,|S [1890]); an< «/. Orfla 
L; abstract in C.^. 62, 1381 


I A«es {P. M. [5] SO, 

‘ wafd (M. 13, 111 
C189tf]). 

Wilm (B. 26, 217; abstract In C, J. 62, 56S 
j[1892]) depivibcs a lecture experiment to show 
the occluskm of H by Pd. Regarding t||^ o<iclu- 
sion of H by other metalb v. Streintz 12, 

, 642; abstract in C. J. 62,r667 [K92]). * ^ 

! Baker (0. J. 65, 611«[1894]) found-thaf'a 
mix^t^e of equal voluws of dry H and dry Cl 
did not explode in bright sunlight, and that 
I more than a quarter of the mixed gases *re- 
j mained uncomlnncd after exposure* for two days 
|i4« ditTused light apd two days to bright sun¬ 
shine. ‘ 

j Reactions. —Neumann {2. P. C. 14, 193 

' [1894]) has examined the reducing action of H 
! occluded by Pt on solutions of salts of Al, Sb, 

I As, Bi, Cd, Cu, Co Au, Fc, Pb, Mg, Mn, Ilg, Ni. 

I Pd, Ag, Sn, Tl, and En. Regarding the rate of 
coinhi nation of H and 0, v. Wate^ (p. 800). 
Regarding the explo-sion of mixtures of H with 
, 0 and Cl, V. CiiLoiuNJi {Addend<i, pp. 904, 905). 

} ‘Hydrogen dioxide (vol. 722). Schone 
I (Z? 26, 3011*. 27, 1233 [1B03-4J) alKrms the oc- 
i curreiice of in tho atmo.sphcre against the 
contention of Ilosva (B. 27, 920). 

I Forumfion.—Regarding tho formation from 

ether v. Dunstan a. Dymond {C. 574, 988 

[18!)0]). II.XKAq is foftiied |^)V the a^iou of light 
on JLOPjAq, excess of 0 bi'in'g present (Ricliard- 
-sou, C. J. 6-5, 450 [1894]). Jtichard.son (C. J. 
63, 1110 [1893]) has exuniined tho formation of 
IPO^. in urine exposnd to sunlight. ^ 

' Preparation. —By making commercial 3 p.o. 
I7_;0 Aq distinctly alkaline by NaX-Oj, ftltering, 
aCiaking with 10-12 vols. of ether, separating the 
ethereal solution, evaporating this to *01-*0025 
of its original vohimo on a water-bath, and re¬ 
moving the rest of tlie ether by stancling it\ a 
b»U-jar over solid parallin, Shiloh {J. Ii. 25,293; 
abstract in C. J. 66 [11], 1S6 [1894]) obtained a 
thick, tr.ansparont, slightly acid liquid, S.G. 
1*2475, containing 70*0 g. Xip.. in 100 c.c. For 
preparation of cone. H.O.Aq v. Talbot a. Moody 
{absfrac.t iif- C. J. 04 [lij,‘369 [1893]). 

Molecular if'cujht. Tammann in 1889 
{2. P. Or 4, 4 41) by cryoscopic measurements 
determined mol. formula tp be II,0^; but T.’s 
results Oere called in’question by Curr^.i in 
1803 {O. 22 [1], .3^11), who found mol. w. 33*92 
(Rr.O.;) Horn cryoscopic measurements, and this 
Vesiilf. \Ya.'’ cdhhrmed by Orndorlf,-a. White {Aui. 
15, 34'l.[1893j}.,.and also by Tammann hiimiplf 
{2. P {\ 12, 431 '1803]). , '' 

Bmef/ons.-Regarding tV© rencticn between 
IRO.Aq ^ind KMnO.Aq, v. Engel (B{. [3] 6, ITu- 
abstract in <?. Jf{^277 [1892J). 

Hydrogen sulphide (vol. ii. p. 725). Henrich 
(2. P. C. 9, 435 [1892]) gives tho absorptiife 
*0001601001 of lI.S* by*Wtor as 4*4015-*0tl9117t 
+ *00061954f-*. Hughes {P. M. [6] 33,471 [1892]) 
says tlttt n.,S dried by CaCl; and P.,Oj does not 
fciidcn dry litmus paper, and decs net react with 
BaO,.or Fe.Oj, nor \yHh salts of Sb, As, Bi, 
C3, Co, Cu, Pb, Ilg, Ag, or sV. According to 
r#dler /. 57, 026 [109(^), the equation 
2 H,,aV oOj« 230, + 2 H^O corrcifcly * Vepresenta 
file explosion of H.& and air or &. 

HTDROXYIAMINE (vol. ii. p. f34). f-NR^OH 
has bcea'iaGlatcd. m a cnW/i r 
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(R. T. 0.^». iw; 11 , in C. 7.^,) Hertz {Z. P. 0, 1,358 [1800]) found ib« vtluu 

403, 1391 [1892]}. NH^lLHOi dissolvedrin \ 2o4 for the mol. 4. of iodine. 

MeOHU trAtjsdwithCHjONasolution,and^ost | i^ceorUing to Moinoke {Chetn. Zeitung, 
of the MeOHi&distilledoff at lOOmm.presimre; j 1330), very pure 1 is prepared by ooverifg 
thercsidueisdistilled m8niallporeionaat40mQL I ordmarytl withfO solution of GaCl^ S.O. r35, 
prusnee (for details v. G. 1^;.). %^r the prt^ ! iniscd ^vitl^ little* cone. KIA(j and a fe# droM 
pami<3 from 2NHjOH.7mCl, v. Orisiner, BL ' of UGlAq. dealing until t^el fuses, lotting oooi, 
[3J tiv 793 (abstt^l in^C. J. 62,771 l^or ; washing tlioM, dryinnaiul subliming H^wioff, 

deAiia of soitablo apj^ratus for tlic frnetionnt ioia; the first tinio with addmon of a littlo llaO. 
of NHjDH in j’rtCMo, t’. liriilxl {ff. 26,2508 iJ8'J:ri| ^ I’tr the rea<’iii)rtR of I witli KOIO,, and with 
cf. L. de B., B. 2?, and reply by I KClO/hnd eralor. v. 1’otansium ciiiiOiUTB (vidi* 

1347 [1894]). For thernfal data of NII..OH. y. j daidn, p. 905). # e . 

Berthelot a.^ndre 110, 830; utsf/wMn j ledine monoobloride. (vol* iii. p. 17). For 
C./. 58, 934 [1890]). Hydroxylanune is a wJiito ; tlierflial data bearing on thmtwo forma of ICl, 
inodorous solid, melting at .3.3unjretuainmg ; V. SJhrtcnbeki'it (>J, i*. 0- 10, *183; abstract in 
si^jerfuscd at O '; boils at .58' uniItT 22 iniu. C, J. 02, 13.SJ [1892]). 'JPanlltar (/, B. 25,1/7; 
pressure; doeoiyptoses at 90'- KtO '.Rudilclonatea a^s/rnr/ in (k J. 04 jll], 514)gives dotalls of the 
at a higher tcmperatuit^ S.G. l ;t5; S.(f. w4ien me.ihoils for pri-iHiriiig the tsvo forma pf ICt. 
liquid,1‘23. A drop heated in a test tube explodes lodafes (voL* iii.21). Vor iodateaof ca-sium 
very violently {v. Briihl, l.c.). B., U\, discusses and ruhidimiiy v. Wheeler, Am. S. [3] 44, 123 
the molecular rcfrnetiDii of N11.,(HI. (ahstnict in C. J. tit fll], OH ^1.804]). Pure 

is fairly sHtblo up to 15'\ tlieii giadnal docoiujiosi* , itxlafc- is prepa”eii, ao<5or<ling to Orogor 

tion occurs, giving hill:,, HKO., and 11..N.XX, ' {Zeit. (ituj^iOf Okemit'. 1891. 13), by heating to 
•*•111011 react with unchanged Nli.OIl ])rodueing ; lOO ^«)r*20-3() minutes 20 g. KI in as little 
.jO and N ^.•do ii., Ji. 27, 907^ abslnict in \val.^r as possi91e>1ni\«-d with 40 g. pure.KMnO, 
J. 00 [11], 278 [1891]). For a full V-, in l.ttOO c.c. water, redu'Hug excess of K^^fnO, by 
DUHt of the reactions of NH/JH v. Lobry do i cautious addition of ulcoliol, tiltering, adding 
Iruyn {l.c.\ ahf^tract in C. J. 02, 1391 [1H'.I2)). ' acetic aud till acid, evaporating to c.‘60 
IllpJf.IICI in water ami NaNO.Aq re.act to I w.ashing Iho crystals of KIO, with cono/alcohol, 
jrm Ka.,NiO_.A(| (o. 'lV#i.atar, J. J!. 25, 312; i ami drying. By lu;ating luLO.^ till U fuses, 0 
bstract 60 [11], 130 [18!)4]; t/. ! ami some 1 ar<: given off, un<n{rflni41y rbrnaine; 

Vislicenus, B. *20, 771; dhslract in C. J. 01, 1 no other oxv* cuinjioiinds are formed (Cook, C./. 
;I8:iH92j). For the rea. ti.ms ol ’iNILOH.II.SO, ^ 05, 802 [1891]). » 

vith NaOHAfi v. KolotolT {X it. 2.5, 29.5; ah- j IRlDIUM(vol. iii.p.-B)). From analyses of the 
tract C’. J. 00 [11], 1«7 [isol]). For cone- ' salts l(Jlj.3KCI. aq ami ICIs.'lNlI^Gl. a(l, July de- 
loundyof NH„Olf with niclallic salts, v. Crisiner dm-od the value 192‘7.5 for the at. w. of Jr (C. li 
Bl. [3] 8, 114); Ooldsehniidt a. Syngros (^(%. . 110, ll.'U [inttO]). According to Prinz (G. W 
\ ujio^gr. Cticmic, 5, 129); and Feidt (B. 27, iJ^fs 392 [1893]), Ir crystaWses in regular oota- 
101) {abstracts in G. J. 58, 658 [1890]; GO f 11], ] Iiedraemd in forms d^udved tlierefroni. Myliui 
15^J,87 [18941). Kololoff discusses the con^litu- , a. Foer.ster (B. 25, 00.5 [1892]) atated that Ir h 
;ion of NH..dJ4 in J, It. 23, 3 {abstract in C. J. slightly volatilised wlien heated in a current o 
G4 [11], 11-1 [189.3]). Kjollin {li. 20, 2377) clo- CO and Cl to c. 238'; Antony, however (G. 21 
scribes NHRt.OH and NllMe.OK {abstfa^l in [111, 517 [1893]), asserts that ncytruce of an; 
C. J. 66 [Hj, 9 [1894]). vol#ilc compound of It is formed under then. 

condilionH. • 


IKDIFH fvol. iii. p. 1). The ^nolecule of 
indium in dilute solution ia tin is })crha|is 
diatomic (y. Heycock a. Neville, C. J. 57, 370 
[1890]). Linder a. Picton {0. J. 61, ]“l [1892]) 
fail^to isolate itKBuui^njdrositiphidi^hut they 
thinrthat it is formed by passing II^S into 
water with In.O:,..rIi,.(T in su»)>rnsit>n; ^le c^- 
tinued p-assuge of ILH jjioducfs* In.S^. lU-aA 
(& J. 05, 3134(1894]) found 
ofi'U, In..4Dg, is unchanged at e^f75l) . 

IODHVDRIC AtIB [vol. iii. p. 11). »I^ur the * 
Mol. R. lIIAq*from 20-77 to 07sf)2 p.c., v. '■ 
Perkin (C. J. 65, 708 [iHHljf). ^ For a research 
on the dissociation of lil, v. lAidenslcin {Z. I'.*C. 
i3, 56 [1894]; abstracts in C. ./. 01 [11], 309; , 
6 [M], 12 [1893-4]). Ricki^inA (B. *20, 
as isolated three hydrates of UI : U1.27i G, ! 
melting at 0.-43'^; melting atig>- 48^; ] 

and HI.4ILO, melting at c. - 30-0*^. a • | 

XOBIKF (vol. iii. p. 14). The mol. w. of 
iodine dissolvcA in Et,^# or CS^ was foinid Ay 
Beckmann {Z. Ck5,76 [1890]) to be 254, fr'jm 
dcterminaiioim of the boiling-poinlil*; re- 
suits were cofurmed by f^urai (C. ‘31, 99f 

[1892]}. By *detc{;miningp the Joweving of tko 
f.p. of iiaphtholene by solution t.hcrcin of I, ; 


Irid-ammonium salts (vol.iii. p.47). Palmae 
{B. 22, 15; 23, 3810 [1889-90]) describes a nur 
ber of indo-ann»ouij/w co»i;)i)w>uZa. He call 
tlu-ni ir^iiumpcntummine salts, and formulate 
tlium as Ir(Nil,)^X‘,: compounds aib describe 
where Xj- Cl,. CJHr„ GlI^, CiSO„ Cl(NO,) 
C1C,0„ ClPtCJ,; also vhero X,«B; 
BrNO,, and BrfNOJ,. Ono-third of the Ci i 
|}io salt wljcn Cl, is nd4. removed by tl: 
iiclion of cold lI._,S(),Aq or aold AgNC,Aq ; the B 
actiogs of Urn salts tXM sbnilar to* those of tl 
puipureo-oohallannnines (v. vol.*ii. p. 227) ( 
abstracts in 50, »52 [1889]; 60,402 [1891; 
In li. 21, 2090 abstract in C.^. 60, IB 
[18MJ) P. dest!riln;fl compounds analogous wii 
the iTisef^obaj^c salts Co,(Nfl:,l.o(n 20 ).^X",.Jr^h» 
4 Q the l.^dltsvai* alibost coiArlcss, P. thinks 
the prehx roseo- is unsuitame* ho calls them 
iridium atj*u)^ertkimmthes^&n<i formulates them 
a3''Ir(Nn,)i(l\0)X*,. , Sa^a ai^ described in 
which X,«13r„ Cl„ and (nO,),. The^AZonde 
ia(Nn|)^(H.p)Cl, is formed by bdlflpg, for five 
houfs]^ g. Ir(NH 3 )^Gl, with 11 times the oalcu* 
luted weight of KOIl in 50 c.o. water, filtering, 
partially freezing tne filtrate, adding 30 c.o. 
fnmirig EiClAq, washing the pp. thus formed 





m 


IRIDIUM. 


. Kith 93 p.s. cold HOlAq and ^ilea with alcohol, 
diaaolving in water, and agahi ppg. b; oone. 
HOlAq (tor detail! 0. [Attract in 0. J. 60,1\66 

tribromide (toI. iiL, p. 48^ • cS>m* 
p^oundB'vf this bromide with PBr, aw doioribed 
by Geiserrheimer (C. 111, iO ;*^stract in 

0. J. t>6, 1383 [1890])!. jtBy hoatiiJg IrO,.*H,0 
with IrBr, and PBr„ re^needled of IrBr,.3PBr, 
are formed *, by heating this witbn PBr„ vlack 
crystals of lrBr;,.2PBr„ are produced^ 

Iridium tetrabromido (vol. p. 48). Gelsenw 
heimerff.c.) describes the compound IrBr4.2POI,, 
ubtainea by heatinQ IrBrg.BPBra with PCI,.' 

Irldiupi trichloride (vol.. iii,i p. 48). :The 
fohowing compounds With PCI, are,described by 
Qeisenheimer (C. R. 110, 1004; abstract in 
C. J. 68,1068 [1890]). IrCl.,.3PCl,; IrCU.OPCL; 
IrOl,.PClv2PCl, ; IrCl,.PCl,.PC;v Various 
oomiK)unds of IrCl, with HjPO, and H,PO„ 
and salts of ,these, are also described. G. 
(C. R. 110, 1330; ab.^met in C. J. 68, 1069 

S also describes the complex compounds 
l,q.6A6Cla and IrCla.2PCla.2AsCl,.. tlio 
salts IrCla.SKCi. aq and IrClyS^lnvCl. aq, v. .\oly 
(O. B. 110, 1131; abstract in 0. J. 68, 1007 
[1890]). For a description of IrCla.3TjiCi. xaq, v. 
JLlitony (G. 23 [1], 190 ; abstract in C. J. C4 [11], 
880 [1893]). According to A. {Q. 23 [1], 184; 
abstract cT..04,^11], 379 [1800]), the passage 

,of H.,S'thrcvugh a 2 p.o. solution of IrCl;,.3KCl 
produces ppg. which are mixtures of Ir,S, and 
IrS.,.** 

Iridium dioxide (vol. iii. p. 60). For methods 
of preparing IrO„ v. Geisenheimer (C. R. 110, 
866; abstract in C. J. 58, 948 [1800J). 

• Iridium disulphide (vol. iii. p. 60). is 
obtained by passing over IrClH.31jiCl at , 
to 7°, washing with absolute alcohol, and drying 
at 90® to 100® in a current of CO.^ (Antony, G. 
23 [I], 190; abstract in C. J, 64 [11], 380 
[1893]). 

IBOK (voh iii. p. 51). Lockyer {Pr. 64, 359 
[18d3]) gives the euiUsion spectrum obtained by 
using viiry fine olcctrolytically deposited iron as 
the pol^ of an electric lamp. 

. ^ Properties and Reactions. —Iron volatilises 
in the electric furnace, using a current of 
360 amp6res and 50 volts (Moissan, Cf R. 116, 
1129 [1693f). Iron is Buporficially oxidised by 
heating to dull redness in NO (Sabatier a. Sen* 
dsrens, C. Rt„ 114, 1429 [1892]) ; heated Lp 
NO.^ to 0. 850®, reduced iron is oxidised with in* 
oando80ci7ce to Fe^^O, (S. a. N.> O. R. 116, 236 
(W192] ; cf. abstract Iq 0. J. 66 [11], 95 [1894]).'' 
Montemartini {O, 22,iCl]6n250) says'that 

andN are'formed by the solution of iron in 
excess of 27*5 p.c. HNO,.^q (for, quantities, u. 
abstract in 0, J, 62, 1278 [18J2]). For quan* 
titles of iron dissolved by H^O,Aq of dilt^snt 
concentrations, v. Gautier a. Qharpy {0, R, 
112,1461; abstr *ct in O. /. 60,1*20 r^Olj). 

Passivity of i7\>n. Concerning the passi¬ 
vities of steel 'hnd wrpu^ht ire i W IdNO^Aq, u. 
Andrews {Pr. 4b, li6;^49, 481; abstracts'in 
0. /. 60,.260, and 64 [11], 16 [1891 and 1893]). 

Iron, bjrf.noehloride of. The com)j^ut^ 
FoBrCl, whs obtained by Lenormand (0? i2. 
116. 820: abstract in 0. J. 64 [11], 877) by 
heating FoCl, with excess oi.Br in a sealed tube 
nt c. 100®. The componnd is opaque in' thin 


Boottons, and green b«refleoiod 
liquescent; orystalUm probably is hexagonal 
plate|; easily sot alcohol and eth4V, OS^ 
can be sublimed by heatiAg is a tube containing 
a little Br.^ c 

Iron ear^de. Arnold a. Bead (0. J. ^5, 788 
[1894]) confirm the existence of Fe,0 sW 
(u. Abel, Proc. Inst. MecJyan. Engineerst M86. 
rO; siso MUIlor, Stahl mad Eisen^ No. 3)r{ 
. [. a. B. say that two fppqs of Fe,G are found 
i li ateti& 

Iron .carbonyls. In ^891 Mond a. Quincke 
(0. J. 59, 004) obtained a compound of Fe with 
(TQ,; further investigation of the reaction b/ 
Mond a. Lenger {C.J. 69; 1090 [1891]) led to 
the isolation of two compounds. 

Fcrropentacarbonyl Fc^Ql*. Mol. w, 
195-'55. V.D. at 142“i93-2, S.G.‘J-1-4604; 
distils completolyC without decomposition, at 
102-8° under 74‘J mm. pressure j solidi&es at 
-21°. 

Preparc^tion.—'PeO.^O^, ppd. by adding a 
slight excoes of K^^C^O^Aq to hot FeSO^Aq, is 
well washed, and dried at 120® / it is then 
belted in a slow stream of H, temperature being 
rair ed until the substance in the tube is blsok, 
and then kept constant until gas ceases to come 
ofT, when the current of H is stopped; the pro¬ 
duct is allowed to coo] in H, placU ^n water 
without coming into the aiiv- and ti^ated with 
successive quantities of boiling wtficr until sul¬ 
phate is removed ; it is then quickly dried on 
plates of gypsum, placed in the combustion 
t'lbe, heated to o. 30d® in H till quite and 
allowed to cool in H. The t^he is tbra con 
n^ted with a gas-holder containing CO, and the 
ir is completely displaced by CO; one end of 
the tube is then sealed, and theo^ien end is kept 
in connection with the supply of CO. After 
24 hours the tube is heated to c^ 120®, while a 
slo'w current of CO is passed through it, and the 
issuing' gases are pissed through a tube kept at 
— 20®. When iron carbonyl ceases to come over, 
the tube is let cool, and is then again put in 
connection with the CO supply. These processes 
are repeateifmanv times; the daily yield of the 
carbonyl is not more than c. 1 g. from 100 g. 
iron. • 

Properties. —A pale yeIlov> somewhat viscous 
liquid; unchanged in me dark, but inMiUn- 
8*il!38 solid «Fe^(CO), (v. infra ); slowly 
Recomposed qn exposure to air, giving chiefly 
Fe,0,.*u:IL.0; aompletely decomposed at 180® to 
Fc and' CO; 'eolublo in EtOH, Et,^0, C„1 t„, 
mineral i ils, ifec. (For S.G., v\D., &o., v. supra.) 
Fe(CO)j if not acted on by dilute 'H,SO,Aq, 
HQlAq, or HN03.j\.q c4 the ordinary temperature; 
biW is rapidly decomposed—to Fe(NOa)^q^ 
FeCl^q, or FeBr^Aq —by oonc. HNO^Aq, ClAq« 
w^'^Aq. : , J 

Riferroheptacai honyl Fe..(CO),. Obtained 
by exp<^hig FejCO|', in a seal^ tube to sunlight 
for* some hours,'collecting the solid that forms, 
washing with ether, and drying ovei H,S04 
a sboft time. Yellow, Ustrous flakes; g^ually 
decomposed by exposure to air- turning brown. 
Not .^c<Sd nn by H4S04Aq^or' HCHq at the 
temperature: dooompos^l by HNO,Aq, 
\ or Br. „ 

' Iran Mrl^nylg seem to be present water* 



I: ibo Jimetlmes in oAbpressed coal-gas 
’ j a. Scodder, 0, J. Proc. 1891. No. 101} 
.. ■'"* ''hiila 


l]feA0. ™ 

that Ihera U praollpally no hydrolytic fliasociar 
tlon. Cryoscopic actcrminalions ahoww that 
'TwrouTAlori^^ iiirp. 63). "chAs#* theSnolecules in a dilute ^iucous solution «• 

Hnt (A. Ch. [61 30. 6*[1698]) describea tho chiefly FelV but indicntetHhe existence of 

iii. p. 69). F,wl.r 

r*%ip ohlorld. (M iii. p. 64). By dolor- (C. -V. 68, Idf [189aj) 

miningtheviBeoib.p.oJ alcohol andetherwi.on reduced iron m » 5,■ 

Feg.'u dissolved in*these solvents, ' 

inn IM 614- abstract in C. J. 60 rill,.282 1 Fe*io oiide (vol. lii. p. 61; also p. o7 lor 
11^41) ends that the* ivi*lccu1nr formula of tho Ibi/./ni/c^. 

ihOe in these solution, is I cCl, FeCl A.j f to Fo OAlioa^ J .ne ed ind 

reacts with many mertlllio sniphidcs,-wlumj trm furnace l e.O is foiAcd, part y inelted ana 

heated thcreatth in tipaled tubes; FcCl,,\ci. S,*^ partly,crystallised (Mo.ssan O. “'’j J®'" 
anS achloride of the metal « tho sulpliulc arc ; 1^^. Accordmj; to J. 
irenerally formed (Cnmmerer, 0. G. W.H [11 . Ivlobbio (./. i>r. [S! 4l) 41 7 A i-f.''*'*''*®''" 

frS j atefmct in C..,L 62, IH tl«>2j). Seeb.-. t : F,...0,ll„l) is oUtame.l by Ueato.e uath wato the 

B, nravr-a.* /II tin 


DoiTcr {ZHt. y. ~(mor^._CJu'Hiic, 5, BIJO, 411 


^ . .. uioro. Chi' , , ^ 

t>. absfrocts in C. J. 66 [llj; 140,100 [1801;) iiav 
made a full invesliKation of^the intomctii‘ii 
of FeClnAcj and-KlAq; thoir results are in 
keeping with the hypotiicsis that Uio direct re¬ 
action reCl,Aq •» KIAcj =FeCl.^q KOlAq-t-IA<] 
is counterbalanced hv the revoi KO , react ion 
IfeCLA-q t + lAq =» FeCl.^tj + KlfVfl. 

S. a.'D. tliink that tho lirst stii^;o of Iho re, 
action is to produce an iodnchlovidf; tl 


hoxa'^oiml crystals, of r«'.<),.Na,0 fovinod by 
heating F*'j0,fo»'8somc tinm wiJhconc. NAOlIAq; 
tho crystaflino l-lo.Oy.ll.O is imt hygroBoopio; 
II.X) is given olT below 100'*. 

Iron, oxychlorides of (vol. iii. p. t/®). Rousseau 
(C. H. 110, WKJ'i ; lia, 6i;iV 116, 392 ; abstracts 
in C. J. r>8, 1(>*3 |181>0j; 62, 119 [1892]; (>4 [11] 
fiq. I 2 H 0 flSfl;tir(Jcs(ojb 5 S cbnipounds a-FcCl;,.yFe.p„ 
rc| RiinietA-v.-itallinc and somo amorphous, formed by 
hu.s ; ht aliug FcCl.Aq at diffor't'ht temperatures, and 


i^Cl^q'+KiAii = l*'cICl..\q + KClA<i; that tliis | also by tho interaction of FeCl, and steam 
then docomposcB, more or h'ss compU'tely 
(according tcfVonditions of comentration, time, 
tAnperature,,^ud mass), in'^ FeCL.\q amt lAi^; 
and tliat Ferf/'^Aq, ‘ffud prohahly l’e(.9.,A<i. are 
ro-fonued until e»iuilibrium is establisheil. 

S. a. D. do not agree with the exphuuithm of the 
mechanism of the reaction ^iven by Cam* ;.do 
Iv. vol, iii. p. 66). lloozcboom (/f. P- G. 10, 177 
11802]) IThs investl^fited the conditions of equi¬ 
librium in aqueous solution of the/i?/./rn/c.s of 
FeCl,; he ba.^ isolated hy^lrates 21 -'»;('l..rll./) 
where aj = 4, 6, 7, and 12. (i'or details, v. 
ahstitmt in C. J. 64 [11], 119 [1893;). F^ 
a study of Ih? interaction of FoCl.Aq atm 
oxalic acid, v. Lemoine, 0. R. 116, 08l {ab.^rnrt 
in C. J. 64 [11], 405 [1893]). A compound of 
•F >Clj with 7iitrosyl chlurii-li', Fe01^.NOC<l, was 
obtained by Sudborough (C./^59, 660 [1^91 ]), 
by immersing iron in liquid N^CI, and letting 
the liquid stand cp^cr H.SO,; tho comiwiind 
forms small golden-brown, dcliquoHccnt^cryltals 
(cf. vol. iii. p. 66 ; Comh'mthns, No. 7).. 

Fdjjpus fluoride (v^ lii. p. 56). F(a'’„ was 
vMnained by Poulenc (u. R. ll^, 9]1 ; 

in C. /. 64 [llJ, 122 [1893]) by passing.. 

ECF over red-hoUron or dry FcCj; jjmalV wWte, 
rl’.cUbbic prisms; S.G. 409; dec^mposMl by 
hruting wi^iji J^a-jCO„ steam, air.jHt 1, 

Feme anSride (v’o'l. iii. p.-'SG). d’onl.Aic (f.c.) : b”sie ni'tmrc fHi£t,.-iHcr ^'Bcn.lcrcns, 0. iJ. iii' 

obtainedFeF„insmall, very reVnctivv.gnonislv 1429^,115, 2.WU828j). _^ ___ _ 


LAKTHANPM (vol. iii. p. 116). Bctlendorff 
(.4. 256, 159 [1890!) obtained Ih' valurf il38*2S 
ffjr tho at. w.; and Branncr {U. 24, lirSH [1891]) 
ll )0 vnliip 13H'21 (() • It*). • 

Winkler {B. 24, 873 [189!]) obtained results, 
by hc.iting liaX), with Mg in II, which pointed 
to the existence of a hytruhi of Lo (c/. Rrauncr, 
/.c.). ® 

LEAD (vol. iii. p. 122). .The molecule m 
dilSfto solution in tin is prouahly monatomic 
(Haycock a. Neville. C. J. 57. 876 (18901). The 
in.j*. of lead was found by (Srithths a. Caleiitjar 
(using a Ft tlicrmomctcr) to bo 327*69° {C, N. 
03, 1 11^91 j). Jjchmann {Z. K. 17, 274 [1890]) 
says that lead Bcpanitcd clectrolytibally, by a 
weak Current, crystaHlscs in Icallcts that, ar^ 
probably monosymmetric, but lliat tho crystals 
are regular octaljc<lra when separated by s 
strong current. Veley (5. C. I. 10,206; sum-*' 
niary of couclusions in 0. J. 62, 410 [1892]) has 
examined llio interaction of lead and ni’^ic acid: 
i' was I an acid of intermediate concentration acts most • 

obt^;,^o«lene;(^ /e:-U5, 9]1 rapid^i j 1^0 ' 

' [1892]) found tliat a little Nil. was produced, 
c.s(**‘’‘cially with dilute JINO^Aq. Load rapidly** 
oxidi.'.es to I’bO when h^cd in NO oxidation 
oceurs^at c. ’ in NO^ with for-nation of a 


.....JHWllCA* * 04 . 3 , .-.y -- --'O 

crfstals, S.G. 8‘87, by pa^^smg IIF over rcd-liot 
ifon, Fe-O,, FeF.,.aaq, or FeCi,; also by dropping 
FeP^icaq into fused AraCl fihd leafing in a ct/V- 


rer,.xaq mtu luscu xaiu*.'* ... 

rent of on inert gas. FeF, does not fu^e at 
1000'’; but ih’decomposed by licatiijg in a'i, alsi, 
bv fusion with NvCO„ by boating in steam, or 
w'lth HCl or H>2,-.; AcdSrding to Bperaisky 
(J. B. 24, ^4 i /uis^act in C. J. 04 [11], 314, 
[1 93]), FcF,A(ysboW8 a very small jlertjyal 
conductivity; ttee is, therpBre, no apprec|>blo ■ 
el. otrolyflfc dissociation; as thfe solution scarcely 
effects any ■nversion, of cane sugar, B. sftmcludee 
Voi, iv. "• 


Le^, bromide of (vol. iii. p. 12.3).'^ Several 
^uWTamixmwH ot'Fblir, with alkali bromides, 
liave bcci.ljlsscri’l^d.^ For PbBr-.l’lAmBr. a^ 


2 FbI)r.,.Aiiiir, c[\veils a. Jolifdtc.'n, Am. 8, [8] 
46, 25 (ahstrtcfiln G. .7. 64 [11], 523‘?1893y; for 
'pbBl-...KIir.iaq and FbBr,.2rK15r. aq, o. Herty, 
Am. 15, 857 {abstract ih Oi J. TO [11], 465 
[ISId])! Jor 2PbBr...UbBr and 2(PbBr,^BbIA'). aq 
.11 jierirjai 1 «. WolisiTAm. 8. [3] 46, 34 {abstract in^. J. 60 
appree4bl0.| [11], 824 [1893]); and for K,Pb,Br,.4^ and 
i:„„...r»si.>K,pb,(B¥I),.4aq, ». W-^ls, Ijs. p. 190 {abstract, 

U.p.‘ 6 a 4 ). 
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taU, pUnUei of CroLfm. n. 125). ^ U894]}, trb«Ii7dri^2PbO.H/>fj|li2l»>l2r 
^texnetit» on p. 125 (v,ol. iu*)» &at only one is obtained in Urge orjstala^by aliovjiig 
ehloride has been isolated is no longer true; tioftofPbO in KOHAq to oo^ iy tbealrTcC 
PbCl| was prepared Friedrich in 1893. is absorbed, and the hydrate, is deposited ii 

, Lead tetrachloride (vol. iii. p. 1^6). PbOl^ 11 oolourless, tetragonal* crystals, a:&:c ^ 1:*E2. 
has been obtained by Friedrichc(B* *2d* 1484; f (LuedekiiKf Am, 13,120 [1891]). « ’* 

abstract in C. J. 64 [11], 415 [18CI5J; e/. M. 14, Bed^zide of lead (vol. iii. p. 180). «Huioktn 
605; abstract in ‘Ct^^jB6 [11], 16 [1894]), by son a. Pollard (C, J, 6#, 1136 [1893])^ h5ve ex 
padsiiig’Ol into HCli^ontainir^ PbCl, in sas- amined the reaction of^Pb^O* Vith glaoialcacetit 
pension, adding NH4CI to tbo* solution thus ob-r aci^ and have isolated lead tetradbtaU 
tained, separating and drying-the compound" Pb3SH,Oa)4i melting^ aU c. 175®,* and decozn 
PbCl4.2HIl,Cl thus formed, addi.«g if’to cono.' posing a little abdve that temperature. * 
cooled aliowjing the oily drops that The fonhula Pb0(0CsH,0), said k 

formbd to collect at the bottom of the vessel, and ' be assigned by Jacquelain to tbs salt obtained 
shaking these irops ref^atedly (and (feickly) by him (vol. hi. p, 130, dbl. 2, line 28 from top; 
with cono. PbCl^ is atr.''.nsparent, yellow, and p. l.*^!, col. 2, line 24 from bottom) should 

very refractive ‘liqdid, fuming moist air with have been given as Pb0.,(0,Hi,0,), old notation, 
formation of PbClj and Cl; it is unchanged in Plumbates (vol. hi. p'.^X32). Eassner {Ar, 
contact with cold cono. but when heated Th. [3] 28, 109 ; absk^ct in 0, J. 68, 661 [1890]) 

with the acid it decomposes e^plosivdfy to PbCl^ describes plumbates of Ba, Ca, and Sr. Be* 
and Cl; when heated with oonc. in a garding the dissociation of Ca plumbate, v, he 

current of Gl, some PbCl, passes over, but at 0. ^ Chatolicr (O. 21. 117,109; abstract^xx C, J. 64 
105® explosion occum. PbCl* has S.G. 3*18 at [11], 624 [1893]). 

0®; ate. —16®it solidifies to a yellowish, orys- i Lead ozyiodides (vol. iii. p. 132). GrOger 
talline mass. A hydrate is formed uitl\.a little ' (,lf. 13, 310; abstractin 0,-J. 62. 1892} describes 
water; but addition of mfii’d water produces' ' the coinpoand PbO.Pblj. 

HCIAq and PbO.^. l^y adding imC), to a little Lead, salts of (vol. iii. p. 132). The salt 
cooled cono. HCIAq, a crystalline compound, rb(O.^HjO.^)4 (v. supra^ Red oxide of leiid) 
probablyPbC1^.2HCI, is formed. longs to the type PbX**, to which form PbOlf 

Several double salts of PbCI, with alkali also belongs. , 

oblor|da3 havoi‘ been isolated. Classen a. I Lead, sulphide of (vol. in. p. 13 )). Accordmg 
Zahorskb {Zelt. f. anorg. Glxemie, 4, 100) give | toHannay {G. J. Proc.,^o^, 139^arU 141 [1894]), 
the formula 2PbCl4.5AmCl to the salt formed by i when air is passed into molten VbS, one half of 
dlikoBting PbCl.^ with li(iuid Cl and fuming the lead remains as lead, and one half is volati* 
HCIAq. and adding AmCl; but Friedrich {lx.) \ Used, and deposited as PbS; H. accounts for 
says the compound is PbCh.'iNll,Cl. For com*..' this change by supposing the reaction to be 
pounds PbCiv2MCl, when M = Nn„ C8,J{, and ^2PbS + 0.^««Pb + PbS.SO,, the volatil<k PbS.SO, 
illb, V. Wells {Avi. 6'. [3J 46, 180; abstract in ^ being decomposed in the colder part of tha 
G. /. 64 [11],623'[»1893J); C. a. Z. (/.c.) dcst:.rjbo apparatus to PbS and SO., 
compounds of PbCl, with tlie hydrochlorides of . Lead sulphobromide * and sulphoohlorida 
pyridine and quinoline {abstract in C. J. 64 [11], I (vol. iii. p. 133). Parmentier (C. B. 114. 298 ; 
461 [1893]). i (Abstract in C. J. 62, 685 [1892]) obtained the 

Lead dichloride (vol. iii. p. 125). Several compounds PbS.PbBr. and PbS.PbCl~ by dis- 

double comvouivds with alkali chlorides are dc* solving tlio halides in their acids and shaking 

scribed by Bandall {Am. 15, 494 [1893])Wells the liquids while H.^S was passed over the sur> 
to. Jdhnston {Am, S. [3] 46,25 [1893J); and Wells . faces of the solutions. * 

U.C, p. 34). The compounds are of the forms ; LITHMIM ^ol. iii. p. 147). Guntz {C, 2?. 

, Pb0l2.2MCl, PbCl3.3MGl.(raq, and 2PbCUMCl ' 117, 732 [1893]) recommends to use a mixture 
(v. abstracts in C, J, 64 [11], 623, 524 [1893]). ; of ^qu^l weights of LiCl and ECl, for the 

Lead, fiuorides of (vol. iii. p.l2^). Braunor | electrolytic preparation of the metal; the mixture 
(0. J. 6d, 393 [1894]) has prepared the com* | melts t 450® and the . decreases a^^lectro* 

* pound FbF4.3KF.HF in various ways; the lysis proceeds. (For details as to size^'m elec* 

‘ simplest pi^css being to dissolve Pb(C.,l^,Oj4 ^^l^rodetx strength of current, <2c., v. abstract io 

(v. lizp oxiDB br Lead, Addenda, infra) in cone. ! G. J. 66 [11], 91 [1894].) Holt a. Sims, 0, J* 
HFAq and adl EF. By acting on this icalt ! 65, 443 [ld94],’find that tracesof a peroxh^are 
'with cono. HsS04,-B. obtained evidence of the i formed, along with Ll^O, by burningXi in O. 
formation of lead '^-elrt.^hioride, PbF4, bu^ he did | Xothium, amide of ' LiNHs. ^Formed bv 
not succeed in isolating the confound. I gently Ideating cleaii Li in«a stream of NH, untu 

Lead, iodide of (voV iii. p. 127). Several | violent actiovi ceases, and then heating to 0. 
double compounds of Pblg'^with alkali ^Ibdides MOO® until the reaction is finished. A wl^te, 
have*heen isolated by Well'S W. a. Johnsti'n, and Crystalline, transparent solid; melte between 
Herty(v. under LEA‘‘*BROji^pB,^.9X^)« !‘o«0® and 400®; vlecctnposes in cold water slowly* 

For the oomp/bund PbIx.2MgI^.'16aq^V. Otto a. ’ giving LiOHAq xnd KH,; decomposed by boat* 
Hrewes (Ar, "Ph, 229, 179; abstract in 0. J, ing >4 air, but without taking fire (Tiuerley, 
64 (11], 984'[1893]). ' > „ • 'J. J. 65; 604 [1894]; g. o, for further reactions). 

Lead iodobron^er and icdochlorides (vol. .Lithinm, bromide, of (vol.^iL p. 150). The 
iii. p. 128). Miss Field (C. J. 63, 540 [1893]} .hydrates LiBr.xaq, wher^ir ^1 and 2, are d#* 
has de'Vi.ibed the compounds 2PL3r..rbl3, weribgd by Bogorodsky [1893]). 

8PbCl,.Pbl3, and SPbCU.Pbl*. chlomde of (yol. ’iu. p. 160). For ^ 

Lead protoxide (vol. iii. p. 128). FbO LiCi. aq and LiCl. 2&q v. Bogoihds^ Foe 

Bsohanged at p. 1760®‘(Bead, 0, J. fib, 818 t kie don^jlt compounds LiOi.MCl4.iraq, where 





StiaaMB* 

liwiUB,flwiit«f (yoK Ui.p. 150). Foaleno 
(^l. m 11,15 1^4]) dbtuned LiF m regulai^ 
odti^ edra bj mtitig the amorpB^iis fluoride ' 
with KVs and KCl, and washing wiSh w%ter; 
absoB Rafter, iiuoi. p.o. alcohol; melts at 
o.^I0ig0° in H, and parilaily volatiliHes at 1100®- 

Lithiiui, hydroxide «f (vol. iii. p. 150)F*Forl 
ih^^ezlng'poists of odoeotA solutions of LiOH*i 
V. Pickering {C. J. 63, 809 ‘[1893]). 

lUthiom, iritrlde of. Ouvrard (C. 22.114,1'^CW 
[169^) obtained a bUck sojid, probably Li,!^ ' 
by heating commercial Li to dull ^edn^^3 ‘in N. 

‘lithium, oxides of (vol. iii. p. 151). Almost 
the only produot*of\oatmg Li in O is Li^; 
only traces of a poroxi#^ ore formed (HoU*a. 
Sims, O. /. 66, 443 [1894]). ^ 

XAairteFK (vol. iii. p. 157). Burton a. 
Vorce (Aw. 12, 219 [1890]) obtained the value : 
24*22 (0«16'96) for at. w., by converting pure ^ 
Mg into Mg(N<\).^nd,thU.to MgO.^ The rnoic- j 
^e of Mg in dilute eblutlon ha tin is probably 
monatomic (Heycock a. Neville, 0. J. 57, 3*^5 j 
[ISOS)). Mg crystallises in holohodral hexa¬ 
gonal forms, o:c = 1:16202, isoinorphous with 
Zn and Be A a. V.. U.). 

* Aocordin^to Monlema^lini (O. 22, 981, 397, 
426 [1892]), »considetablo quantity of II is given | 
off when MginferactR with HNO,A<i (o. 13 p.c.); ’ 
the quantity of NII3 formed ineivases with oon- • 
centration of the acid u^to 40 p.c. UNO.,, | 
after whf^h it decreases. Wg burns in NO at a ^ 
dull red heat (SabeBer a. Senderens, C. B. 115, j 
236 [1892]). Giorgis (O. 21, 530 [1891]) says,, 
that Mg dissolves in water satiir.atcd with CO.; ; 
that H is given off, and crystals of MgCO;,. 3a4j 1 
are deposited. For the interactions of Mg and j 
chlo^es V. Scifbert a. S<*.hmi«U {.I. 267, 21}#; | 
abstract in C. J. 62, 776 [1802]). Winkle* has j 
made an extended examination of tlie interac- | 
^tions of Mg and oxides (B. 2.3, 44, 120, 772, | 
*2642; 24, 873, 1966; abstracts in G,J. 58, 331, | 
451,693, 1372 [1890]; 60. HOI, \155 [flSOl!). ' 

BCagnesium, bromide of (vor. iii. p. 159). 
Beketoff iv. ahstraHt in C. J. 62, 76‘A [1892]) 
gives H.F. [Mg-BrO - 121,700. The Uouble salt 
2M8i^^bBr.. 16a<i is^estBibed by Otto a.Vrcwcs 
{At, PH. 229, 685; aHitract in O. *7. 62, .566 
[1892]). ■ . » % 

BTaguesium, chloride of (vol. iii. p. 3 59). 
Skinner (0^/. 341 [1892J) gifesnho beilnig- 

potata of solutions of MgCl^in water andalco- 
jol, from <fl 4*6 to c.*14'5 p.c. MgCl ,. 

^ Kagneslum, iodfte of ^^ol. Jii. p. 161). 
Beketoff (f.c.) gives H.F. [Mg,r*l ^4,860. . 

•Ibg’iieslum, nitride of (vol. lir. p. 161). For 
dMoription of an experiment to demonstrate the 
tonnatifln of Mg,N. v. Mer# (Ifl 24, 8,940; ap- 
atfaci in O. J. 62. 409 [1892JJ. • 

Ksjgaedam, oxide of (vol. iii. n. 161)rMgG 
U unchanged at 0.1750® (Read, U. J. 65, 31o 
[ 18941 ): heated % the elgptric furnace, it t#elts 
wHb a ennent dl 10 volts and 850 amperes*! 
(MoUson, a8B#16,A034; cf. C. R. 116^2<# 
[2692.8]). BioRrda a. Rogtra (P. Aw. AAUf 
SiO flflw found that Mg<y, prepared by evtpo-J 
igttfBg MgCJ)»,'or*Sfg, with HNO,An Ind hbat-^ 


veiy 8rr|^y,veiainea c» iv »ura«fta #011)104 
of goa, ohiely O Aid IJ. ^ ^ ^ 

mCo^esiiua, liUeideo of (vol. iii. p* 161). 
Regarding the formation of eompounda by faeftt* 
ing together Mg and 81* o. Winkler (B. 23,26424 
absiiwi tn J#‘6d, 1873 [1690]). . 

XABOAIBSS CvoL iii. p. 177). ^MSiasww 
(0. B. 116, §49 [189^|»toined Mn 09 ntoing; 
4 to 5 p.c. 0, by fusilg MnO with oHareoa! 
(kcepifig Mj^ in excess) by means of a current 
of 60 volts and 800 amperes. Prelinger (3f. 14, 
35.3 ; fibstraA in O. J. 66 [11], 49 [1894]) pre¬ 
pared pure Mn byfleatinji Mu amalgam (tormed 
by electrolysing MnCl Aq using a cathode of 
Hg) A pure H. • 

is (Icsorihed by P (1.^) a^ a groje poro^ 
motal; unchoji^od in dry aif; reacts slowly 
with cold, rapidly with warm, water; diasolvoe 
ill NH^C^l givijig#.>ff Nila ‘*^“'1 H 7*4212 
reforrod to wntqr at 4®. Moissan (0. B. 116, 
1129 [1893]) found that Mn voliitiliBes readily in 
the electric furuace, using a cuireol of 80 voUi 
and '180 aimx'res. Monti^mrtini (O. 22, 384, 
397,426 [1OT‘4J) says that the gaseous products 
of thoonttraotion. of Mn and UNOjAq are JI, 
NIl,.^, and Finely ilividcnl Mn reacts 

with CO at c. 400 \ p»<lu<ring MnO and 0 
(Ount/., C.B. 114, 115 [1 h9*2 ,). 

Manganese, alloys of. 'I’lio presence of m 
•5 p.c\ Mn in iron or stticl scarcely affects the 
properties, except by slightlji j^ercasiqg the 
tenaeily and malleability; a very hard tool-stoel 
is formed with 0. If, ]).«:. Mn. Alloys with ijpn 
containing from 7 to 30 p.c. Mii are extremely 
hard ami lough. 

Manganese, amalgams of (vul. iii. p. 179). 
Preliig^er (.1/. 14,353 ; (il>str<ict in 0. J> 80 [11], 
49 [1891]) prcparo<l MnAfg. by passing a cnr4 
r.*-* from a kathode of llg^hrongh saturated 
MnCl..\q to an anode of C, or I’t-lr, in a porous 
vc.^sef, washing in running watJ-r, squeezing out 
excess of llg, and drying in H over GaCi,. *By 
heating gently in a Btveani of pure, dry II, pure 
Mn was obtained, • 

Manganous chloride (vrd.iii.p. 179). Chass^ 
vaiit (A. CA. [6] 30, 5 [18931) describes sdVerll 
({(iithle salts of MnCl.^; viz. MnCl,.AmCl. 2aq, 
MnCl,.2AinCI. aq, ami MuCl,.TiiCl. .3aq. Port 
tlic double salts M.KCl. 2nq, M.CsCl. 2aq ; 
M.2XC1.2jfi, X-NH4, Cs, Itb; 2M.Mf4Cla.i2ai 
(M - MnCbJ, V. Sanndcra (A7«. 14, 127; abstract^ 
mC. J. 02, 780 [1892]). 

Manganic chlorides (vol. iii.^ 180). Re. 
^garding tho composition of the chloridaJn the 
so'ntion obtaine<l by^dissolvingAlnO, in liClAq^ 
t*. Y< inon (l\ M. [5] 31, 409), and Pickering 
(P. 3/* To] 33, 284) {aWlraAs in Q.‘J. 62, 19, 
687 I1892J). m 

Manganese pero^ida (vol. iii. p. 183). Re¬ 
garding the comjfOsTtions of the hydralbd oxidci, 
approximately MnO.Jhfaq, prepared by different 
ii*thOT8,.'A G<»i||cu (B/. [3j 4, 16 [1891]). O. 
(C. B. 120, 8iff; Ktbstfaci in*,y. /. 58, 946 
[1890]) gives spino details regAdiM the inter- 
af'tien of Miff).^. arar/and it^O.^Aq. Heated In the 
electric furnace, ^InO^ neoUs^giv^ off O, and ‘ 
leaves MnO (Moissan, C. B. Tl5, 1^4 [3£993)» 
MhJOJff said to be formed by heatiflliMnO, to 
c. 400^n NO (Sabatier a. Senderens, O, B. 114* 
1476 [1892]). McLeod (C. J. 65, 202 [1894]) 
has oouArmed his forffier obsorvation that 01 li- 





given off when MnO, and nre heated 

together. Begarding oomponnis of ^dnO, with 
basic oxides, v. Bousseau (C. R. 112, 625; 114, 
72; 116,1060; abstracts in C. J. 60,645 [1801]; 
6P,669 [1893]; 64 [11].’416 [1893]). 

Permanganates (vol. iii. p. 1)^).^ BegaiMing 
the interaction of permanganates ^jOxAq, 
0. Gorgeu (C. B. 110, i abstract ^n C. J. 58, 
1002 [1890]). Klobb (£0 [8J 3,608.; abstract in 
C. /. 58, 947 [1890]) describes compounds of 
NH, with permanganates of Cd, Cn, Ni, ana Zn. 

Barium permanganate BaMn.^O« 'the formula 
is wrongly printed BalfeiO^ in vol. iii. p. 186). 
For the preparation of this salt from KMnO^Aq 
and Ba(NO,);^q v.^Muthmann (B. 26,1010. nb- 
stract in 0, J. 04 [11], 321 [ISOa*). *' 

Calcium penminganate. The formula given 
on p. 180 of vol. iii. is wrong; it should bo 
OeMn,0«.5H^O. 

Potassmm jyermanganate (vol. iii, 'p. 186). 
Tivoli (G. 19, 030 [1890J) gives tno following ns 
the reactions that occur when pure Asll^ is passed 
into dilute KMnO,Aq.*: (1) 'iKMnO^Aq vAsH, 
»K,HA80,Aq t-MnA + Il*0; (2) ^ - 
2 KMn 04 Aq + AsHa - K,H AsOjAq + ‘iMivOa H-G. 

Silver permanganate (v\»l. iii. p. ,)87). 
AgMiiO, decomposes ilowly at the ordinary 
temperature, rapidly at 100^, and very rapidly 
dk 13.')‘^ (Gorgou, 0. B. 114,912; abstract in 
O./. 02, 942 [1892]). 

UBrganoa8.8u.'phide (vol. iii. p. 188). The 
pp. produced by adding (NIIJIISAq to an 
oinmoniacal solution of a Mn salt, after wash* 
ing in an atmosphere of and drying in CO, 
at70°, isMuSi S.G. [5^«3-55. By heating to 
300®-320°, or by leaving in contact with 
(NUjnSAq for some days, the reddish'Mu3 
becomes green wit' out changing its composi¬ 
tion; the green form of MnS is cvy?tallific, 
S.G. j^»3*63 (Antony a. Donmui,d£?. 23 [IJ, 660 
[1892]). 

KA8Bin.V. In 1892 (0. J. 61, 491) Bich* 
mond a. Husseinofl obtained indications the 
existe. oe of an element before unknown in 
specimens of Egyptian fibrous alums. The sup* 
’^osed new element gave reactions indicating 
analogies with Be, Ca, and Zn; the results ob* 
tained by decomposing the oxalate bg heat led 
to the at. w. of o. 228. The authors Buggcstc<l 
'ihe name masriunit from the Arabic rvxmo for 
Sgypt. . ^ 

lEEBCUSAUUONIUK COMPOUNDS (vol. 
Ui. p. 206). n 

* Keronro-ammoniam salts Kn,-xHgfX (vol. 
iU. p. 207). ‘Barfoodfs oeoJ^^lusion that thes^? sup¬ 
posed compounds are really mixtmos of merouri* 
compounds and Hg is ^tonfirme'd by F^i (G. 
21 [11], m [1891]). The product 0^- the 
interaction of HgCl and trHgAq, described as 
dimercuro-ammonium cAiond^> NHj,Hg,,.4/l in- 
vol. iii. (p. 2d8), leaves sietallic Hg when 
treated with 'afbmoniacal (BH,)gS04Aq, ac¬ 
cording to P. Wheir the reactioa of HgCl 
with KHjAq^ proceeds out of the light, P. 
says that the change is 2Hgpl2 + 4NH,Aq 
«(NHg^lNH^Cl + fiNH^ClAq + 2Hg. S' milally 
the ruaotion of NHgAq with Hg^SO, preducea 
1^ double compound of dimercuro-ampionium 
iulplmte ((NHg,),SO,.(NK.),SO.) and I>'g: and 


I p<Hg.,)MO,.HB,NOi .1)4 Hg .re fons^, MaorS. 

in^o P., when HgNCvM ia treated w«h NB.A.q. 

[Ijlproari-Uttmonmm aslta'NH3g.X. Re¬ 
garding the conditions of tonnation oToompounds 
of mercuri-ammonium chloride NHjHg.Cl (vol. 
fii. p. 208) with HgCL, and iGlXHgaO)^!. 
Balesira (G; 21 [11], 294 ; abstract in C. «ir.n2, 
276 [1892]). ^ 1 e 

Bimercuri-ammonium dialts d^Hg.X (vol. iii. 
p.209). Pesci (G.20,486 [1890])has examined the 
pondftfons of formation of.various salts of this 
t'lass, especially the >iHg..NOj and cosn- 

pounds of this wich NH,NOa. The sulphate 
^lIg.)gSO,.2aq was formed by saturating cono. 
S,VIgAq with HgSO„ allowing thrf solution tp 
evaporate in an atihosphere of Nllj over CaO, 
and collcctVng the first'crop of crystals ; various 
compounds of (NHg^)yS04./Mith (N1-I,)2S04 are 
I alsq described (o. abstrartm C.J. 60,208*[1891]). 

MEBCUEY (vol. iii. p. 212). Heycock a. 

, Neville’s results ( J. 67, 876 [1890]) show that 
some condensation from monatomic«inoleculos 
perhaps occurs in dilute solutions of Hg in tin. 

I I'or corrected tables of the vapour pressures of 
I4^for oaoh 10*^ from ISC’ to 480®, and each 1° 
from 830® Ih 860®, v. Youil^ J. 69, 629 
: [ 1 ^ 591 ]). 

Jiiger (W. 48, 200 [1803]) recommend^ to 
I prepare pure Ilg by converting Hg that has been 
j distilled ill vacuo into IlgNO, and electrolysing 
: a solution of the salt, using Pt as Bachode and 
; distilled Tig as anode. She/istone {p, J. 61, 46!^ 

I [1892]) nuticod that Ilg adheresHo glass when 
brought into oonlact with Gl, Br, or 1. Monte- 
martini (0. 22, 384, 397, 420 [1891]) finds that 
i^he amount of NO produced by the iopsraotion 
of Ilg and HNOjAq decrc.asca as concentration 
yt the acid increases; that NO, is produced with 
aci<l more cono. than 27*5 p.o. HNO,, HgNOg 
is formed with 25 p.o. acid, but Hg{N03).2 with 
60 to 70 p.o. acid; no Nil, is formed with 27 
ai^d 60 p.o. acid. 

! Hercurlo bromide (vol. iii. p. 215). HgBr, 
boils at 326®, according to Freyer a. V. Meyer 
I {Zeit.f, anorg. Chemic, 2, 1 [1892]). 
j Herourous chloride (vol. iii. p. 216). Harris 
' a. V. Mey^r have ro-deterinincd the ‘V.D. of 
calomel at 4489rand 618®; the value obtained 
was ,117^6. H. a. M. obtained considerable 
quantities of Hg and HgCl, by allowing the 
vapour^tobtained by heAtiq<:; calomel to o..41»5® 
to diffuse along a glassetube; also by bating 
• f .lome^ at 420® for half an hour in a distillation 
‘ flask at 33 mm. pressure. By heating calomel 
to ;-nd bringing a Aiece of EQjH, 

which had lAen heated to o. 260^; into the 
v apou., they noticed that the surface of the 
KOH at.once bocaine cover jd with yellow HgO 
they also foun I tliat a piece of gold leaf held 

a moment in the vapour was amalgamated (if 
kept for some time in the hot vapour the yellow 
bJour was r^tc'‘edk H. a. M. think their 
suTts leave no do^ibt that the vapour obtained 
by hetk^ing calomel is Hg + and that the 
molecular formula of calomel is Hg;^CL. 

The reaction of Hg,C4 with NH,Aq give! 
(NH^JOl.NH^Cl and Hg, aocoiiEling to Pesci (v. 
upra. MEBCOBO-AnnoNzotf 

Oferoufio chloride (vol. iii.217). HgCl, 
boiUtat 307® (Freyer w. V. Meyel', ZaiU f, aawrg. 
Chemie, Z, 1 [1892]). The. white Sfibstanoe. 





«ifh a 
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Ufer jthbtoniqlM^ S' pafTtndrat 
it«, i|jG%&801-«(notdiaf to ^oom (S- 0, M 19, 
9«S; ote^lSo. /. 86 [11], 188 [189411., 
Vmvio •TuU*; for an aooooot of the 
e<Hi4itiorai lonnation and ^perties of tba 



l« f . 

C.V. 64 [11], 68 [1893]) describes a number 
double compound; of mercury Bud anesiub 
halides; the compounlls belong to tlie for^s 
(1) C8,HgX.. (21 Cs,HgX.,{^CB,Hg,I., (4) CsHgX,, 
(0) CsUgjX,, (6) CsH|.X„; X-Cl, Bfor I; in 
.some oases the totahX atoms comprise two 
ferent halogens. * 

Mercury hydrosulphide; for ^perimental 
attempts to nropve a definite compound, v. 
Linder a. Pioten (C. ,& fl, 123 [1892]). , 

Mercury phosphide (vol. iii. p. 223). By 
heating Hg and PI, in a sealed tube for many 
hours als976°-300°, and removing Hgl, by treat¬ 
ment with KIAq, Granger (C. It. 115, 229 
[1892]) obtained Hg,P, in lustrous, metal-like, 
hexagonal crystals, appearing red by tjans- 
raitt^ light,-^nd giving a brown epowder. The 
compound gives Ilg and P when heated; heated 
im air it burns; detonates when mixed with 
^10, and struck; burns in Cl; dissolved by 
agua regia. 

Merdhftus sulphide (vol. iii. p. 224). Antony 
a. Sestini^G. 24 [U, 193*[1894J) obtained a black 
powder by {fussing dry H,S, diluted with CO„ 
over dry Hg,Cl, or Hg(C.,U,0,), kept at -10°; 
when freshly prepared the black powder was 
scarce^ changed in dry I4C1 at - 18°, but a^a 
someMat highetiemperature (below 0“) Hg.Ol. 
was qliick(y formed. The substance dissolved 
in cold KjSAq or Na,SAq, but when temperatuTo 
rose above 0° the solution became turbid and 
ppd. Hg. A. a. 8. think their results show 
tMR Hg.,S ex'sts at low temperatures [alstract 
in C. J. 66 [I'l], 318 [1894J). , 

Mercury sulphechloride (vol. iii. p. 225). 
The compound 2HgS.HgOL, is formed, according 
to Colson (C. R. 115, 057 [1892]), by passing 
H,S into a solution of HgCL,qn dr>benzeno. 

MOLYBBEHTIM (vol. iii. \ 421). Smith a. 
Maas (A. C. /.elS, 897 [1899]) obtained the 
xiean value 06*85 (0 = 15*06) la© a*, w. ol 
by heating in a ^urre(f t of dry 

HcSand weighing «the NaCl that remained 
(MoOr2HCland H,0 wore forpicttand jemos^). 
Smith a. Oberholtzer (Zeit. /. anorg. Cltcmie, 4 

f ; [1898]) sqj that a mixtuiie q( MaOC(, and 
o(CO)0l, is formed by heating Mo To 150°-> 
200“ in f!004; awl that Mo,S,Cl, is piyduced 
by heating Mo tosednessin 8,(11,. Mo is said 
to ppt. A? from AgNO,A5, Auf froi3 AuCl,Aq, 
HgCl and then Hg from Hg61,Aq, and Cu fhyn 
Muttons of iU salts (Smith, Zeit. /. anorg. 
Chemie, 1, 860 [1891])., MqntMnartini (G.SC2, 
884, 897,426 [1891]) &nds that ifo NH, is formed 
in the interaction of Mo and HNO,Aq sijth from 
8 to 70 p!b. HNO,t the most evigoroSa aoion 
occurs with a«d o. 60 D.C., but the whol&of the 
metal is not U^sed^ MoO„ a nitratf being 
pcobabiy^nB|d;^e gaseous products are ffO 
■nd NO, ^quantity of KO deore«ii]|^ the 
ooDoe^tratioS oill the ftoi4 mcrcsscs. 


OftrMdM B/'JiMttnt t 
mtztora If UoO^ aod ohftrooal in aieotrl^ 
Ifois^ (C. B* lldy 12^ [1998]) ot- 
^ned • vei 7 hsra earbide; oontaioiog ttom 
?77 to 9*9 pefl, 0 j S.G. 8 tt. 

XelybdttBQin teequloxide (vol. iii. p. 4|1). 
He&Utai; MOgO^in NO prodaoee MoO, (Sabatier 
a. Se^dei^s, 0. it. 114.1490 [1892]). * « 

XolylmeBaiii trie^t (vol. iii. p. 482^ MoO| 
partially vobatUisee, iKd is partially rd^oed lo 
on%of the bluS oxides, at o. 1750^ (Road, C. J* 
66, Bid [1894}). According' to Smith a. Ober* 
holtzor /. anorg. Clumie, 4,.236 ^893]), 
the products <ft boAing .MuO| in HJur are 
(1) WoOg.SHBr, and (2> MoABr^; when HI it 
and the teniperaluro Mpt at 106**-120^, a 
blue oxido M 9 , 0 ^;xaq iiLfonfted; at 3^^* 
400® forma (v. in 0. J. 64 jll], 

471 [1803]). Camiuerer {Clutn. ZeiU 16, 967; 
abstracLkuo' G. V. 62. 944 |;iB92])* says that 
2 MoO,'£,Oj,. 1LO is formed by boiling MoOg with 

Molybdenatn, oxybromidoi o^vol. iii. p. 438). 
Smith a.^ Oberholtzer ^eit. /. C/wwie, 

4, 230 [1893]) describe MonOjBr,; square plates, 
colour * of KMnO,. b'ormed, along with 
MdiOfSHBr, oy’heating MuO, in IlBr. 

Xolybdennm, oxyoftorides of (vol. iii. p. 433). 
For the products of the interaction of 
and Nllg, v. Smith a. Lehncr {Zeit."/* anorg, 
Ciiemie, 4, 374; abstra^ in 0» J* 64 [llj, 629 
[1893]). ♦ » • • 

Uolybdenum, oxyoyanide ot l^y dissolving 
MoO, in KCyAq, and adding a slrong^aoid, 
Pochard (C. It. 118, 804 [1894]) obtained, 
MoO/Jy.^. Easily decomposed by contact with 
acids; double comiminds with KCy %pd AgOy 
ard*alBO described. • «. 

Uolybdenttzn, oxyflaoryies of (vol. iii. p. 483) 
*i or ’^lOjjOgF,, a white, crystalline, deliquesoent 
solid, obtained by heating MoC\ in UF at 300®.> 
400*’, V. Smith a. Oberholtzer (i.c.). • 

Molybdenum, thiochlorlde of. For ]!d0tS,C4i 
V. S. a. O. (he. 6, 03). 

Molybdates, and derivatives tner'eof (vol. ill. 
p. 1*23). Fur compounds of molybdate^of NUg 
i and K with BO, and SeO.^, v. Pochard (0. R> 

; 116,1441; 117, 104; abstracts in G. J. 64 
630 [1893]). 

I Permolyhdates. By tho reaction of HgO^q 
i with K,Mo,0,oAq, Pochard (C. 112, 720; 

; abstract in C. J. 60, 988 11B91J) obtained poUrS' 

\ swm peiinolybdaU K^Mo^O,. 4i^q; the oonp> 
j fading NH, salt was also formed. 

I ArsenO’Uiolyhcyjrti'.s (vol. gii. p. 4t6). For 
salts of this class, v. Fr^hoim (ifsi/. anoagr* 

CliQnie, 2, 314; 6, & ; abstracts in O. J. 

64 PlJ, 283: 66 [llj, 238^1893-4]). 

Iodo77iolfbdates. ^ great many salts of the 
foiK xMoOx.pL^^.sMb are desoriltfd by Blom* 
strahd {ZeiL /. Impirg. Chemieg 1, lO \mabstract 
LindP. J. 61 [1^. 122 [1893]). • 

^ Pl7!d^ho77i^lyl^Ut (vol. iih p. 426). Fried, 
heim (Zeit./. anorg. Chenvis;^ 276 ; 6,11, 27; 
a6sfrac/s%iiv C. J. 64 *[1^, 472 f 66^ [H], 288 
\ (1893 -4]) describes seYerarsalts^ol ibis olau. 

* FluoTnolybdates (vol. ift. p. 426), v. Pk»lni 
IhRsqA Acad. Linceig 7 [1],267 ; in 0./. 

62,^4 [1892]), and Mauro {U.g 1^2 £1]. 194; 
aUtTMi In 0. /. 64 [11], 124 [1893]). 
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HIOKBL (voU lii, p. 498). Th«kt. w. has 
been re-detevmined (1) by ^hUtzenoerger, by 
reduoing oxides of Ni in H ii.^114, 1149 
[1892]); (2) by Winkler, by estimating 01 in 
NiCl, prepared from electrotytically deposited 
N|. {2eii. f. anorg, Chemie, 4,. 10 [1893]).. 
SobUtzenbcrger’s values varied from to 

59*8; Winkler’s mean value fromT the gravi- 
xnetrio determinations was 58*903, aiil from the 
volurUfetericf determinatld^ 58*910 (Cl» 35*87, 
Ag» 107*66). Kriiss a. Schmidif /. 

Chemie, 2, 235 [1892]) ineist that subsrance 
oalled nickel is not an element, b’lt Winkler 
(l.c.) oontroVerts this atr'.temei:t (v. abstracts in 
C. J. 64 [11],212. dG9 [1893]). The molecule of 
Ni in dilute solutio*^ in tin is probably monat^io 
(Heycock a. Neville, C. J. 67, 376 [1890]). 
SCxiutzenberger(Oc ii?'113,177 [1891]) says that 
a volatile compound is formed by passing dry 
HOI over finely divided Ni h? ated dull red¬ 
ness. Montomartini {O. 22 [IJ, 2&0 ; ab^ract in 
C. J. 62, 1278 [1892]) gives thb quantities of 
NH,, N,0, N, and HNO, (no NO) produced by 
the reaction ofexcess o* HNOaAq (27*6 p.c.) with 
Ni. Heated to 200^ in NO, the oxifle NiO is 
formed without any NijO^, (Sabatier S. S^dq^ens, 
0. B. 114, 1429 [1892]). »’*passing pO.„ 
diluted with N, over ^•"(luced Ni, nitro-nickel 
(VNi^Oj.) is obtained; it resembles nitio-cobalt 
•(q. it>..^,908) (S. a. S., Bl. [3] 9, 669 [1893]). 

Nickel carbonyl Ni(CO),. {Nickel carbon- 
iKcidCt voh iii- p* 601.) Mol. w. was confirmed 
^ by Mond a.^Nasini {Z. P. C. 8,160 [1891]), by 
' finding the depression the freezing-point of 
ben2ftne. S.O. 1*35613 nt 0°, 1*27132 at 36® 

^ (water at4® = l); S.G.atb.p. —1*25406*, molecular 
^ volume * 186 04; critical temp. =» 161®. For somo 
reactions v. Berthelot (G. P. 112,1343; abstract 
in-G. J. 60, 1427 [1890]). 

Nickel, chloride of (vol. iii. p. 501). A 
volatile substance, decomposed by heating, is 
said to be formed by passing dry HCl over dry 
NiCl^ at dull redness (Schutzenbergor, 0. P. 
118,177; t>. abstract in C. J. 60,1429 [1890]). 
Chassevant (4. Oh* [6] 30, 6 [1893]) describes 
the double comyounde NiCl._j.AmCi. 6aq ^and 
Niei^5“C1.3aq. 

Nickel, fluoride of (vol. iii. p. 602). Poulenc 
*Q* B* 114, 1426 [1892]) obtained Amorphous 
^Fj by heating NiCl, with excess of NH^F, and 
washing away NH^Cl with boiling alcohol; by 
heating itf’HF to 1200®-1300°, the amorphous 
NIF, ^came crystalline, forming green ^irisms, 
aG. 4*63, nq*- acted on by warm IINO^jA^, 
HOlAq, or H.,jSO,kq. Heated in air, NiF, givbs 
NiO; heh’tcd wilb».S it gives NiS; and with H 
iPis reduced to Ni (for other reactions, v. abstract 
in 0. J. 62, 1159 [?.89f‘:> The double rsalt 
NiFj.SF is forAied by heating NiC^. with KHF,, 
and washing away KOI by water (P., G. B, 114, 
746 [1892]).- 

Nickel monoxide (vol. iii. j. 502). NiO malts 
ailB forms green crystals in the ^i^ctric funtaoe- 
(Moissan, C. JB. 166,1034 [1892]) NiO occludes 
small quantities^oi'N and 0 (Richards a. Rogers, 
P. Am. A. 28.' 200 [IgOS^. « 

Nickel seiqnioxiae (rol. iii. p. 502). Ni^O, 
fuses, gives up all it4'0, and leaves Ni at o. 1750® 
(Bead, 0* <^^5,313 [1894]). ^ ^ 

Nickel peroxide (vol. iii. p. 503). Campbell 
h. Trowbridge {J* A)mI. and App, Chem. 7. 301; 


abi^t in 0. J. [1|^ 988 [ISd^yi^eonola^i* 
that an oxide with twit 0 than Ni^t can be 
obtained by ppg. NiSOliAq by NaaOQsAq in pre« 
aen^of Br at different tempe^aturea^ . ® 
Nickel monosulphide (vol. iii.,p. 508).^ Ko> * 
carding the oxidation ot this qalt in air, to 
NiSO,.6NiO, v. P. de Clermont (G. B. IIT; 
229; abstrfidt in C. /. 64 CU],628 [189^). 

NtOBltM (vol. iii. p. 505). Nb 0, <*191 not 
changed at o. 1760° (Roadf G. J.^5, 313 [1804]): 
.. --[liSifl) 


?;’iccini {Zeit. f. anorg. Chemie^ 2, 21 [Iw^) 
lias '♦^.reparea pofasxittm Jltioxypei-iiiobate 
i bO.F,.2KF.aq. C • . 

NITRAMIDE N<y;(NU,). Thiele a.Lachnmn 
{D. 27, 1909 [1894]) obtained this compound by 
tn»*owing N0.,j.NK.C03K (pota-SBium nitro-car* 
bamate)* into a mixture of ice and excess of 
II^SO*, exfracting with ether, and evaporating 
in a stream of air. Crystal,’"SQa jn clear prisms, 
whi(»h melt at 72® witls decomposition ; decom¬ 
posed instantly to N.G and H^O by alkalis, 
alkali carbonates,*horiix, or Na acetate. 

NITRATES (vol. iii. p. 609). RoOsscau a. 
Tito (G- B. 1!5, 174 [1892]! find that many 
basic nitrates are completely decomposed by 
hca^ng with water at 150®-200®. Regarding 
the formatiofl of basic nitraidb M Cd, Ca, Ni, 
and Zn, v. K. a. T. (G. B. 114, 1184) ; Kiban 
(G. B, 114,1357); and Werner (G. R. 115, 169); 
{abstracts in C.J. 62, 1166, 1157, 1276 [1892]). 

NITRIC ACID (vol. iii. p. 517). . Regarding 
the colours produced by diluting cea fuming, 
HNO;,Aq V. Marchlewski (B- 24, 3271 [1891]).' 
For revised tables showing the ccfmposition ot 
HNOaAq of different concentrations v. Lunge a. 
Roy {S. G. L 1891. 543). Regarding the mag- 
luetic rotations of HNOaAq v. Perkin (iT, J. 63, 
57 [1893]). Hall {Am. 13, 564) bus examined 
tiio rate of production of H and 0, and the effect 
on the concentration of the acid, by the alow 
and steady electrolysis of HNO^Aq {abstract in 
G. J. 62, 680 [1892]). The interactions of 
HNO.Aq with many metals have J;con exarrimed 
by Mortemartini (G. 22 [1],250,277,384,897,426 
[1891]; abstracts in 0. J. 62, 1278, 1402 [1892]), 
Veley (S. G. I. 10, 200; and elsewhere), and 
others ; the results are noted under various 
metals. Piskerin# (G. J. 63, 430 [1893]) has 
isolated the hydi^es HNO^.H^O and HN0,.3H30; 
the frgezing-pj^|nt3 of HN03A.q, from 1*82 to 
80*19 p.o. HNd|, are given by P. 

NITBtflGEN (vol. iii.ep. 566). S.G. of N.^ 
»1)»*97209; 1 litre weeghs 1*25749 g. f\Ray- 
Pk 63,484^893]). 1*2053 at-190® 

Illiquid N, containing 6 p.c. 0) (Liveing a. Dewar, 
F. M? [5] U6, 928*[1893]). Absorption coefficieat 
in aiooliol, Henrich {Z. P. C. 9, 4S5 [1892]). 
DiffusiOa in water, v. Dune, n a. Hoppe-Seyler 
{Zeit. phwnol, Chemie* 17,147 [18931). 

Preparatiorfi of 'pure nitrogen. Threlfall 
(J*; Id. [5] 35,1 {1^93]) gives minute directiona 
for preparing pure N by passing air and NH*, 
owe hot Cu, and» ab'u>rbing traces of 0 by 
CrdijAq; exact directions for propping the 
CrCl^Aq'are given, and the paper contains name- 
roUs details regarding the purifications of the 
reagex,ts used in the process. n 

Supposed allotropic form of f4irogen. Threl- 
fa>l {l.c.\ has repeated experfme^r oa. sparking 
extra, eiy pure N {vl vol. iii; p. b'57]; no ooa- 
densat'.ou occurred doVrO to —10®^ and e. ,8 nua. 



* 

msur^Qt whea R^pre^nt ftoon^oaaiof 
K add Hk *B fonned (pro|&bl 7 Hg,N^ o. 
p. 221). Sagardfeg tne jSsation of niitogm ty 
mousing pl^nUt n Beyerinok, also Bohioea^ a. 
Laarent (ab^lrocta in 0. j» 62, 1012, 1021 
^8923). . * j 

•Kitrogen, hydridea of (volfiii. p. 562). 
ITydramic acid N,H. For new mell^ds of pre- 
t). Curtil!i8.(B. 24, 3341; 26,1263; 
ab4racis in C.Y 62, n2; 64 [11], 463 ti892-,3J). 


Xltro^n tetroxide (vol. %ii. p. 6$Sf. For 
preparati» of N.On v. Oundali fO* /. 59, 1076^ 
u69ll). (2.e.khas measured tne dissooiatioa 
od.liquid N,0| in GiiCl| ap (o o. 25^; Ostwald 
(O. j.61,242 [1893]) ehQWS that the dissooiatioa 
xoUows van'iHoff’s law for dilhte solutions: ^ 
4litrous.ao^ (vol. iii. p. 567)* Begardmg 
the formoMon of 'HNO, in solution in HNO,,^. 
Teley (Prf52, 27; ab^qct' in 0. J. 04 [11], 4l8 
[1893]). • . T ' •• • . 

Hyponitroul aeid (vol. iii. p. 568). .Tanatr 


\fi8licpnu8 {B. 25, <2084 [1892]) has obtainof , . , _ 

X.H by the inlerac<RonV)f and NjO^ *Froai ! (<i^* A. 26, 342; iir 0. J, 66 [111 18B 

to ig* IJa is'hcktedln a stream of NH., | [189^)prcjpored Ag^NjOaby addingQaO to fairly 

<.n4:i aII ... __ *...1 W'..XTTJ . .. ....MrvM* ! /.An.* Tv'xrf) An iO «1*n 4nfin r'ttd'lvMn.. IhAn a.n 


until all is converted into XaNH^; n current of 
dry N.O is l^ien passed over thcNaNH.^ at 150J^ 
250‘^ as long as NH,‘^8 givgn off (2NaNHM + i4aO 
«»NaN, + NaOH + Nils).. By dissolHyig‘tiie pro¬ 
duct in water, filtering, decohiposing by dilute 
H;,SO,A(], and di^ Hiking. NjllAq is obtaijied. 

The following salt)^ are described bv Civtius 
(71. 24, 3341; abBtract in G.J. 62, 112 [1892]): 
{NH.)N,^b{N.)„ ngN.. Naif,. 

Nitrogen, iodides of (vol. iii. p. 500). Bi* 


cone. KNO.^Aq ill the ^atio GaO:KNOy, then an 
equivalent of solid NH*0H.HCI, heating to 60°» 
leti^g stand for a few days at the ordinary 
temperature, '>liltoring, acidifying vuih aootio 
acid, ppg. Ky AgNOjAq, dissolving Ag^N^O* in 
HN03.\q (which leaves AgCl), and ppg. again by 
Na aoct*’'- 

OSMIUK ’(vol. iii. p. GU). Oa fuses 
readily in tlio clcctrio nro in a carbon capsule; 


iodamine, NUL, is the product Of* adding excess ' "hen fused it has a o»?**ataIlinc fracture, and 
of NU,Aq to a conc. solution of I in cone. ' scratcln^st Quarts, but is scrutehod by topaz 

^ ... . ..... r* n lilt r.'Ti riuoQil 


KIAq; bysu^CBiUng Nill, in waUjr.'nnd aiWing ; a. Vezca, C. )• , . 

an amraomalnl solution ot AgNO, or Ag.O, a ! 

black compound NAgI, is obtain.'d wliicli ex- ! W.schin(/nA/. d 16,1; absfrocl 

plSlles when dry (Ssuliay, H. 21!, Hldll ; abstract i" C- .7. b4 [111, »«0 1 1811:11) say that the black 


in C. J. 04 Cll], 608 [181)3]; cf. Selivnnolt, B. 

27, 1012* jbsirocl in 0. J. 00 [11], 312 [181)4'). 

Nitroi^/oxide (vol. fii. p. 561). Kunisay a. 

Shields (^ i. 63,^33 [1893]) give the m.p. of 
NjO as -102'3°, and the b.p. as “8',b8°. Vil- 
lard (C. 7i. 118, 1096 [1891]) gives the following 
data ^ the S.G. of liqieid N.p : 9105 at 0‘^, 

•885 arS-", -BfiOat 10^ -804 at 17-5'", -720 fit 
20*5'^,*640 at 3^°, -605 at 34•9 ^ *572 at 30-^^ 

Liveing a. Dewar {P. M. [5] 34, 205 [1892]) giwo 

«=«*2634, and 

Smith (S. C."). 11, 807; 12,10 [1.8t):ij) says ihat 
a regular stream of N^O is obtained bylieating 
to 240°-260® a mixture of 1 pt. dry NaNOj with 
0. 15 pt. dry (NHJ.^SO,. By passing N,0, mixed 
with a little H, over Pd black, the is entirely 
converted to HA with form^onoIN 
martini, Real. A<»d. Ltncet, 7\11], 210 ^1802J). | ^iagoiying loo pts. OsO, in a solution 


= •103 at -00'. 


powder obtained by the interaction a«i<hr 
and K.OsO,Aq (vol. iii. p. 045), when dried 
over PX>, ta vacuo tit! to l^s^ weight, 

is osmic acid H^OsO,. Mr a. >V.^escribe the 
compound as a sooty^budi powder, smcdling oT 
OsO, in moist air, but unclnniged under^v%tor 
containing alcohol. By passing II^S ov0|^ 
n./>sO, a violent reaction occurs, and 
OsJP^S_.H;,0 is formed. i(i;utod with cono. 

for many hours with a little aicolkolf 
,^nd evaporated, ()spl;.7fl^ was obtained; an 
ak‘olg)de solution of this substance with KGiAq 
gave K^OsCl,i and the filtrate yielded OkGIj. 3aq; 
tile substance Os-^Cl.. is thoiefore suppoted by 
M. a. W. to be a mixture of OsCl, and OsCl,. By 
licating IT.psO, with HlAq, violet^lack crystals, 
pr^ably Osip were obtained. No action occurs 
when Ob is heated with 1, or with Br.# * 
PotasBium osmiamate (vol. iii. p. 646). Joly 
(a 72. 112, 1442 [1891]) prepares this salt^ 
. ..of IDO 


Nitric oxide (vol. iii. p. 662)^ Vety pure NO I pt,. kqH in 60 pt;.H,o‘, keeping the solution 
^tomcil, accoj^inft to Enii^ 13, 73 at a. 40°, and adding 40 o.o. NH,!lq; after a 
[l89^), by the interMlion of wpper and a mix- time l4ie brown liquid becomes colourless, iffid 

yellow crystalline pp. is formed* J. gives Hio 


d^^bta 

(iShi). . 

ture of H2SO4 and HNOaAq. •Enrich ((^., pv^B) ^ 

finds that NO is completely decomposed to ^ _^. ... 

S nd 0 by pqpsing over netscof^Pt wire ^Jt is rapidly de^iniposed n^ove 20(^, and at 

ept very hot by an electric oHurent. Emich • 440^ almost all the N k given off, the sdUd 


Kept very hot by an electric on^ent. Emich 
(2.C. p. 86) says that NO and O unite afdcff being 
vied by long contact with P3O,; but Baker (C. J. 
65, 611 [1^4]) finds that ary ]|0 ana dry 0 do 
^ot combine at the ordinaryi temperature. 
gvding the nactions between NO and metals 
and tfnetallio oxides, v.^ali|iati|r 


.Vltregen Noidde {^1. iii. p. 565). For the 
leMtioos of K \ Vth various metals ana oxides 
V. S. a. O (^R..115, 286; abstract in CsJ. 
63, 1390 [Im]; resultseare note^ un.!jr the 
differ^l metals and oxides, to Addenda\. , 


440^ almost all the N k given off, the sdlj4 
prc^ucta being /nd KOsO, (t). 

abstract infi. J, 60. 1483 [1891jj. 

OXXBEs (vol. iiie p. 658). Regarding the 
oollllbectiona the stability o^oxides when 

heim and thol|^riodio classificatiuei of th« 
ides, v.^al^tier a. Sendeiani I eidfiienU, v. Rkiley (C. J. 66,106, 321 [1891]). 
(0. R. 114, 1429; 1476; afstrMts in 0. *. 62, T OEfBENd^oli iii-^* 703). •Atomic weight oi 
1151,1271 [1892]; results are noted uader the ' ' * -t-* • - - 

diffe^nt zSetala and oxides in Jliddend&). X • 


oxygen (vol. ill. p. 705). Dmiftar a. Hendorsoa 
(£7. N, %t 13f, 139, ^1. 1S4; afwtrocf ii 
C. J. 64 [IIV 410 [1993jl from eveful deter 
minations made by passing H over hot pttO,aftc 
%eij^ng the water and Cu prod0k>d, 4li< 
▼aim 15*87 for the at. w. of 0. By measuresronti 
of tl^ combining volumes of 0 and H. oombi 



oso 




ito b^‘1265, at —182° (cf. Olszewski a. 


ning th« nfolta^th Baylelgb’i desnuDatloii 
o( me as. of 0, Boott (T. 184, <4b1i 89S]) g<^ 
the value IS'862. The (ullatfing vClues earn- 
marlse the most recent determinations (v, DJ^ 
H., i.e.), Oooke a, Biohards, 16'868; Koyea, 
1('885; Bayleigh (Pr. 4S, 42S [1890]!, 16-89;' 
Keiser. 16-949 -.Ledno (0. S. l-M, ^48 [IffiS]), 
I6'88 ;T». a. H., i Scott,•16-862ta!he, value 
^op^d mie DieUeiury, 16-96,^10 idmoet 
certain^ too high; the aean ot the values ob¬ 
tained -by 0. a. B,) N., B., D. a* H., and S., ie 
16-81,6. ^ , 

The ratio of the oomhinine voIuiCes of 0 and 
H was determined by S&tt (lie.) to bo 2-0024 j: 1 
(o. Wateb, this vol. p 861). S.G. ot O reftrred 
to H -16-882 (Bayleigh, Pr. 60, 448 [l#,i2]). 
For an eaaminaKon o/ the whole rf the spectrum 
of 0,». Eisig (1F.‘61, 747: abstrai^ in C. J. 66 
[11], 266 [1894]), Liveing a. Dewar (P. U. [6] 

84, 206 [1892]) determined C£;J'4U>be‘i389,and 

a f 

^** + 2)4 

WiikowBki; ahstract in C. J. 64 *[113, 863 
[1698]). For diffusion of 0 in wat^, tb D]^oan 
a. HoppO'Seylex IZeit. physioUMhemiet 1^147 
[1892]). ^ 

Begarding the division of 0 between H and 
' when mixtures of these gases are exploded, 
©. Barker {Z, P. C. 9,678 [1892]). 0 does 

not ooc^blnt wUh Ary NO at the ordinary tem- 
o porature (lUker, u. /. 65, 611 [1891]); nor with 
diy K or Na, even whenShcse metals are distilled 
.irr^lfie gas (Holt a. Sims, 0. J, 65, 440 [1894]). 

^ OZONE (vol. iii. p. 788). Ilegarding the con¬ 
ditions of ozonifioation of oxygen, v. Shenstone 
a. Pries*: (0. J. 68, 938 [1893]). Baker (C. i 65, 

' 6x1 [1894]) confirms the observation of ^en- 
stone a. Gundall 81, 610 [1887]) that 
0 is ozonised as rapidly as moderately diy 0. 

EALIUBIOU (vol. lit. p. 792). The at. w. of 
Pd has been re-determined (1) by Bailey a.Lamb 
(O. /. 61,74Sci[1892]). by analyses of Pd(NH,Cl),; 
(2)by Keller a. Smith (i4m. 14,423 [1892i),bjt9pg. 
Paeietirolylically from a solution of Pd(NH,Cl)8 
In NH;,Aq; (3) by Joly a. Leidi6 (C. R. 116,146 
*11698]), by electrolysing K-^PdCl^ m HOlAq ; (4) 
by Keiser a. Breed {Am. 16, 20 [1894]), by deter¬ 
mining t^ ratio of Pd ^ Cl in PdfNHsCl)^. 
B. a. L. Stained the value 105*459: K. a. S. 
ue value 106'35‘, J. a. L. the value «905'665; 
dnd E. a. B» the value 106'27 (Cl - 85*^; 
Ag-107^66: N-14-01; 0 = 16-96). The mole- 
^Uje of Pd in dilCte solution in tin is probably 
mbnatomio (Heycock. a. Neville, C. J. 67, 376 
. [1890]). Begirding'’he'piparation of pax- Pd, 
V. the memoim referred to svpra. \,.Pd absorbs O 
at 450^, forming Pd^O ^Nemnann, M. 18, 40 
[1892]), bni^ when Pd spongc^v heated in (fry O 
tW the 'weight is constant Pd6 is formed (^Im, 
B. 25, 220 [1892]). Heated to m NO!'P^; 
sponge that bi^q^n safaraUd «1th H becomes 
inoandesoent and Che NO is completely changed 
to H^O and NH,, bq$ oiidatidh of t£e Fd dc^s 
not occur (Sahatie^ a. Jlenderens (O. B. 114, 
1429 CI692]j^ Begarding suhhideat 

V. Petrenks^ritsohenko {zeU. f. anorg. 

4,247; abstract in C. 64 [113,475 [ll&bS]). 
PhotphapaUadoui eompounds, PdCl^POlj and 


«n€MerV»d Fink-fO. 

a A69,1^ [xmi. V4sS 

, deson^bea wMf^um %allado9(h 
aOmmUnu K^d(NO^gOL>i^kin 0«7.182, 
1284^892}). 

^ P&087HATE8 (v^. 106). Ro w el >> 

■ ■ ifo. 


Dipotassium-hydrogen* orthophospbaU 
fr. p. 111). According to Standenmaier (^suP/. 
knorf.^hemie, 6, 383 91898]), K^HPOg cannot 
Be isolated. S. (4c.) ’desoribeg acta saAs, 
KjH*(PQ,),.aq. K,B;(P0,),. 2aq, and KH,(PO.).^ 
o Thorium orthophosphates (vol. iv. p. 112). 
Velok {ZeiUf. anorg. Ofioinie, 6, 161 [J891]) oh- 
tained Thn^PO<)^aq by adding dilute UaPO.Aq 
to ThCl^Aq. 

Sodium pyrophosphate (wl^t. iv. p. 114). For 
a stcidy of the reaction a^HClAq with Na.PyO, v. 
Watson {S. C. I. 11, 224; abstract in 0. /. 64 
[11], 272 [1893]).“* 

OETH0PHO3FEOB1C ACID (vol. fi. p. 125). 
According to Watson (0. B. 08, 199 [1893]), 
H,POg is changed completely to HgPjO, at 255*- 
2608, and HPOa begins to form at 290®-300’. 

PHOSPHdBffS (vol. iv. p.l2l5. Begarding 
thff action of light and heat on ordinary phos¬ 
phorus, V. Uetgors {Z. P. C. 6, 211; abstixud in 
0. J. 66 [11], [1894]). 

Phosphorus hydride (vol. Iv. p.UJO). PU, 
and 0 react at a low yoressure to ktm HyPO... 
(2PHj-l-30^«2HyP0y); wb'n the ^ gases are 
allowed to diffuse with one anoth^ at less than 
: 60 mm. pressure, the reaction is Plly -f O.» 
H.^ + HP03 ; slow oxidation at greater pressures 
proceeds approximately according to equa¬ 
tion 4PH,-i-50y«2HP0.,-H2I5,l’0, + 2H,.(H. J. 
vhn de atadt, Z. P. 0. 12, 322 [1893]). Accord¬ 
ing to van de S., explosion occurs at a certain 
I low pressure, and this pressure depends much 
{ on the amount of moisture present, the moisture 
I preventing and retarding the ex|4o8ion. nSvij 
; {Z. P.rC. 12, 155 [1893]) has examined the rate 
I of decomposition of PHy by heat. For the re- 
I action of PH^ with AgNO^Aq v. Vitatl (abstract 
\ in C. J. 64 [11], 206 [1893]). 

PhosphcAio ^de (vol. iv. p. 141). For de 
I tails re^rding Cfe preparation ot pure PjO^yand 
! for mowers of^etecting tradbs of P in P20y, v. 
ThrelfaU (P. /. [5] 86, 14 [1898]). 

PhoB^honp lu^xide (v^. iv. p. 189).^;:.* 
(B. 27,1257 [1894]) thinhk that P.O U toned 
hr^Ehe i^ra<*ioi]ft>f PjO* and NH,, 

^ Phosphorus,sulphidesof(vol.iv.p.l46). Eelff 
^ {Z. P. ^.*12, 490[1893j) oonfirm^the statemqpt 
I that there a*‘e‘' no definite compounds P.S and 
I P3S; heating together rsd P and ha ob-. 

I tained P^S,, PA, and „ 

Phosphorus,*ssalphoiodide ol Ouvrard (0. B, 
1^, 1301; dbslraU In C. J. 64 [11], 164 [1893]) 
obtained PjS,! by heating PI, in H^S at llO*-.^ 
also by ewaporai'ng a solution of thathrec 
elements in the proper proportion In CSg and 
heating^e residue to 120* in an In^gas ; also 
b/'disBofving Itn a solution of PA ™ 
oomp^nd crystallise fwm C3, golden-yellow 
pieems; it is unchanged in ^rjffaur, but slowBr 
detsomposed in moist air, givSig«^E|i3; sL s<^ 
Eton, or £t,t); buns at e. 800?( 
giving(TtO«, SO,, and t; at 0. 80(f* m ijfoii0:l| 
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lepu-ntwHnto t and decomtrased bjbot 
ifater, afld eipikival; bf taminK HNO, • 
Fotau^ bypophoapbatM (vol. iv. %458). 
Bansa (2««. /. anorg. Cliemie, 6, 12811894]) 
4Mbit nalh oi K^,P,0, i^h. 

A I 


tijis/ract in CT J. 66*tll], 279 [1894]), 

• Thallium hypophospbatei. Joly (C. 7J. liB, 
549 [1894]) obtaiaecljthe normal sall^fltVjO,, 
Ind the aci<l salt -TLIO’,^ iabsiract in C. J.mG 
[11], 282 [1394]). • ' 

PLATINATES (vol. iv. p. 281). 

Sodium’ tbioplBtinat». Schnoidor has .«b. 
taincd the salts Na.^Pti^ and Na-S.PtS.2PtS, 
[2] 48, 411 [1894]). • ^ 

Platino-oz^fl^ (vol. iv. j>. 285). Pej^arding 
the constitutional f«riiul>e uf the K 
Werner f. arnwg. Chctme, 3, 2()7), and 

Soderbaiun {ibid. 6, 45 [189^). 

FldAriNUH-AMmONIUM COMPOUNDS (vol. 
iv. p. 292). Petersen (Z. P. O* 10, 680 [1892]) 
linda, from cryoacopic uctcrminationa, tliai most 
of the formula) generally used for thc.’^c^com- 
pounds are voltcular. Fur a discussion of the 
ooustiluliuns of several classes of thc'sc^om. 
ppunda, and for measurements of the electrical 
fonductivilif'S of aqueous solutions of some of 
them, V. Werner a. Miohiti {Z. P, C. 12, 35 

[189.T,).’ J 

POTi^SIUM ^ol. if. p. 297). Holt a. Sims 
{C. J. ()5, 492 [1^4]) found that K becankc soft 
at r)4'5°, and remained soft to <}0’5®, whereat it 
became brittle; complete melting occuri<-<) at 
()2'5*^li. a. S. say that 9ry K may be distUIet t"; 
dry Q without Iho formation of any corn{iound 
of the two elements. Tliey haind the procli#?t3 
of the oxidation of K to be K-O-, K./).„ and (iniflly ! 
K.O^ {v. Oxides, ii7j/m). Mixtures of KNU- andT 
KNO, were formed by oxidising Kin NO and in 
tlft red oxides of N. 

Potassium amide (vol. iv. p. 299). Tilliorlcy 
(C. J. 65, 504 [1894]) says that KNII.^ is white 
and wax'-like, melting at 270^^-272^. It may be 
distilled without change in H at 4()0'^-500\ 
r. says that KNH, is not ^comivsod by heat* 
ing at c. 400*^ in a silver bo^ if n glass veksel 
is use<l, NH, is •iven off witlLsoiiio N^and H, 
and K oilicato is formed; aVnait amount of 
Composition ocj^rsan a siivemboa^l o. 500 ^ 
anJIat a full red beat the aimde Tuiils with 
partial splitting up into its ejembnts. ^''orvUier 
reactions of KNH,, V. T. (fu;.). ^ ** 

Fotassai^onium (vol. ioannis 

fC. lit n.8, 713 [1894]) finds that tlrere is no 
reaction between^ and N^HJCJ^ he Aflys Jiat 
N^O pnx^ces NIL, KQil, and N. For 

the action of O, v. J. (C. if. 116i^370; a5.!>frr/cf in 
0. J. 64 [11], 462 [1893]). • . • ^ 

Potassium bromide (vol. iv. p. 299). The 
xieUing'point is givei^a 916? by V. 

Biddle {B. 26, 2443 [1893]), • ^ • 

oblotlde (v6I. ir. p. 304). Melts 
tt TW", Acording to M. a. B..S.C.). * 

_1_i._j_ —:j.« /—I f_ _ 


Potawum trl'lodido 7vol. Iv. p. 804)^ 
•Jakovb{J(.?. iVO. 18. 689 [1894]) has made aA 
examination of the dissociation of Kl, in 
aqueous solution to KIAq and lAq {abstract In 
0. Jt 66 [ly. 271 [1895]). 

Spb^assitiauiitrido (vol. iv. p. 804). 
perinjfentarofTitherJey (0. 65, 61b [ISN]) 

shovS thoif K,N docs not exist. . 

Potassb^m ozide#(A'ol. iv. p. 304)« Aolt.a. 
Sims (C. f. 68, 432 [1894]) failed to obtain t^ 
rnStoiuJe l*y ttny of the methods said 
give^hisqpmpouiul, but they say that whtfN K^O. 
ia kept at a redolie^ ^ loses O and gives a sub- 
stibiw tho conjposition.of which approfteshes that 
ofiCp. By Imating K in a/airly dry mixture of 
C^nd N, o^daUon procccil^d until was 
formed (dn/u is withoftt ^tiun off K); «iien 
kept in flitur-vapour K./h gave off O, and 
foriiKM^.i^,; a^d by licaling K in NO, H. a. S. 
obtniH^^^#,, which on exposure t<?air bocauia 
K,0*. 

RUBIDIUM. 

Bubj^ium haloid compounas fvoi. iv. p. 413). 
Wj^eelgr (J!»7t.‘'5. [3] 46, 88 [1893]) has prepared 
dtmblc comi^ifffds of the forms .SBbX.AsX, and 
ItIvb.AaO.,; ami (/.c. IL 269) various compounds 
of llbX with SbX,. ror i>h.vocal properties of 
various salts of Kb, t>. Krdtiiann, Ar. Ph. t^2,^ 
{abstract in C. J. 66 [llj, 351 [1894])? ^ 


PotMsiumhydrox^e (vol. iv. p. 802L Melts 
if 1016° (M. % k, lj$. • 

Fot.iHi.BbloIide (vol. iv. p. 303). Mel& at 

laaa i^r 11_ '•Ml __ 


( 28 ° 

It 

t. 


M. A.5&, l.i.): Begirding tfag' it^gya^ioD 
.q flbd FeCliAig.«, Fibuo agsjovrssa, 
■ p. 913. . ^ ? 


SELENATES (vol. i*pP4.'1fc). iffaiic aaltl ot 
Co uml Cu are desm^o<l Ity Bogftan {IJl. [8] f. 
684; abstruil in C. J. 6,6 [11], 16 ri894]iJ^e 
coinjKisItions given are 4Co0.3ScOg. aq^hd 
3 Cu0.2Sc!0j. 4aq. 

SILICON CHLORIDES (vol. iv. p.458). la 
Z^27, 19-1.3 (1891J Outlc rmurin a. Weiiilig dgtail 
the host conditions for i^parliig HICl,, SilfCl,. 
and Si.^Ciy, from crude iji obtained by the inter- 
a«;li«»n of Si()._, and Mg powder (v. vol. iv. p. 455). 
SLCl.. melts ul - 1° ; with NII^Aq it givqs off H 
and forms Si0^.xll;,0 (O. a. W., lx.). 

Silicon octochlorlde Si^Cl,. «Mol. w. 860*9. 
V^U. 187-7. Obtained by G. a. W. (Lc.) by frac¬ 
tionating crude Si cliloridos ; boils frQ>x 2)0° to 
215°; docs not solidify at -12°. 

SILVER (vol. iv. p, 464). The moleou^'t))^ 
Ag in dtluio solution in tin is probably mon- 
atoniitf (Ilcycock a%Novillo, 0./.67^376 [1890]), 

; Acoonling to LutUkc {\V. 60, 678; abslrac^n 
I C. [11], 92 [18911), thin deposits of A^n 
j^laan, micq, tVc., are allotr^pie forms of the 
! metal, llcgarding alU)ys ol Ag witK codmiat/r. 

V. Ucycock a. l^eville (C. A Qb, 65*1894]); V. 

I also Myliua a. Fromm (£. 27. 630 [1894]). 
j **Silver ohlorid?^volf iv. p. 468), By thu 
I action of fSgCl.^q on pulverulent silver. Jones. 

‘ (^ C. It 12, 98i; abstract in C. J. 66 [11]. 188 
[i|^4j) obtainelbthe compound A^gCI,. 

9 SODIUM^voPiv. p. 473). The xnoleouli of 
sodiuai in vlute sslution ip tin is probably 
monatomic ^a^cock a. N|wille. O, /. 57, 876 
[1890]).^HoIt Bi8:i8 fC. 440 [1894]) 

^ound Inat dry sodiumdmay be distilled un¬ 
changed in ary O; % oAinafy 0 the produots 
and Na203. Heating ta|l^°.e200° in a 
iiinUd volume of N,0 forms Na^; heating in 
NO or the red oxides of N produces a mixtoia 
of KaNO, and Na4jfO, (H. a. 8., U.), 



Iddfut «bU« (tcJI It. pP US 
(O. X 68, 804 [16941) d«e|-ib«» 1 
white, transparent eolia, with a eiystalUne (trone 
ture; softens at 149°, and is compleielr melted 
at 188' to' a coloniless lignid. NadiHi,if ob¬ 
tained te transparent, oryidaUisa %>ewes 'by 
heating lia in NH, at 8. 400°, dUowlwthetjiro- 
diict tf snblime throng a narrow wbe, and 
a^n sahUining by wariLmg gently. KaNH, 
d^mposes at a red beat into Da, N, and^iH. 
It dors not give NsN„ as generally stated 
I.e.) ; no decomposition owurs aX B00‘t-400°. 

. Sodiom bromide .(vat. wv. p.^dTO). Fanfil jJf 
(X B. 26, 272 [1898:i) obtained NaBr. 6aq by :ex- 
posing oone. BaBrAq ont of doors in winter.tn 
liuBsia; decomposed »t> —26° to tae dihydrate 
and water. .t 

Bedlam iodide (vol. iv. p. .481)., NiJ. 6sq 
separates from a solution of 100'g. ^af%^ 60 c.o. 
water at —14°; at —10° it gives ^al. 2aq and 
water (P., Z.«.). 

Sodiom nitride (vol. j". p. 482). NaN, is not 
formed by the interaotion of Na or l’o,0 and 
MH,, or Na and N, according to TithUrle.v ((^. /. 
'SS„M7 ; c/. Sodium amide, supt~\c 

6 bdinm monoxide (vol iv. p. 482). Ka.,0 is 
formed by heating Na in a limited volume of 0 
•at dntecnperature below 180°; also by heating 
Na in a limited volume of N,0 at 180°-200° 
(Holt a. Sinei.O.,/. ,06* 142 (1894)). Heated in 

r cess of O, yje peroxide Na,0, is formed. H. a. 

say NajO is greyish wUlte. NH, reacts with 
gentl^heated Na,0 to form NaNH„ and H,0 
/(Htherloy, 0. X 66,610). 


not cSmblM wltfc 0 
S., Begarding the . „ 

•da an alciahtflie solutikm cd 
97o 816 [1894]). For redotiona Ml 
Poieok, B. 97^ 5051 (oisfroct to O. X W PIJ, ' 

For ShinHutn earbM,''v. 
Moissan, 0. B. 118,683 (abSiract & 0. X 66 
8M[1894]). • 

-SFU^TBS (vol. is. pi 887). 

80hrorainm sulphatoi (vol. iv. p. 870). Dmthii 
salts of Cr..(SOJ, and (NH,)jSO, are described 
by,%lobb tm. [8] 9, 663; abstract in C. X 66 
[lirr96[1894]). „ 

Tanadlnm- sulphates .(o. this vol. pp. 847, 
848, 850). 

OXY-IUISO 8FI.PEONAT.s8 (wol. iv. p. 602). 
Diveiv a. Haga have poUished a lengthy com¬ 
munication on these salts in C. J. 65,628 [1894]. 

SOLFEFS (volflv. p. 506). For inessnre- 
mcnts of the viscosity of molten S at mOerent 
temperatures, oi-Brunhes a. Dussy, O. B. 118, 
1046 {abstract in 0. X 65 [11], 343 [1894]). 

THAIXltJW (vol. iv. p. 674).° lEhe molecule 
of TP in dilute solution in tin is probably mon¬ 
atomic (Heyoook a. Neville, C. X 67, 376 
[1890]). 

Thallium tri-iodide Til,. Wells g. Pen6eld 
{Zeit. /. anorg. Chemie, 6, 312; abstretH in O. X. 
66 [11], 318 [1894]) obtaine>Vthis iVnipound, 
in rhombic crystals, <t;b:c — ■0&28;i:l’1217, by 
digesting Til and I with alcohol and evaporating 
over H,SO(. 
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